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ABSTRACT

In this paper we demonstratea morphing basedautomatedau-
dio drivenfacial animationsystem.Basedon anincomingaudio
streamafaceimageis animatedwith full lip synchronizatiorand
expression. An animationsequencaising optical flow between
visemesis constructedgiven anincomingaudio streamand still
picturesof afacespeakindlifferentvisemesRulesareformulated
basedn coarticulatiorandthe durationof avisemeto controlthe
continuityin termsof shapeandextentof lip opening.In addition
to this new viseme-&pressiorcombinationsaresynthesizedo be
ableto generateanimationswith new facial expressions.Finally
variousapplicationsof this systemarediscussedn the context of
creatingaudio-visuakeality.

1. INTRODUCTION

Humanscommunicateverbally using words and sentences Hu-
mansalsocommunicatenon-\erbally using expressionsgestures
and prosody The designand implementationof computersys-
temsthat cover the whole rangeof human-humatik e interaction
by usingfacesandvoicesis one of the challengingobjectives of
HumanComputeidnteractionresearchlin thiswork we look atthe
corversionof speechnto visualinformationto createaudio-visual
reality. Givenanincomingaudiostreamandpicturesof afacerep-
resentinglifferentvisemeswhicharedifferent,distinguishabldip
shaped7, pp. 394-395],an animationsequencas constructed.
We have taken 12 faceimagescorrespondingo the 12 visemes.
Thesevisemeimagesare alignedand optical flows for transition
in-betweenthesevisemesare computed(12x11total) andstored.
At run time, for an incoming audio stream,using a phonemeto
visememapping,the correspondingideo frameis identifiedand
transitionframesbetweervisemesaregeneratedisingthe optical
flows.

Morphingbasedanimationhasbeenconsideredn thepast5].
In this paperwe seekto extendthis to includeanimationwith ex-
pression. For a richer scopeof animationit is necessaryo be
ableto animatethe facewith appropriateexpressions.In [3] it is
assumedhat thereexists a video databasef the headto be syn-
thesized wherein, the subjectis presentin the expressionto be
synthesizedht leastonce. In our system given visemeswith two
or more different facial expressionsa methodis presentedhat
cangeneratehe remainingvisemeswith thesefacial expressions.
The Sevenbasicexpressiongonsideredreneutral,surprise fear,
disgust,anger happinessand sadness.In section2 we present
the audio-drvenfacial animationsystemmodel. In Section3 the
methodof generatinghe animationis discussedIn Section4 we
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discusssomeapplicationsandpresentan evaluationof the system
in the contet of creatingaudio-visuakeality. Finally conclusions
arepresentedh Section5.

2. SYSTEM MODEL

The audio-drven facial animationsystemconsistsof the extrac-
tion module the synthesisnoduleandthe backgroundgrocessing
module.
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Figurel shavstheextractionmodule.For anincomingstream
of synchronizedaudio+videowe first recognizethe phonemeand
thenmapthis phonemeto its correspondingrisemeand take the
correspondingideo frameto representhis viseme. The expres-
sion recognitionunit can be either audio based[2][9] or video
based[4]. A shortsentencdike "The sharpquick browvn fox
jumpedoverthelazy dog’ capturesll the12visemes.
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Figure2: BackgroundProcessindg/odule

In the backgroundprocessingnodule,shawvn in Figure2, the
extractedimagesare correctedfor small posedifferences. Then
it may be possiblethat all visemesin all expressionsmay not
have beenextracted. This module generateshe completeset of
viseme-+g&pressioncombinationge,, vy, ), wheren = 1,...,7,
and,m = 1,2,...,12. Finally optical flows betweendiffer-
entvisemeswithin anexpressiorandbetweerthe expressionsare
computedandstored.
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Phoneme| VisemeNo | Phoneme VisemeNo
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r Visemed sh,ch Visemel0
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p,bym Visemeb silence Visemel2

Table 1. Phonemeo VisemeMappingRule

Figure3 shaws the synthesisnodule. From anincomingau-
dio streamtiming information, phonemetransitionsand expres-
sionsareextracted. The phonemesrethenmappedo the corre-
spondingvisemes.This mappingis shavn in Tablel1. Thetiming
information and phonemetransition can also be extractedfor a
novel languagewvhosespeectrecognitionengineis not available
[6]. Theexpressiorrecognitionunit basedn audiogivesthe cor
rect expression. However in our casethe expressionmapshave
beenexplicitly provided. Togetherthe viseme+apressioncombi-
nationdeterminegheframeto be usedfrom thedatabasethetim-
ing informationtells how long this viseme+a&pressionlastsand
the phonemdransitionsin turn give the visemetransitions.These
visemetransitionsare broughtaboutusing precomputedptical
flows.

3. AUDIO-VISUAL ANIMATION

In this sectionwe shav haw theanimationsystenproposedn this
paperachievesa realisticinteractionusingfacesandvoices. The
voiceof thespeakris left unaltered.

