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ABSTRACT

This pager presentsa framework for building multilin-
gualtext-to-speeh systems.It addessegsheissueat three
levels. Firstit discussethenecessarystepsrequiredo build
a syntheticvoice from scratchin a new language. The sec-
ond corcernsthe building of a new voice without recad-
ing ary new acotstic data,andtherestrctionsthatimposes.
Thethird morespeciative partdiscussethestepshatwould
be neessaryto allow high quality synthesisof new lan-
guagesby recordingonly minimalamountsin thatlangage.

1. BACKGROUND

Theconstructiorof highqudity syntheticvoicesis still very
hard. However, with bettertools,the advancemnentof faster
computersandmoredisk, thejob of building new synthetic
voices now requiressubstantiallyessresource bothin ex-
pertiseandcompuation. But at the sametime astoolsand
techriquesmack it easietto build concaterative speeb syn-
thesizersthe expectationfor highe quality voices hasalso
increased

The Fest\ox [1] systemprovidestoolsanddoaumenta
tion for building voicesin new languaesfor the Univer-
sity of Edinturgh’s Festival Speech SynthesisSystem.The
projectwas designedto speciftally addessthe issuesof
building syntheticvoices for minority languagesaswell as
majorones.

Thework of doacumentingthe processof building voices
in new languagesroseout of a numter of studentprojects
carriedoutat Edinturgh Universityandelsavhereincluding
the Germandiphoe voices createdat a summerworksh@
atOGl, in 1998 [2].

Although the initial tools emplasizeddiphone voices,
thetoolshave maturedo supportgereralizedunit selection
voicestoo. The projectsthathave usedthesetoolshave var-
ied drasticallyin sizeandeffort involving large conmercial
entitiesaswell asindividual studentsThe quality of voices
built equally varies,and mary find that to build a usable
syntheticvoice in a new languageis still a substantiatask
even if it is easierthanit was.

We areaware of atleast40 differentlanguagesthatthis
work hasbeenusedor including majorEuropanlanguages

suchasEndish., German Frend, Italian andSpanish, Eu-
ropeanminority languagessuchas Scds andIrish Gaelic,
Basqueetc.,Asianlanguagesncluding Chinese,Tha, Ko-
rean,Japanee,mary of the Indiansub-cotinentlanguages
aswell asNepdi andPashtu,andothe languagesfrom dif-
ferentlinguistic groups suchas Arabic, Turkish, Finnish,
Maori andeven Klingon. It seemsbuilding a new voicein
a new languageis uncerstoodwell enaigh to be setasa
studentproject.

2. BUILDING A VOICE
To build avoiceonemustaddresshefollowing issues:

Define a phanemeset
Createalexiconandor letterto soundsules
Provide text analysis

Build prosodicmodds

Build awaveform synthesizer

All of thesebasicprocessesanbe fairly mechaistic.
Although adeaiate solutionscan be found for most lan-
guagesit is very hardin geneal to find excellentsolutions.

Many languayeshave hadsignificart phorologicd study
andaphmemesetis well defired. However, in practiceit is
typical to find a number of differentphoremesetsdefined
with someambiguity andeven within a phanemesetthere
may be differentchoicesin particularuses. For exanple,
even in US Endish thereare choices, should/dx/ (a tap)
be phoretic? Or, should/axr/ be distinct from unstressed
ler/? A first approxmation is usually relatively easy but
therearealwaysharde questionsaboutthe bestset,eventu-
ally we would like someacoustically derived methal thatis
correlatedwith the particularidiolect of the spealer beirng
modded.

Lexicon constructionis hard,andasconsisteng in the
entriesis very importantwe have provided technquesthat
aidin theconstructiorof new lexicons. For somelanguages
a handwritten setof letterto soundrulesis possibleespe
cially wheretherelationshipbetwea orthograhy andpho-
neticsis close. We also provide automaic learningtech
niques for building letterto soundrulesfrom existingwords



with pronureiations[3]. Therelative successf thesemeth-
ods are both a measue of the consisteng of the lexicons
andtherelative difficulty of pronurciationin alanguage.

A more gereral technique that may be adeqiatewhen
no lexicon is availabde andthe orthograhy is believed to
be closeto the phorology is to usethe lettersdirectly as
phoremes[4] shavedhow aletterbasegphoremesetworked
adeaquatelyfor Sparishandcoud evencapuredialectalvari-
ationin CastillianandColombian Sparish, suchasletter“c”
as/th/ or /s/. Even for Endish thistechniqueworksto some
degree.

For somelanguayes,we believe aworkable letterbased
phore setmay be succeasiul. However in our experience
with building a Pashtusynthesizerwhere no standardize
orthograpmy exists, corfusion between the writing system
andthe mary varied dialeds of the languageleadto more
problemsthanthe orthograhy/phondic relationshipitself.

Statisticaldata-drven appoache to prosodicmodels,
for phrasing,intonation and duration, can be build fairly
easilyfor atleast“neutral” sentencs. Within a unit selec-
tion frameworkit iscomman notto explicitly modé prosody
but rely ontheimplicit modelingprovidedby the unit selec-
tion process.

