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ABSTRACT

With mosthumanlanguageshaving lessthanl million speak-
ersit is unlikely that standarccomnercial systemawill be
ableto justify supprtingthevastmajority of so-called'mi-
nority” langwages.In ourcontinung taskof providing tools
for building syntheticvoicesin currently unsupprtedlan-
guages, this paper describesa numter of experimentsin
building synthetiovoiceswithout requiting specificohmetic
knowledgeof the target languags. Evenwhena langlage
is well studieddefining anappopriatephamemesetis never
easy Thework presentedereshavs the adeqacgy of unit
selectiorsynthesigechniqeswhennoexplicit phoremeset
is available.

1. BACKGROUND

In the contiruing goal to provide sufficient tools to build
syntheticvoicesfor all languaes,this paperdescribesx-
perimentsin restrictingphoreticknowvledgein building voices.
As thetechnolgy improves,we arefinding more andmore
usesf speectoutpu thatwerenotcorsideredbefore. There
arearourd 6,000 active langua@sin theworld andit seems
unfair to exclude them from spolen langua@ output sys-
temsbecausé¢hey arenotoneof top 20 or solangaugeshy
popuation or econanics.

In fact, we believe that speechtechnolgy canbe most
helpfu whendealingwith minority languags.In languags
wherethereis a low level of literagy, eitherbecaseread-
ing/writing is taughtin someothermore widely spolenlan-
guage, or becauseof the lack of edu@tional resoures, a
spolenlangua@ systemmaybetheonly reasonale way to
distributeinformation.

TheAVENUESprojectatCMU is conceredwith build-
ing speecho speechranslatiorsystemdor indigenoudan-
guagesin SouthAmerica This prgect is desigred to ad-
dressissuesn building speechandtranslationcompaments
evenwhenverylittle dataexists. It is notunusualin minor
ity langua@sthatthe orthography is notwell definel.

[1] givesa descriptim of writing systemsausedthrough
outtheworld andtheir relative opacitywith respecto their
phoretics. It is ourbeliefthatlanglageswith ashorthistory
in writing areoftenmorecloselyrelatedto their phoretics

thanthosewith a longer history However theremay also
often be the complicatio that the alphalet usedfor such
minority languagess notapprriate,asit maynothavethe
variationsuitablefor thelanguag. For exanple, the Span-
ish alphalet may be usedfor a natve Americanlanguag,
andtheshortcaningsmayberesoled by theadditionof di-
acritics. Thatis thecaseof Mapudungun,anindigerouslan-
guagespolenby arourd onemillion peoplein Chile, which
usesumlautin additionto an alphabetbasedon standaal
Spanish.Importantly, evenwith a definal alphalet, the re-
lationshipbetweerthe orthography andthe phoreticsmay
not actuallybe oneto one. Especiallywhenoneconsiders
dialects.

Making theassumptiorthattherewill bearelatiorship
betweerthelettersandpronunciatian, we have built anum
berof synthesizersrhich useletterinformationaloneto de-
terminethe“phone” set.

To build thesevoices,we basedour techniqieson the
framework provided by the CMU Fest\6x tool suite [2],
which providesbasictemplats andtoolsfor building syn-
thetic voicesin new langwages. It hasalreadybeenused
to build awide range of voicesin at least40 differentlan-
guages.

2. AN EXPERIMENT

Ourbasicexperimentinvolvedtakingrecordngsof two dif-
ferentdialectsof Spanish.Spanishwaschosenasthe lan-
guagefor testing,eventhowh it is a well definal case,as
we have alreadybuilt Spanistsynthesizerdefae. It is that
familiarity thatmadeuschooset for this experiment.

Also the relatiorship betweenthe writing systemand
phorology is relatively close. However, althowhi it is not
comple, it is is alsonot simply a oneto-ore relationsthip.

In order to build a voice without usingphoretic infor-
mationwe usedthe letter setasthe phanemeset. Thusour
phoresetconsistf 26 standardEndish lettersplustheac-
We did useour knowledgeof thelanguag andmadeall let-
terslower case,andomittedrareraccentedharactes like
c.

Thetexts we usedfor recordng hadbeenautonatically



selectedrom various newspapettexts to give bestdiphane
coverage for ageneal SpanistsynthesizerMore elaborate
selectiontechniqes,suchas[3] werenot availableto usas
they would require a more detailedphoretic and acoustic
analysisof the langwage. However we are aware that our
datausedin our recodingsdid usesomephoretic knowl-
edgein its constrution, but still feelthe basicexpeimentis
valid.

