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Abstract

Talking Virtual Characters are graphical simulations
of real or imaginary persons capable of human-like
behavior, most importantly talking and g@sturing.
They may find appications on the Internet as
newscasters, customer service representatives, sales
representatives, guides etc. We revew the potential
applications of Virtual Characters on the Internet,
their technical requirements and current solutions,
and present our approach to the problem. The
presented system is an MPEG-4 Facial Animation
deamder built in a Java aplet and capable of
rendering atalking Virtual Character in a standard
Web browser without plug-ins.

1. Introduction

The technology of modeling and animating Virtual
Humans has been a fascinating reseach topic for
more than two decales. With the recent boam in the
Internet  services, new applications for Virtua
Humans technologies can be identified. We bdieve
in particular that tdking Virtua Charaders
(11211 3][41[5][6][7]1[37] can be useful when
integrated in Web sites to provide novel services such
as virtual hosts, salespersons, newscasters and other.
In this article we atempt to identify classes of
applicaions that we believe wuld emerge in this
fidd. We base our analysis on reseach work as well
as emerging commercia attempts that are arrently
multi plying on the Internet.

After presenting the gplicaions, we aayze the
technicd requirements for bringing such applications
to life We then identify five man technicd
approaches to the problem. We aadyze the
advantages of ead approach and present concrete
examples.

In the final sedions we present our approach to the
problem of bringing Virtua Charaders to the Web —

an MPEG-4 Faciad Animation ceaoder built in a Java
applet.

In the mncluding sedion we dtempt to draw
conclusions concerning techndogies and applicaions
currently emerging in this exciting new ares,
summarize our approach and discussfuture work.

2. Applications

We believe that pladng a human-like Virtua
Charader on a Web site can bring the following
benefits:

Give apersondlity to the Web site.

Enable to tak to ead person visiting the site;
people like to be talked to.

Make visitors remember main messages better.

A talking person is more persuasive than written
text.

Additionally, as outlined in [8], the Virtua Charader
may in cetain stuations dleviate the (sometimes
unavoidable) Internet waiting times by “entertaining”
the user. The same study has also shown that the end
users ow a preferencefor a service enhanced with a
Virtual Charader to aplain text service

If corredly implemented, Virtual Charaders have
low bandwidth requirements and high interadion
cgoacity, making them a natura replacement for
video streaning in “talking heal” scenarios.

We believe that we are just beginning to reagnize
possble pradicd applicaions, and what is presented
here may well be just the tip of the iceberg. We can
broadly classfy the emerging application areas in the
following caegories.  entertainment, persona
communicaions, nhavigation aid, broadcasting,
commerce and educaion.



2.1. Entertainment

Jokes and amusing content seem to be among the first
targets of many creaive techndoges and Web-based
Virtua Charaders are no exception. Animated
caicaures of famous pditicians (e.g. Figure 1) have
dready made their appeaance as well as other
amusing credures. Virtua Charaders are suitable for
delivering this kind o content because they generally
do not require very high bandwidth (compared to
video) and a the same time they can offer
interadivity, i.e. instead of delivering a linea story,
the user can trigger various readions from the
charader.

Figure 1. Animated caricaure of a palitician [9];
viewer can trigger funny adions (© BioVirtua Ltd.)

2.2. Personal communications

Invitations, birthday wishes, jokes, al kinds of
personal messsges can be ddivered either on
personal Web peges or through email by appeding,
talking Virtua Charaders. Eledronic greding cards
with 3D Virtud Charaders have dready been offered
by at least one company [10].

2.3. Navigation aid

In the ssimplest form, a Virtual Charader can be used
smply to welcome visitors to a Web ste by
appearing on the home page aad delivering a short
welcome aldressto ead visitor. More interestingly,
a virtual guide can accompany the visitor navigating
around numerous pages of a big Web site, always
appearing in a orner of the screen and providing
guideines, tips, or even afull guided tour where the
Virtual Guide shows various Web pages in particular
order and comments them while the visitor sits badk
and watchesthe tour.

24. Broadcasting

Virtual newscesters will deliver daily or hourly news
updates. Unlike the TV newscaster, the one on the
Web can be persondized and remember that a
particular user is interested in sports, stock market
and weaher and likes to hea the related newsin this
particular order (seeFigure 2).

