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1.- Introduction

This reportdescribeshe work carriedout by threedifferentgroups(LaboratoireParole
et Langage, CNRS, Aix-en-Provence,France; Grup de Foneética, Depatament de
Filologia Espanyola, Universitat Autonoma de Barcelona, Spain; Department of

PhoneticsUmeaUniversity, Swedenvithin task4.6. (SpeectMarkup and Validation),

devotedto assesgshe efficiencyaswell asthe failuresof the prosodytools devebped
undertasks2.6 (ProsodyTools) and2.7 (Post-editingT ools).

The reportis organizedin six parts.After the introduction, a brief descriptionof the
multilingual corpususedfor the taskis providedin parttwo. Part three describeghe
markupard validationtasksthat havebeencarriedout with selectedsub-corporain 5
languagesand the results concerningthe efficiency and failure of the tools used are
presentedhn partfour. Theindividual reportsfor eacHanguagearecollectedin partfive.
Finally, a generalsummaryof the results and somesuggestiondor improvementare
presentedn part6.

The editor of the report wishesto acknowledgethe technicalassistancerovided by
RobertEspesseandthe coordinatingwork carriedout by Corine Astesanopoth at the
LaboratoireParoleet LangaggCNRS,Aix-en-ProvenceFrance).



2.- The multilingual speechcorpus
2.1.- EUROM

One of the tasks within MULTEXT has been the enhancementwith prosodic
annotationof materialsfrom the EUROM.1 speechdatadase produced under the
ESPRITprojectsSAM 2589Multilingual Speeclhnput/outputAssessmeniethodology
and Standardisatiorand SAM-A 6819 SpeechTechnologyAssessmerfor Multilingual
Applications

EUROM.1is a setof corporaoriginally recordedfor Danish, Dutch, English, French,
German Jtalian, Norwegianand Swedish.Greek, Portugueseand Spanishwere added
later. The full corpuscomprisesfor eachianguagethe following materials:

* C(C)VC(V) combinationsn isolationandin contextcoveringbetween60 and
100combinationgper language;

* 100 numberscoveringthe phonotacticdistribution found in this type of
materialfor eacHanguage;

* 40shortpassagesomposef thematicallylinkedsentencesand

» 50 filler sentenceso compensatdor lack of phonemiccoveragein the
passages.

These materialsare recordedby 60 subjectsfor eachlanguage,divided into three
differentgroups:

* Many Talkerset:eachsubjectread4 passage$ sentenceand100numbers;

» Few Talker set: eachsubjectread15 passages?5 sentencesCVC isolated
words,andrepeatedhe 100 numberdive times

* Very Few Talker set: eachsubjectread the CVC words embeddedin 5
different carrier sentencesand repeatedthe carrier words from the carrier
phrases times.

The recordingsare of high acousticquality (samplingrate 16 KHz, 16 bit sampling,
recordedn anechoicoom)andwere specificallydesignedor usein speechtechnology
assessment.

A generaloverviewof EUROM canbe found in Chanet al. (1995) and a complete
descriptionis availablein Sherwoodand Fuller (1992). The EUROM Home Pageis
locatedat URL.: http://www.phon.ucl.ac.uk/resource/eurom.html.


http://www.phon.ucl.ac.uk/resource/eurom.html

2.2.- EUROM subset annotated and validated in
MULTEXT

2.2.1.- Overview

It is beyondthe scopeof MULTEXT to provideannotatiorfor allthe EUROM corpus
in all languagesThus, only someof the languageswvhich are representedwithin the
consortiumhavebeenretained:English, French,German,Spanishand Swedish.Since
the aimis to provide a prosodic annotationthat codd be linked to other levels of
linguisticannotationonly the 40 passageare consideredEachpassages composedf
5 thematicallylinkedsentencesandit is thennecessaryo introducefurther restrictions
on the materialto be annotatedso that the size of the corpusis proportionalto the
efforts allocatedto the task. The amount of materialsannotatedand validatedin
MULTEXT is summarizedn tablel:

Language | Passagesin EUROM.1 Sentences Speakers
English 00-09+P1-P5+Q0-Q9+R1-R5+P0+ | 75 sentences x 2 speakers { 3 male
P6-P9+R0+R6-R9 25 sentences x 2 speakers
1 female
= 40 passages = 200 sentences
French 00-09+P0-P9+Q0-Q9+R0-R9 50 sentences x 4 speakers | 1 male
= 40 passages = 200 sentences 3 female

German 01+04+05+06+09+14+15+16+17+19 100 sentences x 2 speakery 1 male
20+23+27+28+33+34+36+37+38+4(

= 200 sentences 1 female
= 20 passages
Spanish 00-09+P0-P9+Q0-Q9+R0-R9 75 sentences x 2 speakers { 1 male
50 sentences x 1 speaker
= 40 passages 1 female

= 200 sentences

Swedish 5 passages 25 sentences x 8 speakers | 4 male
= 200 sentences 4 female
Total 145 passages 1000 sentences 17 speakers

Table 1: Total amount of materials annotated and validated in MULTEXT
2.2.2.- Collection of the materials

It was expectedat the beginningof the project that the full EUROM corpuswould be
availablein CD-ROM by Autumn 1993. Unfortunately for reasonsexternalto the
MULTEXT consortiumthe productionof CD-ROMs hasnot beenpossible for all
languagesand, consequently,much time and effort has been spentin locating the
different Instituteswhich hadcopiesof the materials contactingthe relevantpersons,
trying to cope with a variety of formats and making arrangementdor sendingthe
recordinggo CNRS,who hadto makesomepreparationso makethe files compatible



with the tools beforedistributing them to all the partnersinvolvedin the task. The
statusof the EUROM corpusfor eachlanguageat the time of performingthe task
describedn this reportis explainedoelow.

2.2.2.1.-English

The English carpus has beencopied from CD-ROMs, which were madeavailableto
MULTEXT by University CollegeLondon,coordinatoof the SAM consortium.

2.2.2.2.French

The French corpus was made available to the CNRS by the Institut de la
CommunicatiorParlée (Grenobé).

2.2.2.3.-German

The Germardatawaslocatedat Bielefeld University throughcontactswith Saarbrueken
Universitywhile CD-ROMswerestill in preparationThe final CD-ROMsweremade
availableto MULTEXT by University College London, coordinator of the SAM
consortium.

2.2.2.4..-Spanish

The Spanishrecordingshavebeemmadeavailableto UAB by the Universitat Politecnica
deCatalunyaBarcelona) Theyweretransferredrom DAT tapesto CD-ROMsby the
ComputerCenterat the UAB andwere also sentto CNRS for centralstorageof the
corpus.

2.2.2.4..- Swedish
Swedishdatawasprovidedto UmedUniversityby KTH (Stockholm).

The assistanceeceivedfrom the partnersof the SAM consortiumand specially of
Adrian Fourcin,coordinatorof the project,is to begratefully acknowledged.

2.2.3.-Preparation and distribution to the partners

Recordingsandorthographidranscriptionf the five languagesvere centralizedat the
CNRS(Aix-en-Provence)wherethey were converted- with the technicalassistancef
Robert Espesser- into in a file format which is compatiblewith the MULTEXT
prosodic tools and were redistributedto the partners,keepinga central archive at
CNRS.



