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REAL-TIME VISION AND SPEECH DRIVEN
AVATARS FOR MULTIMEDIA
APPLICATIONS
O. Schreer, R. Englert, P. Eisert, R. Tanger

Abstract—Recent progress in advanced video communication
services and multimedia applications is grounded on novel
human machine interfaces, improved usability and user
friendliness driven by user centric research and development. In
this paper, we describe a complete system concept and
algorithmic details of an example application within this area.
The key features of the system are vision and speech based
interfaces, which are used to animate an avatar for an audiovisual representation of a communication partner. The system is
applied in two application scenarios, namely video chat and
customer care services. Both applications are mass-market
oriented and therefore careful design and development of robust
and supporting user interfaces are required. The presented
approach is integrated into a complete real-time prototype
system, which is permanently demonstrated in the showcase at
the head quarter of Deutsche Telekom in Bonn, Germany.
Index Terms—Avatar, multimodality, real-time tracking,
segmentation
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I. INTRODUCTION

HE development of multimedia applications needs to take
into account growing complexity and capability of
interfaces, while the human ability to cope with them is
limited. Thus the gap between systems’ capabilities and
human ability to make proper use of them is widening. A
promising solution is to utilise emerging technologies in order
to enable a more intuitive, more natural, user centric, human
machine interaction and – communication. This can be done
by providing the user with interfaces that fit to the specific
user needs in their current usage context – and to enable the
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user to choose how to most appropriately interact with the
system in a multimodal manner. Multimodal systems extend
the so far established interaction options and thus enable new
usage and service possibilities. Main driver to utilise a
multimodal approach is the idea to empower a user to choose
the most appropriate in- and output channel according to the
specific usage situation and the user’s task that is to be solved
[1]. As prototype scenario an exemplary implementation of a
multimodal avatar-based communication solution is chosen.
The
prototypical
implementation
investigates
and
demonstrates the possibilities, benefits and advantages of a
multimodal user interface for certain usage situations and
communication cases which are too complex, or have
sophisticated requirements such as privacy protection.
The paper is organised as follows. In the next section, a
prototype demonstrator of a multimodal avatar animation
application is presented. We describe the two application
scenarios, some state-of-the-art fundamentals on avatar
animation in general and lip animation in specific. Some
additional aspects on integration conclude this section. The
focus of the paper is on real-time video analysis, hence, in
section III, the skin-colour segmentation approach, the hand
and head tracking module and the developed gesture
recognition approach are described. These modules provide
the desired animation parameters for real-time animation of
the avatar. In section IV, we present details about the system
performance and usability.
II. EXPERIMENTAL PROTOTYPE SYSTEM
A. System Overview
To demonstrate the above considerations of a multimodal
user interface, we present an avatar animation system, which
constitutes the core module of two new commercial advanced
video communication applications. The first one is a call
centre application, where the customer is able to communicate
with an operator via the Internet. In contrast to conventional
customer care services, the operator is also represented
visually by an artificial character, the avatar. It is animated
based on the live motion and the speech of the operator.
Hence, the communication is enhanced by visual cues without
transmitting live video streams. The latter one is often not
desired due to privacy protection reasons. The second
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Fig. 1. Block diagram of the call centre application.

application is a chat scenario, where different people can meet
in a virtual chat room. All chat partners are represented by an
avatar, which is animated based on live motion and speech of
each chat partner. In Fig. 1, the two way scenario is depicted.
For both applications a number of challenging requirements
turn out from user perspective. At first, the hardware
requirements must be as small as possible. Therefore, the
application should run on conventional PC’s without any
dedicated hardware. A low cost Web camera and a standard
head set must be sufficient to provide the required video and
audio data. Additional challenges occur regarding usage of the
application. The first is robustness under general working
conditions, which includes changing lightning, arbitrary
stationary or moving background and arbitrary clothing.
Another challenge is related to the user, who has different
knowledge about the system and its operation or who behaves
unexpectedly. Specifically, vision-based systems and services
developed for the consumer market may not claim any
knowledge of the user neither on video technology nor on
algorithms. Therefore a robust and user friendly application
must consider many different issues in order to get accepted
by the market. As shown in section III, many of these aspects
are tackled by our prototype demonstrator.
The presented system fulfils completely the above
mentioned hardware requirements. In Fig. 2, the block
diagram of the call centre application is shown. The operator
on the sender side is captured by a Web camera mounted on
top of the display. Based on the video information, the
position of the hands and the head orientation are tracked and
converted to standard facial and body animation parameters as
standardised in MPEG-4. Furthermore, a number of specific
hand gestures shown by the user are recognised and used to
enhance the animation capability of the avatar. In addition, the
voice is captured and the audio signal is transmitted to the
customer at the receiving side. The voice is analysed and
visemes are generated to animate the lip shape corresponding

