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Abstract

By proper control of prosody text-to-speechsystemsal-
readyhave the capabilityto imitate distinctive speakingstyles.
We shav two exampleswherewe cancapturethe critical fea-
tures: the singing style of Dinah Shoreandthe speakingstyle
of Martin LutherKing Jr. Thestylesaredescribedy Stem-ML
tags(softtemplatemark-uplanguage)which offerstheflexibil-
ity neededo controlaccenshapesphrasalpitch contoursand
amplitudeprofiles,for speectaswell asfor singing.

1. Introduction

Thevalueof astyleis aslipperyissuethatinvolvespersonalso-
cialandculturalpreferencewhile theconcepbf astyleimplies
a setof consistenfeatures.Thesefeatures especiallythoseof
a distinctive, recognizablestyle, lend themseles to quantita-
tive studiesandmodeling. A humanimpressionistandeliver
astunningperformancey dramatizingthe mostsalientfeature
of anintendedstyle. Likewise, we shav that a text-to-speech
systemcansuccessfullycorvey theimpressiornof a stylewhen
a few distinctive prosodicfeaturesare properly modeled. This
canbe effective evenwithout matchingthe voice quality.

Much of thestyle of a spealer canbe expressedn termsof
featuresin f,, amplitude,spectrattilt, andduration. [?, ?, 7?].
Personastyleis corveyedby repeategatternof thesefeatures
occurringat characteristidocations. For example, a spealkr
may usethesamefeaturepatternsatthe beginningor theendof
eachphrasepr atemphasizeavords. In this papemwe focuson
themodelingof fo andamplitude.

We chosetwo examplego illustratethe control of prosodic
styles:the singingstyle of Dinah Shoreandthe speakingstyle
of Martin LutherKing Jr. In thefollowing sectionswe first an-
alyzetheprosodidfeaturef thesewo well-known styles then
we go into the technicaldetailsof describingthesefeaturesin
prosodictagsbasedon Stem-ML[?], which offersthe flexibil-
ity neededo controlaccentshapesphrasalpitch contoursand
amplitudeprofiles. Similarfeaturesanbeusedo supporiother
stylistic variationsandemotionalspeect?, ?, ?]. Our singing
synthesisprogramalso focus on style and performancerules
ratherthanon voicequality [?, 7].

2. Featuresof Styles

Figure 1 shawvs the amplitudeprofilesof thefirst four syllables
Dai-sy Dai-syfrom the songBicyclebuilt for two by the singer
DinahShore whowasdescribedasa “rhythmicalsinger’[?]. A

bow-tie-shapedmplitudeprofile expandsover eachof thefour

syllables,or notes.The secondsyllable,centerecaroundl sec-
ond, is the clearestiexample. Theincreasingamplitudetoward
the end of the note contrastswith mostsingers,whoseampli-
tude tendsto declinetoward the end. This style of amplitude
profile shavs up very frequentlyin Shores singing. The clash
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Figurel: Dinah Shoe’s signatue amplitudeprofile

with the listeners expectationandthe consistentlelivery mark
averydistinctstyle.

Figure 2 shaws the f, traceof phrasedrom the speecH'
have a dream”deliveredby Dr. Martin LutherKing Jr. A dra-
matic pitch rise consistentlynarksthe beginning of the phrase
andan equallydramaticpitch fall marksthe end. The middle
sectionof thephrases sustaine@nahighpitchlevel. Thepitch
profile shawvn in Figure 2 is found in mostphrasesn Martin
LutherKing's speechgventhoughthe phrasedliffer in textual
contentsyntacticstructureandphrasdength.

In the f, traceof a typical Englishsentencethe dominant
featuresreflectword accentand emphasis. The phrasalcom-
ponent,if ary, is a smoothdecline. Word accentandemphasis
modificationsarepresentn King’s speechbut themagnitudeof
thechangss relatively smallcomparedo the f, changemark-
ing thephraseThe f, profile overthe phrasds oneof themost
importantmarksof King's distinctive rhetoricalstyle.