3.- Prosodicmarkup, alignment and validation

3.1.-Definition of thetask
3.1.1.-Markup levels

As specifiedin the MULTEXT technicalannexandin the reportsdescribingthe tools
developedin task 2.6, two levelsof markup havebeenapplied to the subsetof the
EUROM corpusdescribedn part2.:

* Fundamentdrequency(F0) detectionin orderto obtainthe melodic contour
- FO curve- of eachsentenceby meansof the DETECT-FO_PEIGNE
program.

» Automatic modelling of the fundamentafrequencycurvesas a sequencef
targetpoints (Hz, ms), obtaining a stylized representatiorof the melodic
contour by meansof the MOMEL (MOdélisationde MELodig program
(Hirst & Espesser1993).

3.1.2.-Alignment

Alignmenthasbeenperformedmanually,usingthe post-editingtools developedn task
2.7by CNRS.Two elementf the orthographidranscriptionhavebeen alignedwith
the speecthsignalusingthe speecheditor MES:

 Wordboundaries.

* Onsetof stressedvowels, exceptin languagesuch as Frenchwere lexical
accentdoesnot exist.

3.1.3.-Validation

Since the alignmenthas beenmanually performed,the validation task has beenonly
concernedwith the automatic modelling of the fundamentalfrequency contours
performedby MOMEL. Duringthe validation processthe sentencas resynthesized
with the PSOLAalgorithmusingthe targetpoints automaticallyobtainedoy MOMEL.
A perceptuatomparisorbetweerthe resultandthe original sentences carriedout, and
thetargetpointsareadjustedif necessaryin orderto obtaina melodic contourcloseto
the original sentencendperceptuallyacceptabléo anativespeker.

3.2.- Procedure
3.2.1.- Training

On January28 1995 a one-dayworkshoptook placein Aix-en-Provenceorganizedoy
CNRS.Theaimof the workshopwasto gain hands-onexperiencen usingMULTEXT
tools for prosodyannotationusingthe speechcorporacdlectedby that time. It was
attendedoy the CNRSandthe UAB andwork wascarriedout for FrenchandSpanish.



The workshopconstituteda first attemptat using EUROM materialscombinedwith
thetools developedy CNRSundertask2.6and2.7. and provideda goodopportunity
to havearealisticview of the problemsrelatedto corpuspreparationand distribution
and to the commondecisionsthat had to be taken regardingthe methodology for
annotationandvalidation.It alsoprovidedatest of the time that was neededor the
task and the amount of work that could be performed considering the available
resources.

Thetools developedit CNRSweretestedon Frenchand Spanishsamplesof EUROM
by two UAB phoneticianswho were afterwards involved in the annotation and
validationtasks.No problemswerefoundduringthe processandit was shownthat the
annotationandpost-editingtools couldbe efficiently usedwith aminimumtraining. The
FO detection tool (DETECT-FO_PEIGNE), and the automatic modelling tool
(MOMEL) weretestedtogethemwith the general-purposgpeecteditor(MES) with the
files areusedin the project, trying to reproducethe actualtask describedn figure 2. It
wasshownthat they canperform an adequatd-0 extraction,modellingandresynthesis
for perceptualalidation;the speecheditor providesgoodfacilities for alignmentwith
the text. Given the experiencein thesetwo languagesho difficulties were foreseen
concerninghe applicationf thetools to otherlanguages.

3.2.2.- Work for individual languages

Work for Englishand Germanwas performedat the CNRS (Aix-en-ProvenceFrance),
Frenchand Spanishwereanalysedat the Universitat Autonomade Barcelona(Spain)

andwork on Swedishwas carriedout at UmeaUniversity (Sweden) Where possble,

the samemethodologyhas beenapplied for all languagesfollowing the procedures
describedn figure 1. The Swedishgroup hasalsoprovidedan INTSINT (International
TranscriptionSystemfor Intonation) (Hirst & Di Cristo, in press)coding and the

correspondingvaluation.

A detaileddescriptionof thework carriedout for eachianguagas providedin part5 of
thereport.

The processof markup,alignmentandvalidationthat has beenapplied to the datais

describedn figure 2. The first step conssts on the automaticdetectionof the FO

contourwith the DETECT-FO_PEIGNEalgorithm. The resultis a seriesof FO points

showingthe temporalevolutionof the fundamentafrequencyin the original sentence.
An automaticstylizationis thenperformedoy MOMEL, detectinga certainnumberof

targetpoints (TPs). In order to validatethe correct detectionof target points, the

stylized sentenceis resynthesizedusing the PSOLA algorithm and a perceptual
evaluationis carried out. If necessarytarget points are manually correctedand the

processof resynthesisand evaluationis repeateduntil the synthesizedsentenceis

acceptabléo anativespeakemlandperceivedsa closeequivalenof the original one.

Oncethe stylization has beenvalidated,the sentencds manuallyaligned with word
boundariesndwith the onsetof stressedowelsin the orthographidranscription.

The final resultis a stylized representatiorof the melodic contour which has been
perceptuallyvalidatedand which is also alignedwith word boundariesand onsetsof
stressedowels.
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Figure 2: Markup, alignment and validation of MULTEXT data

A further stepnot describedn figure 2 would be the automaticgenerationof another
level of prosodicrepresentatiorwhich consistsin a prosodic codng using a set of

symbolsdesignedo describd=0 movement®itherin absoluteor in relativeterms.Such
codingis knownasINTSINT (InternationallTranscriptionSystemfor Intonation) (Hirst

andDi Cristo, in press)andcanbe usedto generatea new syntesizedversionof the

sentencesvhich canalso be perceptuallyevaluatedn orderto validatethe symbolic
coding. This processhasbeenappliedto Swedishwithin MULTEXT, and the results
arepresentedh section5.5. of this report.



4.- Tools efficiency and failures

The validation processhas beenapplied to the automaticstylization performed by
MOMEL. In orderto obtaincomparableesultsfor the differentlanguagesonsidered,
threecategorie®f problemsrelatedo the detectionandplacemenbf target points have
beendefined:

* Missing targetpoints: targetpoints haveto be manuallyaddedin positions
wherethe automaticdetection performedby MOMEL fails to introduce
themandthe presenc®f thesetargetpointsis necessaryo obtaina stylized
representationvhich soundsacceptabléo a native speakemwhencompared
with the original sentence.

Threedifferentcontextshavebeendefinedfor thosecases:

* Missingtargetpointsin sentence-initiaposition

* Missingtargetpointsin middle-sergnceposition

* Missingtargetpoints in sentence-fingbosition
Missing pointsin rising conoursandmissingpointsin
falling contourshavebeendistinguishedn this context.

» Extratargetpoints: targetpointsintroducedoy MOMEL which haveto be
manuallysuppressedh orderto obtain a stylized representatiorwhich is
judged as acceptableby a native speakerwhen comparedto the original
sentence.

