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ABSTRACT 2. BEING BIOLOGICAL

This paper describes an interactivpresentation that z
introduces theTalking Headswebsite, whichwas originally 5 ;'. : -
proposed at the AVSP'97 meeting in Rhodes, GreEakking "y ; z 1
Headsis an effort to bring together informaticinom awide ey |
range of sourcesThe site provides interactive access to 1'. TL
multimodal material in both its originalform and as __..-
summarized by us. lmddition, the authors have provided st

historical information, supporting essayand tutorials, ! P |
interviews, etc., that try to contextualizmd nake coherent b

- .
this rapidly developingarea. Both the websiteand the M
interactive presentation are described.

E=

The desire to creatalking human heads stems backlafst
1. INTRODUCTION several hundred years. This quest presently combines

The present project was proposed during the discussion at #Proaches that are computational, — cognitive,  and
AVSP'97 meeting in Rhodes, Greece. This paper describes fliglogical, and cuts across avide variety of domains and
interactive presentation that formally introduces Trdking Intérests. The Talking Heads website provides abrief
Headswebsite. As opposed to aone conventional form of —Overview of these areandattempts to convey some of the
collation such as mererint, the site providesinteractive ©€xcitement that has recently smd so muchinterest and
access to multimodal material in both its original foamd as Intérnational research collaboration.

summarized by us. In thénteractive presentationjssues
relevant to a number of domaimse presentedand discussed.
For example, in speech communicatiorsome of the
important research issues are auditory-visual (AV)
integration, the interrelation of facial motion, acoustics, a
vocal-tract behavior,and the relationsbetween AVspeech

production ancperception. In telecommunicationggsues of  himation. Additional input comes fromconsiderations of
transmlssmn_ban_dwndth (fa(_:l_al coding), realisnfcosmetic human-machine interface desigithe applications ofthis
and communicative), and utility (Do people really want work are also diverse, rangingfrom researchtools for

videophones?) are important. The ente_rtainment industry r\ﬁﬁrking with the hearing impaired to the creation of and
had a somewhat different set of constraints and gaal$,has improvements in avatars thatre beginning to populate

in many cases worked out practical solutions to gheblems cyberspace, and virtual humans tiaaé alreadybeginning to
being addressed by speech and telecommunications appear in film, TV, and video games.

researchers. Yet, this industry is poisedréap thebenefits

of and tosupport the researcéind development achieved in

these other areas:inally, based on theassessment of the ) )

different domains, wesummarize what these areas have tghe Talking Heads website can be found at:
offer one anotherand present our view of what issues,  \wy haskins.yale.edu/haskins/heads.html
pertinent to all areasjeed to be addressed tine immediate

future.

Of considerable importance to a variety of researchers is the
need to modelaspects of talkingheads based upon an
understanding of humaphysiology. This approachentails
research in articulatoryynthesis; models of speechmotor
ntrol; the simulationand modeling of differentarticulator
systems, includingthe lips, jaw, and tongue; and facial



3. SIMULACRA: The Early History of 4. VIRTUAL VOCAL TRACTS
Talking Machines

Mechanical talking devices were rapidly replaced by
“The earliest speaking machinesere perceived as the electronic speech simulators (known as speech synthesizers)
heretical works of magicianand thus as attempts talefy as technological developmentsade experimentation more
god. In the thirteenth century the philosopher Albertus affordable. Models of the human vocal tramiuld now be
Magnus is said to have created a htwat couldtalk, only to created in the form oglectrical circuits, leading to the
see it destroyed by St. Thomas Aquinas, a former student aéation of dedicated hardwarespeech synthesizers. A
his, as an abominationThe English scientist-monkRoger revolution occurred inspeechtechnology when thedigital
Bacon seems to haygoducedone as well. That fakes were computer permitted the simulation of electronic circuitry, the
appearing in Europe inthe late sixteenth and early conversion of analog signals to digital form, and theation
seventeenth centuries is shown by Miguel @ervantes' of analog signalsfrom digital information (in this case,
description of eéheadthat spoke to Don Quixote -- with thesound in the form ofspeech). The advent of desktop
help of a tube thated to the floor below. Like Magnusthis computing in the 1980s and 1990s brought affordapleech
fictitious inventor alsofearedthe judgement ofreligious synthesisand recognition withinthe reach of theaverage
authorities, though in hizase hetook it upon himslef to computer user.

