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Abstract

By propercontrol of prosody, text-to-speechsystemsal-
readyhave thecapabilityto imitatedistinctive speakingstyles.
We show two exampleswherewe cancapturethe critical fea-
tures: the singingstyle of Dinah Shoreandthe speakingstyle
of Martin LutherKing Jr. Thestylesaredescribedby Stem-ML
tags(soft templatemark-uplanguage),whichofferstheflexibil-
ity neededto controlaccentshapes,phrasalpitch contours,and
amplitudeprofiles,for speechaswell asfor singing.

1. Introduction
Thevalueof astyleis aslipperyissuethatinvolvespersonal,so-
cial andculturalpreferenceswhile theconceptof astyleimplies
a setof consistentfeatures.Thesefeatures,especiallythoseof
a distinctive, recognizablestyle, lend themselves to quantita-
tive studiesandmodeling. A humanimpressionistcandeliver
a stunningperformanceby dramatizingthemostsalientfeature
of an intendedstyle. Likewise, we show that a text-to-speech
systemcansuccessfullyconvey theimpressionof a stylewhen
a few distinctive prosodicfeaturesareproperlymodeled.This
canbeeffective evenwithoutmatchingthevoicequality.

Muchof thestyleof a speaker canbeexpressedin termsof
featuresin ��� , amplitude,spectraltilt, andduration. [?, ?, ?].
Personalstyleis conveyedby repeatedpatternsof thesefeatures
occurringat characteristiclocations. For example,a speaker
mayusethesamefeaturepatternsat thebeginningor theendof
eachphrase,or atemphasizedwords.In this paperwe focuson
themodelingof � � andamplitude.

Wechosetwo examplesto illustratethecontrolof prosodic
styles: thesingingstyleof DinahShoreandthespeakingstyle
of Martin LutherKing Jr. In thefollowing sections,we first an-
alyzetheprosodicfeaturesof thesetwo well-known styles,then
we go into the technicaldetailsof describingthesefeaturesin
prosodictagsbasedon Stem-ML[?], which offers theflexibil-
ity neededto controlaccentshapes,phrasalpitch contours,and
amplitudeprofiles.Similarfeaturescanbeusedto supportother
stylistic variationsandemotionalspeech[?, ?, ?]. Our singing
synthesisprogramalso focus on style and performancerules
ratherthanon voicequality [?, ?].

2. Features of Styles
Figure1 shows theamplitudeprofilesof thefirst four syllables
Dai-syDai-sy from thesongBicyclebuilt for two by thesinger
DinahShore,whowasdescribedasa“rhythmicalsinger”[?]. A
bow-tie-shapedamplitudeprofileexpandsover eachof thefour
syllables,or notes.Thesecondsyllable,centeredaround1 sec-
ond, is theclearestexample. The increasingamplitudetoward
the endof the notecontrastswith mostsingers,whoseampli-
tudetendsto declinetoward the end. This style of amplitude
profile shows up very frequentlyin Shore’s singing. Theclash
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Figure1: Dinah Shore’s signature amplitudeprofile

with thelistener’s expectationandtheconsistentdelivery mark
a verydistinctstyle.

Figure2 shows the � � traceof phrasesfrom thespeech“I
have a dream”deliveredby Dr. Martin LutherKing Jr. A dra-
maticpitch riseconsistentlymarksthebeginningof thephrase
andan equallydramaticpitch fall marksthe end. The middle
sectionof thephraseis sustainedonahighpitchlevel. Thepitch
profile shown in Figure2 is found in mostphrasesin Martin
LutherKing’s speech,eventhoughthephrasesdiffer in textual
content,syntacticstructure,andphraselength.

In the ��� traceof a typical Englishsentence,thedominant
featuresreflectword accentandemphasis.The phrasalcom-
ponent,if any, is a smoothdecline.Word accentandemphasis
modificationsarepresentin King’sspeech,but themagnitudeof
thechangeis relatively smallcomparedto the ��� changemark-
ing thephrase.The � � profileover thephraseis oneof themost
importantmarksof King’s distinctive rhetoricalstyle.