The lexicon, the processthat provides prorunciatiors
fromwords,simplytakeseachword,cornvertsthecharactes
in it to lower caseandreturrs themasa list of phores. As
no vowel/corsonantinformationis available eachword is
codedasasinglesyllable.

Anotherknowledge-tasedexparsion of thedatais con-
versionof numeic stringsto numker words,asis corven-
tional in all text to speechsynthesizers.As our text was
selectedrom newspapes, a numkber of digit stringsandab-
breviationsappearedn thetext. Suchtokensdo nothave a
closelyrelatedpronunciation to their letter sequene. In a
standardSpanistsyntheizertokenexparsionrulesareused
to expard these'non-standardvords”to explicit, complete
words. For this experiment,we usedthe sameexparsionset
for the data, thus using someknowledge of the langlage.
However, this is equivalentto requiing eachword to be
writtenin full.

Thepromg list of 419 utterarweswasrecoradby afe-
male Castillian Spanishspealer and by a male Colombian
Spanishspealer. The nunber of wordsis 5044, andthe
numter of unitsin thesedatabases around 28,00. The
exact numker of units variesbetweenspealers dueto the
numter of leading, trailing and inter-phrasal SIL phores
required asthe spealer did not deliver the dataat exactly
the samespeednor with the samephrasing The datawas
recoraedin professionakecoding studios,at 16KHz sam-
pleswith a simultaneos EGG (larygnogiaph)chamel.

3. LABELING THE DATA

In previoussynthesizers/e have labeledspolenpromptsby
usingDTW (dynamic time warping techniqieson a syn-
thesizedversion of the pronpts geneatedby an existing
synthesizerThistechniaie,basedn[4], workswell within
alanguagebut we have alsooftenusedthis cross-lingially.
In the latter case,one need to take a closelanguaye (or
perhas just Endish) and mapthe phoresin the new lan-
guage to apprximationsin thetargetlanguage. Synthesiz-
ing using that mappirg provides acousticpronpts, which
althoudh may soundvelry English,have appraimately the
right propertiesto allow reasonhle alignmentusingDTW.

However, suchtechnquesrequirephoretic knowledge
to decidewhich phoremein thelabelinglanguae mapsto
which in the targetlanguae. And we wish to requre no
suchknowledgeof thetarge languag.

In this casewe usedthe SphinxTrainacoustianockling
tools[5] to build contet-deendensemi-continousHMM

modelsusingthe lettersasphore names.This doesrequre
an orthograghic transcrigion of the promgs (which were
read by the native spealer whenthey were recaded). It
alsoimplicitly requres sufficient datato have reasonhle
acousticcoverage.

At thispoint,we have probablytakenadwartageof some
phoretic knowledge in the original chdce of sentenceso
includein the pronpt set,in thatthey wereselectedo have
arich diphme coverage. However it could be amguedthat
usinga selectioncriteria basedon letter ratherthanphme
distribution would producea similar database.

4. CLUSTER BASED UNIT SELECTION
SYNTHESIS

Theunit selectiontechniqieis thatdescribedn [6]. In this
techniqe, unitsof the sametype arecollectedtogetter and
anacoustiaistances calculatedbetweereachoccurence.
A recusive splitting algoiithm is usedto find which high
level questionscanbe usedto split the datasuchthat the
meanacoustiaistancebetweermembes of the partitionis
minimized. Thus clustersof acousticallysimilar units are
indexed by treesof highlevel questioss.
Moreformally, we definetheacoustidistanceD (U, V)

betweertwo unitsU, andV where|V| > |U| as
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whereP is adurationperalty, |U| is thenumterof framesn
U, W; is theweightfor parametey. F,,(U) is theparam
etery of frame z of unit U, o; is the standad deviation of
parametey, andtherearen paraneters. ThetermF( 171,

is Fy,, wherethex index is compuedasi x \Ul ,andy = j.
We canthendefinetheimpuiity of aclusteras
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Then, using standardCART techniqees, we greedly find
the questionthat givesthe bestinformationgain, and split
clusterdo minimizethesummedmpurity of thesub-clisters.

The acousticdistancebetweeneachunit is calculated
from the mahalaois euclideardistancebetweerpitch syn-
chrorousvectas of Mel cepstrumcoeficients plus coefi-
cientsfor durationandFO.

Thismethal is desigredto automatically distinguishbe-
tweenacousticallydistinctunits basedn cortext. It is this
particularfactorthatwe areexploiting in this case.As we
areassumingio phameticknovledge the acowsticsandlet-
ter contexts (plus higherlevel information) are beingused
to definethe unitsthatwill beselectedatruntime.



