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ABSTRACT

We describethenew implementationof a speech-to-speech
translationsystematATRSpokenLanguageTranslationRe-
searchLabs(SLT). WeusethearchitecturestandardCORBA
(Common ObjectRequestBrokerArchitecture)to interface
betweena speechrecognizer, translationsystemandTTS
engine. Various input typesaresupported,including close-
talkingmicrophoneandtelephony hardware.

1. INTRODUCTION

We havedevelopedanew speech-to-speechtranslationsys-
templatform usingCORBA architecture.Theinterfacewas
named“speechand multimodal interfacefor multilingual
exchange(SMILE)”. Previously, ATR hadimplementedthe
speech-to-speechtranslationsystemATR-MATRIX [1, 2],
asaresearchprototype.It consistsof thespeechrecognition
subsystemATRSPREC,thelanguagetranslationsubsystem
TDMT, thespeechsynthesissubsystemCHATR andamain
controller. As from early2000thenew laboratory of ATR
SLT wasstartedwith new goals,not only the subsystems,
butalsothesoftwareinterfacing themneededtomeethigher
demands,suchashigher flexibility andmodularity. Instead
of simplymodifying theold software,wedecidedto imple-
menta new structure following anestablishedinternational
interfacestandard.After examining different approaches,
CORBA waschosen.

This paperfirst discussesprevious work in the field of
speechrecognition basedservicesystems.Thebasicphilos-
ophyandpropertiesof CORBA areexplained.Thestructure
of thenew system,applicationexamplesandfuturestepsare
given.

2. EXISTING ARCHITECTURAL APPROACHES

2.1. ATR-MATRIX

The previously developed ATR-MATRIX has a modular
though fixedstructure.Themodules(ATRSPREC,TDMT,
CHATR) are startedand scheduledby a main controller,

eachmodule is managed by a local controller. Commu-
nicationbetweenthe modulesandthe main controller fol-
lows the self-defined SipPacket protocol. Figure1 shows
the structure of the previous system. We decided to dis-
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cardATR-MATRIX andimplement new interface software
becauseof thefollowing problems:

� insufficient modularity

� complicated controller software, making ATR-
MATRIX hardto modify

� thesystemis not easyto install or handle for inexpe-
riencedusers

� themodulescannotbedistributedover thenetwork

� one-userone-directionalsystem,i.e. although ATR-
MATRIX is a systemmeantto translatedialogs,only
oneconversationsidecanbetranslatedpercomputer.

� non-standardinterfaceprotocol

Recentpapersabout architecturesfocusonman-machine
dialogsystemsratherthanon speech-to-speechtranslation.
But thebasicproblemsandarchitectural approachesaresim-
ilar. Widely usedsystemarchitecturesarein particularthe
DARPA CommunicatorandCORBA.

2.2. DARPA Communicator

The“DARPA Communicator”, alsoknown by thenameof
its referenceimplementation“Galaxy”, is a modular archi-
tecturedevelopedat MIT [3]. It wasdesignedfor speech



recognition basedinformationretrieval systems.It consists
of acentralhubwhichinterfacesbetweenserverslikeaudio
server, dialog manager, database etc. The hub behaviour
is definedthrough a setof rules implemented in a special
scripting language. The US Department of DefenseAd-
vancedResearchProjectsAgency (DARPA) encouraged
Americanresearchfacilities andcompaniesto adapttheir
systemsto theCommunicatorarchitecturewith funding reg-
ulations,therebymakingit a defactostandard in theUSA.
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Fig. 2. TheDARPA Communicator

Thedecisionnot to follow theCommunicatorstandards
at ATR wasmadefor severalreasons.

� neither specificationsnor the referenceimplementa-
tion wereopento thepublic at the time SLTs future
development planswere discussed(they have been
publishedin themeantime, though).

� a self-madeimplementation is familiar andtherefore
easiertomodifyaccording tochangingdemands.There
is noneedfor externalsupport.

� theCommunicatoris a standardwhich is exclusively
usedfor dialog systems,thereareno otherapplica-
tions.