Hand Segmentation
and Tracking

Filter
Gesture
Recognition

Facial Feature Point
Tracking

2D/3D Feature
Conversion

Viseme Generator
Audio

Audio Grabber

Viseme
Conversion

Network Interface

Video

Receiver
Network

Video Analysis

Avatar Animation
Parameter (FAP’s, BAP’s)

Network Interface

Sender

Player

phoneme is uttered. Beside the depicted modules in Fig. 2,
additional features for avatar animation are implemented. For
instance, while loading predefined sequences of motion
parameters, the operator can activate specific high-level
feature animations like opening sessions, leave-taking scenes
or pointing gestures. As it is difficult to extract facial
expressions from live video images the user can choose facial
expressions manually. The following set of facial expressions
is available: neutral, joy, sadness, anger, fear, disgust and
surprise. These additional animation features can be applied
by using the GUI of the application, where specific buttons
are assigned to activate animation sequences or facial
expressions.
All head and hand motions, facial expressions and lip
movement are described via body animation parameters
(BAP) and facial animation parameters (FAP) according to the
definition in the MPEG-4 standard. The complete set of
animation parameters and the audio signal are then transmitted
to the customer on the receiving side. As no video information
is necessary, this approach is efficient in terms of the required
bandwidth and therefore appropriate in web-based customer
care applications.
B. Avatar Animation
For this communication scenario, avatars are exploited for
the representation of the participants. In order to animate a
synthetic character, the static shape must be defined as well as
the dynamic motion. The appearance of an avatar can be
modelled by image-based rendering techniques [2], but here a
polygonal surface mesh is used which is coloured by mapping
texture maps onto the surface. Fig. 3 shows an example of an
avatar by means of a triangle mesh (left) and the
corresponding coloured version after applying texture maps
(right). Rendering a textured mesh can be performed in realtime with very little effort due to the hardware acceleration on
the graphics board, but nowadays even devices without
hardware graphics support can render avatars in real time.
More interesting than the static modelling of the avatar is
the description of global and local motion/deformation in
order to represent body motion or facial expressions. To
achieve full control over the behaviour of the synthetic
character, a parameter-based method is used. Each parameter
affects a small elementary and locally restricted motion and
the actual appearance of the character is defined by
superposing all basic motions. The shape can thus be defined
for each time instance by a vector of animation parameters.

Display

Character
Speaker

Fig. 2. Block diagram of the call centre application.

to different sounds. Visemes are the visual correspondence of
phonemes and describe the shape of the lips while a certain

Fig. 3. Wireframe representation of an avatar and coloured version.