3. Prosody Tags

The prosodycontrol of speechand songdescribedn this pa-
per is donein Stem-ML tags(Soft TEMplate prosodyMark-
up Language)?]. Stem-ML is a taggingsystemwith math-
ematicallydefinedalgorithmto translatetagsinto quantitatve
prosody The systemis designedo be languagendependent,
andfurthermorejt canbe usedeffectively for both speectand
music.

Following the outline in Figure 3, text or musicscoresare
passedo the prosodytag generationcomponentwhich uses
heuristicrules to selectand to position prosodytags. Style-
specificinformation is readin to facilitate the generationof
tags. Style-specificattributesmay include parametergontrol-
ling breathing,vibrato, note durationfor songs,in additionto
Stem-MLtemplatego modify fo andamplitude. The tagsare
thensentto the prosodyevaluationcomponenBtem-MLwhich
producegime seriesof fo or amplitudevalues.

We rely hearily on two of the Stem-ML featuresto de-
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Figure2: Phrasal f, profilesfromthe speeb of Martin Luther
King Jr.
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Figure 3: Systendiagram of style-dependergrosodytag gen-
eration andevaluation.

scribespealker stylesin this paper First, Stem-ML allows the
separatiorof local (accenttemplates)and non-local (phrasal)
component®f intonation. Oneof the phrasdevel tagsstepto
moves fo to a specifiedvaluewhich remainseffective until the
next stepto tag. Whenit is describedby a sequencef stepto
tags,the phrasecurve is beingtreatedasa piece-wisecontin-
uousfunction. We usethis methodto describeMartin Luther
King's phrasecurve andmusicnotes. Secondly Stem-ML ac-
ceptsuserdefinedaccenttemplateswith no shapeand scope
restrictions. This featuregivesusersthe freedomto write tem-
platesto describeaccenshape®f differentlanguageaswell as
variationswithin the samelanguage We write speakr-specific
accentemplatedor speechandornamentemplategor music.

The specifiedaccentandornamentemplatesnay resultin
physiologicallyimplausiblecombinationof targets. Stem-ML
acceptzonflictingspecificationsandreturnssmoothsurfacere-
alizationsthatbestsatisfyall constraints.

The musclemotionsthat control prosodyare smooth: It
takestime to male thetransitionfrom oneintendedaccentar
getto the next. We alsoobsenre thatwhena sectionof speech
materialis unimportantthe spealer may not expendmuchef-
fort to realizethe tamgets[?]. We thenrepresenthe surface
realizationof prosodyasan optimizationproblem,minimizing
the sumof two functions: a physiologicalconstraintGG, which
imposesa smoothnesgonstraintby minimizing the first and
secondderivatives of the specifiedpitch p, anda communica-

tion constraintR, which minimizesthe sumof errorsr between
therealizedpitch p andthetargetsy. In otherwords,oneshould
speakpreciselyif onereally wantsto beunderstood.
Theerrorsareweightedby thestrengthS; of thetagwhich
indicateshow importantit is to satisfythe specificationof the
tag. If thestrengthof atagis weak,thephysiologicalconstraint
takes over andin thosecasessmoothnes®ecomesnoreim-
portantthanaccurag. S; controlstheinteractionof accentags
with their neighborsby way of the smoothnessequirement(.
Strongettagsexertmoreinfluenceontheirneighbors Tagsalso
have a and3, which controlwhethererrorsin the shapeor av-
eragevalueof p; is mostimportant,thesearederived from the
Stem-MLtypeparameterin thiswork, thetamgets,y, consistof
anaccenfcomponentiding ontop of aphrasecune.
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Thegenerated, andamplitudecontoursis usedin a text-
to-speeclsystemto generatespeechandsongs.In the current
implementationamplitudemodulationis appliedto the output
of theTTS system.

4. Phrase Curve and Music Notes

Martin Luther King’'s speechhasa strongphrasalcomponent
with anoutlinedefinedby aninitial rise,optionalsteppingup to
climax,andafinal fall. Thisoutlineis describedvith Stem-ML
stepto tags. The agumentto, introducedby to= atthe endof
eachline below, specifytheintendedf, asbase + to x range,
wherebase is thebaselineandrange is the pitchrange.

