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The work presented in this lecture
is the result of many researchers’ 

efforts at the Department of 
Speech, Music and Hearing

Reports and further 
information can be 
found on our home page
www.speech.kth.se
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Februari 1998
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“InteractiveHuman
Communication”

Chapanis
ScientificAmerican1975!

“Computer”

User

Why Speech
Tech?
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Averagetimefor
solvingdivers
problemsusing
differentcombinations
ofmeansof
communication

More efficient
and 
convenient!
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Speech is fast and verbose
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Speech technology is making
money!

Classic example : AT&T and Lucent
Technologies VRCP, "Voice Recognition Call
Processing” sevice

Selection of payment method
Vocabulary only five words : collect, 

calling card, third number, person, 
operator

More than 5 000 000 calls per day
Earnings already (1999?) more than

AT&T/Bell labs´ total investment in 
speech research
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The first pen phone

Why no commercial 
success?

Too small keys?

Too small display!?

1 april 1998
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The KTH speech group
- Early days

Gunnar Fant and OVE I 1953
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OVE I, in the WaveSurfer tool

• InterfaceisbasedaroundW aveSurfer,ageneral
purposetoolforspeechandaudioviewing,editing
andlabelling

• TTS andTalkingHeadfunctionalityisaddedas
plug-ins

• W aveSurfer(presentlywithoutTTS&TH)workson
allcommonplatformsandisfreelyavailableasopen
source

• M odulesfrom W avesavailable–formantsandF0in
presentrelease–thankstoM icrosoftandAT&T

http://www.speech.kth.se/wavesurfer
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Ove II, 1958

1962

1961
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KTH/TTS history

• 1967,DigitallycontrolledOVE III

• 1974,Rule-basedsystem RULSYS
– transformationrules

• 1979,M obiletext-to-speechsystem
– usedbyanon-vocalchild

• 1982,PortableTTS (ICASSP,Paris)
– M ultilingual

– M C 68000,NEC 7720

• 1983,FoundingofInfovoxInc.



NGSLT – M ultimodalspeech
synthesis

BjörnGranström

3

M ultim odal speech synthesis– NGSLT 2004 [13]

What do we mean by Speech synthesis?
• Recorded speech

– W ordsorphrases (telephone banking)
– Fixed vocabulary– m aintenance problem s…

• Concatenative speech synthesis
– Diphonesorlargerunits(unitselection)

• LPC:source filterm odel(too sim ple?)

• PSOLA/M BROLA/HNM – and rulesforprosody

– One speaker

• Param etric synthesis
– Form antsynthesis

– Articulatorysynthesis

– flexible
– Butlowerquality-today

• M ulitm odalsynthesis
M ultim odal speech synthesis– NGSLT 2004 [14]

The synthesis space

Intelligibility
Naturalness

Bitrate

Vocabulary

Units

Com plexity

Processing
needs

Flexibility

Speech
Knowledge

Cost

M ultim odal speech synthesis– NGSLT 2004 [15]

TEXT vs SPEECH

• Parallelvs.sequential

• permanentvsdisappearing

• Textastranscriptionofspeech?

• Example-W aveSurferdemo:
– Palindrome

– ”Varsakhartvåsidor”
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Phonetics

ms

kH
z
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Phonology, Morphology

hov#m äst-ar-n två
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Non-phonetic writing
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Signs vs. technology

M ultim odal speech synthesis– NGSLT 2004 [20]

Is the sign what you think?
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How is a Chinese lexicon 
organized?
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Text-to-speech (TTS)
texttext

Linguistic analysisLinguistic analysis

Prosodic analysisProsodic analysis

Phonetic descriptionPhonetic description

Sound generationSound generation

M orphologicalanalysis
Lexicon and rules
Syntax analysis

Rules and lexicon

Rules and unitselection

ConcatenationConcatenation Rules

Language ident.Language ident.

“abcd”
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Synthesis methods

ArtikulatorerArtikulatorer

Ansatsrörets formAnsatsrörets form

TuberTuber

KällaKälla
ResonanserResonanser

ElektrisktnätElektrisktnät

Läppar
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Source filter theory

Source
(glottalflow)

filter
(shapeofvocaltract)

Radiation
(lips)

Tim e:

Frequency:
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RULSYS Rules - Features

•Is IPA synthesiserpossible?