5. EVALUATION

Threelevels of testswerecarriedout. Thefirst waswithin
a particdar dialectto corfirm thatprorunciatiors of letters
in differert context wereproperly treated.

Looking at the decisionclustertrees,we can seethat
letter context (andpositionin word)is beingusedto differ-
entiatebetweenthe multiple realizationsof a letterphme.
For examge, both voicesmanagedo learnthe distinction
betweerthe 3 differert waysto pronaince“c” (/k/, /ch/and
Ith/ or Is/,depenthg onthedialect)andthe 2 differentways
to pronaunce“g” (/g/ and/j/).

Word Castillian gloss

casa Ik asal house

cesa Ithesa/ stop

cine /thine/ cinema
cosa /k osal thing

cure /kuna/ cradle
hechzo lechitho/ charm spell

In Spanishthe letter “c” may be prorouncel
/kl, Ichl and/th/ or /s/ (depending on dialect).
Thechoiceof phameis determiredby theletter
cortext.

Other exanples of how theseletterbasedvoiceslearned
contet sensitve differencescanbefoundin the sequenes
“que”’, “qui-", “gue-" and“gui-", wherethe “u” doesnot

get pronourced (quien querida guera, guitarra), andin

thesingle“r” whenit apearstthebeginning of thesentece,
prorounce /rr/ (rosadq asoppsedaswhenit appeas in

anintervocdic position,prorouncedt/ (coral).

Thisshavsthatgivenenoudn audo exanplesof all these
differentcortexts, thesynthesizeswereableto learncortext-
sensitvedifferencesandthusnotknowving whatthephaneme
setof alanguagis, it is still possibleto build avoicefor that
language.

Theletter“x” performedworstasthe systemsseemto
alwayspronourceit as/ks/ butin mary casesdt shouldbe
prorouncel as/s/. Thismaybecausedy therelatively rare
occurenceof theletterin thedatabasepnly 52.

The secondevel of evaluationwe investigaed is how
dialectdifferercesarereflected The mostohvious differ-
encebetweenCastillianSpanisrandColomhban Spanishs
theuseof /th/ and/s/for theletters“c” and“z”.

Word Castillian Colombian gloss

caza /k ath a/ /kasal hunting
cesa lthesa/ Isesal stop

cine fthine/ Isinel/ cinema
hechzo /echitho/ /echiso/ charm,spell
Dialectaldifferencedor theletters“c” and“z”

captuedcorrectlyby ourtwo voices

Thethird evaluation waslessspecificto particularidertifi-
ablepheromenaandfocusedon the overall synthesisjual-
ity. Two shortparagaphsweretakenfrom La Vanguardia

(May 20, 2002 andwere synttesizedby eachof the two
voices.

Sevilla, Agencias. Los sindicatosUGT y CC.OO.
hanexigido al presidentedel Gobierno,Jo® Maria
Aznar, que corvogue la mesade negociacbn de la
reformadel sistemade proteccon por desemplep
tras reunirsecon el presidentede la Juntade An-
daluda, Manud Chares,y el de Extremadura,Juan
CarlosRodfiguezlbarra.

El secretarigenerale UGT, CandidoMéncez,junto
al responshle de CC.00.,Jo£ Maria Fidalgo, re-
iterd la necesidadle queseaAznarquiencornvoque
y es€ presentenestamesasi bienpreci queesta
reunbn no servid paranadasi la cita no comienza
conel anurcio del Gobiernodequeretira@suactual
propuesadereforma.

This passageorsistsof 109 words. The synthesizedrer
sionsfrom the Castillian and Colombianletter basedsyn-
thesizeraverelistenedto by a native Spanistspealer (who
is the Castillianspealer andan autha of this pape). Each
word wasassigned valueof goad, pooror bad.

| Dialect || good [ poa [ bad | % god |
Castillian 102 6 1| 93.5%
Colomhban 99 5 51 90.2%

Where*poor” is definedio bewordsthatarenotclearlysyn-
thesized.An examge of tokenthatwaslabeledas“poor”

is CC.00.which wasnot analyzedoroperly andthusit was
assignea defadt errorword pronunciatian.

It shoud be notedthatasno handcorredion to the la-
bels were dore and someof theseerrorsare dueto more
conventionalunit selectionerrorsthanto the letter/phame
restrictionsthatwe areimposingon theseparticularbuilds.
Handcorrection of segmenté bowndariesis alwaysworth-
while in aunit selectionsynthesizerbut at this stagewe did
wish to introduwcethatcomgication in this expetiment.