For faces, an early approach is the Facial Action Coding
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System (FACS) [3], which defines 46 different groups of
muscles in the face that can be moved independently of each
other. Rather than having a medically motivated modelling of
facial expressions, ISO/MPEG standardised a description of
facial motion based on a pure visual appearance [4][5].
Instead of starting from groups of muscles that can affect also
larger regions in the face, the facial animation parameters
(FAPs) control only very local surface deformations, as, e.g.,
movements of the lip corners, eye, eyebrows or cheeks. A
total set of 66 different parameters define the current facial
expression. Fig. 4 shows some examples of movements that
can be created by varying the set of basic facial animation
parameters. We have also implemented some high level
expressions and visemes. The viseme information is directly
determined from speech as described in the next section so
that lip movements can be created synchronously to the audio
signal. In contrast, other facial animation parameters like head
rotation or eye blinking are derived from the live video input.
Similar to the facial animation parameters, in MPEG-4 also
body motion parameters BAPs [4] are defined to control the
movements of arms, legs, and other body parts. While the
FAPs define surface deformation in the face, the 186 BAPs,
based on the H-anim standard, mostly define rotation of all the
joints of the skeleton. The effect of bone movement on the
outer tissue is not defined and has to be handled by the
individual player implementation. For our system we also
added a subset of the MPEG-4 body animation parameters, to
enable gestures of arms and fingers as illustrated in Fig. 4.
Although not available in MPEG-4 we have also added
some high level features for body motion similar to the
expressions in the face. Especially for the hand with the large
number of different joints some high level gestures (pointing,
ok, victory, etc.) are specified which are controlled by a single
parameter. These more sophisticated motion structures are
internally mapped on the larger number of BAPs.

Fig. 4. Face and body motion controlled by MPEG-4 FAPs / BAPs.

C. Speech Analysis for Lip Animation
Avatars cannot be only animated from video input. The
high correlation between lip movements and the spoken words
allows the derivation of facial animation parameters also
directly from the speech signal. In some cases, the video input
can even be totally omitted reducing computational
complexity and bit-rate for transmissions of animations over
networks. Researchers have therefore been exploiting audiovisual correlation for a long time. Early approaches [6][7]
used lip motion derived from audio signals to enhance coding

3
efficiency of head-and-shoulder video sequences. With the
increase in 3D rendering quality, also avatars have directly
been controlled from speech [8][9][10] in applications like
video rewrite, human-machine-interfaces, or electronics
greeting cards.
In order to estimate lip motion from speech, the signal is
usually processed in blocks, assuming constant properties
within each block. In this approach, windows of 20ms length
are processed every 10ms. From the large number of audio
samples, a much smaller number of features are computed,
which are then used to classify the phoneme corresponding to
the audio block. It is desired to have a small number of
features which still contain the information about lip shape.
On the other hand, noise and speaker dependent information
like the pitch should be removed to increase robustness and
generality. Different features are used in literature like linear
predictive coding (LPC), formants, cepstral coefficients, or
MFCCs (Mel Frequency Cepstral Coefficients). In addition,
features like zero crossing rates can provide more information,
for example about fricatives. All these features are combined
into a single feature vector having about 10 to 20 elements.
From each vector, a corresponding phoneme is estimated
using different types of classifiers. Neural networks [11] can
map between feature vectors and lip shape. Hidden Markov
Models (HMMs) are used to incorporate also temporal
statistics between the small audio segments, increasing
robustness of the phoneme recognition. In this approach, we
also exploit an HMM-based recogniser.
In speech recognition, the goal is to estimate a sequence of
phonemes with very high accuracy, using a-priori knowledge
about a vocabulary or a language. For animating an avatar,
less precision is required simplifying the entire recognition
task. Here, visemes corresponding to a particular mouth shape
have to be estimated instead of phonemes with the number of
visemes being much smaller than the number of phonemes. 15
different visemes are used to display all analysed phonemes.
In the case of displaying a specific facial expression such as
anger or happiness, the animation parameters of the visemes
overwrite the actual FAPs relevant for the mouth shape.
D. Integration aspects
To allow a flexible and easy integration of several
prototypes with different configurations the system integration
follows a data driven module concept. Modules have generic
inputs and outputs called “pins” which accept video as well as
audio or animation parameters depending on the data a
particular module needs or provides. Because of the high
demand on computation power all modules have the ability to
run asynchronously in their own thread. This allows the full
exploitation of modern multiple core CPUs.
Fig. 5 shows the core server components of both
prototypes. Results of video and audio analysis are first
described in a syntax independent from the currently used
avatar player. The animation parameter generation module is
responsible for the transformation of all analysis results as
well as the submitted high level expressions into the particular
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Fig. 5. Core server modules.