destroy the heresy. By theighteenth century, science had

started to shed itsonnection to magicandthe problem of NS section p.rovides additional infoation  about the
artificial speechwas fken up by inventors of a more following topics: hardwaresynthesizers (OVE, etc.)digital

mechanical bent.” David Lindsay, “Talkingead’ Invention synthesizers, fonant and LPC-basedsoftware synthesis;
& Technology Summer 1997, 57-63. (1) inexpensive off-the-shelf, conercial synthesnzers;
synthesis-by-rule and text-to-speech synthesizers. In
This section of the website describes some tbkese addition, there is an interactive demonstration of the Haskins
mechanical talking machineendalso some earl\electrical articulatory synthesis system ASY in which speech
talking devices.Included in this survey are: the talking acoustics are synthesized by controlling vocal-tract
machine of Fredrick voiknausthat was demonstrated around articulators such as thaw, tongue, lips, and velugs).
1770 before the Austrian emperand the duke of Tuscany
(1); Kratzenstein’s resonators for theynthesis of vowel 5. ARTICULATORS
sounds (1779) (2); Von Kempelentalking machine(1791)
(2,3); the Euphonia: JosephFaber's amazing talking
machine (1830-40’s)(1); Charles Wheatsone’sefinements
of Von Kempelen'stalking machine (late 1800's) (4);
Alexanderand Melville GrahamBell's physical working
model of the human vocal tract (5); Erasmus Darwgpsech
synthesizer; R. R. iBsz's talking mechanism (1937) (2,3);
J. Q. Stewart’s electrical analog of the vocal org&h822)
(2); the Voder, whichwasintroduced at thel939 New York
World's Fair (3); the Haskins Laboratories Patté?tayback
(1950) (6); and Dunn’s electrical vocal tract (1950) (7). This section of the website provides details abstate-of-
the-art workgoing on around the world that attempts to
model the complexphysical and functional attributes of
speech articulation (9-15). This sectidmcludes interviews
with some of those who have worked in these ameelsiding
the late Christian Benoit, Lionel Revéret, Sumit Bd3ayid
Ostry and others. In addition,there are links to sites
containing nore detailed information on the modeling of
articulatory speech production.




6. MEASURING AND MODELING “The most striking demonstration of the combin@imodal)

nature of speech understanding appeared by accident. Harry
SPEECH PRODUCTION McGurk, a seior developmental psychologist at the

University of Surrey in England, and his researchassistant
John MacDonaldwere studying how infants perceivepeech
during different periods of dewagbment. For example, they
placed a videotape of a mothking in one location while

the sound of her voice played another. For somereason,
they asked their recordingechnician tocreate avideotape
with the audio syllable “ba” dubbed onto a visual “g&hen
they played the tapdylcGurk andMcDonald perceived “da.”
Confusion reigned until they realized that “da” resulted from a
quirk in humanperception, not aerror on thetechnician’s
o L part. After testing children and adults with thedubbedtape,

In human ommunication, the speech system sigecialized the psychologists reported this phenomenon in a 1976 paper
for the rapid transfer of information (16, 17%pignificant humorously titled ‘Hearing Lipsind Seeing Voices, (20) a
events in the acoustic signal caocur in anoverlapped or |andmark in the field of humamsensory integration. This

parallel fashion due to the physical coproduction of gydio-visual illusion has become known as MeGurk effect
articulatory events that influence the acoustics. A result @f pmeGurk illusion.”

this is that aspects of the signal corresponding to different

linguistic units, such as consonants and vowels, of@mnot D. W. Massaro & D.G.Stork, “Speechrecognition and
be isolated in the acoustic stream. One way to help tease ag@nsory integration."American Scientist 86, 1998, 236-
the conponents ofthe speech signal is to consider the44.

physical system that givesse to the acoustiinformation:

the acoustic encoding of phonetic information is thvéwed

in light of the flexibility inherent in the production Related links are provided in this section of the website.
apparatus, particularly the humanpralaryngeal vocairact,

in which individual articulators or groups of articulators can

function semi-independently.

8. SPEECHREADING

In this section of the site we review this approach (BB)st,

we show how thanalysis of speech acoustibasbenefited

by treating the sound production system as one in which the
contributions  of physical acoustic sources and
physiologically-determined filtersare combined. Wethen
discuss how acoustic diversity has resulted while achieving a
high degree ofarticulatory simplicity. In the process, we
review various methods thatre used to examinarticulatory
activity, and also describe in detail the Haskireboratories

lingustic/gestural approach to modelitige coordination of Ppginters to research and references on speechreading (21, 22,

the speecharticulators We close by consideringseveral 23) can be found at thgioneering UCSC PSLSpeechreading
recent efforts to explore thdinks between production, (lipreading) webpage:

perception,and acoustics.Where possible, recent trends in
the field have been exemplified byrojects involving mambo . ucsc.edu/psl/lipr.html.
ourselves and owolleagues.