•Based on generative phonology

•Language specific definitions

•Rules forcontextualm odifications

•Exam ples

•Interactive rule m anipulations

M ultim odal speech synthesis– NGSLT 2004 [26]
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Glove
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B1
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B 2
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”Pia odlar blå violer”
O

ri
gi

na
l

Sy
nt

he
si

s

Carlson,R.Granström,B.,andKarlsson,I.(1990):
"Experimentswithvoicemodelinginspeechsynthesis,"
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Speaker characteristics

Speaker
dialect,sex,social,education,age

Situation
form ality,style,interspeakerrelation

Com plexdescription
m anydependentvariables
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Speaker characteristics

•TIDE/Vaessproject(Voices,attitudesand
em otionsin syntheticspeech

•“Voicefitting”

•Software,Glovesynthesis

•10usercontrolled param eters

•Rulespecified connection tosynthesis
param eters
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Emotional/ubiquitous computing – do we want it?

Early BBC vision – the conversational toaster
Thanks to Mark Huckvale, UCL, for the video clip
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Emotions

Neutral

Happy

Sad

Angry

natural
synthesis

natural
synthesis

natural
synthesis

natural
synthesis

Angry
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Result from listening test

Syntheticstim uli
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Emotions

Happiness            Anger                  Fear

Surprise             Disgust             Sadness
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Källasimulering

mC

C

J

Translational, Rotational
transv.+ ax.

x

y
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Luftflödetiglottis

Geometriskmodellsom
tvåelastiskaband

M ekaniskmodell

M ultim odal speech synthesis– NGSLT 2004 [36]

Källasimuleringar med 
återsyntetisering

Sam plingsintervall: 1 parameter

Stäm bandsanatom i: 18parametar,texlängd,vikt,dämpningsfaktor

Stäm bandsartikulation: 7parametrar,texrestglapp,lungtryck

Högtrycksartikulation: 4parametrar,textonhöjd,ljudstyrka

Talrörsartikulation: 8parametrar,texarea,dämpningsfaktor

Exempel originalyttrande

fördubbladstämbandsmassa

förlängningavstämband13->17mm

assymetriförändring1.0->1.8

assymetriförändring1.0->2.0

restgap0.1->1.0mm
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Predictable word accents
• W ordaccentandstress

– 'anden(bird)

– 'ànden(spirit)

– 'ànk-pasta

– 'ànk-pastej

– 'ànk-pastejen

– 'ànk-pastejs-mål-tid

• Namepronunciation

– karl-'èrik(karl-'erik)+ 'ànne-marie

– Onomastica/EU

• Reduction

– be'tòng-väg(g)s-konstruktion(C-C Elert)
M ultim odal speech synthesis– NGSLT 2004 [38]

Letter-to-sound vs.
lexicon

Sizevs.Precision

M aintenance-“halfofthewordsareunique”

Namepronunciation(OnomasticaProject)

M isspellings

Userules,morphology,analogy… asfallback

M ultim odal speech synthesis– NGSLT 2004 [39]

Research trends in speech 
synthesis

1950 Synthesis by analysis

1960 Phonetic rules

1970 Linguistic processing

1980 Concatenation

1990 Autom atic procedures

2000

M ultim odal speech synthesis– NGSLT 2004 [40]

Concatenative synthesis
• AlreadyPetersonetal.(1958)
• DixonandM axey(1968)
• “DiadicUnits”,(Olive,1977)
• ”PSOLA”,CharpentierandStella(1986)
• Review,M öbius(2000)
• ICSLP 2002

– Unitselection
– Concatenationcost
– Prosody

M ultim odal speech synthesis– NGSLT 2004 [41]

Concatenative synthesis
Signal manipulations

• Prosodicmodifications
– PossibilitytomodifyF0
– Possibilitytolengthenorshortensegments

• Spectralmodifications
– Interpolationofspectrum atjoints

• Earlytechnique-LPC

M ultim odal speech synthesis– NGSLT 2004 [42]

Speak&Spell - TexasInstrument
Christmas 1978
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PSOLA

• PitchpulsesmovedintimetofitF0contour

• Conceptuallysimpleandcomputationally
efficient

- Needforprecisepitchpulsemarking

- Couldnothandlespectralinterpolation

M ultim odal speech synthesis– NGSLT 2004 [44]

Unit selection
• Largedatabasesofrecordednaturalspeech
• M inimalprocessing
• Annotationofdatabase–whatinformationis
needed?

