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Abstract
For thepurposeof building speechsynthesissystemthatcangeneratehigh-qualityspeechwith wide rangein prosodyandrealizefine
prosodycontrol,we proposenew speechdatabaseconstructingmethod.As a speechsynthesismethod,we selectahybrid systemwhich
consistsof two part : speechunit selectionandprosodymodificationpartby STRAIGHT (vocodertypehigh quality analysis-synthesis
method).Ourviewpoint for designingdatabaseis to reduceamountof prosodymodification.whichcausesqualitydeterioration.Hence,
to makeit possibleto generatearbitraryprosodywithin permissiblerangeof prosodymodification,we designed9 sub-databasesthose
consistof samephoneticbalancedtext setwith differentprosody. In this paper, we reportthedesigningmethodandgeneralfeaturesof
obtaineddatabases.Listeningtestsfocusedondurationalfearurewerealsoconducted.Theresultsshow effectivenessof themethodand
thenecessityto changeunit selectioncostaccordingto speechrate.

1. Introduction

In recentyears,speechsynthesistechnologyhaspro-
gressedremarkablybecauseof large scalespeechcorpus.
But most of temporalsynthesissystemsare designedto
generatehigh quality speechwhich reproducingoriginal
speaker’s normal reading style speech. That is to say,
monotonous,normalpitch rangeandnormal speechrate.
Next generationsynthesizerwill be expectedto output
expressive speechlike human. Here, expressive speech
meansthatit carries,in additionto verbalinformation,dis-
courseor para-and extra-linguisticinformations,for ex-
amplespeaker’s attitude, intent, speakingstyle and indi-
viduality. As informationvariationexpands,the acoustic
featuresof thespeechalsospread.Particularly, difference
in prosodicfeaturesare observed explicitly. Hence,we
mentionto build synthesissystemthat canoutputflexible
prosodyandthatcancontrolprosodyto agiventargetvalue
strictly.

To realizesuchsystemwithout losingperceptualqual-
ity, two synthesisapproachesare conceivable. One is a
waveformconcatenationsynthesizerwith verylargespeech
databasethat includesvarious informations. Another is
to conductacousticfeaturemodification after waveform
unit selecting. However, the both methodhave problems
causedby lack of a properunit from speechdatabase.On
the first method,it cannotoutputobjective prosodywhen
databasedoesnot includeproperunits. Therefore,a huge
size databaseshouldbe requiredto solve. On the latter
case,largeprosodymodificationfrom anaturalspeechunit
causesquality degradation.To avoid this problems,we fo-
cusedon databasedesigning.

The researchby Kawai et al. (2000), which takeac-
countperceptualcapabilityinto measurementfor degrada-
tion by prosodymodification.Referringtheresult,we de-
signedandrecorded9 phonetic-balancetext setswith dif-
ferentprosodyby two femalenarrators.

In the following sections,we describesthe database
designingand recordingmethodand the generalfeatures

of databasesin sections2 and 3, respectively. The re-
sult of evaluationteststhat investigateeffectivenessof the
databasesas Text-to-Speech(TTS) databaseand proper
cost function for themaredescribedin section4. There,
thetestsareoperatedaboutthevariaionof speechrate.It is
followedby Discussions,thenwe concludethis paper.

2. Databases with Prosody Variation
2.1. Designing

As we mentionedabove, the problem with prosody
modificationis speechquality degradation,that correlate
with modificationrate.

Kawai et al. (2000) investigaterelationshipbetween
prosodymodificationusing PSOLA and quality degrada-
tion usingword utteranceIn which theydealwith ��� and
durationof wordutterance.It describesthatmodificationis
acceptablewithin –0.2 [octave] to +0.2 [octave] andfrom
–0.5[octave] to +0.1[octave], for ��� andfor durationmod-
ification, respectively. Here, acceptablerangeis defined
thatobtained4 point or greaterby MOS score(5 is maxi-
mum)by listeningtest.Althoughwe referthesevalues,we
use vocoder-type analysis-synthesismethodSTRAIGHT
(Kawaharaet al., 1999a)for modification. Because,we
ourpreliminaryexperiment(Masudaetal.,2001)showsre-
synthesizedspeechby STRAIGHT is perceivedbetterthan
thatby PSOLA.

In the previous analysis for emotional speech in
Japanese(Hirose et al., 2000), �	� is observed that ���
changeswithin 1 [octave] in male normal readingutter-
anceandit expandsto about2 [octave] in emotional(angry)
speech.In respectof duration,humanspeechcanbe pre-
sentedin arbitraryspeechrateunlessit loseits intelligibil-
ity. By consideringhumanmechanismof speechproduc-
tion andpracticaluseof syntheticspeech,asto this study
we aim to generatespeechratethathave morethan1 [oc-
tave] range.