* Movedtargetpoints:targetpointswhich haveto be shifted sinceMOMEL
doesnot detectthemin the correctposition when comparingthe original
sentencavith the resynthesi®f the stylizedcontour.

Threedifferentmovedtargetpointshavebeendefined:

* Too high: target points which haveto be shifted towards lower
frequencies

* Too low: target points which haveto be shifted towards higher
frequencies

» Horizontally: target points which haveto be shifted in the time
domain

4.1.- Results for individual languages

This section presentsa summary of the main results for eachof the language
consideredn the project. A more complete evaluationof the performanceof the
prosodictools in eachof the languagesanbe found in the individual languagereports
compiledin part6.



4.1.1. English

Errorsin the automaticdetectionof FO targetpoints in the English corpushavebeen
detectedat major syntacticboundariesand beforeand after pauses.Theseerrors are
morefrequentin final rising contoursthanin final falling ones.

4.1.2. French

It is observedor Frenchthat most of the errorsin the automaticdetectionof FO target
points correspondo casesvherea targetpoint was not detectedand was judged as
necessaryn orderto obtainacloseapproximatiorto the original sentencecceptableo
a native speaker.Within this category,the highest numberof errors correspondso
targetpointslocatedn final rising contours(29.5%),followed by targetpointsin initial
position (12.9%) and by targetpoints in final falling contours(9.14%). It shouldbe
notedthat thesepositionsoccurbeforeor afterpauses.

4.1.3. German

The highestnumberof errorsin the automaticdetectionof FO target points in the
Germancorpusoccursin final rising contours(44.44%),followed by targetpointsin
initial position(16.83%).In thosecasestargetpoints not detectecoy MOMEL hadto
be addedin order to obtain a close approximationto the original sentence.Major
problemsarethenfound at sentenceand prosodic boundariesddue to the presenceof
pauses.

4.1.4. Spanish

Most of the errorsin the Spanishcorpus were locatedin targetpointsin final rising
contourswhichwerenot detectedoy MOMEL andhadto be manuallyaddedin order
to obtain a perceptuallygood approximationto the original sentence(72.85%); this
categoryis followedby detectionerrorscorespondingo missingtargetpointsin initial
position (15.43%). Those errors are linked to beginningand end of sentencesn the
passagewhereapausewasrealizedoy the speakers.

4.1.5. Swedish

Thework for Swedishhasbeenmainly concernedwith the evaluationof the automatic
INTSINT coding, judging the match between original sentencesand sentences
resynthesizedising the information from the prosodic coding. Deviations between
original and codedsentencesvere judged consideringshifts of meaningbgween both
versions.

Stylistic changeschangesof prominenceelationsandshifts of word accenthavebeen
detectedn the comparisonsln thefirst casemissingF0 targetpointsin rising contours
at the beginningof the sentenceand missing points at falling contoursat the end are
detected.The most frequenterrorsinvolve prominencesin thosecasesa degradingof
prominenceesultingfrom missingFO peaksin the contoursis observedn the sentences
resynthesizedsingINTSINT coding.A too heavysnoothingof the FO contouris also
observedisageneraproblem.

10



4.2.- Comparison across languages

In orderto performa generalcomparisonacrossanguagesthe differencesbetweenthe
original FO contour and the stylized contour derivedfrom automatical}y detectedFO

targetpointshasbeencomputedfor eachlanguageThe resultsareshownin table2.

Language Number of % of Total number | Total Number of
passages deviation of target duration of all | target points
between the | points the passages | per second
original FO
contour and
the modeled
contour
English 150 5.6 8.680 2635 3.29
French 100 6 6747 2190 3.08
German 200 4.7 13.995 4420 3.17
Spanish 40 4.8 2.495 863 2.89
Swedish 150 6.1 10869 3257 3.32

Table 2. Cross-language comparison of the differences between the original FO contour and the contour

derived the target points automatically detected by MOMEL. Differences have been computed over the

total number of passages recorded for each language (with 10 speakers, 5 male and 5 female) except for
the case of Spanish in which 40 passages have been used.

It canbeseerfrom thetableabovethat differencedetweerthe originalandthe modeled
contoursneverexceed6.1%, andare,on averagejn the regionof 5.4%. Germanis the
languagefor which the bes matchis obtainedin generalterms, followed by Spanish,
while thelowestscoresarefoundfor SwedishandFrench

SinceFrench,Germanand Spanishhave beenevaluatedaking into accountthe same
typology of errorsdescribedn 4, resultsfor the threelanguagesanbeeasilycompared.

The first categoryof errors concernstarget points which were not detected by
MOMEL andwhich hadto bemanuallyintroducedn orderto obtainanapproximation
to the original FO contouracceptabléo a nativespeaker.The results (averagedacross
speakersjor eachHanguageareshownin figure 3:

11
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Figure 4.1: Percentage of target points not detected by MOMEL
(Averaged value for the speakers validated for each language)

It canbeobservedn figure 3 that in the threelanguagesakeninto accountthe highest
numberof errorsappearsn targetpointslocatedin final rising contours,followed by

errorsin target points locatedin initial position and in final falling contours. It is

importantto notethat avery low numker of errorsis found for targetpointsin middle
sentenceposition. Differencesbetweenlanguagesare found in final rising contours,
while in the other positionsthe performanceof MOMEL doesnot seemto be highly
dependenbnthelanguage.

The secondcategory of errorsis relatedto target points which were detectedby

MOMEL andwhichwerejudgedasunnecessarky the validators.The resultsfor each
of the threelanguagesonsideredherearepresentedn figure 4.

12
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Figure 4: Percentage of extra target points added by MOMEL
(Averaged value for the speakers validated for each language)

A clear difference betweenGermanon the one handand Spanishand Frenchon the
othercanbeobservedn thefigure. However,asremarkedin the reportfor German(cf.
5.3.5.5)thoseextratargetpointsdid not often hinderthe understandingf the sentence.
The low numberof errorsencounteredh this categoryshows a good performanceof
MOMEL in the modelizatiorof FO curvesasfar asextratargetpointsareconcernd.

The third categoryof problemsconcernsthe targetpoints that were moved by the
validatorsin order to obtain a better approximationto the original sentence.A
comparisorbetweerFrench GermarandSpanistcanbeseenin figure 5.

13
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Figure 5: Percentage of moved target points
(Averaged value for the speakers validated for each language)

Germanis the languagein which more targetpoints were movedwhen comparedto

Frenchand Spanishput it hasto be notedthat the criterionfollowed by the validator
for this languagédcf. 5.3.5.6.)wasto movetargetpointsratherthanto createnew ones.
However,evenin the caseof Germanthe percentagef movedtargetpoints is lower
than3%, showingagoodperformancef MOMEL in this respect.

14



5.- Individual languagesreports

5.1.-English

Corine Astesano

Institut de Phonétique, URA 261 CNRS, Université de Provence
29 Av. RobertSchumanF-13621Aix-en-ProvencéeCEDEX 1, France

Fax: +33-42595096;Tel : 4295 36 37; E-mail : corine.astesano@!Ipl.univ-aix.fr

With contributionsfrom Andrealevitt (HaskinsLaboratoriesand Welesley College,
USA) andSophieHerment(LaboratoirdParoleet Langage CNRS,Aix-en-Provence)

5.1.1.- Corpus and speakers

The 4 speakerausedfor the Englishanalysisare takenfrom the Few Talker set. The
distributionof passageandspeakerss presentedn table3.