• Synthesisdefaultstotranscriptionandsearch
problem

• Few cuts> maximallylongunitsselected
(butcontextandprosodymustfitwell)

• Targetandconcatenationcosts

M ultim odal speech synthesis– NGSLT 2004 [45]

Synthesis methods
• Unitselection –m inim alprocessing

– chatr(ATR) weather(CSTR)good, lessgood

• Diphonesynthesis
– Svensk(M brola), Fransk (ICP)(CNET)

• Form antsynthesis
– Svensk(KTH), Fransk(KTH)

M ultim odal speech synthesis– NGSLT 2004 [46]

Unit selection - BrightSpeech

• Swedish

• Norwegian

M ultim odal speech synthesis– NGSLT 2004 [47]

ExamplesofSynthesizedSpeech
UniversitätStuttgart

InstitutfürM aschinelleSprachverarbeitung

[German][English][French][Dutch][Spanish][Italian]
[Portuguese][Swedish][Norwegian][Finnish][Estonian]
[Icelandic][Czech][Russian][Greek][Croatian][Romanian]
[Japanese][Chinese][Korean][Hebrew][Arabic]

http://www.ims.unistuttgart.de/~moehler/synthspeech/
examples.html
alsoe.g.http://www.naturalvoices.att.com/

M ultim odal speech synthesis– NGSLT 2004 [48]

To make it work today: Hybrid systems 
e.g. Who has number nn....?

Key input – Synthesis mixed with 
recorded speech (Call +46 118 999)
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Hybrid methods, cont.

••Rolf Rolf Carlson,TorCarlson,Tor SigvardsonSigvardson,  ,  ArvidArvid SjölanderSjölander (2002). 
Data-driven formant synthesis. Proc of Fonetik 2002, 
TMH-QPSR
David David ÖhlinÖhlin and Rolf Carlson Dataand Rolf Carlson Data--driven Formant driven Formant 
Synthesis,  Proc of  Synthesis,  Proc of  FonetikFonetik 20042004

+ Four MSc theses (Sigvardson,SjölanderSigvardson,Sjölander, , Vinet,ÖhlinVinet,Öhlin) ) 
•All available on www.speech.kth.se

M ultim odal speech synthesis– NGSLT 2004 [50]

Aim

• Keepstheflexibilityoftheformant
synthesis

• M orenaturalsoundingthanrule-driven
synthesis

• Speakeradaption

M ultim odal speech synthesis– NGSLT 2004 [51]

Rule-driven formant 
synthesis

• Parametersaregenerated
byrule(RULSYS ,
Carlsonetal)

• Formantvaluesare
generatedbyinterpolating
betweentargetfrequencies

• Parametersarefedtoa
synthesizer(GLOVE,
Carlsonetal) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
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1000

1500

2000
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3000

3500

4000
 M  O  B  I:  L  sil
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Data-driven formant 
synthesis

• Someparameters
(namely,thefirstfour
formants)arereplaced
bydata

• Samesynthesizer

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Synthesis comparison
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4000
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Data-driven formant 
synthesis

• Formantsarereplacedthroughunit
selectionfrom aformantdiphonelibrary

• Formanttrajectoriesarescaledand
interpolatedtofittherule-generated
durations
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Cost function

• Designedtopromoteprobableformant
candidates

• Penilizes:
– Largebandwidths

– Largefrequencydeviations(giventhecurrent
phoneme)

– Largefrequencyjumps(promotessmooth
trajectories)

M ultim odal speech synthesis– NGSLT 2004 [56]

Voiceless consonants

• Replacethevoicelessfricativesandplosives
withrecordedversions

• VoicelessfricativesinStandardSwedish:
/f/,/s/,/sj/,/tj/,and/rs/

• Voicelessplosives:/k/,/p/,/t/,/rt/

(/h/isexcluded)

