Designing Speech Database with Prosodic Variety for Expressive TTS system
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Abstract

For the purposeof building speectsynthesisystemthat cangeneratehigh-quality speechwith wide rangein prosodyandrealizefine
prosodycontrol,we proposenew speechdatabaseonstructingnethod.As a speectsynthesisnethod we selecta hybrid systemwhich
consistof two part: speechunit selectionand prosodymodificationpartby STRAIGHT (vocodertype high quality analysis-synthesis
method).Our viewpointfor designingdatabasés to reduceamountof prosodymodification.which causegjuality deterioration Hence,
to makeit possibleto generatearbitraryprosodywithin permissiblerangeof prosodymodification,we designed® sub-databasefose
consistof samephoneticbalancedext setwith differentprosody In this paper we reportthe designingmethodandgenerafeaturesof
obtaineddatabased.isteningtestsfocusedon durationalfearurewerealsoconducted Theresultsshow effectivenesof the methodand

thenecessityto changeunit selectioncostaccordingto speectrate.

1. Introduction

In recentyears,speechsynthesistechnologyhas pro-
gressedemarkablybecausef large scalespeechcorpus.
But most of temporalsynthesissystemsare designedto
generatehigh quality speechwhich reproducingoriginal
spealer's normal reading style speech. That is to say
monotonousnormal pitch rangeand normal speechrate.
Next generationsynthesizerwill be expectedto output
expressive speechlike human. Here, expressie speech
meanghatit carries,in additionto verbalinformation,dis-
courseor para-and extra-linguisticinformations,for ex-
ample speakes attitude, intent, speakingstyle and indi-
viduality. As information variation expandsthe acoustic
featuresof the speechalsospread.Particularly difference
in prosodicfeaturesare obsered explicitly. Hence,we
mentionto build synthesissystemthat canoutputflexible
prosodyandthatcancontrolprosodyto agiventargetvalue
strictly.

To realizesuchsystemwithout losing perceptualual-
ity, two synthesisapproachesre concevable. Oneis a
waveformconcatenatiosynthesizewith verylargespeech
databasehat includesvarious informations. Another is
to conductacousticfeature modification after waveform
unit selecting. However, the both methodhave problems
causedy lack of a properunit from speechdatabaseOn
the first method,it cannotoutputobjective prosodywhen
databaseloesnot include properunits. Therefore,a huge
size databaseshould be requiredto solve. On the latter
caselargeprosodymodificationfrom a naturalspeectunit
causegjuality degradation.To avoid this problemswe fo-
cusedon databaselesigning.

The researchhy Kawai et al. (2000), which take ac-
countperceptuatapabilityinto measuremerfor degrada-
tion by prosodymodification. Referringthe result,we de-
signedandrecordedd phonetic-balancéext setswith dif-
ferentprosodyby two femalenarrators.

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

of databasesn sections2 and 3, respectiely. The re-
sult of evaluationteststhatinvestigateeffectivenessof the
databasess Text-to-Speech(TTS) databaseand proper
costfunction for themare describedn section4. There,
thetestsareoperatedaboutthevariaionof speectrate. It is
followedby Discussionsthenwe concludethis paper

2. Databaseswith Prosody Variation
2.1. Designing

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

Kawai et al. (2000) investigaterelationshipbetween
prosodymadificationusing PSOLA and quality degrada-
tion usingword utterancen which they dealwith F, and
durationof word utterancelt describeshatmodificationis
acceptablavithin —0.2 [octave] to +0.2 [octave] andfrom
—0.5[octae] to +0.1[octave], for F andfor durationmod-
ification, respectiely. Here, acceptableangeis defined
that obtained4 point or greaterby MOS score(5 is maxi-
mum) by listeningtest. Althoughwe referthesevalueswe
use vocodertype analysis-synthesisnethod STRAIGHT
(Kawaharaet al., 1999a)for modification. Becausewe
ourpreliminaryexperimen{Masudaetal., 2001)shownsre-
synthesizedpeectby STRAIGHT is percevedbetterthan
thatby PSOLA.

In the previous analysis for emotional speechin
Japanese (Hirose et al., 2000), Fy is obsened that Fg
changeswithin 1 [octave] in male normal readingutter-
anceandit expandgo about2 [octave] in emotional(angry)
speech.In respectof duration,humanspeechcanbe pre-
sentedn arbitraryspeeclirateunlessit loseits intelligibil-
ity. By consideringhumanmechanisnof speechproduc-
tion andpracticaluseof syntheticspeechasto this study
we aim to generatespeechratethathave morethanl [oc-
tave] range.