Speaker | Block Speaker | Block Speaker | Block
FA 00 FB Q0 FC PO
FA 01 FB Q1 FC P6
FA 02 FB Q2 FC P7
FA 03 FB Q3 FC P8
FA 04 FB Q4 FC P9
FA 05 FB Q5 FD RO
FA 06 FB Q6 FD R6
FA o7 FB Q7 FD R7
FA 08 FB Q8 FD R8
FA 09 FB Q9 FD R9
FA P1 FB R1

FA P2 FB R2

FA P3 FB R3

FA P4 FB R4

FA P5 FB R5

Table 3: Distribution of speakers and passages
in the English corpus

5.1.2.- Methodology

The Englishanalysishasbee done on a different methodologicalbasis,namely more
gualitativethanquantitative Neverthelesdt is interestingo notethat the expertcomes
to the samegenerakconclusionsasfor the otherlanguagesnvolvedin the project.

5.1.3.- Results

Themgor detectionproblemsnoticedwerelocatedat majorprosodicboundariesandat
the beginningor the endof sentencemyamelybeforeandafter the realizationof pauses.
Those problemswere more numerousin the casesof final risings than final fallings.
However, thosedetectionproblemsneverhinderedthe understandingr the meaningof
the sentences.

15
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The expert suggestas well that the presenceof pausesshould be taken into
consideratiomy the MOMEL algorithm.

5.2.-French

Lorraine Baqué

Departament de Filologia Francesa i Romanica, Universitat Autonoma de
Barcelona

FacultatdeFilosofiai Lletres.Edifici B, 08193Bellaterra,BarcelonaSpain

Tel: +34.3.581.14.10Fax: +34.3.581.20.01E-mail : lorraine@prosodia.uab.es

5.2.1.- Introduction

Theaim of this task wasto makea perceptualalidationof the automaticmodelingof
the FO curvefrom the speechsignal. The prosodytools developedwvithin MULTEXT
derive automaticallya symbolic representatiorof the intonation contour from the
speeclsignal.

The procesdor the analysisincludeghefollowing steps:

- automatianodelingof the FO curvefrom the speecrsignal

- automaticstylisationof the curvewith asequencef targetpoints(Hz, ms)
- perceptuaValidationof the synthesif the paragraph

- handvalidation andcorrectionof the errorsdoneby the system

5.2.1.- Corpus

The EUROM.1 prompting texts consistof threeparts from which, in this case,only

passagebavebeenanalyzed.Thereare40 passagesonsistingeachone of five task-

relatedsentences/hereaghe sentencearedesignedo compensatehe unevendiphone
distribution of the passage€achpassagavasdisplayedasa single block andspeakers
tried to producethe blockwith naturalintonation.

Theforty passageweredistributedasshownin table4:

Speaker | Block Number | Speaker [ Block Number | Speaker | Block Number
BF 00 1282 BO P5 1647 VI RO 1214
BF 01 1283 BO P6 1659 VI R1 1215
BF 02 1295 BO P7 1660 VI R2 1227
BF 03 1296 BO P8 1672 VI R3 1228
BF 04 1308 BO P9 1673 VI R4 1240
BF 05 1309 SL Q0 1145 VI R5 1241
BF 06 1321 SL Q1 1146 VI R6 1253
BF o7 1322 SL Q2 1158 VI R7 1254
BF 08 1334 SL Q3 1159 VI R8 1266
BF 09 1335 SL Q4 1171 VI R9 1267
BO PO 1620 SL Q5 1172

BO P1 1621 SL Q6 1184

BO P2 1633 SL Q7 1185

BO P3 1634 SL Q8 1197

BO P4 1646 SL Q9 1198

16
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Table 4: Distribution of speakers and passages in the French corpus

5.2.2.- Speakers
FourspeakerdiavebeenanalyzedthreemalegBF, BO, SL)andonefemale(V1).
5.2.3.- Results

As aresult of this analysis, someproblemshavebeenfound and classified in three
differenttables:casesin which targetpoints were missed,casesin which there were
extratargetpointsandfinally, casesn whichthe existenttargetpointshadto be moved.
The resultshavealso beenclassifiedaccordingto the four speakerswhich havebeen
analysed.

5.2.3.1.- Missing target points

Thefirst categoryof problemsfoundarecasesn which thereshouldbe targetpointsin
placeswvherethe systemhasnot detectedhem.

Three different positions have been distinguished: initial (for the beginning of
sentencesfinal (for the endof sentencegjistinguishingoetweercaseswith arising end
from the oneswith afalling one)andmiddle (for pointsin the middle of sentences).

Table5 summarizesheresults:

Initial Middle Final
Rising Falling

SpeakerBF 6/64 11/509 7116 3/48

(9.38%) (2.16%) (43.75%) (6.25%)
SpeakerBO 12/90 16/479 11/30 6/60

(13.33%) (3.34%) (36.67%) (10.00%)
SpeakerSL 12/81 11/568 4/26 6/55

(14.81%) (1.94%) (15.38%) (10.91%)
SpeakerVI 10/71 9/444 4/18 5/53

(14.08%) (2.03%) (22.22%) (09.43%)

Table 5: Missing target points (in absolute numbers and in percentages) in the French corpus

The sameesultsarevisually presentean figure 6:
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Figure 6: Percentage of missing target points in the French corpus
Let usgive anexampleof eachcase:

- initial position:BO P51647(ll estrecommandé...)
- middle position: BF O7 1322(a SaintBarnabé)

- final 'rising’ position: SL Q5 1172(deselvice)

- final 'falling’ position: VI R8 1266(plainspas

5.2.3.2.- Extra target points
This secondcategoryis muchmorereducedhanthefirst one.lt includescasesn which
the systemhasrecognisedoo manytargetpoints,thatis to say,targetpointsin places

wheretheyshouldnot appear.

The numberof errorsfoundis shownin table6 andin figure 7.:

Speaker BF 21637
(0.31%)
Speaker BO 0/659
(0%)
Speaker SL 0/730
(0%)
Speaker VI 0/586
(0%)

Table 6: Extra target points
(in absolute numbers and in percentages) in the French corpus
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Figure 7: Percentage of extra target points in the French corpus

An example:
BF O8 1334(mafemmé

5.2.3.3.- Moved target points

Finally, anothergroup of errorsincludesthe casesin which the target points were
detectedby the systembut in anincorrectposition. Therefore this targetpoints have
beenmoved.The classificationhas beendone accordingto the situation of the target
point: whetherit wastoo high or too low, or whetherit hadto be movedhorizontallyin

thetime domain.