3.1. Normalization of images

The systemwaits for thefirst occurrencef a viseme+expression
combinationand extractsall possiblecombinationsrom the au-
dio+videofootage. The imagesso obtainedmay not be aligned.
If thesemagesareusedfor animationthentheresultingsequence
will have disturbingandunintendecheadmotions. We therefore
needto align theimages. We usea methodsimilar to [1] to nor
malizetheimages.Therearetwo component®f motionbetween
theimages3-D rigid bodymotionandnonrigid motion. Therigid
components dueto the headrotation,translationetc. andthenon
rigid componentis due to changesn expressionand lip shape.
The facecan be approximatedas a single planeviewed undera
perspectie projection[8]. As aresultit is possibleto describethe
opticalflows by thefollowing eight-parametemodel:

ao +a1r + axy + poav2 + pizy 1)
a3 + a4 + asy + pory + p1y2 3

u(z,y) =
v(z,y) =

Sincenon rigid motionsof facial featuresare not capturedwell
by this modelwe canusethis modelto extractthe 3D rigid body
componenbf motionandto align theimages.To estimatethe pa-
rametersve usethe approactsuggestedby TsaiandHuang[10]
with modifications. TsaiandHuangs methodis basedn perspec-
tive displacementield modelwhich is differentfrom the kind of
modelwe areusing. Thismethods basicallyaleastsquardit over
theimagegradientsandwe useSingularValue Decompositiorto
calculatethe above parameters.

GivenfacialimagesI; andI,, we first estimatethe 3D rigid
bodymotioncomponenfrom I to I;. Next, wewarpimagel, us-
ing thismodelto alignwith I; andhaving visemeshape/gpression
of I,. Someimagesmay have slight facialdeformationdueto the
assumedlanarmodelfor the faceunderperspectie projection.
Given a setof imageswe canalign themwith respecto a single
imageandrepeatthewhole processteratively.

3.2. Lip Synchronization with Audio

Thetiming informationis extractedfrom theincomingaudio
streamusingthe speectrecognitionunit. Thelip movementsyn-
chronizationand the extent of morph is governedby this tim-
ing information. Giventwo normalizedvisemeimagesintermedi-
ateframesaregeneratedisingoptical flow basedmorphingtech-
niguessimilar to [5]. Supposehe visemetransitionbetweenv,
andw, occursin timeT'. To generatea frameattime0 <t < T
we useimagewarpingusingtheopticalflows. We calculateheop-
tical flows from vy to v2 (sayOF1) andfrom vs to vi (sayOF3).
The visemew; is warpedalong OF; andvisemewv, along OFs;.
The two obtainedmagesare crossdissohed in a weightedsense
to obtainafinal imagewhichis the generatedrame.

Werestricttheextentof themorphdependingipontheviseme
and the durationof visemetransition. Figure 4 shaws the rules
usedby our system.Considera visemetransitionbetweernv, and
vp in durationTe. Now, if Te < Th, whereTh is a threshold
thatis heuristicallyset,we generatehe morphuntil t = T'c/Th.
But thereis a catch,considera transitionfrom visemeu, to v, in
durationT'n. If Tn > Th thenvisemeuv, needgo beemphasized
andhencethe morphto v, shouldbe complete. In this casewe
extendthe durationof transitionv, — v, andreducethe duration
of transitionv, — ve by @, whereQ = Min(Th—Tc,Tn—Th).
If the transitionv, — v, waslong enoughthenvisemewv; would
be morphedfrom v,. Further visemesthatrepresenp, b, m and
v, f haveto bemorphedcompletelybecaus¢hesevisemesnvolve
lip closureor nearclosure. Soif transitionoccursto ary of these
visemesthenthe morphis completedrrespectve of theduration.

Supposey, wasnot completelymorphedthento generateghe
morphto visemev, we cannotusetheopticalflows betweenv, and
v computedusingtheimagesin our databaseWe needto know
the optical flow betweenthe generatedandincomplete)viseme
vp andv,. Sincethe optical flow computationsaretoo costlyand
almostimpossiblein realtime, we usethetransitvity betweerthe
optical flows v, — v, andwv, — v, to calculatean approximate
optical flow, which is usedto generatethe morph. Our system
usesathresholdlI’h = 100ms at30fps.

3.3. Facial Expression Synthesis

In the backgroundprocessingnodulewe completethe setof
vimseme+gpressiorcombinationsThecentralproblemwe solve
is that given visemesv: and v2 with facial expressione; and
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Figure4: Audio Synchronization

visemew; with facial expressiones, how to generatevisemewv,

with facial expressiore; i.e. given (e1, v1), (e1, v2) and(ez, v1)

we want to generate(e2, v2). We exploit the similarity that is

foundin transitionsbetweervisemesfor every facial expression.
Here an importanttaskis to appropriatelyinsertthe new facial
featuresof visemew, (not presentin v;) andto deletethe facial
featuresnot presentn visemew, (but presenin v;). We emplo/

opticalflow techniqueso accomplishall thesetasks.

