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ABSTRACT

In this paper, we demonstratea morphingbasedautomatedau-
dio driven facial animationsystem.Basedon an incomingaudio
stream,a faceimageis animatedwith full lip synchronizationand
expression. An animationsequenceusing optical flow between
visemesis constructed,given an incomingaudiostreamandstill
picturesof afacespeakingdifferentvisemes.Rulesareformulated
basedoncoarticulationandthedurationof avisemeto controlthe
continuityin termsof shapeandextentof lip opening.In addition
to this new viseme-expressioncombinationsaresynthesizedto be
ableto generateanimationswith new facial expressions.Finally
variousapplicationsof this systemarediscussedin thecontext of
creatingaudio-visualreality.

1. INTRODUCTION

Humanscommunicateverbally usingwordsandsentences.Hu-
mansalsocommunicatenon-verbally usingexpressions,gestures
and prosody. The designand implementationof computersys-
temsthatcover thewholerangeof human-humanlike interaction
by usingfacesandvoicesis oneof the challengingobjectivesof
HumanComputerInteractionresearch.In thiswork welook at the
conversionof speechinto visualinformationto createaudio-visual
reality. Givenanincomingaudiostreamandpicturesof afacerep-
resentingdifferentvisemes,whicharedifferent,distinguishablelip
shapes[7, pp. 394-395],an animationsequenceis constructed.
We have taken 12 faceimagescorrespondingto the 12 visemes.
Thesevisemeimagesarealignedandoptical flows for transition
in-betweenthesevisemesarecomputed(12x11total) andstored.
At run time, for an incomingaudiostream,usinga phonemeto
visememapping,thecorrespondingvideo frameis identifiedand
transitionframesbetweenvisemesaregeneratedusingtheoptical
flows.

Morphingbasedanimationhasbeenconsideredin thepast[5].
In this paperwe seekto extendthis to includeanimationwith ex-
pression. For a richer scopeof animationit is necessaryto be
ableto animatethe facewith appropriateexpressions.In [3] it is
assumedthat thereexists a videodatabaseof theheadto be syn-
thesized,wherein,the subjectis presentin the expressionto be
synthesizedat leastonce. In our system,given visemeswith two
or more different facial expressions,a methodis presentedthat
cangeneratetheremainingvisemeswith thesefacialexpressions.
TheSevenbasicexpressionsconsideredareneutral,surprise,fear,
disgust,anger, happinessand sadness.In section2 we present
theaudio-driven facial animationsystemmodel. In Section3 the
methodof generatingtheanimationis discussed.In Section4 we
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discusssomeapplicationsandpresentanevaluationof thesystem
in thecontext of creatingaudio-visualreality. Finally conclusions
arepresentedin Section5.

2. SYSTEM MODEL

The audio-driven facial animationsystemconsistsof the extrac-
tion module,thesynthesismoduleandthebackgroundprocessing
module.
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Figure1: ExtractionModule

Figure1 showstheextractionmodule.For anincomingstream
of synchronizedaudio+videowe first recognizethephonemeand
thenmapthis phonemeto its correspondingvisemeandtake the
correspondingvideo frameto representthis viseme. Theexpres-
sion recognitionunit can be either audio based[2][9] or video
based[4]. A short sentencelike ”The sharpquick brown fox
jumpedover thelazy dog.” capturesall the12visemes.
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Figure2: BackgroundProcessingModule

In thebackgroundprocessingmodule,shown in Figure2, the
extractedimagesarecorrectedfor small posedifferences.Then
it may be possiblethat all visemesin all expressionsmay not
have beenextracted. This modulegeneratesthe completesetof
viseme+expressioncombinations
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and, ����� ������������� � � . Finally optical flows betweendiffer-
entvisemeswithin anexpressionandbetweentheexpressionsare
computedandstored.
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Figure3: SynthesisModule
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Table 1. Phonemeto VisemeMappingRule