3. Prosody Tags
The prosodycontrol of speechandsongdescribedin this pa-
per is donein Stem-ML tags(Soft TEMplateprosodyMark-
up Language)[?]. Stem-ML is a taggingsystemwith math-
ematicallydefinedalgorithmto translatetagsinto quantitative
prosody. The systemis designedto be languageindependent,
andfurthermore,it canbeusedeffectively for bothspeechand
music.

Following theoutline in Figure3, text or musicscoresare
passedto the prosodytag generationcomponent,which uses
heuristic rules to selectand to position prosodytags. Style-
specific information is read in to facilitate the generationof
tags. Style-specificattributesmay includeparameterscontrol-
ling breathing,vibrato, notedurationfor songs,in additionto
Stem-MLtemplatesto modify ��� andamplitude.The tagsare
thensentto theprosodyevaluationcomponentStem-MLwhich
producestime seriesof � � or amplitudevalues.

We rely heavily on two of the Stem-ML featuresto de-
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Figure3: Systemdiagramof style-dependentprosodytag gen-
erationandevaluation.

scribespeaker stylesin this paper. First, Stem-ML allows the
separationof local (accenttemplates)andnon-local(phrasal)
componentsof intonation.Oneof thephraselevel tagsstepto
moves � � to a specifiedvaluewhich remainseffective until the
next stepto tag. Whenit is describedby a sequenceof stepto
tags,the phrasecurve is beingtreatedasa piece-wisecontin-
uousfunction. We usethis methodto describeMartin Luther
King’s phrasecurve andmusicnotes.Secondly, Stem-ML ac-
ceptsuser-definedaccenttemplateswith no shapeand scope
restrictions.This featuregivesusersthefreedomto write tem-
platesto describeaccentshapesof differentlanguagesaswell as
variationswithin thesamelanguage.We write speaker-specific
accenttemplatesfor speech,andornamenttemplatesfor music.

Thespecifiedaccentandornamenttemplatesmayresultin
physiologicallyimplausiblecombinationof targets. Stem-ML
acceptsconflictingspecificationsandreturnssmoothsurfacere-
alizationsthatbestsatisfyall constraints.

The musclemotions that control prosodyare smooth: It
takestime to make thetransitionfrom oneintendedaccenttar-
get to thenext. We alsoobserve thatwhena sectionof speech
materialis unimportant,thespeaker maynot expendmuchef-
fort to realize the targets [?]. We then representthe surface
realizationof prosodyasanoptimizationproblem,minimizing
thesumof two functions:a physiologicalconstraint� , which
imposesa smoothnessconstraintby minimizing the first and
secondderivativesof the specifiedpitch � , anda communica-

tion constraint� , whichminimizesthesumof errors	 between
therealizedpitch � andthetargets
 . In otherwords,oneshould
speakpreciselyif onereally wantsto beunderstood.

Theerrorsareweightedby thestrength�
� of thetagwhich
indicateshow importantit is to satisfythespecificationsof the
tag. If thestrengthof a tagis weak,thephysiologicalconstraint
takesover and in thosecases,smoothnessbecomesmore im-
portantthanaccuracy. ��� controlstheinteractionof accenttags
with their neighborsby wayof thesmoothnessrequirement,� .
Strongertagsexertmoreinfluenceontheirneighbors.Tagsalso
have � and � , which controlwhethererrorsin theshapeor av-
eragevalueof ��� is mostimportant,thesearederivedfrom the
Stem-MLtypeparameter. In thiswork, thetargets,
 , consistof
anaccentcomponentriding on topof a phrasecurve.
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Thegenerated� � andamplitudecontoursis usedin a text-
to-speechsystemto generatespeechandsongs.In thecurrent
implementation,amplitudemodulationis appliedto theoutput
of theTTSsystem.

