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Abstract

This paperdescribesheintonationpredictionalgorithmusedin
the speechsynthesiscomponenbf the Smartkom dialog sys-
tem. Both prosodicphrasinganddefault accentpredictionop-
erateon syntacticstructuregeneratedby alanguagegeneration
module. Two configurationalrules are appliedto find candi-
dateprosodicphrases.A harmonizatioralgorithm selectsthe
bestcandidatesakinginto accounrhythmaswell asaparame-
ter specifyingthe optimallengthof prosodicphrasesDepthof
embeddingndlocationwithin thesyntacticstructuredetermine
the default accentuationwhich canbe modifieddependingon
semantidactors.

1. Introduction

This paperdescribessymbolic prosodygenerationwithin the
Smartkom concept-to-speedCTS)synthesisnodule. We first
provide someinformationontheprojectin generalIn section3,
we give adetaileddescriptiorof theconcepinputspecification.
Sectiord addressethepredictionof phraséoreaks.Rulesinsert
optionalbreaksinto eachutterance A harmonizatioralgorithm
decideswhich of thosebreakshave to be discarded. Section
5 describeghe default accentlocation proceduredeaccentua
tion, andthe predictionof pitch accenttypes. We illustratethe
completeintonationpredictionalgorithmby a shortexamplein
section6. Thisis followedby a conclusionin section?.

2. The SmartKom project

Smartkom ([6]) is a researchproject fundedby the German
Ministry of EducatiorandResearclior aperiodof 4 yearsuntil

SeptembeR003. Thereareseveral consortialpartnersnvolved
both from industry and universities. The projectis led by the
GermarResearciCenterfor Artificial Intelligence(DFKI). The
goal of the projectis to develop an intuitive multimodal dia-
log systemwhich combinesspeechgestureand mimics input
andoutput. Interactionwith the systemis managedy a virtual

communicationassistannamedSmartakus. It helpsthe user
to obtain information on the cinemaor TV program,control
electronicdevices,male resenationsin restaurantgplansight-
seeingtoursor car routes,make phonecalls, managee-mails,
etc. Smartakuslsorepresentsystemoutputboth visually and
acoustically

3. Concept input

Therearetwo situationsn which speecloutputis required.The
first oneis the interactionof Smartakuswith the user In this
casewe dealwith CTS:thedialogturnsaregeneratedby alan-
guagegeneratiormoduleandthey arelinguistically extensiely
annotatedTheothersituationariseswhentext from embedded

continuation

elabomtion How canl
helpyou?
Welcometo My name
the Smartkom is Smartakus.

informationsystem.

Figure 1: Discousserelationsfor the introductorydialog turn.
The secondsentencdurther elabomtesthe first one and the
third sentencés a continuationto thefirsttwo sentences.

applicationshasto be rendered We will notdiscusshe proce-
dureusedin this casehere.Detailscanbefoundin [5].

Conceptsn Smartkom containinformationon variouslin-
guisticlevels. Startingfrom thetop, the highestlevel of annota-
tion is discoursestructure followedby sentencdevel, syntactic
structureandlexical level annotations.Conceptstructuresare
codedin XML.

Discour se structure. Accordingto [4], discoursestructure
influences0 registerand pauseduration. Discoursestructure
is representedly specifyingdiscourseelationsbetweersubse-
guenttext sggmentswith sentenceasthesmallesunit. Theset
of discourserelationsis takenfrom [4], althoughonly a subset
canactuallybefoundin the shortdialog turnsproducedby the
system.An exampleis shawn in figure 1. Discoursestructure
hasalreadybeenspecifiedas part of the conceptstructure but
it is not consistentlyavailableyet.

Sentencelevel. Thenext level of annotatioris thesentence
level. Sentencemodeis annotatedon this level. We distin-
guishbetweendeclaratve andimperative sentencesaswell as
betweeryes/no-questionandwh-questionsThiskind of infor-
mationis mainly requiredfor the predictionof boundarytones.

Syntactic structure. The next lower level is syntactic
structure. Syntactictreesare binary branching,andthey may
include tracesresulting from movementof verbsor phrases.
They aregeneratedrom smallertreesegmentswithin thetree-
adjoining grammarframework ([1]). An exampleis givenin
figure2.