Figure 2. A virtual newscaster; images on theright
appear as etaks (© W Interadive SARL)

This may bring an interesting new service integrating
advantages of bath TV (dynamic audio-visua
content) and the Internet (persondized service on
demand).

Figure 3. A text based conversational charader (©
eGain Communicetions Corp.)

2.5. Commerce

Some companies  gecidizing in  Customer
Relationship Management (CRM) applicaions
drealy offer “inteligent” conversational charaders
that a company can use & the front-line aistomer
support on their web site. Currently most of these
charaders are purely text based. The austomer types
in guestions in plain language and gets the answer in
form of text, sometimes also displaying an
appropriate web page. The daraders are
programmed with an extensive database of answers
to all kinds of questions that customers may ask, as
well as conversational rules enabling them to perform
a semblance of natura conversation. While relatively
simple, these characters can answer many “ standard”
questions in a satisfying way, in many cases avoiding
the need for human intervention.

Currently it is usua for such charaders to display
images of a person (see Figure 3) as a means of
giving it an identity. An animated, talking virtual
charader is the logicd next step for such
applicaions, giving them even more persondity and
meking them nore user-friendly. Since the
charaders answers are mostly pre-programmed in



foom of text, using text-to-speeh and lip
synchronizaion techniques to bring them to life is
just asmall step away.

Similar approach can be eanployed for saes. Instead
of just showing an image of the product and main
information, a virtual sadesperson simultaneousy
provide a “sdes pitch” and answer any additional
question the potential buyer may have. Alternatively,
the astomer can ask for a tour of the product,
obtaining a rich audio-visual experience with the
virtual sales representative explaining the qualities of
the product while a the same time showing gppeding
images, asthe examplein Figure 4 shows.

Figure 4. Virtua sales representative presenting a car
model (© W Interadive SARL)

2.6. Education

Even thouch we did not find existing examples of
using Virtual Charaders for educationa purposes on
the Web, we did find a cetan interest in the
educaion community for using this technology in
online leaning, eg. staff training, online degrees,
distance elucation.

In the following sedions we discussthe technologies
nealed to deploy al these possble gplications by
first analyzing the technicd requirements defined by
the gplicaion scope, then presenting and analyzing
the aurrently available technol ogies.

3. Requirements

Based on the proposed applications, in this ®dion
we adyze the technicd requirements on the
implementations of Virtual Charaders for the web,
and their possble implicaions. We have identified
the following requirements. visua quaity, easy
installation, fast access interadivity, Web
integration.

3.1. Visual quality

It is obvious that Virtua Charaders fedured in any
of the mentioned applicaions must have a visua
appeal. They must look nice, and animations sould

look retural. This does not necessrily mean photo-
redistic models, or even very high-resolution models.
A fairly smple catoon charader, if cleverly
designed, can cary loads of apped. The red
implicaion of this requirement is that any system
hoping for success must provide means for visual
artists to design modes and animations, preferably
using the tools that they are arealy used to.

3.2. Easyinstallation

In many of the mentioned applicaions the virtua
charader is not in itself the main attradion d the
proposed service, but rather an extra bonus, an
improvement. The users who never used such a novel
applicaion might be reticent to instal software on
their computers only to experience an unknown
improvement of the service This credes a barrier. To
make the user jump over the barrier, one ca either
provide strong incentive in form of attradive
marketing, or lower the barrier by making it easy to
install the virtua charader suppat. Idedly, no
installation should be neasssary.

3.3. Fast access

Although broadband-for-everyore is being promised
by many, the redlity is that most users do not have
fast Internet access Therefore the new applicaions
involving Virtual Charaders sould not require high
additional bandwidth. This implies svera things.
First, the virtua human models soud not be too
complex. Sewmnd, they need to be cwmpressed for
download. Third, bath audio and animation data
should not only be compressed, but also streamed,
rather than downloaded and played. This allows for a
faster resporse time.

34. Interactivity

When asked why Virtual Charaders are better than
video dtreaming, the easy answer is. they save
bandwidth. But that is just the beginning. The main
advantage is that they can interad with the user, i.e.
provide immediate responses with resped to users
adions (mouse dicks, typing, in the future posshly
speed), expressons and gestures). These interadions
are unique for ead individua user. This kind o
interadion is impossble with video streaming, and
thisisthe red advantage of Virtual Charaders.