3. UNIT SELECTION SYNTHESISIN ANY
LANGUAGE

Unit selectionsynthesig5], [6] canoffer high qudity syn-
thesiswithout the expert work that would be requiredto
build a formant synthesizer Although unit selectioncan
prodice high quality synthesisthe databae mustbe prop-
erly designe to have the right coveragefor the language
or doman so that the qudity is reasonale. [7] discusses
thelimitationsandoptimizationsthatcanhelpin acheving
high quality databaesfor unit selection.

In our presenset-upareasonble datatasecanbefound
by first selectinga large body of text in the targetlanguage
(millions of wordsor moreis good). Thenusinga synthe
sizerfront end thatcansegmert thetext into sentenceand
thencorvert thetext to phoremestrings.We canthenselect
sentenesthatwill bestcover the desiredphanetic spaceof
the languaye, optimizing for diphane/syllablecoveragede-
pendng on the languaye. The objectof the exerciseis to
find arelatively smallsetof utterancs thatarebothnatura
and phoneically balanced. We typicdly put otherrestric-
tions on the selectionsuchas ensureall words arein the
lexicon, and limit sentence to under 20 wordsin length.
This makes the utterancs easierto say redudng the ef-
fort requiredfrom the voicetalentandminimizing errorsin
their performane. Having arourd 1000sentence (perhas
arourd 40,000phoremes)seemsdo bereasomble.

We have alsoexpearimentedwith amoreelaboateselec-
tiontechnique,[8] wherewefirstmodd aparticularspealer’'s

acotsticvariationandselectdatabasedntheiractud usage
ratherthanjustgereralphonenes.This may performbetter
but it is more conputationdly expensive, andrequiresan

existing modé of the spealer, which may not be available

whenbuilding anew language.

We usedthe simpler technique in building the CMU
ARCTIC voiceg[9], andhave succeasfullyusedvery similar
techriquesfor awide rangeof languagesincludingasCroa-
tian, Thai and Sparsh. Also we notethatgiven a suitably
balarcedsetof utteraneswe canmoreaccuatelyautoma-
ically label the datausing acousticmodding HMM tools
suchas|[10].

The quality and easewith which a synthesizercan be
built is still very dependernt onthequdity of thevoicetalent
and of therecordng setup. Even with professionaloice
actorswe have found that spe&erswho have recordel for
speechsynthesizerbeforeperformbetter Thus thereis a
consisteng andstyleof deliverywhichleadsto abettersyn-
thesizer Perhgs one shouldalways throw away the first
recording andmalke the spealer doit asecom time.

4. EVALUATION

Evaluation of text-to-gpeeh is very hard as the ultimate
quality is basedon the perception of thelistener Themore
the listenerlistensto the voice the more accistomedthey
areto its irregularities. Thisis, perraps,why ones own syn-
thesizermlwayssoundsetterthanothers.

It is very importantto understandhat synthesisin lan-
guagesyou arelessfamiliarwith, alwayssound betterthan
thosethatyou arefluert in. In building syntheticvoice for
new languages,it is importantto include a formal methal
for evaluationto ensurghatthevoice quality is asrequired.
Justbeauseit “sounds Chinese” to the Westernlistener
doesnot meanit doessoto Chinesenative spealers.

We have defired5 levels of diagncstic evaluation:

1. Text andysis

2. Lexical andletterto-sourd rule coverage
3. Prosodic/style

4. Phoretic/metricalcoverage

5. Word/sentenecoverage

Thefirst two canbequartitatively measuregandgoad front
endsandlexical componeris canbe expecta to be making
less1% errorpertokentype.

Phmeticcoveragecanbeexplicitly chekedthroughDRT
and MRT testsand MOS listening tests[11]. Thouwgh, it
shouldbe noted that high accuacy in isolatedconfusalke
wordsin unit selectionsynthesizes doesnot guarareethe
sameacairag in fluenttext.

In unit selectiorsynthesizeswefind thatin-domainsen-
tences (wherethereis a target apgdication), and SUS (se-
manticallyunpredctable sentencs) [12] stressthe unit se-



lection systemwell and improvementsfor suchsenteces
make a differenceto the overall quality.

Prosodc measursareharder althoudh thereareobjec
tive measuesit is well known thatthey only partially cor
relateto human perception.

Thepurpacseof providing evaluationstrategies,is to make
it easierfor lessexperiencd pele to find where the prob-
lemsare.

5. MULTILINGUAL VOICES

The above build processworks, andto a large extent doc
umerted[1], andwe areawareof mary users.Althoughit
is possibleto getavoicein anew languayein aslittle asa
few days,realisticallyto prodiwce a goad voice you need to
spendmuchlongeronit thanthat.

But this is only oneof the problems.We would like to
build voicesthatarecapale of multiple langlages.