Too High Too Low Horizontally
SpeakerBF 2/637 0/637 1/637

(0.31%) (0%) (0.16%)
SpeakerBO 0/659 1/659 2/659

(0%) (0.15%) (0.30%)
SpeakerSL 2/730 1/730 1/730

(0.27%) (0.14%) (0.14%)
SpeakerVI 0/586 0/586 1/586

(0%) (0%) (0.17%)

Table 7. Moved target points (in absolute numbers and in percentages) in the French corpus

Examplesof this casesrethe following:

- too high: SL Q0 1145(bronzagg

- too low: SL Q1 1146(assissur)

- horizontally: BF O8 1334 (Elle a harreur)

The samedatais visualizedn figure 8.:
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Figure 8: Percentage of moved target points in the French corpus

5.3.-German

Corine Astesano

Institut de Phonétique, URA 261 CNRS, Université de Provence
29 Av. RobertSchumanF-13621Aix-en-ProvencéeCEDEX 1, France

Fax: +33-42595096;Tel : 4295 36 37; E-mail : corine.astesano@!Ipl.univ-aix.fr

5.3.1.- Corpus

The EUROM.1corpusfor Germans organisedy blocks,i.e. not accordingto the speakers,
like the Spanishor Frenchcorpuseslt comprise0 blocks(01to 40) readby 10 speakersof
the Few Speakesset. However,the speakersaresubdividedin two groups,eachreading20
passageghefirst groupis constitutedoy 2 femalespeakersand 3 male speakersthe second
groupis constitutedby 3 femalespeakersand2 malespeakers.

5.3.2.- Speakers

For the analysisof the Germarcorpus we havechoser? speaker®f thefirst group:

- Femalespeakerinitials: GA, sex:F; age:27; nationaliy: German.

- Male speakerinitials: SM; sex:M; age:25; nationality: German.

Both speakerseadthe same20 blocks,namely:01, 04, 05, 06, 09, 14, 15, 16, 17, 19 20, 23,
27,28,33,34,36,37,38,40.

5.3.3.- Methodology

Weusedthe samemethodologyasthe Barcelonaeamfor SpanishandFrenchnamely:
- automatianodelingof the FO curvefrom the speectsignal

- automaticstylisationof the curvewith asequencef targetpoints(Hz, ms)

- perceptuaValidationof the synthesif the paragraphs

20


mailto:corine.astesano@lpl.univ-aix.fr

- handvalidationandcorrectionof the errorsdoneby the system.

To be moreprecise we correctecby handthe MOMEL file 'COURANT.CB'and createda
file 'EVALUATION.CB' which we considerto be closerto the original FO curve. Also, for
both speakerswe procesdedto the word-alignmentHowever,we neither proceededo the
alignment of the accentedvowels, nor to the perceptualvalidation of the INTSINT
transcriptionsystem.

5.3.4.- Results

As a result of this analysis, we classified the different problems ercounteredin three
categories:
missingtarget-pointsextratarget-pointsandfinally movedtarget-points.

5.3.4.1.- Missing target points

The results concerning missing target points that were manually introduced are
presentedh table8 andin figure 9.

Initial Middle Final
Rising Falling
SpeakerGA 19/101 48/1130 4/9 9/92
(18,81%) (4,25%) (44,44%) (9,78%)
SpeakerSM 15/101 26/1060 4/9 6/92
(14,85%) (2,45%) (44,44%) (6,52%)

Table 8: Missing target points (in absolute numbers and in percentages) in the German corpus

O Female Speaker (GA)

50,00%

44,44% 44,44%

B Male Speaker (SM)

45,00% A

40,00%

35,00%

30,00%

25,00%

18,81%
20,00%

15,00%

10,00% 4

5,00% A

0,00%

14,85%

4,25%
2,45%

9,78%
,52%

Initial

Middle

T
Final Rising

T
Final Falling

Figure 9: Percentage of missing target points in the German corpus

5.3.4.2.- Extra target points

The absolutenumberandthe percentagef extratargetpointsintroducedoy MOMEL

areshownin table9 andin figure 10:
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Speaker GA 65/1332
(4,88%)

Speaker SM 59/1262
(4,68%)

Table 9: Extra target points
(in absolute numbers and in percentages)
in the German corpus

|:| Female Speaker (GA)

5,00% - E Male Speaker (SM)
1,88%

4,95% 4

4,90% J

4,85% 4
4,80% J
4,75% 4 4,68%
4,70% 4
4,65% J
4,60% 4

4,55% J

4,50%

Figure 10: Percentage of extra target points in the German corpus
5.3.4.3.- Moved target points

Table 10 and figure 11 presentthe percentageind absolutenumberof target points
whichweremanuallymovedin orderto obtaina goodperceptuabpproximationto the
original sentences.

Too High Too Low Horizontally
SpeakerGA 9/1332 12/1332 37/1332

(0,68%) (0,90%) (2,78%)
SpeakerSM 12/1262 15/1262 32/1262

(0,95%) (1,19%) (2,54%)

Table5.3.3.Movedtargetpoints(in absolutenumbersandin percentagesh the Germarcorpus
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|:| Female Speaker (GA)
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Figure 11. Percentage of moved target points in the German corpus
5.3.5.- General comments and conclusions

5.3.5.1.- Speakers

The male speaker(SM) has a faster speakingrate than the female speaker,leading to the

realizationof fewer breathingor empty pauses.Consideringthat the major target-points
detectionproblemsare locatedat the beginningor the endof sentencesor at majorprosodic
boundariedollowed or precededy pausesthe detectionof target-pointss generallymuch
betterfor the malespeaker.

We might considertoo that the lower pitch range of the male speakercan be taken into
consideratiorior the betterresultsof MOMEL. The FO variationsareindeedesssharp.

Thosetwo parametergfasterspeakingateandlower pitch range)may alsobe correlatedAs
aresult,it is interestingo notethat the femalespeakehasatotal of moretargetpoints (TPs)
detectionsas the male speakerand more modificationsof TPs are necessarylIn the final
MOMEL file (EVALUATION.CB), the numberof total TPs for the female speakeris far
superiorto the malespeaker'sthis is essentiallydueto missingTPs.

5.3.5.2.- Language specification
Germanis a languagewith lexical stressinvolving quick micro-variationsof the FO curve,

sometimesevenin the syllabic frame. MOMEL tendsto 'polish' those micro-variations,
maybebecausé confuseshemwith micro-prosodiovariations.

Also, Germarcontainsmanyunvoicedobstruentandplosives,aswell asglottal stopswhich

aresometimedglifficult to detectproperlyfor the FO detectionalgorithm; hencea lessefficient
stylisationof FO.
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Finally, it would be interestingto comparethe total numberof TPs detectedacrossthe
different languagesLanguageswith lexical stressmay needmore TPsto accountfor their
prosodicorganisatiorthanlanguagesvithout lexical stresdike Frenchfor example.

5.3.5.3.- Sentence length

It seemghat the TP detectionis much more efficient the shorterthe sentencesre. Much
more modificationsare necessarywhen the sentencesrelong or contain pausesor major
prosodicboundaries.

5.3.5.4.- Missing TPs

Most of the missingof TPsaredueto the realizationof the lexical stressin German.lt is

sharpandthe FO of the unaccentedyllablesprecedingt is oftenvery low beforethe stress It

is often the caseat the beginningof a sentencen the caseof Article+Noun for example.
MOMEL tendsto interpolatedirectly with the peakon thelexical stress.