format needed by the current player. The video render module
allows direct observation of video analysis results and
provides a visual feedback for parameter adjustment. After
applying the animation parameters the fully animated “own”
avatar can be observed in the local avatar player. Thus the
user always has full insight of what happens with his avatar.
Animation information and audio are transmitted over the
network using standard UDP or TCP connections.
III. VIDEO ANALYSIS OF HUMAN GESTURES
The animation of avatars based on the live motion of the
user is a great challenge even in the case of a system for
everybody’s use. Specifically, services developed for the
consumer market may not claim any knowledge of the user
neither on video camera technology nor on algorithms. The
user may not perform any initial gestures or specific positions
in order to start the processing and it must be allowed to
behave natural, while using the system. Furthermore, the
surrounding environment should not underlay specific
constraints in terms of the background, moving objects or
lightning conditions and the algorithm must be user
independent. These are challenging constraints, which are not
completely fulfilled by current vision-based tracking and
animation systems. Tracking of human bodies and faces as
well as gesture recognition has been studied for a long time
and many approaches can be found in the literature. A survey
on human body tracking is given in [12]. Hand gesture
recognition is reviewed in [13] and a 3D gesture recognition
system is presented in [14]. Tracking the user’s face and
estimating its pose from monocular camera views is another
important issue. As the 3D information is lost during
perspective projection onto the image plane, some model
assumptions have to be applied in order to estimate the 3D
pose. In [15], some specific face features are tracked in order
to recover the orientation and position of the user’s head. In
the considered scenario of animating a virtual human, the
accuracy of 3D positions of head and hands does not play that
important role, but the immediate transfer of general live
motion to the virtual human is required such as waving hands,
pointing gestures or nicking the head. This allows some
simplifications in terms of accuracy, but introduces additional
challenges regarding smoothness and reliability of the
animated motion. In this section, we will present a real-time
system, which covers a lot of the above mentioned challenges
and dispense with specific knowledge of or behaviour by the
user. The system is capable of transferring the motion of
hands, representing nick and shake of the head and also
recognising gestures. The whole video analysis module can be

subdivided in the following parts (see Fig. 6):
- estimation of skin-colour segmentation parameters
- initial blob detection
- tracking and segmentation
- facial feature tracking for head rotation animation
- gesture recognition
Numerous applications use skin-colour as one of the basic
features for detecting and tracking of human face and hands.
They have different aims and different constraints under
which the human face or hands are being analysed. Example
applications dealing with segmentation of hands are hand sign
recognition, human vehicle interaction or human computer
interfaces [16][17][18][19]. In some hand segmentation
approaches marked gloves are used, which are not applicable
in video communication systems [20]. In other approaches
infrared cameras are used or depth information based on
multiple views is exploited [21][22][23]. The real-time
constraint is considered as well in gesture recognition
applications for tele-manipulation, virtual reality and other
human-computer interaction applications [24][25][26][27].
In the next subsections, we will discuss the different
modules in more details and reference to previously
mentioned challenges of a robust and user friendly real-time
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Fig. 6. Block diagram of segmentation and tracking.