4. Phrase Curve and Music Notes
Martin Luther King’s speechhasa strongphrasalcomponent
with anoutlinedefinedby aninitial rise,optionalsteppingupto
climax,andafinal fall. Thisoutlineis describedwith Stem-ML
stepto tags.Theargument;=< , introducedby to= at theendof
eachline below, specifytheintended� � as >9?A@CB � ;D<FEG	�?IH4JKB ,
where>9?A@CB is thebaselineand 	�?KH4JKB is thepitch range.

We useheuristicgrammarrules to place the tags. Each
phrasestartsfrom the >L?'@CB value (to=0), steppingup on the
first stressedword, remaininghigh till theendfor continuation
phrases,andsteppingdown on thelastwordof thefinal phrase.
At every pause,return to 20% of the pitch rangeabove >9?A@CB
(to=0.2), and steppingup againon the first stressedword of
thenew phrase.Theamountof stepto correlateswith sentence
length. Additional steppingup is usedon annotated,strongly
emphasizedwords.

Cname=step-to;pos=0.21;strength=5; to=0;
# Step up on the first stressed word ‘‘nation’’
Cname=step-to; pos=0.42; strength=5; to=1.7;
Cname=step-to; pos=1.60; strength=5; to=1.7;
# Further step up on rise
Cname=step-to; pos=1.62; strength=5; to=1.85;
Cname=step-to; pos=2.46; strength=5; to=1.85;
# Beginning of the second phrase
Cname=step-to; pos=3.8; strength=5; to=0.2;
# Step up on the first stress word live
Cname=step-to; pos=4.4; strength=5; to=2.0;
Cname=step-to; pos=5.67; strength=5; to=2.0;
# Step down at the end of the phrase
Cname=step-to; pos=6.28; strength=5; to=0.4;

Thestepto tagsabove producethephrasecurve shown in dot-
ted lines in Figure4 for the sentenceThis nation will rise up,
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Figure4: Generatedphrasecurvewith accentsin thestylesof
Martin LutherKing.

andlive out thetruemeaningof its creed.Thesolid line shows
thegenerated��� curve, which is thecombinationof thephrase
curve andtheaccenttemplates,to bediscussedmomentarily.

The musicalinput format containsinformationof musical
notes,notelength,measures,phrasingandtext (expressedpho-
netically at present).Musical scoresareunder-specified.Per-
formersmay have very differentrenditionsbasedon the same
scores.Wemake useof themusicalstructuresandphrasingno-
tation to insertornaments[?]. andto implementperformance
rules, which include the default rhythmic pattern,retard,and
durationadjustment[?, ?]

Musicalnotesaretreatedanalogouslyto thephrasecurve in
speech.Botharebuilt with Stem-MLstepto tags.In music,the
pitch range is definedasanoctave, andeachstepis 1/12of an
octave in thelogarithmicscale.Eachmusicalnoteis controlled
by apairof stepto tags.Thefirst four notesof BicycleBuilt for
Two is shown below:

# Dai- (Note G)
Cname=step-to; pos=0.16;strength=8; to=1.9966;
Cname=step-to; pos=0.83;strength=8; to=1.9966;
# sy (Note E)
Cname=step-to; pos=0.85;strength=8; to=1.5198;
Cname=step-to; pos=1.67;strength=8; to=1.5198;
# Dai- (Note C)
Cname=step-to; pos=1.69;strength=8; to=1.0000;
Cname=step-to; pos=2.36;strength=8; to=1.0000;
# sy (Note G, one octave lower)
Cname=step-to; pos=2.38;strength=8; to=0.4983;
Cname=step-to; pos=3.20;strength=8; to=0.4983;

The strengthspecificationof the musical stepto is very
strong(strength=8). This help to maintain the specifiedfre-
quency asthetagspassthroughtheprosodyevaluationcompo-
nent.