To achieve interadivity, severa isues are i mportant.

Firgt, there needs to be an easy, preferably automatic
way to generate ntents. This is becaise no
interesting interadion can be adieved without
enough variety of contents. In simple words, a virtual
charader that can just say “yes’ and “na” is not very
interesting. If generating contents is expensive,
designing the whole eplicaion will be very
expensive. It is preferable to have the possbhility to



generate @ntents automaticdly. In the ided case, the
speehr and behavior of the virtua charader is
completely generated on-the-fly, putting no limits to
the variety of interadion. Unfortunately, this is in
most cases oppasing the requirement on the quality
(best content is gill creaed with a lot of manual
work), and a compromise must be found.

Second, it is desirable to have afairly sophisticaed
dedsion-making mechanism, possbly based on Al
adgorithms, to deliver meaningful interactions.

Third, there must be some kind o user input. It can
be within the virtual charader application itsdlf, or it
can come through the rest of the Web page through
standard Web page dements. This brings us to the
next requirement, the Web integration.

35. Web integration

The virtual charader will in most cases not appea
aone on a Web page. There will be other contents:
text, graphics, forms, buttons etc. It is important for
the virtual charader to be well integrated with dl
this, e.g. to be @le to read to users adions in the
Web page, and to control and change the @ntents of
the page. This implies that an open interface should
exist to make logical links between the Web page
elements and the virtual charader, in both diredions.

Having presented the poatentiad applications and
technicd requirements, in the next sedions we will
review the arrent efforts in implementing this kind
of systems. We will first briefly anayze the
underlying technology of 3D graphics on the Web, in
order to suppat the next sedion which reviews
virtual human i mplementations on the Web.

4. Virtual Characterson the Web

The aurrent effortsin Virtua Characers on the Web
can broadly be tegorized in the following classes:
text based bots, 2D animation, video streaming, 3D
plug-ins, 3D without plug-in.

4.1. Text based bots

These @gplicdions, often cdled chatterbats, use
artificial intelligence dgorithms ranging from simple
keyword search to more wmplex pattern matching or
neurd networks algorithms in order to perform a
conversation with a human. The users are usualy
typing their input to the dialogue in a text field or
prompt, and the answers come bad as plain text. The
ealiest and probably most famous example of this
techndogy is Eliza [18], the @mputer program
cgpable of engaging ahuman in a mnversation.

Currently companies like eGain [19], Artificia Life
[20] and Native Minds [21] offer bot-based products
aimed a providing customer service on the Web. The
bat is programmed with a database @rresponding to

a relativdy narrow subjed fiddd (e.g. product
information) making it redistic to oltain very
reasonable responses, espedally to the questions that
are frequently asked.

4.2. 2D animation

In this category we find implementations that provide
animation by using a set of pre-rendered images. The
images correspond to key postures of aface visemes,
expressons and movements. A viseme is the visua
effed of pronouncing a phaneme and it represents a
particular mouth shape. As mouth shapes for certain
groups of phoremes (eg. p, b, m) correspond to
highly similar mouth shapes, there ae less visemes
then phonemes. It is therefore possible to oltain a
crude speed animation with a limited sat of viseme
images, typicdly between 8 and 15. To thisare alded
a few images for expressgons (e.g. smiling, surprise)
and movement (e.g. nod). Therefore the total volume
of data required for a simple but effective animation
stays low, which makes it suitable for the Internet
applicaions today, when broadband Internet access
for the masses is gill some time ahead. Additionally,
fast manipulation of images is possible in current
Web krowsers using standard tods like Java or Flash.
Low bitrate and standard tools mean that this
approach is perfedly redistic and these gplications
eally acaessible by virtudly al Web users. The
tradeoff isin accepting a lower quality and variety of
animation then it would be posshle with a full 3D
solution (e.g. the face en not turn or smile while
taking).

Examples of this approach include W Interadive
[22], with fully interadive, persondized Java-based
Virtua Charaders, and Virtua Persondities [23]
offering an animation-enhanced chatterbat apparently
based onFlash.