M ultim odal speech synthesis– NGSLT 2004 [57]

Text-to-speech synthesis

Data-base

Extracted
parameters

Unit library

Text-to-parameter

Unit selection

Concatenation

Synthesizer

Output sound

Input text

Concatenation

Rule-generated
parameters

+

M ultim odal speech synthesis– NGSLT 2004 [58]

Listening test evaluation 1

• 15subjects,20sentences,continuousscale

• Data-drivensynthesiswithnon-corrected
formantdatawasjudgedmorenatural
soundingthanrule-drivensynthesis

M ultim odal speech synthesis– NGSLT 2004 [59]

Listening test evaluation 2

• 12subjects,10sentences,binaryscale

• Data-drivensynthesiswithmanuallycor-
rectedformantdatawaspreferredin73%
ofthecasesoverrule-drivensynthesis

M ultim odal speech synthesis– NGSLT 2004 [60]

Sound samples
• Strindberg,rule-driven:

• Strindberg,data-driven:

• Strindberg,M BROLA:

• ”Pytteliten”,rule-driven:

• ”Pytteliten”,data-driven:
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Child-directed speech 
synthesis 

• Increaseprosodicvariationinsynthesis

• How dochildrenbetweentheagesof9and

11reactto:

– default,F0,duration?

– diphonesynthesisvsformantsynthesis?

M ultim odal speech synthesis– NGSLT 2004 [62]

M ean ratings

1

2

3

4

5

Natural Fun Natural Fun

R
a
ti
n
g

Diphone

Formant

Children Adults
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Articulatory synthesis

/usu/

M ultim odal speech synthesis– NGSLT 2004 [64]

Artikulatoriska parametrar

• Käköppning

• Läpprundning

• Protrusion

• Tungplacering

• Tunghöjd

• Tungspets

• Velum

• Hyoid

M ultim odal speech synthesis– NGSLT 2004 [65]

Potentiell användning

• Artikulatorisksyntes
– beräkningardirektfrån
tvärsnittsareorna

– flödesmekaniskaberäkningar

• VisuellSyntes
– artikulationsträning

– demonstrationer

M ultim odal speech synthesis– NGSLT 2004 [66]

Why a 3D model?

•Imposingathird
dimension:
area=a•(width)b

•A 3D model:

–Directcalculation

–lateralsetc.

•2D articulatorymodels,eg
_M ermelstein

–M aeda
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From areas to formants
A transferfunctionisdeterminedfrom
thecross-sectionalareas

M ultim odal speech synthesis– NGSLT 2004 [68]

M ultim odal speech synthesis– NGSLT 2004 [69]

Ranges of parameter 
activations

Tongue bodyJaw height Tongue dorsum

M ultim odal speech synthesis– NGSLT 2004 [70]

Multimodal talsyntes

M ultim odal speech synthesis– NGSLT 2004 [71]

Talking heads -
Applications

• Improvedspeechsynthesis

• Human-ComputerInterfacein
spokendialoguesystem s

• Aidforhearingimpaired

• Educationalsoftware

• Stimuliforperceptual
experiments

• Entertainment:gam es,virtual
reality,moviesetc.

M ultim odal speech synthesis– NGSLT 2004 [72]

A new paradigm for human-
computer interaction 

• Shiftfrom desktop-metaphor
toperson-metaphor

• Spokendialogueaswellas
non-verbalcommunication

• Takeadvantageoftheuser’s
socialskills

• Striveforbelievability,
butnotnecessarilyrealism

Listening & Thinking
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Tasks of an Animated Agent
• Provideintelligiblesyntheticspeech

• Indicateemphasisandfocusinutterances

• Supportturn-taking

• Givespatialreferences(gaze,pointingetc)

• Providenon-verbalback-channeling

• Indicatethesystem’sinternalstate

M ultim odal speech synthesis– NGSLT 2004 [74]

Animated Character
- architecture

M ulti-modal
Text-to-Speech
Synthesiser

M otionscripts
Speech

playback&
animation

Speechwaveform

Facialparameters

Face& body
parameters

Command
dispatcher

Requests

M ultim odal speech synthesis– NGSLT 2004 [75]

Parameters used for articulatory 
control of the face.