Theonephongic errorin theCastillianvoicewas*Sevilla”
pronaincedas/sev il a/ratherthan/seviy a/.

TheColomhanvoicealsomadethesameerrorin “Sevilla”
andactually prorouncedas/s/ aninstanceof a “c” which
shouldbe pronaincedas/k/ (actual— /asetual/wherethe
“e” is probaly dueto badalignment). Theotherbadexam
plesmay be betterattributedto badalignnents(aswereall
extrainsertedvowels).

6. DISCUSSION

Fully autonatic builds of synthesizerin unresearchetan-
guagess along way off, however with the greaterdemaunl
for suppat in minoiity languagest is sometling thatshould
beaddessed.



Usingacoustidnformationto find distinctiorsis implic-
itly whatwe have beentrying to doin unit selectiorsynthe-
sis, thusexplicitly takingadvartageof thatshouldnotbea
surprise.

Anecdbtal eviderce of this alreadyshowvs up in other
synthesizersuild by us. Whenusingan AmericanEndish
basedsyntheizerwith US Englishphoreset,a US Endish
lexicon, anda ScottishEnglishspealer, the lexical entries
donotproperly matchthespealer' s pronunciations. For ex-
amplespalatalizeduw/ asfound in British Englishin /t y
uw z d ey/ (Tuesay) is definedas/t uw z d ey/ in the US
Englishlexicon. Whenthis labelingis usedagairst a Scot-
tish Englishspealer the /y-uw/ segmert is labeledas/uw/.
Thuswhen otherwords are synthesizedwith similar con-
texts the palatalizatiornis still geneatedthuswordslabeled
as/stuwd ehnt/ (student)may correctly for the dialect,
besynthesizedsacousticghatcoud belabeledas/sty uw
dehnt/.

It shoud be notedthatit is rarethatabsolutelyno pho-
neticknowvledgeis availablefor alangiageandoftenatleast
someinformation(vowel/cansonat) canbedirectlyderived
from the orthagraphc system. However it is not unusué
that thereare no linguistically knovledgeablespealers of
thelanguageavailable,andnative spealersareoftennot ex-
plicitly conscios of the distinctionthey aremakirg. In a
practicalsensea grossclassificationof phanemescanbe
reasonaly specifiedbut fine distinctiors aremuchharcer.

It is worth comparingthecompleity of mappirg letters
directly to acousticswith the more standadl appgoachof
having anintermaliatefinite phae set. As we areconsid-
ering mappng without explicit lexicons it is bestto com-
parewith the automaticletter to sourd rule mappirgs as
describedn [7]; in this case ,we maplettersto preddined
finite phore sets. Importantly, letter to soundtraining sets
arebigger, becauset is easierto collecttext thanspeech.
However thedifferencein sizeis only perhaps oneorderof
magritude (500 wordsvs. 50,0® words),andin the let-
terto acousticcasewe have selectediatadeliberatelyto get
coverage.

Machire learnirg techniqiescoudd allow usto assume
ahiddenlayerthatexplicitly repesentsa phore set,but we
have notinvestigaedthatyet.

Anotherdirectionthat may be worth investigatingis to
clusterthe acousticandepedentof ary labelingandthen
matchthe typesidentified by the clustersto letters. Such
technigiesfor acousticallyderived units have beenstudied
for speectrecogiition (e.g. [8]) but have not yet beenin-
vestigate for unit selectionsynthesis.

It is clearthatdepenihg onthelangwageandknowledge
available thereis ascaleof pureletterto acoustichrowghto
letterto phore andphaeto acoustianockls. But we would
like to make thatscaleavailableto thevoicebuilder sothey
may besttake adwantageof the informationthey currently
have available.

Anctherpointthatwe wishto make clearis thatwithout

native spealer’s feedbak for evaluation the ultimate qual-
ity of asyntheticvoicecanna bedeternined. As thosewho
work in thefield immediatelynotice,syntheisin langlages
youarenotfamiliarwith typically soundbetterthansynthe-
sisin langlagesyou are knowledgeableabou. It requires
fluentspealersto propely evaluateconten. In our experi-
encein building synthesizesfor minoiity languagewefind,
anecdothy, that listenerscan be more extreme that those
in more comnon langwages. On onehand thatthereis a
synthesizeit all in their language can make somenative
listenersacceptwhatis not the bestpossiblesynthesis.On
the otherhand listenersof minoiity languagesarelikely to
be unfamliar with speectsynthesisandthey canevenfind
listeningto high quality recodedspeecHifficult to under
stand.
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