Additional semanticand pragmaticinformation is inte-
gratedinto syntacticstructurein the following way. For each
node of the syntactictree, its algumentstatuscan be speci-
fied. We distinguishbetweersubjectsdirector indirectobjects,
prepositionabbjects,sententiabbjects,andadjuncts.Beyond
that,nodescanbemarled (but arenotmarkedcurrently)ascon-
taining given or new information. Topic andfocuscanbe an-
notatedon this level aswell. Pointersto othernodescanlink
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Figure 2: Integration of additionalinformationinto the syntac-
tic structue. In this example deixisand argumentstatusare
added.Bothare indicatedin italics.

contrastve elementsor itemsin enumerationdo eachother
Finally, deixis is specifiedon the syntacticlevel. Deictic ele-
mentsoccurwhen Smartakuss talking aboutobjectsthat are
presentean thedisplayatthesametime. In this case pointing
gesturesareused.The smallestunitsthatcanbe marked asde-
ictic arewords, but larger constituentsncludingcomple noun
phrasesrealsopossible.

Lexical level. Thelowestlevel of annotatioris thelexical
level. On this level, foreign words are marked as such. Also,
for materialthat originatesfrom databasejueries,the domain
is specified.Currently we distinguishbetweermovie titles, ac-
tors’ namesstreetnamesetc.

4. Prediction of prosodic phrases

Thefirst stepin prosodygeneratioris thepredictionof prosodic
phrases. Thereare two levels of phrases:intonationphrases
are terminatedby major breaksand can be divided into sev-
eralintermediatgphraseswhichin turnareterminatedy minor
breaks.

4.1. Insertion of breaks

Optionalbreaksareinsertecby the two generakulesin (1) and
(2). The [+B] featureindicatesthata breakcanbeinsertedat
the end of the respectie constituent.The two ruleseachhave
two variants which aremirror imagesof eachother

1 a XP
N
YPhg XP
b. XP
N

XP[:t B] YP

2 a XP
X[:l:B] ad\_(P
junct
b. XP
N
YP[ﬂ:B] X
adjunct

Thefirst rule statesthat maximal cateyoriesthat are daughters
of othermaximal categoriescanbe separatedrom their sister
nodeby a minor break. S constituentsaretreatedas maximal
projections.Sincewe usea simplesyntaxtheorythatdoesnot
distinguishXPs from XBars, rule (1) appliesfor ary maximal
projectionthat is not the sisterof a head. Examplesfor the
applicationof (1) arethe insertionof boundariesetweentop-
icalized constituentsand the VP aswell as betweenadjacent
complement®r adjunctswithin the VP.

The secondrule allows breaksto be insertedbetweenthe
headof a phraseandits sisternode,but only if the sisternode
is anadjunct. Thus, phraseboundariedetweena headandits
amgumentareexcluded.

MandatorymajorbreaksareinsertedbeforeandafterScon-
stituents. Also, deictic expressionghat are accompaniedy
gesturesare marked by precedingor following mandatorymi-
nor breaks.

Theresultof the phrasebreakinsertionfor the examplein
figure 2 is shawvn in (3). Mandatorymajor phrasebreaksare
at the endof the utteranceandafter the deictic AdvP hier, in-
dicatedby the [+BB] and[+B] featuresyespectiely. Addition-
ally, optionalphrasébreaksareinsertedafterthe NP Sieaccord-
ing to rule (1-a), andafter the noun Auswahlaccordingto rule
(2-a). Optionalbreaksaremarledin (3) by thefeature[+B].

(3) Hier [+B] sehenSie [+B] eine Auswahl [+B] ausdem
aktuellenProgramni+BB]

4.2. Harmonization algorithm

A harmonizatioralgorithmdecidesvhethersomebreakshave

to be discardedo get a smoothphraselength distribution for

thecompleteutterance Themotivationis thatwe wantto avoid

sequencesf phraseghat are unbalancedn termsof number
of syllablesperphrase We thereforeintroducea selectionstep
into the predictionprocess.

The optional phrasebreaksinsertedin the precedingstep
yield several different phrasesequencesFor the selectionof
an optimal sequenceall possiblecombinationsof phrasesare
takeninto accountWe first selectall thosecandidatesequences
whosemeanphrasdengthis within anoptimal range. We use
afixed optimalrangeof morethan4 syllablesandlessthan11
syllablesperphrasefor meanphrasdength. Fromthesecandi-
dateswe choosgheonewith theleastvariance.lf nocandidate
is found whosemeanis within the optimal range,we alsoac-
ceptcandidatesvhosemeanphrasdengthis below theoptimal
range.If still nocandidateas found,all optionalbreaksarekept.

For theexamplein figure 2, the optimal candidates shavn
in (4-a). The othercandidatesregivenin (4-b) through(4-d).
Syllable numberper phrase meanphraselength and variance
areindicatedn theline below eachcandidate(4-b)is discarded
becauséts meanphrasdengthis notwithin the optimalrange.
Of theremainingthreecandidateg4-a)is choserbecausé has
theleastvariance.