Basedon the studiesabowe, we designeddatabase¢hat
consistsof 9 phoneticbalancedsub-databasesEach set
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high-fast high high-dow
Fy: +0.4 | Fy: +0.4 | F,: +0.4
dur:-0.5| dur: 0.0 | dur:+0.5
fast normal slow
F,: 0,0 Fy,: 0.0
dur: -0.5 dur.: +0.5
low-fast low low-slow
Fy,:-0.4| F,:-0.4| F,:-04
dur:-0.5| dur: 0.0 | dur:+0.5

Table 1: Tamet relative prosodic featuresfrom normal
databaséoctae).

hassametexts and differentprosody 3 variationsof Fj
are,normalFy (Fp in naturalreadingspeector aspeaker),
0.4 [octave] higher F, thanthat of correspondingrormal
speech(.4[octave] lowerthannormalspeechin thesame
way, 3 variationsfor duration. Namely normalduration,
0.5 [octave] shorterthannormal, 0.5 [octawe] longerthan
normal.By integratingthesesub-databaseprosodicrange
of outputspeechwith acceptablegquality expandgdeally,
0.8[octave] at Fy, and1.0[octave] at duration. The name
of eachsub-databasandtheir targetvalueof prosodicfea-
turesareshonvnin Tablel.

For eachsub-databaseye use525sentenceset,which
includeATR phonetichalancedentencaetconsistof 503
JapanessentencefAbeetal.,2000)andadditional22 sen-
tencedo compensatéoreignphonemes.

2.2. Recording

Two female professional narrators (speaker FME,
spealer FOR) were askedto utter the sub-databasé 9
prosodicvariations. They were recordedin a soundproof
roomin digital format 16 bit, 48 kHz.

Recordingoroceduras asfollows.

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

2. 9re-synthesizedpeectsetsin differentprosodywere
generatedrom referencalatabaseusingSTRAIGHT
method. To realizetarget prosodydescribedn Table
11

3. 9 setsof sub-databaseererecorded.Re-synthesized
speechrom speakess own voicewaspresentedbefore
eachutterancefrom a loud speaker Speakersvare
askeduo refergenerafeaturesf the prosody

Theutterancesor normaldatabasevasalsorecorded
to avoid difference of voice quality from other
databases.At this time re-synthesispeechwithout
prosody modification was also demonstratedefore
eachutterance.

3. General Featuresof Sub-databases

In this and the following sections,we focusedon the
utterancesf speaker-ME. Generalfeaturesof obtained
sub-databasemedescribedn this section.

high-fast high high-slow
Fy: +0.425| F,: +0.405| F,: +0.413
dur.: —=0.449| dur.: +0.063 | dur.: +0.354
fast normal slow

Fy: +0.013 Fy: +0.042
dur.: -0.432 dur.: +0.427
low-fast low low-slow
Fy: -0.264| Fy:-0.294| Fy,:-0.293
dur.: —=0.458 | dur.: -0.050| dur.: +0.370

Table2: Relatve prosodicfeaturesfrom normal database
(octave).)
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Figurel: The contourmapof normalizedhistogram.

3.1. Parameter Extraction

All speechsampleswere first down-sampledto 16k
[Hz]. STRAIGHT-TEMPO (Kawaharaetal., 1999b)was
usedto extract Fy by 1 [msec]frameshift. For eachsen-
tenceutterance,meanlog F, was calculatedand it was
comparedwith that of correspondingspeechin normal
database About duration,forcedphonemealignmentwas
done by 5 [msec] frame shift using HMM(monophone,
genderdependentodel(female)) Automaticpauseletec-
tion andlabelingwerealsoprocessedFor eachsentence,
total durationwascalculatedirst assumof phonemedura-
tion exceptpauses.Theneachsentencelurationwasalso
comparedvith thatof normaldatabase.

3.2. General Features

The resultsfor the averagevaluesare shovn in Table
2. Figure 3. illustrate the contourmap of normalizedhis-
togram.Threesub-databasesith low F; areobservedhat
they do not have enoughdifferencewith normal database
(about0.1[octave] higherthanexpected).They areconsid-
ereddueto constrainbf utteranceability for thelowestF;.
Theresultsof durationshow thatall valuesdoesnot reach
to targetvalues. Thesecanbe consideredhat speectrate
control aredonealsoby deletionandinsertionof pauses.
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However, it canbe consideredhat eachdatabaséasex-
pectedprosodicfeatureggenerally

4. Evaluation

To evaluatethe databasetwo kinds of listening tests
were conductedfocusedon speechrate using three sub-
databasesnormal, fast andslow. The testsare held as
comparisorof two synthesizedpeectgeneratedrom TTS
systemwith differentdatabaser costfunction.