Figure3 shows thesynthesismodule.From anincomingau-
dio streamtiming information, phonemetransitionsand expres-
sionsareextracted.Thephonemesarethenmappedto thecorre-
spondingvisemes.This mappingis shown in Table1. Thetiming
information and phonemetransitioncan also be extractedfor a
novel languagewhosespeechrecognitionengineis not available
[6]. Theexpressionrecognitionunit basedon audiogivesthecor-
rect expression. However in our casethe expressionmapshave
beenexplicitly provided. Togethertheviseme+expressioncombi-
nationdeterminestheframeto beusedfrom thedatabase,thetim-
ing information tells how long this viseme+expressionlastsand
thephonemetransitionsin turn give thevisemetransitions.These
visemetransitionsare broughtaboutusing precomputedoptical
flows.

3. AUDIO-VISUAL ANIMATION

In thissectionweshow how theanimationsystemproposedin this
paperachievesa realisticinteractionusingfacesandvoices. The
voiceof thespeaker is left unaltered.

3.1. Normalization of images

Thesystemwaitsfor thefirst occurrenceof a viseme+expression
combinationandextractsall possiblecombinationsfrom the au-
dio+videofootage. The imagesso obtainedmay not be aligned.
If theseimagesareusedfor animationthentheresultingsequence
will have disturbingandunintendedheadmotions. We therefore
needto align the images.We usea methodsimilar to [1] to nor-
malizetheimages.Therearetwo componentsof motionbetween
theimages,3-D rigid bodymotionandnonrigid motion.Therigid
componentis dueto theheadrotation,translationetc.andthenon
rigid componentis due to changesin expressionand lip shape.
The facecan be approximatedasa singleplaneviewed undera
perspective projection[8]. As a resultit is possibleto describethe
opticalflows by thefollowing eight-parametermodel:
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Sincenon rigid motionsof facial featuresare not capturedwell
by this modelwe canusethis modelto extract the3D rigid body
componentof motionandto align theimages.To estimatethepa-
rameterswe usethe approachsuggestedby Tsai andHuang[10]
with modifications.TsaiandHuang’smethodis basedonperspec-
tive displacementfield modelwhich is differentfrom the kind of
modelweareusing.Thismethodis basicallyaleastsquarefit over
the imagegradientsandwe useSingularValueDecompositionto
calculatetheabove parameters.

Given facial imagesY P and Y R , we first estimatethe 3D rigid
bodymotioncomponentfrom Y R to Y P . Next, wewarpimageY R us-
ing thismodeltoalignwith Y P andhaving visemeshape/expression
of Y R . Someimagesmayhave slight facialdeformationdueto the
assumedplanarmodel for the faceunderperspective projection.
Given a setof imageswe canalign themwith respectto a single
imageandrepeatthewholeprocessiteratively.

3.2. Lip Synchronization with Audio

Thetiming informationis extractedfrom theincomingaudio
streamusingthespeechrecognitionunit. The lip movementsyn-
chronizationand the extent of morph is governedby this tim-
ing information.Giventwo normalizedvisemeimagesintermedi-
ateframesaregeneratedusingopticalflow basedmorphingtech-
niquessimilar to [5]. Supposethe visemetransitionbetween

� P
and

� R occursin time Z . To generatea frameat time ?\[ + []Z
weuseimagewarpingusingtheopticalflows. Wecalculatetheop-
tical flows from

� P to
� R (say ^$_ P ) andfrom

� R to
� P (say ^$_ R ).

The viseme
� P is warpedalong ^$_ P andviseme

� R along ^$_ R .
The two obtainedimagesarecrossdissolved in a weightedsense
to obtaina final imagewhich is thegeneratedframe.