(4) a. Hier [+B] sehenSie eine Auswahl [+B] ausdem

aktuellenProgramni+BB]|

syllables:1, 7, 8; mean:5.33;variance:9.55

b.  Hier [+B] sehenSie [+B] eine Auswahl [+B] aus
demaktuellenProgramni+BB]
syllables:1, 3, 4, 8; mean:4; variance:6.5

c. Hier [+B] sehenSie [+B] eine Auswahl ausdem
aktuellenProgramn|+BB|
syllables:1, 3, 12; mean5.33;variance:22.89

d. Hier [+B] sehenSie eine Auswahl aus dem ak-
tuellenProgramni+BB]|
syllables:1, 15; mean8; variance:49

4.3. Boundary tones

Boundary tones are assignedfor each predicted intonation
phraseboundary For sentence-interngbhraseboundariesa
rising boundarytoneis assignedo indicatecontinuation. For
yes/no-questionsa rising boundarytone is used, while wh-
questionsarerealizedwith afalling tone.Declaratve sentences
arealsoterminatedby afalling boundarytone.

5. Pitch accent prediction

For pitch accentprediction,we first determinewhich element
shouldbeaccentedby default. Semantidactorscancauseleac-
centuation.Finally, we predictthe accentcateyory for eachac-
centedelement.

5.1. Default accent location

Accordingto [2], thedefaultaccents on thesyntacticallymost
deeply embeddecklement,asiillustrated by the prepositional
phrasen (5-a)andthe postpositionaphrasen (5-b) (from[2]).
Default stresss on the underlinedwords.

(5) a b.
PP PP
P/\NP . P/\P
| PN t
unter  Art N’ At N’ entlang
under | [ | | along
den N den N
the | the |
Linden Fluss
limetrees river

Nodeson the non-recursie side are irrelevant, as shavn
by (6) (from [2]): In neutralaccentuationstressfalls not on
the overall mostdeeplyembeddectlement,ltalienern but on
Impfstof. Thisis becauséPsareright-recursie.

Depth of embeddingaccordingto [2] is only countedon
a path along the XBar axis (e.g., connectingXP and X', X’
andX’) andon the recursve side of eachprojectionXP (e.g.
connectingX’ to an YP embeddedn the left side,if XP is a
left-recursve cateyory; or connectingX’' to an YP embedded
ontheright side,if XP is aright-recursie category). Themain
path of embeddings the paththat reacheghe top node. The
overall mostprominentelementis the mostdeeplyembedded
elementon the main path of embedding. Within constituents
on the non-recursie side, depthof embeddingdetermineghe
locally mostprominentelementwithin the constituentbut its
depthof embeddings irrelevant for the location of the main
stress.

We have to modify this procedurdor two reasonsFirst, in
thesyntacticstructurefrom the generatiormodule thereareno
XBars. This meanghatin our case the main pathis alongan

6) Det N’

|
/\ Impfstof

PP Adj vaccine

/\ entJeckte
P

NP discorered

von

by Dlet N’
sieben Ade/\N’
seven |

Adj’ Italienern
| italians
jungen
young

axis connectingKPswith embeddePs, or connectingXP to
a maximalprojectionYP on therecursve sideof XP, if YP is
a sisterto the headX of XP. Second Jarge syntactictreeswill
usually be split up into smallerunits by the phraseprediction
algorithm. Within the phraseghat do not containthe globally
mostprominentelementaccordingto the above definition, we
still needto assignanaccento the locally mostprominentele-
ment.

We adoptedthe following procedurefor the prediction of
accentlocation. All nodeswithin a syntactictreeareprovided
with alabelindicatingtheir depthof embedding Furthermore,
for eachnode,we counthow mary branche®on the pathfrom
this nodeto thetop nodeareneitheronthe XBar axisnoronthe
recursve side. For eachphrase the elementwith the smallest
numberof branchewon the "wrong” sideis accented.If there
are several elementswith the samenumbey the most deeply
embeddednewill be chosen.If this is againambiguousthe
lastoneis chosen.

If theutterancen (6) is realizedasa singlephrasethenoun
Impfstof is accentedas predictedby [2]. If it is realizedin
shorterphrasesge.g. with a phraseboundarybetweenthe em-
beddedPPandthe adjectie, Impfstof is the accentedlement
in the secondphrase.In the first phrasethe accentwill bere-
alized on the noun Italienern sinceon the pathfrom the top
to the nounthereare two brancheson the non-recursie side,
while therearethreebrancheson the pathto the more deeply
embeddeddijectve.