Individual voices that cover multiple languaescanbe
built by recordirg spealerswho are (reasonably fluent in
multiple languages.In thesimplecasewherethe spealkr is
not fully bi-lingual the resultingsynthesizersire acented.
This is alsotrue wherever we build voices in a language
otherthanthe spealer’s native language. It is worth point-
ing out thatacentedspeeb is not necessarily a badthing
in speectsynthesisWe have run simpletestswith US En-
glish synthesizersuilt from a ScottishEnglishspealerand
a ChineseEnglishspealer. US listeneas are more acept-
ing of errorsin theacentedvoices even when thereareunit
selectiorerrors.

We mustalso conside mixed-lingual synthesis where
multiple languayesare cortainedwithin the one utterane
aswordsor phrass. Phaneticcoveragecanbeachieve with
multilingual speeb datg but specialize text analysiss also
required. [13] givesa goodoverview of the problemsand
solutions.

6. NEW LANGUAGESWITHOUT RECORDING

At presento supportary new languayeswell it is necessary
to recordsomephanetic exanplesin the target language.
Recading datamay not be an option whenrapid deploy-
mentof a systemis required.

Crosslanguagesynthesizes arepossible We have dore
this in a numbe of cases. One of the early nonEnglish
voicesin Festival wasBasqueandwe usedanexisting Span
ish diphore synthesizerfor waveform synthesisThisis not
asridiculous asit might first appear althoudh the result-
ing synthesizerwas Spanish accented, it is not unusal for
Basquespe&ersto alsobe native Spanish spe&ers. This
allowedusto have aspeakig Basquesynthesizemuchear
lier in development.

We include supportto map native phoresin the target
languageinto phoreswithin an existing languagesothata
working systemcanbe morequicky built. Although when
thesemappng areusedbetwea unreldedlanguaesthere-
sult cansoundalmostsilly, suchasusing Endish for Chi-
nese.

This methodhasprimarily been supportedo allow the
ability to label recording in the tamget languaye. For ex-
ample,in building a Koreandiphane synthesizer we map
Koreanphoresto Endish ones, aprocesghatwill loosein-
formation,asfor exampleour Englishdiphane synthesize
doesnot distinguishbetween aspiratedand non-aspirated
stopswhich arephoneic in Korean We useda DTW (dy-
namictimewarping)algaithm to alignthesynthesizedprompt
with Englishphaneswith the spolen Korean prompts.The
following tablecompareshow the DTW resultsmatchwith
handlabeledboundaries this table alsocompareslabeling
within languageandacrosdialect(UK to US English).

type RMSE | stdde
KED-KED | self 14.77ms| 17.08
MWM-KED | US-US | 27.23ms| 28.95
GSWKED | UK-US | 25.25ms| 23.92
KED-WHY | US-Kor | 28.34ms| 27.52

We have usedthis cross-lingualabelingtechrniquefor mary
languages.It is quite adequatewhenappliedto shortwords
and sentence. This methal works beauseeven though
theremay be variationsin the target languagethat are not
in the sourcelanguage,in almostall casesa vowel in one
languageis morelike a vowel thana consonantin ancher
language.

Availability of existing diphane andunit selectionsyn-
thesizerasin theMBROLA databaed14], canmake boa-
strappingvoicesin new langugiesmuchquicker. Although
thereare mary existing datalasesavailable there has not
yet bean anorganizedeffort to try to cover majorlanglage
groupsin the world that would make the use of existing
datalasedor relatedlanguayesmorepractical.

7. NEW LANGUAGESWITHOUT (MUCH)
RECORDING

Thenext level is to usevoice conversiontechniquesto try to
modify someexisting databaetoward the tamgetlanglage.
Thiswould requireatleastsomeexamplesin thetametlan-
guage but notasmuchaswould berequiredto build awhole
diphaneor unit selectiorvoice

There hasbeenwork in the area,e.g. [15], but it cur
rently requiresaleastonebilingud datdasefrom whichto
pre-kuild amappng for anew spealer. Ratherthansupport-
ing new languayes thiswork is targetingcross-linguamod
ification of voices. This teciqueis very usefulin speech
to-speechranslationwhere spealer style, (e.g. command



vs compmssionateyhouldbe translatedrom the sourceto
thetargetspealer.

We are still substantiallyfar way from being able to
build synthesizersin new languayeswithout recordingsub-
stantialphoretic andprosodicexamplesin thatlanguage.

8. DISCUSSION

Although we now have a defined methodfor building new
voices in new languages,it still requiresa substantiade-
greeof skill, expertiseandcareto build high qudity voices
in new languaes. As researcherandspeecttechndogists
we may feel we have solvedthis problembut therearestill
mary languagesin the world that do not have supportfor
syntheticvoices, and given the lack of literagy outsidethe

toplanguageghesemayparticularlybendit morefrom speech

techrology.

To make this task easierwe still needto develop bet-
ter methodsto answersuchquestionsas“how canbe find
themostappropiate phoremesetfrom data”, “whatarethe
spealer-specificpronunciationrules?”.We alsoned to bet-
ter understandcross-lingualvoice corversionif we areto
build voicesin new languayesmoreeasily

Improvemerts in building voicesarecontinuirg andare
likely to involve automaticadapation of some“close” lan-
guage aswell asimproving toolsandevauationtechniqies
to make the building of voiceseasier
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