� CommunicatorandCORBA follow similarbasiccon-
cepts,such as a client-server achitecture,therefore
could bemadecompatible with specialinterfaces.

2.3. CORBA

CORBA [4] is anobject orientedarchitecture introducedby
theObjectManagementGroup(OMG). Usingthestandard
protocol IIOP (Internet Inter-ORB Protocol), modules can
interoperateevenif they are

� distributedover anetwork,

� in differentprogramminglanguages,

� ondifferent platforms.

CORBA encapsulatesserversasclasses,clientsaccessthem
using the interface definition language IDL. Servers and
clientscommunicateusingIIOP protocol network connec-
tions. Thereis no singlecentral hub; eachclient andserver
containsCORBA stubsandskeletons,i.e. interfacesfor pa-
rametertransmission.

Examples for speechrecognition basedsystemsusing
CORBA include ISIS [5], amultilingualspokendialogsys-
tem for financial transactions, and the speechrecognition
basedmedicalrecording systempresentedin [6]. CORBA
is a well establishedindustry standard. CORBA interfaces
areavailable for many programminglanguages, including
C++,Java,PerlandPython.

3. TARGETS

While aiming for a multiple use system,we selecteda
telephone-basedtranslationsystemas first target applica-
tion. Two usersin aface-to-facesituationaccessthesystem
usingcellularor standard telephones.SMILE providesbidi-
rectionaltranslation.

Besidesfollowingastandardarchitecture,thereareother
requirementsfor anidealspeechtranslationsystem.

� ability todistributesystem:ATRsfirst speech-to-speech
translationsystemAsura could only run distributed
over several computers,ATR-
MATRIX’scomponentshadto beononemachine. A
CORBA basedsystemallowsboth.

� one system(on one computer) should allow bi- or
multidirectionaltranslation.

� multimodal input data: not only speechfrom micro-
phone,butalsotext, speechfilesandvideoinput should
besupported.

� a WWW or othernetwork-basedinterface.

� support multipleprogramminglanguages.

� dynamic systemcontrol.

� dynamic configurationchange.

� logging of all datamustbeeasy.

� the (graphical) userinterfacemustbeeasyto under-
stand.

4. SYSTEM ARCHITECTURE

Figure 3 gives an overview of the new systemstructure.
Theserversincludeaspeechrecognition server, text-to-text
translation,speechsynthesis andadditionally CORBA ser-
vices. CORBA servicesareadministration servers thatare
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partof theCORBA distribution,suchasa namingserver to
binda nameto anobjectreference,a securityserver for au-
thorization andencryption etc. A client module interfaces
to GUI andinput data.Theclient interfacerequestsservices
from theservers,controls thedataflow andreturns the re-
sultsto theuser.

Thesplitup into serversallows both the systemsappli-
cationasspeech-to-speechtranslationsystemaswell asan
easychange to a human-machine dialog system(if a dia-
log manager is given). New serverscanbequickly included
into thesystemasa standardIDL basedinterfacelibrary is
providedto easilywrapany new program.

Thesystemflow andserverselectioniscompletelydriven
by a client program.SMILE canbeusedby morethanone
client at the sametime. Therefore, unlike a systemwith
a centralhub andcentralflow control, the SMILE servers
canbeusedfor completely differenttasksat thesametime.
For example, one client driving the servers as translation
machine anda secondclient usingtheserversfor a dialog
systemcanrunsimultaniously.

5. APPLICATIONS

SMILE is designedto beeasilyconfigurablefor many dif-
ferentapplications. The speech-to-speechtranslationtask
are hotel reservation and generaltravel relatedconversa-
tions,including shopping, sightseeing,
transportation andsimplemedicalexpressions.Conversa-
tion languagesareEnglishandJapanese,MandarinChinese
will be addedsoon. SMILE is designed to be multimodal
andsupport various types of userinterfaces.For example,
to support different kindsof speechinput,weinsertarecog-
nition server for cleanspeechandanadditional recognition
server for telephonespeech.