Basedon thestudiesabove, we designeddatabasethat
consistsof 9 phoneticbalancedsub-databases.Eachset



high-fast high high-slow
� � : +0.4 � � : +0.4 � � : +0.4

dur.: –0.5 dur.: 0.0 dur.: +0.5
fast normal slow
� � : 0,0 � � : 0.0

dur.: –0.5 dur.: +0.5
low-fast low low-slow
� � : –0.4 � � : –0.4 � � : –0.4

dur.: –0.5 dur.: 0.0 dur.: +0.5

Table 1: Target relative prosodic featuresfrom normal
database(octave).

hassametextsand different prosody. 3 variationsof � �
are,normal �	� ( ��� in naturalreadingspeechfor aspeaker),
0.4 [octave] higher ��� than that of correspondingnormal
speech,0.4[octave] lower thannormalspeech.In thesame
way, 3 variationsfor duration. Namely, normalduration,
0.5 [octave] shorterthannormal,0.5 [octave] longer than
normal.By integratingthesesub-databases,prosodicrange
of outputspeechwith acceptablequality expandsideally,
0.8 [octave] at � � , and1.0 [octave] at duration.Thename
of eachsub-databaseandtheir targetvalueof prosodicfea-
turesareshown in Table1.

For eachsub-database,weuse525sentencesset,which
includeATRphoneticbalancedsentencesetconsistsof 503
Japanesesentences(Abeetal.,2000)andadditional22sen-
tencesto compensateforeignphonemes.

2.2. Recording

Two female professional narrators (speaker FME,
speaker FOR) were askedto utter the sub-databasein 9
prosodicvariations. They wererecordedin a soundproof
roomin digital format16bit, 48 kHz.

Recordingprocedureis asfollows.

1. 525 sentenceswererecordedwithout specialinstruc-
tion for prosody. Speakerswereaskedto speakin their
naturalreadingstyle. We call this utteranceset,refer-
encedatabase.

2. 9 re-synthesizedspeechsetsin differentprosodywere
generatedfrom referencedatabase.usingSTRAIGHT
method.To realizetargetprosodydescribedin Table
1,

3. 9 setsof sub-databasewererecorded.Re-synthesized
speechfromspeaker’sownvoicewaspresentedbefore
eachutterancefrom a loud speaker. Speakersware
askedto refergeneralfeaturesof theprosody.

Theutterancesfor normaldatabasewasalsorecorded
to avoid difference of voice quality from other
databases.At this time re-synthesisspeechwithout
prosodymodification was also demonstratedbefore
eachutterance.

3. General Features of Sub-databases
In this and the following sections,we focusedon the

utterancesof speakerFME. Generalfeaturesof obtained
sub-databasesaredescribedin thissection.

high-fast high high-slow
� � : +0.425 � � : +0.405 � � : +0.413

dur.: –0.449 dur.: +0.063 dur.: +0.354
fast normal slow
� � : +0.013 � � : +0.042

dur.: –0.432 dur.: +0.427
low-fast low low-slow
� � : –0.264 � � : –0.294 � � : –0.293

dur.: –0.458 dur.: –0.050 dur.: +0.370

Table2: Relative prosodicfeaturesfrom normaldatabase
(octave).)
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Figure1: Thecontourmapof normalizedhistogram.

3.1. Parameter Extraction

All speechsampleswere first down-sampledto 16k
[Hz]. STRAIGHT-TEMPO (Kawaharaet al., 1999b)was
usedto extract � � by 1 [msec]frameshift. For eachsen-
tenceutterance,meanlog �	� was calculatedand it was
comparedwith that of correspondingspeechin normal
database.About duration,forcedphonemealignmentwas
done by 5 [msec] frame shift using HMM(monophone,
gender-dependentmodel(female)).Automaticpausedetec-
tion andlabelingwerealsoprocessed.For eachsentence,
totaldurationwascalculatedfirst assumof phonemedura-
tion exceptpauses.Theneachsentencedurationwasalso
comparedwith thatof normaldatabase.

3.2. General Features

The resultsfor the averagevaluesareshown in Table
2. Figure3. illustratethe contourmapof normalizedhis-
togram.Threesub-databaseswith low � � areobservedthat
they do not have enoughdifferencewith normaldatabase
(about0.1[octave] higherthanexpected).They areconsid-
ereddueto constraintof utteranceability for thelowest � � .
Theresultsof durationshow thatall valuesdoesnot reach
to targetvalues.Thesecanbe consideredthat speechrate
control aredonealsoby deletionandinsertionof pauses.