application.
A. Skin-Colour based segmentation and estimation of
segmentation parameters
In many former applications skin colour turned out to be a
very helpful feature for detecting and segmenting hands and
faces. Hence, the human skin-colour can be defined as a
“global skin-colour cloud” in the colour space [28]. The
general thresholds for this striking area are still too large to
obtain reasonable segmentation results. Depending on
different factors like shadows, illumination, colour
distribution in the particular video data, different pigmentation
of the person’s skin and so on, it is useful to adapt thresholds
to the given illumination conditions and the observed person.
Hence, an important question arises how to determine
appropriate skin-colour parameters for a scenario to achieve
best segmentation results. Applying parameters from general
statistical analysis of skin-colour does not lead to optimal
segmentation results in the majority of cases. But they can be
often used as coarse start values to find appropriate
parameters by slightly varying them.
One option is to adapt the thresholds manually at start of
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the application. Obviously, this is not convenient in terms of
usability and user friendliness. Therefore, a quasi-automatic
method is desired to find suitable parameters. Usually, TVand video data are available in the YUV-colour space. Hence,
the investigations have been made in the YUV-colour space.
In our approach we consider the chrominance (U, V channel)
representing the colour information. In addition to that, the
range of luminance values must be restricted even in the case
of very bright or dark regions. The skin-colour is then
described by the mean values my, mu and mv and the tolerance
values σy, σu, and σv. The tolerances of the U, V-channel are
relatively narrow, compared to a very large luminance range.
The quasi-automatic procedure for estimation of the actual
segmentation parameters performs at program start, where the
user is asked to move its hands. Due to this, the search range
for possible skin coloured regions can be limited to the
moving area. Based on predefined tolerances, the mean values
of Y, U and V are changed according to an optimisation
criterion, which is defined as the most significant large and
closed region. Since the tolerances are kept fixed and the
whole optimisation is applied on the subsampled image, the
parameter variation performs reasonably fast and provides the
optimal set of segmentation parameters.
B. Initial blob detection
The main challenge for initial blob detection is the
immediate localisation of hands and head in arbitrary
conditions and without any constraints on user behaviour.
This includes also people wearing t-shirts, where skin
coloured regions are not only limited to hands. Based on the
estimated segmentation parameters from the previous section,
a segmentation of the subsampled image is performed to
reduce the processing time. The general approach is to analyse
the row and column histogram of the binary segmentation
result, whereby reasonable blobs are searched for. In this
module, the assumption is made, that the head blob occurs in
the top of the image. After finding the head blob, the left and
right hand are detected, if visible. In order to distinguish
between different skin-coloured regions in the case of wearing
t-shirts, motion information is exploited. The combined result
of motion detection and skin-colour segmentation provides
unambiguously the desired hand blobs. In Fig. 7 results of
motion detection, skin-colour segmentation and combination
of both are shown. These results are obtained from the most
right original image showing the resulting segmented hands.
The initialisation is performed and segmentation and
tracking are started as soon as the head and at least one
separated skin-colour blob are detected. If the hands get lost
during tracking or segmentation, the head position is exploited

Fig. 7. Result of motion detection, skin-colour segmentation, combination of
both and final tracking result of detected hands (from left to right).
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to re-initialise immediately the system by evaluating the row
and column histogram omitting the head area.
C. Tracking and segmentation of head and hands
The main principle of this module is a closed tracking and
segmentation loop. Each centre position of already segmented
hand, the so-called seed point, in the previous image is
checked, if it still lies in a skin-coloured region of the current
image. If this is the case, the seed point is used for accurate
segmentation on full resolution, which is achieved by
applying a region growing technique. Starting from the seed
point of the hand, the segmented area is enlarged by analysing
continuously the neighbours of the segmented pixels. The
result is a closed region of high accuracy. The centre of
gravity of this segmented hand region is used as seed point for
the next video frame. The precise segmentation result of the
bounded region is used for the subsequent gesture recognition
module later on. Should the initial check of the seed points fail
(e.g. caused by holes in the segmentation result), the algorithm
searches for skin-coloured areas in the surrounding region. If
this fails as well, then, the initial blob detection is applied in
order to search for significant skin-colour blobs in the whole
image. The tracking and segmentation module also considers
overlap between both hands and the head. More details can be
found in [29]. In Fig. 8, a successful tracking in the case of
overlapping regions is shown. The approach achieves realtime performance due to tracking on subsampled images and
skin-colour segmentation limited to bounding boxes
circumscribing the hands and the head.
D. Facial feature tracking for head rotation

Fig. 8. Sequence of critical hand/head overlap.