4.3. Video streaming

This approach consists in rendering a video sequence
containing a virtual charader off-line, then using a
defado-standard video streaning technology
(RedVideo) to deliver the video sequenceto the user.
It inherits the disadvantages of the video streaming
on the Internet of today, namely the small image size
and low quality, unless using a broadband
comedion, which is out of readh for most users.
Even worse is the ladk of interadivity. The user can
only play the video o stopit. The patential of Virtual
Charaders to interad, deliver answers to spedfic
questions, or provide awstomized -contents is
completely lost.

The example of this approach is Ananova [24], “the
first virtual newscaster”, used as a gimmick in a
brilliant marketing campaign to promote an otherwise
conventional news site.



44. 3D plug-ins

This is currently the most wide-spread approach to
delivering Virtua Charaders on the web. In some
cases, a general-purpose 3D plug-in is used to deliver
the dharaders. In other cases, the plug-in is designed
spedficdly for the virtua charader animation. We
will review these two approaches sparately.

44.1 General-purpose plug-ins

Although none of the arrently available 3D plug-ins
is truly widespread among Web wsers, these plug-ins
offer a wider functionality and it is therefore more
likely that they will be widdy accepted and become
de-fado standards.

Severa plug-ins exist for displaying VRML contents
in browsers. This enables us to explait the functions
of VRML and use them to dsplay and animate
Virtud Charaders. Babski and Thalmann [25]
present various techniques for doing this, including
sensors, interpaators, scripts and Java gplets using
the Externa Applicaion Interface However, same
authors paint to severa problems in using current
implementations of VRML plug-ins. They do not
support dl VRML functions in exactly the same way,
and it is therefore difficult to design an application
that will run in al configurations (usualy creaors
reoommend a particular plug-in). Also, the plug-in
implementations are sometimes not very stable, and
may demand alot of resources.

A 3D plug-in that has rgpidly gained popularity is
Pulse3D. The Pulse3D production system alows easy
export of animated objeds from the widely used 3D
design software 3DS Max. These objects and
animations can then be played in Web peges using
the Pulse3D plugin. They are mmpresed in a
proprietary format for relatively fast delivery, and the
rendering capabilities of the plug-in alow for very
good graphica quality. The use of a familiar tod,
interadive production system and appeding results
have attracted the computer animation community
and Pulse3D has bemme quite popuar. Severa
independent productions [28] [29] [9] [30] illustrate
the use of Pulse3D. In terms of visua quality, these
are cetainly among the finest animated Virtua
Charaders on the Web today. However, it is aso
ohvious that producing these animations is relatively
expensive in terms of artists' time.

4.4.2 Plug-ins for Virtual Characters

These implementations require the user to download
a particular plugrin that is used only to deliver their
virtual charader contents. This is supposed to
guarantee asuperior quality of animation and allows
the developer to build in aher feaures like
streaming, interadivity etc. The disadvantage is that
the user is required to dowvnload and ingtall it just to
accessthis particular content.

The examples of Virtuad Charader plug-ins include
the Virtua Friend by Haptek Inc. [10], NoDNA [31],
Famous3D [32] and Mendel 3D Avatar [16].

45. 3D without plug-in.

Having mentioned the downside of the plug-in
approadh, it is attractive to look for a solution that
would work on most users' desktops immediately and
without any instdlation. Currently such solutions are
possble using Java gpets, which are suppated on
the vast majority of desktops today.

This lution aso has its downsides. First, an applet
providing full 3D cegpability is necessrily fairly big,
on the order of 100K, which is accetable but not
very convenient. Second, the performance of a Java
applet is dill lower than that of a well-implemented
plug-in, limiting the cmplexity (and therefore visual
quality) of the Virtual Characters that can be used.

On the positive side, beside dmost universal
portability, the gplet programmer can implement
streaming capabilities, as wdl as interadion suppartt
for seamless integration with the rest of the Web
page.

Red Ted dofers Jvahea [33], an applet that displays
ataking face ad wses a proprietary streaming audio
format and automatic lip sync with audio. This make
for the eay credion of contents based on natural
speet reaording, but the lip sync quality is quite
poor.

Ancther example of this approach is our own
implementation, described in more detail in the
following sedions.