• Jaw rotation

• Liprounding

• Lipprotrusion

• M outhwidth

• Bilabialclosure

• Labiodentalclosure

• Upperlipraise

• Lowerlipdepression

• Apex

• Tonguelength

• + moreforprosody,
attitude,emotions,
turn-taking,back-
channeling,pointing
… .. M ultim odal speech synthesis– NGSLT 2004 [76]

The WaveSurfer Tool

• InterfaceisbasedaroundW aveSurfer,a
generalpurposetoolforspeechandaudio
viewing,editingandlabelling

• TTS andTalkingHeadfunctionalityisadded
asplug-ins

• W aveSurfer(presentlywithoutTTS&TH)
worksonallcommonplatformsandisfreely
availableasopensource

http://www.speech.kth.se/wavesurfer

M ultim odal speech synthesis– NGSLT 2004 [77]

WaveSurfer Tool 
Demo

M ultim odal speech synthesis– NGSLT 2004 [78]

How to obtain data?

Qualisys recordings in Linköping
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Combining model and data

Re-synthesis
using speech
movement
recorded
with Qualisys

M ultim odal speech synthesis– NGSLT 2004 [80]

1.technologiesforspeech-to-speech
translation

2.detection and expressions
ofem otionalstates

3.corespeech technologiesforchildren

EU project:startOctober2002,duration2YR
ITC-IRST (Trento)co-ordinates+ 3*Germany
+ Italy+ UK + Sweden

http://pfstar.itc.it/

M ultim odal speech synthesis– NGSLT 2004 [81]

Vision from audio

Fónagy,1967“HörbareM imik”,Phonetica

original
mimic
from audio

>

>

M ultim odal speech synthesis– NGSLT 2004 [82]

M ultim odal speech synthesis– NGSLT 2004 [83]

Measurement points
for lip coarticulation

analysis

Lateral
distance

Vertical
distance

M ultim odal speech synthesis– NGSLT 2004 [84]

The expressive mouth

• Allvowels
(sentences)

– Encouraging

– Happy

– Angry

– Sad

– Neutral

”left mouth corner”

”m
ou

th
op

en
in

g”



NGSLT – M ultimodalspeech
synthesis

BjörnGranström

15

M ultim odal speech synthesis– NGSLT 2004 [85]

Interactions: emotion and 
articulation

(from AV speech database –
EU/PF_STAR project)

M ultim odal speech synthesis– NGSLT 2004 [86]

Combining motion capture techniques 
Example of resynthesis

EMA & Qualisys

M ultim odal speech synthesis– NGSLT 2004 [87]

Collection of audio-visual 
databases: interactive spontaneous 

dialogues
Elicitingtechnique:information

seekingscenario

Focusonthespeakerwhohasthe

roleofinformationgiver

Thespeakerseatsfacing4infrared

cam eras,adigitalvideo-cam era,a

microphoneTheotherpersonis

onlyvideorecorded.
M ultim odal speech synthesis– NGSLT 2004 [88]

Recording and model

M ultim odal speech synthesis– NGSLT 2004 [89]

Conversation with agent

M ultim odal speech synthesis– NGSLT 2004 [90]

Eyebrow vs intonation

“JagheterAxel,inteAxell” (translation:“M ynameisAxel,
notAxell”).InSwedenAxelisafirstnameasopposedto
Axell,whichisafamilyname.

1Noeyebrow m otion

2Eyebrow m otion
controlledbythe
fundam entalfrequency
ofthevoice

3Eyebrow m otionat
focalaccents+

4Eyebrow m otionat
thefirstfocalaccent+
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Experiment
• Speechmaterial

– Närpappafiskarstör,piperPutte
W hendadisfishingsturgeon,Putteiswhimpering

– Närpappafiskar,störPiperPutte
W hendadisfishing,PiperdisturbsPutte

• 6versions
– 1static,5eyebrow raisingonsuccessive
contentwords

• 20stimuli(6x3)plusfirstandlast

• Subjects:21studentsatKTH
– 14nativeSwedish,7non-Swedish

M ultim odal speech synthesis– NGSLT 2004 [92]