Thereareinterestingcasesof missing TPs in the middle of sentencedut locatedat major
prosodicboundariedollowed or precededy a breatting or an empty pause.They aremore
numeroudor the femalespeaker(12 casesagainst3 for the male speaker),as we explained
earlier. Of course,the majority of missing TPs are located at Final rising or falling
correspondingo the orthographisentenes,but agoodproportionof the middle missing TPs
arelocatedat prosodicboundariesandnot just anywherein the middle of the sentence.

As for the missing TPs locatedat Final risings, one could wonder if the problem of the
MOMEL algorithmis the pitchrangeor the timing of therise.

5.355-ExtraTP

Most of thetime, the extraTPs arethosewhich are'stuck'to oneanother,which s clearlya
problemof the detectionalgorithm.It often doesn'thinderthe understandingf the sentence,
but extraTPsproducenoise’(too muchinformationfor the computer).

5.3.5.6.- Moved TP

The experthasoften the choicebetweencreatingor moving an existing TP. For the reason
citedabovejt is preferableo moveTPs.Interestingly we cannotethat many movedTPsare
locatedat sentencer prosodicboundaries.

5.3.5.7.- Production: particular cases

In passag84, both speakerproduceb sentenceshut they don't producethe majorprosodic

boundariegfinal falling) at the sameplace.This is dueto the grapht style of the sentences
(many ';"). In passage38, both speakersproduces6 sentenceslue to the same graphic

problem.

5.3.5.8.- General conclusions

Contraryto Swedishthe detectionproblemsin Germando not impair the understandingf
the meaningof the sentencesThere are nevertheles® casesper speakerin which the
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modality of the sentenceg(question) is mistaken for another (assertion). However, the
problem of MOMEL sometimes 'polishing’ some lexical stressesdoesn't hinder the
understanding.

More important,we canconcludethat the majorproblemsof detectionof TPsarelocatedat
sentencendprosodicboundariesThesecouldbe a lot lessenedf the algorithm could take
pausesnto consideration.

5.4.-Spanish

Monica Estruch & Juan M. Garrido

Departament de Filologia Espanyola, Universitat Autonoma de Barcelona
FacultatdeFilosofiai Lletres.Edifici B, 08193Bellaterra,BarcelonaSpain

Tel: +34.3.581.19.12;Fax+34.3.581.16.86;E-mai{monicaljuanma}@liceu.uab.es

5.4.1.- Introduction

Theaimof this task wasto makea perceptualalidationof the automaticmodelling of
the FO curvefrom the speechsignal. The prosodytools developedwvithin MULTEXT
derive automaticallya symbolic representatiorof the intonation contour from the
speectsigral.

The processf analysisincludeghe following steps:

- automatianodellingof the FO curvefrom the speectsignal

- automaticstylisationof the curvewith asequencef targetpoints(Hz, ms)
- perceptuaValidationof the synthesisf the paragraps

- handvalidation andcorrectionof the errorsdoneby the system

5.4.2 Database

The EUROM.1 prompting texts consistof three parts from which, in this case,only

passagebavebeenanalyzed.There are 40 passagegonsistingeachone of five task

relatedsentencewhereaghe sentencearedesignedo compensatehe unevendiphone
distributionof the passage€achpassag&vas displayedas a single block and speakers
tried to producethe blockwith naturalintonation.

Theforty passageweredistributedasfollows:

Speaker | Block Number | Speaker [ Block Number | Speaker | Block Number
RA 00 0739 CA P5 0493 TA RO 0599
RA 01 0740 CA P6 0494 TA R1 0600
RA 02 0741 CA P7 0495 TA R2 0601
RA 03 0742 CA P8 0496 TA R3 0615
RA 04 0743 CA P9 0497 TA R4 0616
RA 05 0763 CA Q0 0498 TA R5 0617
RA 06 0764 CA Q1 0499 TA R6 0629
RA o7 0765 CA Q2 0500 TA R7 0630
RA 08 0766 CA Q3 0501 TA R8 0631
RA 09 0767 CA Q4 0502 TA R9 0632
RA PO 0768 CA Q5 0503

RA P1 0769 CA Q6 0504
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RA P2 0770 CA Q7 0505

RA P3 0771 CA Q8 0506

RA P4 0772 CA Q9 0507

Table 11: Distribution of passages and speakers in the Spanish corpus

5.4.3.Speakers

Three speakershavebeenanalyzed,the two Very Few speakersand the third one
selectecamongthe Few Speakerset. A codehasbeenassignedo eachspeakerbased
on age,sexandtalkergroup:

Sex Age Group Few Speaker Very Few Speaker
Male 30-40 RA
Female 20-30 CA
Male 40-50 TA
Table 12: Speakers selected for the Spanish corpus
5.4.4.- Results

As aresult of this analyss, someproblemshavebeenfound and classified in three
differentcategoriescasesn whichtargetpointsweremissed,casesn which therewere
extratargetpointsandfinally, casesn whichthe existentargetpointshadto be moved.
The resultshavealsobeenclassifiedaccordingto the three speakerswhich havebeen
analysed.

5.4.4.1.- Missing target points

Thefirst categoryof problemsfoundarecasesn which thereshouldbe targetpointsin
placesvhereMOMEL hasnot putthem.

Three different positions have been distinguished: initial (for the beginning of
sentencesfinal (for the endof sentencedgjistinguishingoetweercaseswith arising end
from the oneswith afalling one)andmiddle (for pointsin the middle of sentences.

Tablel3 sunmarizegheresults:

Initial Middle Final
Rising Falling

SpeakerCA 6/73 10/817 4/4 2/69

(8,22%) (1,22%) (100%) (2,89%)
SpeakerRA 15/76 21/822 11/14 7162

(19,73%) (2,55%) (78,57%) (11,29%)
SpeakerTA 9/49 13/487 2/5 6/44

(18,36%) (2,67%) (40%) (13,63%)

Table 13: Missing target points (in absolute numbers and in percentages) in the Spanish corpus
Let usgive anexampleof eachcase:

- initial position: RA 06 0764 (Pa favor...)
- middle position: TA R60629(dela calle)
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- final 'rising'position: TA R2 0601 (por teléfao)
- final 'falling' position: CA Q5 0503(otros animakgs)

Thesecasesanalsobeseenn figure 13:

10C

O Speaker G

[
o

E Speaker
B Speaker

PN W b O O N O ©

0

Initial Medial Final rising Final falling

Figure 13: Percentage of missing target points in the Spanish corpus

5.4.4.2.- Extra target points

This secondtategoryis muchmorereducedhanthefirst one.lt includescasesn which
the systemhasrecognisedoo manytargetpoints,thatis to say,targetpointsin places
wheretheyshouldnot appear.