The aim of our facial feature tracking is to derive a
convincing and reliable rotation of the user’s head. In contrast
to semantic facial feature tracking approaches [30], the
proposed solution is based on analysis of the relative motion
of a few but robust general feature points in the face. A
common feature tracker is applied on the skin-coloured pixels
inside the bounding box of the user’s head. The feature tracker
is based on a two-step approach. First, relevant features are
selected by using a corner operator e.g. Harris detector.
Secondly, the selected features are then tracked continuously
across frames by using a dissimilarity measure. This
guarantees, that features are discarded from further tracking in
the case of occlusions. Even in the case of a rotating head
some good features become invisible and get lost.
In Fig. 9, the features are shown in the face region for three
successive frames. The big cross assigns the centre of all skin
pixels. The considered skin colour region is marked by the
line around the face. Due to the blond hairs of the test person,
the hairs are recognised as well as skin. Based on a few
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Fig. 9. Facial feature tracking result of three successive frames.

robustly tracked facial features, the head orientation can be
derived by comparing the relative motion of facial features to
the projected 2D motion of the head. In the case of a
horizontal or vertical rotation the motion of the mean of all
face pixel positions is significantly smaller than the relative
motion of the facial features. This behaviour of facial feature
points allows a simple approximation of the head rotation in
horizontal (turn angle) and vertical direction (nick angle). The
median value of horizontal and vertical coordinates of facial
feature points is assigned to (mt , nt ) , whereas the mean of all

face pixel positions is denoted by ( pt , qt ) . The relative change
of facial feature points (horizontal/vertical) is then calculated
by (1) and the change of horizontal and vertical rotations is
approximated by (2). A scale factor γ is introduced to adopt
the pixel unit to angles.
Δu = (mt − mt −1 ) − ( pt − pt −1 ), Δv = (nt − nt −1 ) − (qt − qt −1 ) (1)

(2)
Δϕu = sin (γ ⋅ Δu ), Δϕv = sin (γ ⋅ Δv ) .
As it is obviously not possible to calculate the absolute
rotation from this method, drift effects may occur. This can be
avoided by continuously weighting the current turn (or nick)
angle by some factor smaller than 1. As the central viewing
direction is the most relevant one, the animated head will
adopt to this position after a while.

E. Gesture recognition
The skin-colour based segmentation algorithm provides a
very accurate silhouette of the user’s hand, which allows
robust recognition of many typical gestures. If one of these
gestures is shown by the user and recognised by the system, it
can be immediately transferred to the avatar on the receiving
side. In contrast to template based approaches e.g. [31], we
applied a method based on evaluation of a specific distance
function derived from the contour of the hand segment. This
approach has been applied successfully in other systems [32],
but in contrast to that proposal the gesture can be shown quite
naturally without posing it on a specific flat panel. The main
approach is to detect the number of fingers, their position and
their orientation, which provide sufficient information in order
to recognise many basic gestures from the American Sign
Language (ASL) alphabet [33]. The chosen gestures are the
most distinguishable ones related to their surrounding contour.
For each contour point, the normal of its tangent along the
contour is calculated. Then, following this normal, the
distance to the contour point at the opposite side of the
contour is measured. In the resulting distance function, the
peaks assign clearly the fingers in the silhouette but also
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valleys between neighboured fingers. In order to distinguish
between both types of peaks, the curvature is used as selection
criteria. The resulting peaks are assigned to fingertips and
based on the orientation of the fingers a classification into
many different gestures can be performed. In the current
implementation 13 different gestures are recognised robustly.
In Fig. 10 and Fig. 11, the silhouette of a two and three finger
gesture is shown on the left. The black lines assign the
resulting orientation of the detected fingers. On the right hand
side of both silhouettes, the related distance function is
depicted, which illustrates the capability for successful
classification of hand gestures.
Concerning a convincing animation, the key challenge in
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Fig. 10. Silhouette of a pointing gesture (left) and related distance function
(right).
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Fig. 11. Silhouette of a three-finger-gesture (left) and the related distance
function (right).

this task is twofold: Gestures, shown by the user must be
identified correctly in a very short time. On the other hand,
arbitrary hand positions should not be interpreted as gestures.
Hence, the aim is to solve a standard classification problem,
which is the reduction of false negative and increase of true
positive events. This must hold for the whole session. In order
to reduce the false negatives, a gesture is transferred to the
avatar, if the following two temporal conditions are fulfilled:
1. In general, a gesture is performed without moving the
hand. Hence, the motion of the hand is assumed to be
small in the case of a shown gesture.
2. A gesture must be recognised among a number of
succeeding frames accepting a few false detections.
If these conditions are fulfilled, a gesture shown by the user
can be assumed, as depicted in the example screenshots in Fig.
12. More details can be found in [34].