Eyebrow movement

• Handeditedwithasynthesisparameter
editor

• 500ms
– 100msdynamicrise

– 200msstaticraised

– 200msdynamiclowering

M ultim odal speech synthesis– NGSLT 2004 [93] M ultim odal speech synthesis– NGSLT 2004 [94]

TWO EXAMPLES

Noeyebrow
movement(neutral)

Eyebrow movement

M ultim odal speech synthesis– NGSLT 2004 [95]

Prominence increase due to 
eyebrow movement
Influence on judged prom inence byeyebrow

m ovem ent
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Conclusions
• Eyebrow movem entcanbean
independentcuetoprominence

• Non-nativeSwedishlisteners
relymoreonthevisualcues

• Interaction
– visualandacousticcues

– visualcuesandprominenceexpectation

• Furtherworkoninteraction
– prominence,moodandattitude(demo)
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Examples on the use of 
eyebrow and head motion

(from the August dialogue system)

Translation:“Symmetricalworksofarteasilybecome
dulljustlikesymmetricalbeauties;impeccableor
flawlesspeopleareoftenunbearable.” (Strindberg1907)

M ultim odal speech synthesis– NGSLT 2004 [98]

Different characters

M ultim odal speech synthesis– NGSLT 2004 [99]

Talande ansikten på Tekniska M useet-
Utställningen FrittFram

M ultim odal speech synthesis– NGSLT 2004 [100]

Talteknologitillämpningar -
exempel

• Talarverifiering
– säkerhet

• Översättning elleröversättningshjälp
– språkidentifiering,äm nesbestäm ning,term inologi

• Studiehjälp
– tålm odig lärare

– språkinlärning,uttalsundervisning

• Interaktiva inform ationssystem /dialogsystem
– även textgenering

• Indexering och sökning
– radio och TV program

M ultim odal speech synthesis– NGSLT 2004 [101]

Talteknologitillämpningar -
exempel

• Handikapphjälpm edel
– synskadade,talskadade,om givningskontroll

• Telefontjänster
– kundhjälp

– intelligenta “telefonsvarare”,vem skickar“e-
m ail”

– inform ationssökning,telefonhandling

• “Fria händer”
– diktering

– m obiltelefon,trafikinform ation

– sortering,kvalitetskontroll
M ultim odal speech synthesis– NGSLT 2004 [102]

Dialog systems at KTH
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Talteknologi för synskadade

• “Designforall”ellerspeciellabehov

• Förstatalsyntestillämpningen

• Naturlighetvs.uppfattbarhet

• Skärmläsarevs.GUI

• Talböcker/taltidningar

• Speechbrowsing,ASR,dialogsystem

• Snabbsyntes-500wpm

M ultim odal speech synthesis– NGSLT 2004 [104]

Talsyntes för talskadade
Cameleon CV - talprotesen från Vaessprojektet

M ultim odal speech synthesis– NGSLT 2004 [105]

Usercontrolled“voicefitting”

•Directaccesstoselectedvoices
•Individualsettingseasytouse

•Phoneticrulesuseslidebuttonsasinputs
•Synthesizerimplementedwithgreatflexibility

•Examplesof possibleadjustments

–Vocaltractsize
–Voicesourcecharacteristics

–Pitchdynamics

–Degreeofclearorreducedspeech

M ultim odal speech synthesis– NGSLT 2004 [106]

System architecture

Pronunciation
rules

Lexicon

Sentence
leveland
articulation

rules

Speech
production
m odel

Text Speech

Voicecontrol

M ultim odal speech synthesis– NGSLT 2004 [107]

Talsyntes för hörselskadade
The Teleface application

M ultim odal speech synthesis– NGSLT 2004 [108]

“The TELEFACE project”
(simulated)

M ulti-modal

Speech

communication

for

thehearing

impaired

Continues in EU project SYNFACE, 
aiming at a real-time demonstrator
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Evaluation of synthesis- VCV test

percent Consonanterrors

KTH text-to-speech system

Goldstein & Till(1992)
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M ultim odal speech synthesis– NGSLT 2004 [110]

Formal intelligibility test

• M aterial:VCV (symmetricvowelcontext)
– 2vowels:/ʊ,a/
– 17consonants:
/p,b,m,f,v,t,d,n,s,l,r,k,g,ŋ,ɧ,ç,j/