We accomplishthis asfollows (seeFigure5). Find the cor-
respondencef pixelsin (e1,v1) goingto (e1,v2), call it flow:
andfrom (e1,v1) to (e2,v1), call it flows. Now putthe veloc-
ity of every pixel in (e1,v1) givenby flow: on the correspond-
ing pixel of (ez2, v1) (foundaccordingto flow,). Call the optical
flow of (e2, v1) thusobtainedas flowne. . Generatées, v2) from
(e2,v1) using flownew -
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Figure5: New Viseme-ExpressioRair Generation

To introducethe new featuresthat appearin visemewv, (see
Figure6), detectthe facial featuresthat appearin (e1, v2) which
were not therein (e1,v1) using flow1. The pixelsin (e1,v2)
which do notcorrespondo ary pixel in (e1, v1) standfor the new
features. Find the correspondencef pixelsin (e1,v2) goingto
(e1,v1), callthis flows. Carrythepixels(new featuresfoundus-

ing flows to (e2, v2) in thesameway asthenearbycorresponding
pixelsin (e1,v1) goto (e2, v1) accordingo flow». Thesenearby
correspondingixelsin (e1, v1) aredeterminedy the correspon-
denceof pixelsgivenby flows onthenearbypixelsin (e1, v2).
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Figure6: IntroducingNew Features

To suppresshefacialfeaturesdisappearingn visemev, (see
Figure7), detectthefeatureshatarepresenin (e1, v1) butwhich
disappeain (e1,v2) using flows. The pixelsin (e1,v1) which
do notcorrespondo ary pixel in (e1,v2) standfor thedisappear
ing features.Find wherethesepixelsgoin (e2, v1) using flows.
While constructingthe new imagefrom (e2,v1) suppresghese
pixels. This way thesefeatureswon’t appearin the new image.
Figure 8 and Figure 9 are examplesof newv viseme+&pression
combinationgyeneratedrom the existing ones.
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4. SYSTEM EVALUATION

Variousapplicationscenariosnotivate audiodriven facialanima-
tion. Theseincludebandwidthreductionfor video teleconferenc-
ing, movie dubbing,userinterfaceagentsandavatars,and multi-
mediatelephonegor hardof hearingpeople.Simpleexperiments
have shawvn the value of the visualchannelin speeclcomprehen-
sion [7], for examplethe McGurk effect. In mary scenariost is
possiblethat the listeneris in a crovded and noisy ervironment.
Vision addsredundang to the signal and provides evidence of
thosecuesthat would be irreversibly masled by noise or hear
ing impairmentq7]. The systemwastestedover onepersonwith
hearingimpairmentover differentsentencesThe audiowasleft
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cleanin all caseslt wasfoundthattheadditionof videoimproved
speechunderstandindy atleast50%.

This systemis valuablewherevideo hasto be generatedEx-
amplesof suchscenariosnclude:

Visuale-mail: At thereceving endthe emailis "read out” by
the sender The recever mailbox activatesthe correctperson,to
readout themail, by matchingtheaddress.

Newscast:In mary casesnvolving afield reporter the audio
is availablebut dueto variousreasonsthe correspondingideois
not available. Usually a photographof the personis shavn on the
TV screeralongwith theaudio. Usingthe systempresentedhere,
avideo of the personspeakingcanbe generatedndshavn along
with the audio. Vision directsthe listeners attentionand sustains
interest.

EntertainmentMaking peoplesaythingsthey normallywould
not. For examplepopularactorsare madeto say differentthings
and”interact” with people.

Mary otherusesof this systemcanbe thoughtof. A talking
facehastheadwantageof directingthelisteners attentionandsus-
taininginterest.An audio-visualreality is createdf the animated
faceis ableto hold humanattentionand successfullyengagethe
personin useful conversationor task. To obtainfeedbackon the

quality of the animation,clips were madeand shovn to a num-

ber of people.Thefeedbaclkwasvery positive andin mary cases,
unlessspecificallymentionedthe animatedclip passedff asan

original. However, whenmary synthesize@xpressiorvisemesare

usedin theanimation noticeableartifactsattheteethandlips start
appearing.

5. CONCLUSIONS

An automatedsystemfor creatingan additionalchannelfor com-
municationis presentedFromaudioandafew imagesof aperson,
afacialanimationwith lip syncandappropriatexpressionss gen-
erated. The animationlooks realisticandindividual variability is
presered. It is alsopossibleto generataew lip shapesn expres-
sionspreviously notseerby the system.For thefutureit would be
worthwhile to considerincluding otherfeaturedlike correctgaze
following, controlledposevariation,eyebrav movementandeye
blinking in theanimationsystem.
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