However, it canbe consideredthat eachdatabasehasex-
pectedprosodicfeaturesgenerally.

4. Evaluation
To evaluatethe database,two kinds of listening tests

were conductedfocusedon speechrate using threesub-
databases:normal, fast and slow. The testsare held as
comparisonof two synthesizedspeechgeneratedfrom TTS
systemwith differentdatabaseor costfunction.

On first experiment,we verify the advantageof fast
and slow databasesby comparisonwith normal database
on generatingfast and slow prosodyspeech. Next, inte-
grationof databaseis investigatedfrom the viewpointsof
pre-selectionandcost function of databaseandcost func-
tion aboutduration.

4.1. Speech Synthesis
In the following, synthesisspeechesfor evaluation

testsaregeneratedfrom TTS system,that is non-uniform
unit selection and subsequentprosody modification by
STRAIGHT.

For eachsub-database,53 sentences(J-setfrom ATR
database)areusedfor evaluation. The rest472 sentences
areusedfor TTS database,which phonemelabelsand ���
are calculatedautomatically. To avoid quality deteriora-
tion owing to mis-estimationof prosodyby TTS, natural
prosodythat is extractedfrom evaluationsetis given asa
targetprosody. Thetarget� � arecorrectedmanually.

4.2. Comparison with Normal Database
Onfirst experiment,weconfirmedadvantageof fastand

slow databasesby comparisonwith normaldatabase.To in-
vestigateeffectof speechrate,two testsaredoneseparately.
That is to say, a comparisontestbetweensyntheticspeech
from fast databaseand that from normal databasein fast
anda testbetweenslow databaseandnormaldatabasein
slow speechrate.

AB testswereconductedto 10 adult listeners.A setof
20sentencepairswaspresentedin 16k [Hz] PCMfiles in a
PersonalComputerIBM ThinkPadA21 with a headphone.
Listerswereallowed to playbackspeechfiles any number
of timesby operatingiconsin a display.

Figure2 shows theresults.It is observedtheeffective-
nessof slow databasefor slow speechrate,clearly.

4.3. Effectiveness of Pre-Selection
AB listening test that shows effect of pre-selectionof

databaseis performed.Theexperimentalconditionsareal-
mostsamebut 15 setsof utteranceareused. Onespeech
is generatedfrom databasethat correspondswith target
speechrate. The other is madefrom integrationdatabase
of theaforementionedthree.As well astheprecedingtest,
targetprosodywasextractedfrom naturalutterance,but the
normaldatabaseis alsoused.

The resultsare illustratedin Figure 3. Selectionrate
from integrateddatabaseis alsoillustratedin Figure4. Pre-
selectingmakeeffort for prosodyfrom slow database,in
spitethatdataamountfor searchingbecomesnarrow to one
thirds. But it becomesbadinfluencesIt is consideredthat
costfunctionaboutdurationcanbeoptimizedin proportion
to outputspeechrate.

Preference score [%]

fast prosody

slow prosody

 fast or slow database    

normal database (conventional)
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Figure2: Comparisonby speechrateof databases.
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Figure3: Comparisonby speechunit selectingmethod.

5. Future Work
In the first evaluation test, effectivenessof proposed

databaseson durationis showed. And thesecondlistening
testleavesa subjectto besolvedin our futurework.

That is, considerationfor cost function transformation
for output speechrate. The work is continuingnot only
for at speechrate of fast, normal and slow database,but
also for arbitrary speechrate. Evaluation for other six
databasesis alsowill beconducted.Generally� � changes
go with changesof segmentalfeatures,thereforemorede-
tailedanalysiswill beneeded.

6. Conclusion
In this paper, we proposedspeechdatabasedesigning

methodthatenableto coverwideenoughrangeof prosodic
features. The databaseconsistsof nine sub-databases
of phoneticbalancedsentences.Analysis of practically
recordeddatabasesshows that they generallyhave objec-
tiveprosody.

ListeningtestsusingTTSsystemfocusedonspeechrate
werealsoconducted.The resultsshows that effectiveness
of fastandslow databaseto synthesizevariousspeechrate



fast prosody

normal prosody

slow prosody

fast DB normal DB slow DB

0 20 40 60 80 100
Selection rate [%]

Figure4: Selectionrateof eachdatabase.

andthatnecessityfor transformingcostfunctionaboutdu-
rationin unit selectionalgorithm.
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