The numberof errorsfoundis shownin the nexttable:

SpeakerCA 2/963
(0,20%)

SpeakerRA 2/974
(0,20%)

SpeakerTA 0/585
(0%)

Table 14: Extra target points
(in absolute numbers and in percentages)
in the Spanish corpus

An example:
CA P70495(deGrifidn)

The sameesultsareshownin figure 14.:
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Figure 14: Percentage of extra target points in the Spanish corpus

5.4.4.3.- Moved target points

Finally, anothergroup of errorsincludesthe casesin which the target points were
detectecby MOMEL but in an incorrectposition. Therefore,this targetpoints have
beenmoved.The classificationhas beendone accordingto the situation of the target
point: whetherit wastoo high or too low, or whetherit hadto be movedhorizontallyin
thetime domain.

Too High Too Low Horizontally
SpeakerCA 7/963 1/974 1/585
(0,72%) (0,10%) (0,17%)
SpeakerRA 2/963 0/974 1/585
(0,21%) (0%) (0,17%)
SpeakerTA 1/963 0/974 1/585
(0,10%) (0%) (0,17%)

Table 15: Moved target points (in absolute numbers and in percentages) in the Spanish corpus
Examplesof this casesarethe following:
- too high: CA Q2 0500(fantéstico)

- too low: CA Q1 0499(say)
- horizontally: CA Q0 0498(Tenia)

Theseresultscanalsobeobservd in figure 15:
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Figure 15: Percentage of extra target points in the Spanish corpus

5.4.5.- General evaluation

In general,it hasto be remarkedthat the automaticstylisation done by MOMEL
producegyood results.

Neverthelessthere are some errors, specially casesof missing target points. A

consideratiomf possiblecausesiasledus to think that this may havea solutionif the
systemwould recognisgpausesln that casethe FO curvewould be interuptedat least
at the end of eachsentenceand would also havea new start at the beginningof the
sentencesMost of the errorsof misdetectiorof targetpoints at the beginningandthe
endof sentencegould probablydisappear.

5.4.6.- Alignment

Therewasanotherttask consistingof the alignmentof word boundarie®n the oneside,
andthe stressedsyllableson the other, with the speechsignal. The alignmenthasbeen
performedfor onespeake(CA), andfor the 15 paragraphsecordedy this speaker.

5.5.-Swedish

Eva Strangert & Anna Aasa

Department of Linguistics, Umea University

S-90187 Umea,Sweden

Tel +46 (0)9016 56 80; Fax+46 (0)9016 63 77; E-mail: strangert@ling.umu.se

Report publishedin TMH-QPSR 2/1996 (SpeechMusic and Hearing - Quarterdy
Progressand StatusReport) KTH, Stockholm,Swedenpp. 37-40.(Papergresented
atthe SwedishPhoneticsConferencéneldin May 1996).
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Abstract

Basedon speechdata collectedwithin the SAM project, tools for the analysisand
coding of FO usedwithin the MULTEXT project were evaluatedusing 8 Swedish
speakers.Generally, comparison of original and modelled versions of the same
utterancesusing INTSINT codingrevealedfairly successfumatching.The three main
types of mismatchegshat occurredwere: stylistic changes,changesof prominence
relationsandshifts of word accent.

5.5.1.- Introduction

MULTEXT (MULtilingual TEXTToolsand corpora) is a Europearprojectin the area
of Linguistic Researchand Engineering.lt startedin January1994 with Jean Véronis
(LaboratoireParoleet Langage CNRS & Universitéde Provenceps coordinatorand a
numberof participantsrepresentingix languages- English, GermanDutch, French,
Spanishandltalian. In 1994, EvaEjerhedobtainedfunding from NUTEK for work on
the Swedishlanguageto be carriedout at the Departmentof Linguistics, Umea,as an
AssociatedPartnerin the MULTEXT project.

The MULTEXT project consistsof three main areas: standardizationdevelopmentof
corpus-handlingtools and multilingual corpora (written and spoken), and industrial
validation.

Work in the MULTEXT-SW projectis goingonin the secondof theseareasto produce:1)
alexiconof the 10 000 mostfrequentwordformsin the MULTEXT-SW text corpus,with
their analyses;2) a Swedsh text corpusof 2 M words of financial newspapettext from
1993, anndated for part of speechby a fully automatic,probabilistic tagger; and 3) a
Swedishspeectcorpus,collectedby KTH, Stockholm aspartof the Europeanproject SAM
(SpeechAsseament and Methodology, automatically andyzed and semiautomatially
annotatedfor prosodyin Umea, usingthe prosodytool INTSINT (INternational Tran-
scriptionSysemfor intonation)devdoped at Aix-en-ProvencgHirst and Espesser1993;
Hirst andDi Cristo, 1996).

The aim of this paperis to contributeto the evaluationof the prosodytool, basedon its
applicationto Swedishdata.Evaluationdike the Swedishonehavealso beenundetakenfor
English, French,SpanishandPolish.

5.5.2.- Prosody tools

Theevaluatiorconcernsoftwaretools for the analysisandcodingof FO in continuous
text. The analysisis handledby an automaticFO modelling program, MOMEL, the
outputof whichis asequencef targetpoints(ms;Hz). Thesecanbeusedto generatea
guadraticsplinefunctionwhichin turn canbeusedasinputfor PSOLAresynthesigsee
Hirst, NicolasandEspesserl991,andfurther refeencegshere). FO targetspoints are
thenmodelledby usingthe INTSINT systemthat hasbeendevelopedn anattenpt to

setup apitch transcriptionsystemwhich canbe utilized for any language(Hirst andDi

Cristo, 1996). This coding includesthe absolutesymbols T (Top), M (Mid) and B

(Bottom) andthe relativesymbolsH (Higher),L (Lower),S(Same)U (Upsteppefiand
D (Downstepped).

The INTSINT codingis performedautanatically using an algorithm which optimizes
the coding so that the absolutetonesaremodelledby the meanvalueof their category
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and the relativetones are modelledusing linear regressionas a linear function of the

precedingtarget point. The symbolic coding togetherwith the meansor regression
coefficientsmakesit possibleto generatea new set of targetpointsfrom the symbolic
codingwhich canthenin turn be usedto generatean FO curve that canbe input into

PSOLA resynthesisThe modelling is madeon stretchesof speechthat have been
segmentedhto singleintonationunits.

5.5.3.- The Swedish corpus

The evaluationwas basedon recordingsof speechdatacarriedout at KTH within the
frameworkof the SAM project.Of the 70 speakergecordedwe chose4 womenand4
menfrom the 'Few SpeakeiSet’ (containingsubjectsusedto readingdiversetypes of
materialundercontrolledconditions).Theywereall from the Stockholmareaand spoke
StandardMiddle SwedishEachspeakeread5 passagesgachmadeup of 5 task-related
sentenceslThusthe corpusevaluatedncluded200 sentence$8 subjectsx 5 passages
5 sentences).

5.5.4.- Evaluation

The matchbetweerthe synthesize@ndthe original versionof the sentencesvas judged
by listeningto the materialthroughheaghhones A single Swedishsubject,experienced
in phoneticsjudgedall the material.