• Task: consonantidentification
• Syntheticfacewithhumanspeech
• hardofhearingsubjects(orKTH students)
• Additivewhitenoise,–3dB SNR (ifnormalhearing)

M ultim odal speech synthesis– NGSLT 2004 [111]

Results forVCV-w ords
(hearing im paired subjects)

%
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50
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Audio alone Synthetic face
+ rule-synthesis

Naturalface

Naturalvoice

M ultim odal speech synthesis– NGSLT 2004 [112]

Better than humans?

aCa

Synthetic face Naturalface

bil labd den pal vel
bilabial 100

labiodental 96,3 3,7

dental 3,0 78,0 5,5 13,4

palatal 9,9 70,4 19,8

velar 4,9 16,0 79,0

bil labd den pal vel
96,3 2,5 1,3

92,6 5,6 1,9
85,8 7,4 6,8

1,2 17,3 71,6 9,9
2,5 25,0 72,5

M ultim odal speech synthesis– NGSLT 2004 [113]

Possible improvements to 
”lip readability”

• Greatvariationinhumanspeakersdueto
forexample
– Speakingrate

– Extentofarticulatorymovements(thehypo–
hyperdimension)

– Anatomy,facialhair… .

– Light,distance,viewingangle…

M ultim odal speech synthesis– NGSLT 2004 [114]

25%

175%150%125%

100%75%50%

200%

Hypo to hyper articulation
Pilot study stimuli
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M ultim odal speech synthesis– NGSLT 2004 [115]

The Synface telephone

M ultim odal speech synthesis– NGSLT 2004 [116]

Real user tests

M ultim odal speech synthesis– NGSLT 2004 [117]

Texttype – man or machine?

M ultim odal speech synthesis– NGSLT 2004 [118]

Language learning

• Oralproficiencytraining

• Possibledisplayofinternalarticulations

• Exploitinghyper/hypodimension

• Trainingindialoguecontext

• Alwaysavailableconversationalpartner

• Untiringmodelofpronunciation
– everythingfrom phonemestoprosody

M ultim odal speech synthesis– NGSLT 2004 [119]

Speak&Spell - TexasInstrument
Christmas 1978

M ultim odal speech synthesis– NGSLT 2004 [120]

Speech training using 
intonation models

teacher speech
synthesis

model pronunciation

speech modifications

FO                      DTW             PSOLA

speech 
database

Student pronunciation

Modified student presentation

AUDITORY AND VISUAL DISPLAYS

Model pronunciation

student
pronunciation
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M ultim odal speech synthesis– NGSLT 2004 [121]

Demo of prototype
Pohlman-weathermanfrom thesouth

“Sendrarheladethärmoln-och regnområdeti
allafallvidareösterut”(~then,thiswholecloud
andrainsystem moveseastward)

1Originalrecording

“Teacher”(soundonly)-original-modified

2Stockholm

3SouthSwedish

4Synthesis

M ultim odal speech synthesis– NGSLT 2004 [122]

1 Originalrecording

2Stockholm “Teacher”(soundonly)-original-modified

3SouthSwedish

4Synthesis

M ultim odal speech synthesis– NGSLT 2004 [123]

Articulatory training

• Stylized
• Program Fonem –Johan Liljencrants

M ultim odal speech synthesis– NGSLT 2004 [124]

Reiko Yamada ATR, 1999

M ultim odal speech synthesis– NGSLT 2004 [125]

new national project ARTUR
W hat?

Automaticarticulatoryfeedback
displayusingfaceandvocaltract
models.

Forwhom ?
Hearingimpairedchildren,second-
languagelearners,speechtheraphy
patients.

How?
Contrastingtheuser’sarticulation
withacorrectone.