7. THE MCGURK EFFECT

Additional information about speechreading is available at a
number of sites, including:

* Chris Bregler's Computer Lipreading page:

bﬂ _— 2 dﬂ www.cs.berkeley.edu/~bregler/vaspeech.html
* *NATO Advanced Studynstitute: Speechreading by Man and
+ — Machinewww.crc.ricoh.com/asi/ ; and
1_,.-'""_"'.,'. » Juergen Luettin's Speechreading Demo (Machifision
ga —. @& Group at IDIAP);

www.idiap.ch/cgi-bin/w3-
The McGurkeffect has played an pportant role in audio- msqgl/vision/visionNF.html
visual speech integratioand speech reading. A recent paper
by Massaro and Stork (19) describes the effect:



9. FACIAL ANIMATION * KTH Multimodal Synthesis in Stockholm:

www . speech.kth.se/multimodal/

* ICP Facial Synthesis (33, 34) in Grenoble:
ophale.icp.inpg.fr/2.6.html ;

» MikeTalk (Ezzat and Poggio) (35) at MIT:
http://cuneus.ai.mit.edu:8000/research/

miketalk/miketalk.html ;

* Video Rewrite: Driving Visual Speech with Audi¢Bregler,

) ) ) ) ) Covell & Slaney, Interval Research Corp.) (36):
This section features aninteractive version of a recent

research paper entitledKinematics-Based Synthesis of web.interval.com/papers/1997-012/ ;
Realistic Talking Faceby Eric Vatikiotis-Bateson, Takaaki

Kuratate, Mark Tiedeand Hani Yehia, of theATR Human 2nd many others.

Information ProcessingResearch Laboratories (24)his

paper, and other subsequent work, presents a method for 10. AVATARS
animating talking faces that reaches towards cosmetic and
communicative realism.The animations are derivedfrom
multilinear analyses of 3D faciahotion data corprising a
small set oftime-varying positionsmeasured orthe face.
Frame rates can be set at the video field rate or at sloerer

rates using viapoint analysis to extractkey frame
configurations for subsequent interpolatioifhe resulting
animations are dynamicallgnd cosmetically realistic to the
extent that texture maps specific to the speaker are used in the
animation andthe audio andvideo conponentsare perfectly
synchronized.

Related analyses have shown that the faciatotion
parameters used in ttenimationsarehighly correlated with
the measurable acousticyocal-tract, and neuromuscular
events associated with speech production (EB8cause of
this strong interrelation of facial and other spegcbduction S ]
parameters, the easily-obtained kinematic control parametdi?€ recent advances ianimation, computergraphics, fast
can be used to examinthe natureand distribution of Microprocessorshuman-machine interface desigmotion
phonetically relevant facial inforration relative tochanges Capture, physiological modeling, and the growth of the world
in vocal tractconfiguration (e.g., tonguand jaw position) wide web areall factors that have influenced the growing
and the acoustics. interest in developing avatars/virtual humans: computer-

generatedepresentations of entitiewith personalities and
The animation system can also hesed to examine the the ability to communicate (37, 38, 39, 40, 41). In the future,
relations between speech productioand perception and, will interaction andcommunication with virtual humans be
along the way, to assess the communicative realism of tbémmonplace in the workplace, communipd home? Will
synthesized talkingaces. A brief overview is given of our virtual personalities fundamentally changeentertainment
currentuse ofthe animations instudies ofperception and media? Theexciting international work in the nasent
correlated hemodynamicactivity in the brain using researcharea ofaudio-visual speech will have a profound
functional magnetic resonances imaging (fMRI). impact on this future.

This section of the website also contains links to ofaefal This section of the site includes links to just a portiorthos
animation sites. Oparticular note is theJCSC PSLFacial burgeoning volume of work and, as with the otBections of
Animation webpage: the site, is beingconstantly expanded asew developments

) are reported and made available.
mambo.ucsc.edu/psl/lipr.html

which provides an extensive overview of faci@ahimation
andincludeslinks related to thepioneering work of Parke
(26, 27, 28),Waters (28, 29)and Cohenand Massaro (30,
31, 32). Other sites include:
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