We useheuristicgrammarrules to placethe tags. Each
phrasestartsfrom the base value (to=0), steppingup on the
first stressedvord, remaininghigh till the endfor continuation
phrasesandsteppingdowvn onthelastword of thefinal phrase.
At every pause returnto 20% of the pitch rangeabore base
(to=0.2), and steppingup againon the first stressedvord of
thenew phrase Theamountof stepto correlateswith sentence
length. Additional steppingup is usedon annotatedstrongly
emphasizedvords.

Cnane=st ep-t 0; pos=0. 21; strengt h=5; t 0=0;

# Step up on the first stressed word ‘‘nation’’

Cnane=step-to; pos=0.42; strength=5; to=1.7;
Cnane=st ep-to; pos=1.60; strength=5; to=1.7;
# Further step up on rise

Cnane=st ep-to; pos=1.62; strength=5; to=1.85;
Cnane=st ep-t0; pos=2.46; strength=5; to=1.85;
# Begi nning of the second phrase
Cnane=step-to; pos=3.8; strength=5; to=0.2;

# Step up on the first stress word live
Cnane=step-to; pos=4.4; strength=5; to=2.0;
Cnane=st ep-to0; pos=5.67; strength=5; to=2.0;
# Step down at the end of the phrase
Cnane=st ep-t0; pos=6.28; strength=5; to=0.4;

The stepto tagsabove producethe phrasecurve shawvn in dot-
ted linesin Figure 4 for the sentenceThis nation will rise up,
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Figure4: Geneatedphrasecurvewith accentdn the stylesof
Martin LutherKing.

andlive outthe true meaningof its creed. The solid line shavs
the generatedf, curve, which is the combinationof the phrase
curve andtheaccentemplatesto be discusseanomentarily

The musicalinput format containsinformation of musical
notesnotelength,measuregphrasingandtext (expressegho-
netically at present).Musical scoresare underspecified. Per
formersmay have very differentrenditionsbasedon the same
scoresWe malke useof the musicalstructuresandphrasingno-
tation to insertornamentg?]. andto implementperformance
rules, which include the default rhythmic pattern,retard, and
durationadjustmenf?, 7]

Musicalnotesaretreatedanalogouslyo thephrasecurve in
speechBoth arebuilt with Stem-MLstepto tags.In music,the
pitch range is definedasan octave, andeachstepis 1/12 of an
octave in thelogarithmicscale.Eachmusicalnoteis controlled
by apair of stepto tags. Thefirst four notesof BicycleBuilt for
Two is shavn belaw:

# Dai- (Note G

Cnane=step-to; pos=0.16; strengt h=8; to=1.9966;
Cnane=st ep-t0; pos=0. 83; strengt h=8; to=1.9966;

# sy (Note E)

Cnane=st ep-to0; pos=0. 85; strength=8; to=1
Cnane=step-to; pos=1.67;strength=8; to=1
# Dai- (Note O

Cnane=step-to; pos=1.69;strength=8; to=1
Cnane=st ep-t0; pos=2. 36; strength=8; to=1
# sy (Note G one octave |ower)

Cnane=st ep-to0; pos=2.38; strength=8; to=0
Cnane=st ep-to0; pos=3. 20; strengt h=8; to=0

The strengthspecificationof the musical stepto is very
strong (strength=8. This help to maintainthe specifiedfre-
gueng asthetagspassthroughthe prosodyevaluationcompo-
nent.