5.2. Deaccentuation

Dependingon informationstructureor focus-topicstructureof
an utterance accentuatiorcan deviate from the default accen-
tuation. Although provision for the annotationof this kind of
information has alreadybeenmadein the definition of con-
ceptsjt is notyetavailablein the Smartkom system.Currently
only somespecificwords are definedto be inherently given.
E.g.,wordslike"now”, "today”, "currently” etc.,andpronouns,
which shouldnecessarilypein the users and Smartakuscom-
monground,aretreatedasgiven andarethereforedeaccented.
Currently thisis doneby settingtheir depthof embeddingo 0.
Similarly, adjectizeslik e "further”, "other”, etc. areinterpreted
asfocussedln this casethe default accentis movedto theleft
from the subsequemounontothe adjectie.



5.3. Accent categories

For eachaccentecelementwe predictits accentcateyory. We
useasubsebdf thepitchacceninventoryfrom theGermanToBI
labelingsystemasdescribedn [3], viz. L*H asarisingaccent,
H*L asafalling accentandL*HL asanemphaticaccent.The
default accentcatgory is rising. If the accentis the last ac-
centin anintonationphrasejts cateyory dependsn the type
of thefollowing boundary H*L accentsareusedbeforefalling
boundariesandL*H accentdeforerising boundariesOn ele-
mentsthat presentnew informationandin deictic expressions,
afalling accentis used. In imperatve sentencesthe accented
elements realizedby theemphaticise-fall L*HL.

6. An example

The completeintonationpredictionalgorithmis illustratedby
the examplein (7). An optional phrasebreakis insertedbe-
tweenthe topicalizedobjectdas Dokumentandthe finite verb
wurde Theinsertionof phraseboundariedetweertopicalized
constituentsandthe finite verbis very typical in German.Our
algorithmselecty(7-a) becaus€7-b)’'s meanphrasdengthex-

ceedgshe upperlimit of (lessthan)11 syllablesper phraseand
is thereforenot consideredn the selectionstep. Otherwise, it

would have won over (7-a) becauséts varianceis smaller

(7) DasDokumentwurdeanNils Nagerverschickt.
Thedocumentwas to Nils Nagersent
Thedocumentvassentto Nils Nager

(8) a. Das Dokument[+B] wurde an Nils Nager ver

schickt[+BB]

syllables:4, 8; mean:6.00;variance:4.00

b. DasDokumentwurdeanNils Nager
verschick{+BB]

syllables:12; mean:12.00;variance:0.00

For the first phrase,the default accentis assignedo the
noun Dokumentalthoughthe path from the top of the treeto
the noun containsone branch(connectingS to the NP on its
left) thatis neitheron the recursve side nor on the XBar axis.
In the secondphrase the nameNager is on a pathexclusively
alongthe XBar axis or alongbranchesn therecursve side. It
is thereforeaccented.

Sincethesentencés a declaratve sentenceit is terminated
by a falling boundarytone. The accentecelementin the sec-
ondphrases assigned falling accenfor thesamereason.The
accentin the first phraseis predictedto be rising becausehe
sentencecontinuesover the intermediatephraseboundarybe-
tweenthetwo phrases.

Further examplesincluding audio files are available at
http://wwwims.uni-stuttgart.de/mjekte/smartkm/sp2002/

7. Conclusion

We have presentech methodto predict prosodicphrasesak-
ing into accountsyntacticstructure. First, two pairs of very
simple configurationalrules assignoptional and non-optional
phrasebreaks.In a secondstep,a harmonizatioralgorithmse-
lects candidatedrom the set of all possiblecombinationsof
prosodicphrasesdn the dialog turn. Candidatesvhosemean
phraselength lies within a given optimal rangeare favoured
over othercandidatesOut of this subsebf candidatesthe op-
timal candidateis the onewith the leastvariancein termsof
syllablelengthperphrase.

For accentprediction, a single rule operatingon syntac-
tic structuredeterminesthe default accentlocation for each
prosodicphrase.Semantidactorsmay trigger deaccentuation.
Accenttypesdependntheinformationcontentof theaccented
word, on its positionwithin the phraseandon sentencenode.

Futurework will includetheintegrationof additionalinfor-
mation provided in the conceptinput. This concerndnforma-
tion structureandfocus,whichwill be availablein the concept
inputin the nearfuture. Constituentdargerthanwordswill be
marlked asgivenor focussedrequiringa moreelaboratenech-
anismfor accentinganddeaccenting.

Discoursestructureis also expectedto be available soon.
Predictionof FOregistersaccordingto [4] canthenbeincorpo-
ratedinto the prosodypredictionprocess.
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