5. An MPEG-4 Facial Animation system
in an applet

The requirements on Web-based Virtual Charaders
outlined ealier in this paper were used as design
criteria for implementing ar Fadad Animation
system for the Web. In the next subsedions we
discus how this implementation satisfies ead of the
given criteria

5.1. Visual quality

It is doultless that a graphicd system cgpable of
rendering fairly complex 3D models a interadive
frame rates is a necesdty in order to dotain visualy
plesing animaions While a  Javabased
implementation does not provide the best
performance aailable, the recent results are quite
encouraging and can approach very reasonable levels
of quality.

Furthermore, a fairly smple model, if caefully
designed and animated, can be as appealing as a more
complex one. We therefore believe that the most



important requirement for achieving visual quality is
the opennessof the system for visua artists. It should
be convenient for them to design face models with
the tods they are used to. While numerous
dgorithmic fada animation systems have been
deveoped, the best-looking animations in current
productions are done manually by artists or by fadal
trakking equipment and performing talent. This
manud creaion is painstakingly time-consuming, but
on the other hand the fast agorithmic animations
may not give satisfying results. We therefore propose
a ompromising solution by letting the atist creae
the basic building blocks of the fadal animation
system, i.e. design the facid movement
corresponding to individual Fadal Animation
Parameters. Once d the animation building bocks
are designed, they are used to produce animations
automaticdly.

5.2. Easy installation

We believe that instalation d particular software
plug-ins in order to view charader animation will
deter many users from using it, espedaly in the
(numerous) situations where the Virtual Charader is
an added bonus, but not the main attradion d the
applicaion. Our strong design ga@ was to creae a
system that will instantly run on a mgjority of today's
platforms and browsers, without any installation. The
only solution satisfying this requirement is the Java
applet and therefore we chose this i mplementation.

5.3. Fast access

Although broadband is the big promises, it is not
available on an average desktop yet, and therefore
applicaions have to be sparing in their use of
bandwidth. The facemodel in our implementation is
compresed efficiently in the Shout3D format.
Animation uses the MPEG-4 FBA encoding and
streaming. The MPEG-4 standard provides
spedficaion for the modeling and animetion of
human faces and bodes [4][6][38], commonly cdled
FBA (Face ad Body Animation) after the MPEG-4
subgroup that developed the spedfication. For fadal
animation high- and low-level Fada Animation
Parameters (FAPs) are available. The high-level
FAPs consist of visemes and facial expressions. The
low-level FAPs express movements of defined
feaure paints of the face They are normalized with
resped to the face geometry, meaning that the same
set of parameters can be reasonably applied on
different face models. MPEG-4 is adso a very
efficient way of encoding fadal animations, with
bitrates ranging from 2 to 5 kbit/s. Audio streaning
has been implemented as well .

5.4. Interactivity and Web integration

Java implementation makes it easy to integrate the
Virtual Charader in the Web page and interad with
it. The Virtua Charader can be wntrolled using
JavaScript commands, alowingto link interadionsto
dl elements of the Web page (links, buttons, forms
etc.). At the same time it is easy to control the Web
page presentation diretly from the Java gplet,
dlowing the Virtua Character to present various
contents in the Web page while it speks, in a
synchronized manner (beaing in mind the posshle
delay in downloading the contents over Internet
which may cause cetain lossof synchronization).

6. Implementation

The aurrent implementation of the MPEG-4 Fadal
Animation dayer is written entirely in Java ad
based onthe Shout3D rendering engine [17]. The off-
line @mntent production toadl is written in C++ and
permits to compose a fadal model with animation
based on a series of separate VRML facia moddls,
eathh modd containing the face with a different
expresgon corresponding to high- and low-level
MPEG-4 Faciad Animation Parameters. The find
model that is used by the player is a standard VRML
file ontaining the aimation information in
Interpdator nodes. This information is registered in a
compad way that can be interpreted by the player.
This means that the model will be visible in any
VRML player, abeit static, in order to view
animations the Fadal Animation player applet has to
be used. The content production tod aso includes a
Text-to-Speet capability with the excoding of an
FBA bitstrean synchronized with the audio file, thus
enabling the fast production of fadd animation
contents with speed.