The evaluationwasmadein two steps.First, deviationsfrom perfect matchingwith the
originalwerenotedfor the synthesizedersionsof all sentencedidere the aim wasto listen
for deviationsof any kind, whetherminor or major. Second the synthesiggeneated from
thesymbolicINTSINT codingandthe statisticalcoefficientsfor eachtonewere checkedto
identify majordeviationsthatis, thosecasesn which the modelledversionbroughtabouta
changeof meaningcomparedto the original. In this paperwe will restrict ourselvesto
reportingon this secondstepof the evaluation.

5.5.5.- Results

Generally,the INTSINT modelling appearso be fairly successfuls applied to the
Swedish data. However, mismatchesinvolving shifts of meaning between the
synthesizedandthe original versionsof sentencesccurredwith all speakersalthough
for sometherewerefewer errorsthanfor others. There were no apparentdifferences
betweenthe male andfemale groups, althoughthe speakerwith the bestfit with the
modelledversionwas a male. This goodfit, however,might be a consguenceof the
rathersmallrangeof FO observedor this speaker.

Wehaveobservedhreemaintypesof errors:stylistic changesghangesof prominence
relationsandshifts of word accent.

5.5.6.1.- Stylistic changes

The stylistic changesare emotive in chaacter. They involve a changein mood or

attitude, mostly in the directionof a moreneutralor evendepressedtyle of speaking
than in the original. There are also utteranceswhich sound ironic, demandingand
surprisedratherthan neutralas in the original. One exampé fragmentof a modelled
sentenceonveyinga feeling of sadnesss shownin Figure 16 togetherwith the more
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neutral-soundingoriginal. The figure also containssome correctionsto the modelled
versionthat weremadein orderto achieveabettermatchwith the original.

A x 10°

=1¢, 00

1 1 1 1 4
0,00 0,20 0,40 0,60 ENCE] 1,00 1,20 1.4¢ R

naste nar den  |plir l:1ar

3,20 5,40 5.0 E.80 G,

Figure 16: Example of a change in speech mood in the sentence fragment
’...och jag maste fa veta nar den blir klar.” - *...and | have to know when it will be ready.’

Original: neutral; Modelled[l): sad; Correcteddj: neutral.

The acoustidasisfor thesemismatchewsery often seemgo be FO deviationseitherat
the beginningor the endof sentencesl he mostfrequentpatternsappeaio bea missing
FO rise at the beginningand/ora missingfall at the end.In the examplein Figure 1 the
synthesizedersionmissedaH closeto the endandthe final FO lowering.

5.5.6.2.- Changes of prominence relations

The far most frequently occurring mismatchesinvolve prominences. Usually
prominencesare weakenedgxhibiting a degradingalong the prominencescale with
originally accentedyllablesbeing deaccentednd focussedsyllablestransformedinto
accentear evendeaccentedyllables.(For Swedishfour prominencdevelsareusually
assumedunstressedstresseddeaccented)accentear focus accentedseee.g. Bruce
1990.)

In Swedish0 is assumedo bethe mainacousticcorrelateapartfrom durationfor per-

ceiving prominence and perceivedfocus accentis assumedo be tied to an FO rise

occurringafteraword accenfall (Bruce,1977). In acutewords (seebelow)this fall may

sometimedemissing.This is the casein the exampleshownin Figure17 in which the

acute focus-accentedsecondword in the questionHur gar pjasen?How is the play

doing?’'not only lacksthefall but alsothe focus accentrise (andthe connectedd) con-

veying the impressionof a non-focussedvord. Corversely, we haveobservedcases
whereaperceivedocusdoesnot co-occumwith anFO rise, which indicatesa morecom-

plexacoustidasisfor perceivedocusthanjust FO.
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Figure 17: Example of a change of prominence relation in the sentence
"Hur gér pjasen’? - 'How is the play doing?’ Original: strong prominence on 'gar’;
Modelled (]): prominence missing; Corrected){ prominence restored .

5.5.6.3.- Shifts of word accent

Thereis asmallnumberof word accenshifts, mostlyin the directiongrave> acute.For

example kollega 'colleague’with graveaccent(andfocus) is renderedas acutein the
modelledversionin the examplen Figure18.
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S H 1 0 H 1L [l [l 0 H 10 LIS
= He 0 correcl el [1 aula,cb
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130,09
190, 0o ¥

50,00

Figure 18: Example of a shift of word accent of the grave word ’kollega’ - 'colleague’.
Original: grave; Modelled[l): acute; Correctedd): grave.

Thetwo word accentsn Swedishacuteandgrave,haveto bekeptapart,asthey some-

timesdistinguishbetweenotherwiseidenticalwords. The distinction restson the timing
of anFO fall relatedto the stresseayllable,the fall being later in gravethan in acute
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words (Bruce, 1977). The word accentfall may also be missing altogetherin acute
words.

Weassumethis to bethe reasorfor the impressiorof the secondvord, kollegaasacute
in Figure2, asthereis noword accenfall on this word in the modelledversion.

Somecasesinvolving a shift of word accentalso give the impressionof a dialectal
changee.g.a Dalecarlianor Northern Swedishstyle insteadof the original Stockholm
Swedish.This might be explainedby the various manfestationsof the word accents
overthe different partsof Sweden.

5.5.6.- Conclusions

Theevaluatiorundertakerasshownthe INTSINT modelling of intonationto be fairly
successfubsappliedto SwedishBasedon judgementsof 200 sentencespokenby 8
Swedishmenandwomen,we canconcludethat the majority of errors detectedwhen
conparingthe modelledandthe original seriencesareof threetypes:changesf mood
or attitude of speechchange®f prominenceelations andinterchangebetweenthe two
word accentsn SwedishThe acousticbasisfor most of theseerrorsseemdgo be atoo
heavysmoothingof the intonation contour. At the beginningof a sentencef0 often
startstoo high andat the endtheremay be a missingfall. Finally, the impressionthat
thereis adegradingof prominenceesultsfrom missingpeaksin the contour.
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6.- Conclusions

In orderto obtain an overview of the performanceof MOMEL, the results for the
languagedor which quantitativedatais availablecanbe summarizedaccordingto the
three categoriesof problemsthat havebeenidenified during the validation process:
missing target points, extratarget points and target points which had to be moved.
Figure 19 presentghe percentagef targetpoints correspondingo eachof the three
categoriesaveragedaccordingto different speakes and positionsfor French,German
andSpanish.
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Figure 19: Percentage of missing, extra and moved target points averaged across speakers and positions
for French, German and Spanish

The highestnumberof problemsis found in missing target points that had to be
manually added during the validation process (18.8% averagedacross languages,
positionsand speakers)Most of thesetarget points are locatedin initial and final

positionsspeciallyin rising contours.Problemsin this position are also detecte for

Englishand Swedishandarein most casegelatedto the appearancef pausesat the

beginningor at the endof the sentencesomposinghe analyzedpassages.

The percentagef targetpointswhich hadto be manuallycorrectecdeither adding new
onesor moving existing onesis very low, showinga good performanceof MOMEL
whenpausesrenot involved.

It is noted for all languagesthat taking pausesinto accountwould improve the
performanceof MOMEL, since most of the problems are detectedat sentene
boundaries.
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