M ultim odal speech synthesis– NGSLT 2004 [126]

CTT Virtual Language Tutor

• Practicedialogues

• Correctyourpronunciation

• Keeptrackofyourimprovements

• Tailorlessonsbasedonyour
interaction



NGSLT – M ultimodalspeech
synthesis

BjörnGranström

22

M ultim odal speech synthesis– NGSLT 2004 [127]

• SwedishchildrenlearningEnglish

• AdultimmigrantslearningSwedish

• AdultSwedeswantingtoimproveaspects
ofEnglish(e.g.corporateEnglish,
technicalEnglish)

• NativeSwedeswithlanguagedisabilities
wantingtoimprovetheirSwedish

DifferentTypesofUsers:

CTT Virtual Language Tutor

M ultim odal speech synthesis– NGSLT 2004 [128]

CTT Virtual Language Tutor
Separate:

• Generaltoolsfrom userspecific
tools

• Linguisticallyuniversaltoolsfrom
languagespecific

M ultim odal speech synthesis– NGSLT 2004 [129]

Speech Recognition

Dialog M anager

TextTo Speech Talking Head

StudentProfile Database

Exercise M anager

Pronunciation Analyzer

CTT Virtual Language Tutor components

M ultim odal speech synthesis– NGSLT 2004 [130]

CTT Virtual Language Tutor

demonstration

M ultim odal speech synthesis– NGSLT 2004 [131]

Scripted utterances

neutral question

M ultim odal speech synthesis– NGSLT 2004 [132]

Different representations
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Automatic tutor simulation

no gestures some gestures

M ultim odal speech synthesis– NGSLT 2004 [134]

Syntes: slutkommentar
• Artikulatorisk syntes: svårt med data, 

optimal kontroll med gränsvillkor givna!?
• Formantsyntes: produktionsrelaterad, 

flexibel, svårt uppnå naturlighet
• Konkateneringssyntes -PSOLA/MBROLA:

ej flexibel, hög naturlighet
• Dagens trend: “Unit selection” - stora

databaser, minimal signalbehandling
• Ökad satsning på högre språkliga nivåer
• “Concept-to-speech” (t ex i dialogsystem)

M ultim odal speech synthesis– NGSLT 2004 [135]

Bullet course at KTH 
Nick Campbell, ATR 20-22 sept 9:30-11:30

1Language,Speech,and M eaning

Inthistalk,Ishallattempttodescribesomeoftherolesplayedby
prosodyinspeechcommunication,andwillrelatethem tothe
requirementsofcomputerspeechprocessing.Thetalkcoversphonetic,
linguisticandparalinguisticaspectsofspeech.

2W orkingwithaCorpusofExpressiveSpeech

ThistalkdescribestheJST/CREST ExpressiveSpeechProcessingproject,
introducesaverylargecorpusofconversationalspeechanddescribes
someofthemainfindingsofourrelatedresearch.Thetalkexploresthe
rolesofnon-verbalandparalinguisticinformationinspeechcommunication.

3SynthesisingConversationalSpeech

Thistalkaddressestheissuesofsynthesisingnon-verbalspeechand
describesaprototypeinterfaceforthesynthesisofconversational
speech.ThesynthesisedsamplesareinJapanese,butIbelievethatthey
aresufficientlyinterestingthatanyinherentlanguagedifficulties
mightbeovercomebyhigher-levelspeech-relatedinterests.

M ultim odal speech synthesis– NGSLT 2004 [136]

Summer school in Estonia, 
August 10-15, 2005

• Organized by the Nordic network VISPP
• VISPP – Variation in speech production 

and perception
• Focus on how to handle normal and 

unwanted variation – ASR, pathologies, 
second language …..

• Palmse conference centre
• http://www.hf.uio.no/ilf/forskning/norfa/

M ultim odal speech synthesis– NGSLT 2004 [137]

Homework

• Experiment with concatenative speech 
synthesis 

• Domain – three digit pronunciation
• Experiment with different unit sizes
• …different speaking styles – emphatic, 

emotive, questioning etc.
• To be presented in Stockholm, Jan 2005
• Use WaveSurfer and/or own solutions

M ultim odal speech synthesis– NGSLT 2004 [138]

http://mitpress.mit.edu/e-books/Hal/

Chapter6
"TheTalkingComputer":TexttoSpeechSynthesis
JosephP.Olive
Chapter7
W henW illHAL UnderstandW hatW eAreSaying?
ComputerSpeechRecognitionandUnderstanding
RaymondKurzweil



NGSLT – M ultimodalspeech
synthesis

BjörnGranström

24

M ultim odal speech synthesis– NGSLT 2004 [139]

Beyond 2001
Ready for the Odyssey?