Werestricttheextentof themorphdependingupontheviseme
and the durationof visemetransition. Figure4 shows the rules
usedby our system.Considera visemetransitionbetween

�0`
and�Fa

in duration Z > . Now, if Z > [bZ  , where Z  is a threshold
that is heuristicallyset,we generatethemorphuntil

+ �cZ >�d Z  .
But thereis a catch,considera transitionfrom viseme

�Fa
to
�0e

in
durationZf
 . If Zf
hgQZ  thenviseme

�Fa
needsto beemphasized

andhencethe morph to
�
a

shouldbe complete. In this casewe
extendthedurationof transition

�0`jik�Fa
andreducetheduration

of transition
�Fa*il� e

by m , wheremn�po # 
 � Z  fi Z >0� Zf
 i Z  �� .
If the transition

�
aqir� e
waslong enoughthenviseme

�Fa
would

be morphedfrom
�0`

. Further, visemesthat representC �EDF� � and�*�-2
haveto bemorphedcompletelybecausethesevisemesinvolve

lip closureor nearclosure.So if transitionoccursto any of these
visemes,thenthemorphis completedirrespective of theduration.

Suppose
�Fa

wasnot completelymorphedthento generatethe
morphtoviseme

�0e
wecannotusetheopticalflowsbetween

� a
and�0e

computedusingthe imagesin our database.We needto know
the optical flow betweenthe generated(and incomplete)viseme� a

and
�0e

. Sincetheopticalflow computationsaretoo costlyand
almostimpossiblein realtime,we usethetransitivity betweenthe
optical flows

� ` ip�
a
and

�
a$ip� e
to calculatean approximate

optical flow, which is usedto generatethe morph. Our system
usesa thresholdZ  �s��?
?F� % at

7 ? 2 C % .

3.3. Facial Expression Synthesis

In thebackgroundprocessingmodulewe completethesetof
vimseme+expressioncombinations.Thecentralproblemwesolve
is that given visemes

� P and
� R with facial expression

� P and
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Figure4: Audio Synchronization

viseme
� P with facial expression

� R , how to generateviseme
� R

with facialexpression
� R i.e. given

��� P ��� P �-����� P ��� R � and
��� R ��� P �

we want to generate
��� R �,� R � . We exploit the similarity that is

found in transitionsbetweenvisemesfor every facial expression.
Here an important task is to appropriatelyinsert the new facial
featuresof viseme

� R (not presentin
� P ) andto deletethe facial

featuresnot presentin viseme
� R (but presentin

� P ). We employ
opticalflow techniquesto accomplishall thesetasks.

We accomplishthis as follows (seeFigure5). Find the cor-
respondenceof pixels in

��� P �!� P � going to
��� P ��� R � , call it

2 6 @ 4 P
andfrom

��� P ��� P � to
��� R �!� P � , call it

2 6 @ 4 R . Now put the veloc-
ity of every pixel in

��� P ��� P � given by
2 6 @ 4 P on the correspond-

ing pixel of
��� R �,� P � (foundaccordingto

2 6 @ 4 R ). Call theoptical
flow of

��� R ��� P � thusobtainedas
2 6 @ 4q�Ft,u . Generate

��� R ��� R � from��� R ��� P � using
2 6 @ 4 �
tEu .

Figure5: New Viseme-ExpressionPair Generation

To introducethe new featuresthat appearin viseme
� R (see

Figure6), detectthe facial featuresthat appearin
��� P ��� R � which

were not there in
��� P ��� P � using

2 6 @ 4 P . The pixels in
��� P ��� R �

whichdonotcorrespondto any pixel in
��� P �,� P � standfor thenew

features. Find the correspondenceof pixels in
��� P ��� R � going to��� P ��� P � , call this

2 6 @ 4 T . Carrythepixels(new features)foundus-

ing
2 6 @ 4 P to

��� R �!� R � in thesamewayasthenearbycorresponding
pixelsin

��� P ��� P � go to
��� R ��� P � accordingto

2 6 @ 4 R . Thesenearby
correspondingpixels in

��� P ��� P � aredeterminedby thecorrespon-
denceof pixelsgivenby

2 6 @ 4 T on thenearbypixelsin
��� P ��� R � .