5.1. Telephone-based Translation Service

A very simpletelephoneinterfacehasbeendevelopedear-
lier [7] usingonly minimal hardware. To beableto imple-
mentadditional featuresandto enhancetheuserinterface,
we now usea CTI board to accessthetelephony hardware.

For a translationsystem,dialog control is not possibleor
necessary. Only in an initial phasetheuseris promptedto
tell thesystemthedialogpartner’s telephonenumberwhich
is thencalledby thesystem.After that,thesystemwill wait
for speechinput, recognize, translateandthenplay the re-
sult to thecellularphoneof thedialogpartner. As a face-to-
facesituationis assumed,only limited feedback is needed,
suchastheinformationthattheserver is currently working
on therecognition. This canbeprovidede.g.with a signal
tone. Additional feedbackcanbe provided by displaying
the recognition andtranslationresultson a PDA, asprevi-
ously shown in [8]. Most modules in this systemsrun on
theLinux operating system,otherson Windows NT or CE.
CORBAs interoperabilitysupports suchdistribution.

5.2. C-Star 3

The internationalC-Star3 speech-to-speechtranslationre-
searchproject[9] alsofocuseson recognition of telephone
speech.Eachsitedevelopstheirownhumanlanguagetrans-
lation (HLT) systems,ATR usesthe new CORBA-based
SMILE. The interfacebetweenthoseHLT servers is pro-
videdwith thecommunicationswitch(CS),a socket-based
broadcastingsystemsimilar to internet chat. It transmits
recognition andtranslationresultsaswell ascontrol mes-
sagesto all connectedsites. The commoninterfaceto the
computer telephony hardwarehasbeencalledMediator. It
initially promptsauserto inputthedialogpartnerslanguage
andtelephone number, thensendsspeechdatato therecog-
nizerandplaysspeechgeneratedby thetext-to-speechsys-
tem.Figure4 shows thearchitectureof theC-Star3 system
architecture.
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terfaces(Mediator) andhumanlanguage technology (HLT)
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6. EVALUATION

Thepreviousspeech-to-speechtranslationsystemATR-
MATRIX hasbeenevaluatedfor naiveusers[10] andshowed
ascoreof about 500in theTOEIC,astandardtestof English



asa foreign language. Suchan end-to-endevaluationhas
not beenundertakenfor theSMILE-basedsystemyet. The
current applicationfor SMILE is aphrasebook-typetransla-
tion servicetaskwhich is currently developedat ATR [11].
Thevocabulary sizeis 21329uniquewordsfor Japaneseand
19173 for English. Currentrecognition ratesfor thistaskare
shown in Table1. TheEnglishacousticmodelwastrained
on the WSJ database,the Japaneseon the ATR phoneme
balancedsentencesdatabase.Training andevaluation are
basedon cleanreadspeechrecorded with a close-talking
microphoneat 16 kHz samplingfrequency. The test set
for Englishconsistsof 2288sentences utteredby 44 speak-
ers,theJapanesetestsetcontains510utterancesutteredby
20 speakers. Work on telephonespeechacousticmodelsis
still in progress,with acousticmodelsbeinggeneratedfrom
trainingdatafilteredby acodecor by piping,i.e. playing to
a speakerandthenrecording with acellularphone.

Table 1. Acousticmodelevaluation
Language English Japanese
WER 17.4 14.7

7. FUTURE WORK AND CONCLUSION

As theserverinterfacesoftwarehasjustbeenfinished,many
future stepsarepossible.Onedevelopmenteffort will fo-
cuson theuserinterfacepart,we arecurrently working on
a telephone-basedspeech-to-speechtranslationservicesys-
tem. To support a high number of languages,ATR cooper-
ateswith researchinstitutesin sevencountriesin theC-Star
3 project.Thesecondnew userinterfacetypeis aPDA in a
client-serverscenario.

A different target is to include a dialog management
module andstart developing a human-machine communi-
cationsystemsuchastravel informationretrieval or ticket
andhotelreservation.

Thishighvariationof possiblefutureapplicationsshows
the high flexibility of the CORBA approach. SMILE can
alsobeusedfor a dialogsystem,or for a translationsystem
with dialogcontrol.
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