5. Tag templates
Word accentsin speechandornamentnotesin singingarede-
scribedin style-specifictagtemplates.Eachtaghasascope,and
it canstronglyaffect theprosodicfeaturesinsideits scope,but it
hasa decreasingeffect asonegoesfartheroutsideits scope.In
otherwords,theeffectsof thetagsaremoreor lesslocal. These
templatesareintendedto be independentof speakingrateand
pitch. They canbescaledin amplitude,or stretchingalongthe
time axisto matcha particularscope.
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Figure6: Accenttemplatesfor King’s prosody.

In thesongprogramtherearetemplatesof ornamentnotes
which can be placedin specifiedlocations,superimposedon
the musicalnote. Figure5 shows the ��� (top) andamplitude
(bottom)templatesof anornamentin thesingingstyleof Dinah
Shore.Herornamenthastwo humpsin the ��� trajectory, where
thefirst ��� peakcoincideswith theamplitudevalley. Thelength
of theornamentstretcheselasticallywith thelengthof themu-
sical note within a certainlimit. On short notes(around350
msec)the ornamentstretchesto cover the length of the note.
On longernotestheornamentonly affectsthebeginning.

Shoreoftenusedthisornamentin aphrasefinal descending
notesequence,especiallywhenthepenultimatenoteis onenote
above thefinal note.Shealsousedthis ornamentto emphasize
rhymewords.

In the speechdatabasethere are speaker-specific accent
templates. Figure 6 displaysthe accenttemplatesof Martin
LutherKing Jr. King’s choiceof accentsis largely predictable
from thephrasalposition: a rising accentin thebeginningof a
phrase,a falling accenton emphasizedwordsandin theendof
thephrase,anda flat accentelsewhere.

Oncetagsaregenerated,they arefed into theprosodyeval-
uationunit, which interpretsStem-MLtagsinto thetime series
of � � or amplitude.

6. Implementation Examples
Theoutputof thetaggenerationcomponentis a setof tagtem-
plates.Weshow atruncatedbut operationalexampledisplaying
the tagsthat control theamplitude.Otherprosodicparameters
aresimilar, but not shown to save space.

The first two lines consistof global settingsthat partially
define the style we are simulating. The next section(“user-
definedtags”)is thedatabaseof tagtemplatesfor thisparticular
style.After theinitializationsection,eachline correspondsto a
tagtemplate.
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# Global settings
add=1;base=1;range=1;smooth=0.06;pdroop=0.2;adroop=1

# 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;
name=ORNAMENT; shape=0.0s1,0.12s-
1,0.15s0,0.23s1

# Amplitude accents over music notes
# Dai-
ACname=SCOOP; pos=0.15; strength=1.43; wscale=0.69
# sy
ACname=SCOOP; pos=0.84; strength=1.08; wscale=0.84
# Dai-
ACname=SCOOP; pos=1.68; strength=1.43; wscale=0.69
# sy
ACname=SCOOP; pos=2.37; strength=1.08; wscale=0.84
# give
ACname=DROOP; pos=3.21; strength=1.08; wscale=0.22
# me
ACname=DROOP; pos=3.43; strength=0.00; wscale=0.21
# your
ACname=DROOP; pos=3.64; strength=0.00; wscale=0.21

Finally, theprosodyevaluationmoduleproducesa time se-
riesof amplitudevs. time. Figure7 displays(from top to bot-
tom), theamplitudecontroltimeseries,speechproducedby the
synthesizerwithoutamplitudecontrol,andspeechproducedby
thesynthesizerwith amplitudecontrol.

7. Conclusion
Weshowedthatit is possibleto convey theimpressionof a dis-
tinct speaker by capturingthe mostsalientprosodicattributes.
Speechand song demosare available from http://www.bell-
labs.com/project/tts/stem.html.

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

system. This languageis designedas a multi-lingual intona-
tion system.Stem-MLis flexible enoughto handlebothspeech
andsongs,andprovidesenoughcontrolto differentiatespeaker
styles.

In practice,differentprosodicstylescouldbeusedto mark
differentsectionsof a webpage,to actasdifferentpersonsin a
dialoguesystem,andto reademailwith theprosodiccharacter-
isticsof thesender.
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