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ABSTRACT

Thisdemorstrationinvolvestwo-way automaic speech
to-speechranslatioronaconsumeoff-the-shelfPDA. This
work wasdoneaspartof theDARPA-fundedBabylon projed,
investicgating betterspeeb-to-speeclranslatiorsystemgor
communicationin thefield. Thedevelopment of theSpeeha-
lator software-basedranslationsystemrequiredaddressing
a number of hardissues,ncluding a new languagefor the
team(EgyptianArabic), closeintegrationonasmalldevice,
computationalefficiency onalimited platform,andscalable
coveragefor thedomain.

1. BACKGROUND

The Speehaldor wasdevelopal in partasthe next genea-
tion of automaic voicetranslatiorsystemsThePhrasalato
is a one-vay device thatcanrecogrize a setof pre-defned
phrasesand play a recordedtranslation,[1]. This device
can be ported easily to new languages,requiring only a
handtranslationof the phrasesand a setof recordedsen-
tences. However, suchasystenseverely limits commurica-
tion asthetranslationis oneway, thusredicing oneparty’s
responseto simplepointing andperhags yesandno.

The Babylon projectaddesseghe issuesof two-way
communication where either party can usethe device for
conversation.A number of differentgroups throughait the
US wereasledto addessspecift aspets of the task,such
asdifferentlanguayes,translationtechriquesand platform
specifi@ations. The Pittshurgh group was presentedwith
threechdlenges.First, we wereto work with Arabic, alan-
guage with whichthegrouphadlittle experienceto testour
capailities in moving to new languagesquickly. Secad,
we wereinstructedto useaninterlinguaappro&h to trans-
lation, wherethe sourcelanguageis translatednto an in-
termediatdform thatis sharedbetwee all languaes. This
stepstreamlinegxpansiono new languges,andCMU has
along historyin working with interlinguabasedranslation
systems.Third, we wereconstraind to oneportablePDA-
classdevice to hostthe entiretwo-way system:two recog
nizers,two translationengnes,andtwo synthesizers.

2. RECOGNITION

We usedan HMM-basedrecogrzer, developed by Multi-
modd Techrologiesinc, which hasbeen specifially tuned
for PDAs. Therecognzer allows a gramma to be tightly
couged with the recogrizer, which offers important effi-
ciendesconsideringhelimited compuationalpower of the
device. With only minor modificationwe wereableto gen
erateour interlinguainterchangeformat (IF) represetation
directly asoutputfrom the recogizer, removing onemod
ule from the process.

MTI’ s recogrizer requiresundeg 1M of memay with
acoustic modds of arourd 3M per language. Spedal op-
timizations deal with the slow processorand ensurelow
useof memoryduring demding. The Arabic modds were
bootstrappd from the GlobdPhone[2] Arabic collectiors
aswell asdatacollededaspartof this project.

3. TRANSLATION

As part of this work we investigated two different tech

niques for translation pbothinterlinguabased Thefirst was
purely knowledgebased following our previous work [3].

The enginedevelopel for this wastoo large to run on the
device,althoughwe wereableto runthegererationpartoff-

line seamlesslgonrectedby awirelesslink from thehand

held device. The secondtechnique we investigated used
a statisttal training methodto build a modé to translate
structurednterlingualF to text in thetamgetlanguaye. Be-

causethis approach was developed with the handheld in

mind, it is efficient enaugh to run directly on the device,

andis usedin thisdema

4. SYNTHESIS

The synthesisengne is Cepstral's Theta system. As the
Speehalata runson very small hardware devices (at least
smallcompaedto standardleskt@s),it wasimportantthat
the synthesisfootprintremainel assmallaspossible.

The speebalatoris to be usedfor pemle with littl e ex-
posureto syntheticspeechandthe output quality mustbe



very high. Cepstrals unit selectionvoices,tailoredto the
doman, meetthe requiremats for both quality and size.
Normalunit selectionvoices maytake hundedsof megabytes,
but the 11KHz voicesdevelopedby Cepstralwerearourd 9
megabytesead.

5. ARABIC

The Arabic languageposesa nunber of challergesfor ary
speeb translationsystem. The first problemis the wide
rangeof dialectsof the language. Justas Jamaicanand
Glaswajian spealersmayfind it difficult to understandeath
others dialectof Endish, Arabic spe&ersof differentdi-
alectsmayfind it impossibleto communicate.

Modern StardardArabic (MSA) is well-definedandwidely
undestood by eduated speakrs acrossthe Arab world.
MSA is principdly awrittenlanguayeandnotaspolenlan-
guage, however. Our interestwasin dealingwith a normd
spolendialect,andwe choseEgyptian Arabic; spealers of
that dialectwerereadily accessibleto us, and mediainflu-
ence have madeit perhaps the mostbroady understoodof
theregional dialects.

Another featureof Arabic is that the written form, ex-
ceptin specificrare cases,doesnot include vowels. For
speeb recoqrition andsynthesisthis makes pronurciations
hard. Solutionshave beentestedfor recogrition wherethe
vowels are not explicitly moceled, but implicitly modded
by context. Thiswouldnotwork well for synthesiswe have
defired an internal romanizdion, basedon the CallHome
[4] romanizaion, from whichfull phongic formscaneasily
be derived. This romaniation is suitablefor both recog
nizerandsynthesisystemsandcaneasilybe transformed
into the Arabic scriptfor display

6. SYSTEM

The end-to-endsystemruns on a standardPodet PC de-
vice. We have testedit on a number of differentmachine,
including variousHP (Compay) iPag machires(38xx 39xx)
andDell Axims. It canrun on 32M machines,but runsbest
on a 64M machine with abou 40M madeavailate for pro-
gramspace Time from the endof spoleninputto startof
translatedspeechis arourd 2-4 second dependingon the
length of the sentene andthe actwal processor We have
found StrongARM206MHz processors found on the older
Poclet PCs slightly fasterthanXScde 400MHz thoughno
optimizationfor the newer processorfiasbea attempted

Upon startup,the useris preseted with the screenas
shavn in Figurel. A push-to-talkbutton is usedandthe
spealer speakdn his language. The recogrized utterane
is first displayed with the translationfollowing, andthe ut-
teranceis thenspolen in the target language. Buttonsare
providedfor replayingthe outpu andfor switchingthein-
putto theotherlangwage.

7. DISCUSSION

Thecurrentdemastrationis desigredfor themedica inter
view domain, with the doctorspealing Englishandthe pa-
tientspeakimy Arabic. At this pointin theprojed noformal
evaluation hastaken place. However, informally, in office-
like acoustic ervironments,acairagy within domainis well
over 80%.
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