Figure6: IntroducingNew Features

To suppressthefacialfeaturesdisappearingin viseme
� R (see

Figure7), detectthefeaturesthatarepresentin
��� P ��� P � but which

disappearin
��� P �!� R � using

2 6 @ 4 T . The pixels in
��� P ��� P � which

do not correspondto any pixel in
��� P ��� R � standfor thedisappear-

ing features.Find wherethesepixelsgo in
��� R ��� P � using

2 6 @ 4 R .
While constructingthe new imagefrom

��� R �,� P � suppressthese
pixels. This way thesefeatureswon’t appearin the new image.
Figure 8 and Figure 9 are examplesof new viseme+expression
combinationsgeneratedfrom theexistingones.

Figure7: SuppressingDisappearingFeatures

4. SYSTEM EVALUATION

Variousapplicationscenariosmotivateaudiodriven facialanima-
tion. Theseincludebandwidthreductionfor video teleconferenc-
ing, movie dubbing,user-interfaceagentsandavatars,andmulti-
mediatelephonesfor hardof hearingpeople.Simpleexperiments
have shown thevalueof thevisualchannelin speechcomprehen-
sion [7], for exampletheMcGurk effect. In many scenariosit is
possiblethat the listeneris in a crowdedandnoisy environment.
Vision addsredundancy to the signal and provides evidenceof
thosecuesthat would be irreversibly masked by noiseor hear-
ing impairments[7]. Thesystemwastestedover onepersonwith
hearingimpairmentover differentsentences.The audiowasleft



Figure8: ExistingImagesandtheConstructedImagewith
New FeaturesAppearing

Figure9: ExistingImagesandtheConstructedImage
with DisappearingFeatures

cleanin all cases.It wasfoundthattheadditionof videoimproved
speechunderstandingby at least50%.

This systemis valuablewherevideohasto begenerated.Ex-
amplesof suchscenariosinclude:

Visuale-mail: At thereceiving endtheemail is ”readout” by
the sender. The receiver mailbox activatesthe correctperson,to
readout themail, by matchingtheaddress.

Newscast:In many casesinvolving a field reporter, theaudio
is availablebut dueto variousreasons,thecorrespondingvideois
not available.Usuallya photographof thepersonis shown on the
TV screenalongwith theaudio.Usingthesystempresentedhere,
a videoof thepersonspeakingcanbegeneratedandshown along
with theaudio. Vision directsthelistener’s attentionandsustains
interest.

Entertainment:Makingpeoplesaythingsthey normallywould
not. For examplepopularactorsaremadeto saydifferentthings
and”interact” with people.

Many otherusesof this systemcanbe thoughtof. A talking
facehastheadvantageof directingthelistener’sattentionandsus-
taining interest.An audio-visualreality is createdif theanimated
faceis ableto hold humanattentionandsuccessfullyengagethe
personin usefulconversationor task. To obtainfeedbackon the

quality of the animation,clips weremadeandshown to a num-
berof people.Thefeedbackwasvery positive andin many cases,
unlessspecificallymentioned,the animatedclip passedoff asan
original. However, whenmany synthesizedexpressionvisemesare
usedin theanimation,noticeableartifactsat theteethandlips start
appearing.

5. CONCLUSIONS

An automatedsystemfor creatinganadditionalchannelfor com-
municationis presented.Fromaudioandafew imagesof aperson,
afacialanimationwith lip syncandappropriateexpressionsis gen-
erated.Theanimationlooks realisticandindividual variability is
preserved. It is alsopossibleto generatenew lip shapesin expres-
sionspreviouslynotseenby thesystem.For thefutureit wouldbe
worthwhile to considerincluding otherfeatureslike correctgaze
following, controlledposevariation,eyebrow movementandeye
blinking in theanimationsystem.
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