On first experiment,we verify the advantageof fast
and slow database®y comparisonwith normal database
on generatingfast and slow prosodyspeech. Next, inte-
grationof databases investigatedfrom the viewpoints of
pre-selectiorand costfunction of databasend costfunc-
tion aboutduration.

4.1. Speech Synthesis

In the following, synthesisspeechedor evaluation
testsare generatedrom TTS system,thatis non-uniform
unit selection and subsequeniprosody modification by
STRAIGHT.

For eachsub-databaseq3 sentencegJ-setfrom ATR
databaseg@re usedfor evaluation. Therest472 sentences
areusedfor TTS databasewhich phonemdabelsand Fy
are calculatedautomatically To awid quality deteriora-
tion owing to mis-estimationof prosodyby TTS, natural
prosodythatis extractedfrom evaluationsetis givenasa
targetprosody ThetargetF|, arecorrectednanually

4.2. Comparison with Normal Database

Onfirstexperimentye confirmedadwantageof fastand
slow databasely comparisorwith normaldatabaseTo in-
vestigateeffectof speechate two testsaredoneseparately
Thatis to say a comparisortestbetweensyntheticspeech
from fast databasend that from normal databaseén fast
and a testbetweenslow databaseind normal databasen
slow speechrate.

AB testswereconductedo 10 adultlisteners.A setof
20 sentencgairswaspresentedn 16k[Hz] PCMfilesin a
PersonalComputenBM ThinkPadA21 with a headphone.
Listerswereallowedto playbackspeeclfiles any number
of timesby operatingconsin adisplay

Figure2 shownstheresults.It is observedhe effective-
nessof slow databaséor slow speectrate,clearly.

4.3. Effectivenessof Pre-Selection

AB listening testthat shows effect of pre-selectiorof
databasés performed.The experimentakonditionsareal-
mostsamebut 15 setsof utteranceare used. One speech
is generatedrom databasethat correspondswith target
speectrate. The otheris madefrom integrationdatabase
of theaforementionedhree. As well asthe precedingest,
targetprosodywasextractedfrom naturalutterancebut the
normaldatabasés alsoused.

The resultsareillustratedin Figure 3. Selectionrate
from integrateddatabasés alsoillustratedin Figure4. Pre-
selectingmake effort for prosodyfrom slow databasein
spitethatdataamountfor searchindbecomesarrov to one
thirds. But it becomedadinfluencedlt is consideredhat
costfunctionaboutdurationcanbeoptimizedin proportion
to outputspeectrate.

fast or slow database

I:I normal database (conventional)

fast prosody

slow prosody

0 20 40 60 80 100
Preference score [%)]

Figure2: Comparisorby speechrateof databases.

- integrated :I pre-selected

fast prosody

normal utterance

slow utterance

(o} 20 40 60 100

Preference score [%)]

80

Figure3: Comparisorby speechunit selectingmethod.

5. FutureWork

In the first evaluation test, effectivenessof proposed
databasesn durationis shoved. And the secondistening
testleawesa subjectto be solvedin our futurework.

Thatis, consideratiorfor costfunction transformation
for output speechrate. The work is continuingnot only
for at speechrate of fast, normal and slow databasebut
also for arbitrary speechrate. Evaluation for other six
databasess alsowill be conducted GenerallyF changes
go with changef segmentafeaturesthereforemorede-
tailedanalysiswill beneeded.

6. Conclusion

In this paper we proposedspeechdatabasealesigning
methodthatenableto coverwide enoughrangeof prosodic
features. The databaseconsistsof nine sub-databases
of phoneticbalancedsentences. Analysis of practically
recordeddatabaseshaws that they generallyhawe objec-
tive prosody

ListeningtestsusingT TS systenfocusednspeechate
werealsoconducted.The resultsshaws that effectiveness
of fastandslow databasé¢o synthesizevariousspeectrate
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%////% fast DB I:I normal DB |:] slow DB

fast prosody

\\

normal prosody

slow prosody
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Selection rate [%)]

Figure4: Selectiorrateof eachdatabase.

andthatnecessityfor transformingcostfunction aboutdu-
rationin unit selectionalgorithm.
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