5. Tagtemplates

Word accentsn speechandornamentotesin singingarede-
scribedn style-specifitagtemplatesEachtaghasascopeand
it canstronglyaffecttheprosodicfeaturesnsideits scopeput it
hasa decreasingffect asonegoesfartheroutsideits scope.In
otherwords,theeffectsof thetagsaremoreor lesslocal. These
templatesareintendedto be independenof speakingrate and
pitch. They canbe scaledin amplitude,or stretchingalongthe
time axisto matcha particularscope.
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Figure6: Accenttemplatedor King's prosody

In the songprogramtherearetemplatesof ornamenmnotes
which can be placedin specifiedlocations,superimposean
the musicalnote. Figure5 shaws the fo (top) and amplitude
(bottom)templateof anornamenin thesingingstyle of Dinah
Shore.Her ornamentastwo humpsin the f, trajectory where
thefirst fo peakcoincideswith theamplitudevalley. Thelength
of theornamenttretcheslasticallywith thelengthof themu-
sical note within a certainlimit. On short notes(around350
msec)the ornamentstretcheso cover the length of the note.
Onlongernotesthe ornamenbnly affectsthe beginning.

Shoreoftenusedthis ornamentn aphraseinal descending
notesequencegspeciallywhenthe penultimatenoteis onenote
above thefinal note. Shealsousedthis ornamento emphasize
rhymewords.

In the speechdatabasehere are speakr-specific accent
templates. Figure 6 displaysthe accenttemplatesof Martin
LutherKing Jr. King’s choiceof accentss largely predictable
from the phrasalposition: arising accentin the beginning of a
phraseafalling accenton emphasizedvordsandin the endof
thephraseandaflat accentlsavhere.

Oncetagsaregeneratedthey arefedinto the prosodyeval-
uationunit, which interpretsStem-ML tagsinto thetime series
of fo oramplitude.

6. Implementation Examples

The outputof thetaggeneratiorcomponents a setof tagtem-
plates.We shaw atruncatedout operationabxampledisplaying
the tagsthat control the amplitude. Otherprosodicparameters
aresimilar, but notshavn to save space.

The first two lines consistof global settingsthat partially
definethe style we are simulating. The next section(“user
definedtags”)is thedatabasef tagtemplatedor this particular
style. After theinitialization section,eachline correspond$o a
tagtemplate.



Example of amplitude con‘trol .

Amplitude factor

Time(s)

Figure7: Amplitudecontrol in synthesizedong

# d obal settings

add=1; base=1; range=1; snoot h=0. 06; pdr oop=0. 2; adr o

# User-defined tags

name=SCOOP; shape=-

0. 1s0.7,0s1,0.5s0, 1s1.4,1.1s0.8
name=DROOP; shape=0s1, 0. 5s0. 2, 1s0;
nanme=CRNAMENT; shape=0. 0s1, 0. 12s-
1, 0. 15s0, 0. 23s1

# Anplitude accents over music notes

# Dai -

ACnane=SCOOP; pos=0.15; strength=1.43; wscal e=0.
# sy

ACnane=SCOOP; pos=0.84; strength=1.08; wscal e=0.
# Dai -

ACnanme=SCOOP; pos=1.68; strength=1.43; wscal e=0.
# sy

ACnanme=SCOOP; pos=2.37; strength=1.08; wscal e=0.
# give

ACnanme=DROOP; pos=3.21; strength=1.08; wscal e=0.
# me

ACnane=DROOP; pos=3.43; strength=0.00; wscal e=0.
# your

ACnane=DROOP; pos=3.64; strength=0.00; wscal e=0.

Finally, the prosodyevaluationmoduleproducesatime se-
ries of amplitudevs. time. Figure 7 displays(from top to bot-
tom), theamplitudecontroltime series speectproducecby the
synthesizewithout amplitudecontrol,andspeectproducedoy
the synthesizewith amplitudecontrol.

7. Conclusion

We shavedthatit is possibleto convey theimpressiorof a dis-
tinct speakr by capturingthe mostsalientprosodicattributes.
Speechand song demosare available from http://wwwbell-
labs.com/project/tts/stem.html.

The style-specificattributesare describedn prosodytags
written in the languageStem-ML, andareusedto drive a TTS

system. This languageis designedas a multi-lingual intona-

tion system.Stem-ML is flexible enoughto handlebothspeech
andsongsandprovidesenoughcontrolto differentiatespealer

styles.

In practice differentprosodicstylescould be usedto mark
differentsectionsof awebpage to actasdifferentpersonsn a
dialoguesystemandto reademailwith the prosodiccharacter
isticsof thesender
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