7. Reaults

We have succesqully tested the MPEG-4 Fada
Animation fdayer with severd facial models as
illustrated in Figure 5. We can adieve interadive
frame rates with models of up to 3000 paygors. The
player has corredly interpreted the test FBA
bitstreams (Marco, Wow, Emotions) as well as the
bitstreams produced by the Text-to Speed system.
As the demonstration page [34] shows, the gplet is
fully controllable from the Web page by Javascript,
making dl interadions posshle.

Table 1 summarizes the bandwidth requirements of
our implementation. The size of the agplet is
problematic, due mostly to the size of Shout3D
renderer implementation (the Fada Animation
implementation, including the MPEG-4 FBA
deader, is fairly small). This can possbly be
improved by a more rigorous seledion of necessry
Shout3D clases. The face mode sizes, as well as
fadal animation bitstreams, are very reasonable.
However, current implementation wes no



compresson for audio and is therefore very
inefficient.

Total applet size 223K

Applet size (Shout3D) 187K

Applet size (FA implementation) 36K
Viseme-encoded FBA bitstreans ~0.3 kbit/s
Low-level FAPs FBA bitstreams 2-6 khit/s
Audio (.au) 64 khit/s

Face model s (medium compl exity) ~50K

Table 1: Bandwidth requirements

Table 2 shows the performance measurements for
different face models. Performance tests were done
on two different computer configurations. A third
measurement was performed using the graphics
accdleration hardware. In order to use the graphics
accdleration, a special plug-in for the browser needs
to be installed (currently available only for IE); this
plug-in alows the Shout3D renderer to use the
graphics accdleration. The results sow that the
implementation can animate fadal models of medium
complexity a interadive frame rates on average
hardware. Tests were made in the Internet Explorer
browser; most of the measurements were @nfirmed
in Netscape Navigator as well.

M odéel Polyg | Size Frames/second
ons (KB)

Cl |C2 |C3
Demy 2800 321|115 16 21
Dumny 1362 50|165| 21| 32
Jorgen 168 40| 22| 30| 60
Candide 168 4| 35| 60| 60
MIRAface | 3692 67]105| 16| 32
Cm. Lake | 16917 284 | 0,97 1] 15

Table 2: Performance measurements for different
facemodels on different computer configurations. C1
= P3/600 laptop; C2 = P3/1000; C3 = C2 with
graphics accdl eration herdware (ELSA GLoriall-64)

If we analyze our implementation with respect to the
ealier outlined requirements, we can conclude that
most of them can be satisfied. The visua quality can
be adieved by importing artist-designed face
models; athough it has to be amitted that a Java
implementation will not be caable of rendering very
complex models, even fairly ssimple models can be
appedling if caefully designed. Instalation is not
necessary with the gplet approach. Fadal models are

compresed for fast access and MPEG-4 FBA
bitstreams are probably the most efficient way to
stream fadd animation. Interadivity and Web
integration are adieved through an open JavaScript
interface is be used to interad with the Virtua
Charader diredly from the Web pege.

Figure 5. Examples of facemodels experimentally
animated using the player, from left to right: dummy, a
model built using 3D modeling software; Miraface, a
model donated by MIRALab, University of Genevato
1SO as MPEG-4 reference software; Demy, designed
by Sasa Galic; Jorgen, Candde, source Linkdping
University; Commander Lake, source 3DS Max

8. Conclusions

We have dtempted to predict the posshble
applications for Virtual Charaders on the Web based
on current examples and reseach. We have anayzed
the technicd requirements for these gplications and
their implicaions. Based on these criteria, we have
reviewed a large (thouch nat exhaustive) body of
current implementations of Virtua Charaders
spedficdly aimed at the Web. Finally, we presented
our own approach to the problem.

We must conclude that no current implementation
satisfies all the requirements we identified. However,
dl requirements are aldressed by ane implementation
or another and it is cetainly possble today to
implement pradicd applications based on some



implementations, compromising on certain isues
(eg. fest, portable implementation but not the best
visual quality). We have presented our own approac
to the problem, based on an MPEG-4 FBA decoder in
an applet, and showed that it comes fairly close to
satisfying most given reguirements. Our future work
in this field will concentrate on trying to improve the
visual apped of the Virtua Charaders by further
enhancing the posshility for artists to produce them
using standard tods.

We bdieve that we ae seeng a beginning of an
emerging new class of interadive Web applicaions
and services that will benefit from Virtua Humans
technol ogies.
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