Fig. 12. Example screen shots showing two different gestures.
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different features, which allow the classification into a large
set of finger gestures. Currently, 13 different gestures from the
American Sign Language are implemented. The approach
does not require any training set or database of gestures,
because it is completely data driven. Hence, the proposed
algorithm is independent on the user. Due to the defined
temporal conditions during gesture recognition, a delay of
about 300ms is introduced, but it is not noticeable by the user.
Therefore, the current recognition performance is also
acceptable for interactive human-machine interfaces.
During algorithm development, 12 test persons evaluated
the gesture recognition module, its recognition capability and
the usability of the system. They were not familiar with the
application and therefore completely inexperienced. In
individual sessions, the test persons had to test the feedback
by the system concerning the gestures they presented. After
the session, they have been asked how easy or difficult it was
to receive the correct feedback from the system regarding
correct recognition of the gesture. An evaluation scheme
similar to the mean opinion score has been used for this
evaluation. A score of 5 represents very good recognition by
the system, whereas a score of 1 assigns a very poor
recognition capability. The users have been asked to present
each of the gestures from a set of 13 different gestures as
shown in Fig. 13 (left). In the diagram in Fig. 13 (right), the
evaluation result is presented for all 13 gestures. Just a minor
number of gestures receive a lower score. The reason for this
depends on a weak differentiation between some gestures e.g.
one finger gestures, or on difficulties of the users to present
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IV. SYSTEM PERFORMANCE
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The presented prototype system runs on a state-of-the-art
Laptop at 25 frames/s. The video capture unit is a standard
off-the-shelf wide angle web camera, which is mounted on the
top of the display. The wide viewing angle camera allows the
user to sit at a normal position in front of the laptop, whereby
the full upper body is captured. Due to this, the user is
allowed to move the arms in the whole viewing space without
any restriction. Because of the skin-colour-based
segmentation and tracking scheme, skin-coloured background
or clothes need to be avoided. Nevertheless, the tracking
scheme is robust regarding users wearing t-shirts, as described
in section III.B. The initialisation of the tracking and
segmentation module performs automatically as soon as a
skin-coloured blob is detected beside the head. There is no
specific user behaviour required and therefore the response of
the system i.e. the animation result is perceived immediately.
The presented gesture recognition approach is based on the
highly accurate skin-colour hand tracking and segmentation
algorithm. The resulting silhouette is exploited to derive many
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F. Computation of animation parameters
The results of hand and head tracking as well as gesture
recognition have to be converted to specific animation
parameters of the avatar. The positions of the hands are
derived from the result of the skin-colour segmentation and
tracking module described in section III.B. It provides
reasonable and stable results of the motion of both hands in
the 2D image plane. To achieve natural avatar movements, the
2D positions have to be transferred onto the 3D model of the
avatar. Since only two degrees of freedom of the hand
position are available, just a simplified motion model is
implemented based on the assumption that the hands of the
avatar mainly move within a 2D plane in the 3D space. Thus,
taking into account some further physical constraints such as
the restricted range of elbow joints and the proportions
between the upper arm and the forearm, the 3D position of the
avatar’s hands can be computed from these 2D tracking
results. The resulting avatar motion is obviously not exactly
the same as the 3D motion of the user’s hand. This is fully
acceptable, because the main aim is to provide a realistic,
natural avatar motion.
The head rotation such as head nick and turn can be derived
easily from the module described in section III.D. Again, the
aim is not to reconstruct the correct head orientation, but to
represent meaningful head gestures like head nick and turn.
The result of gesture recognition is transferred to the avatar by
moving the arm in a predefined position and showing the
recognised gesture by changing the fingers of the specific
hand accordingly. The hand tracking and gesture recognition
is performed independently for the left and right hand. Due to
this type of application, it is not required to reconstruct
exactly 3D positions of hands or absolute head orientations.
The main challenge is to provide the user with a smoothly
animated avatar which behaves as natural as a human being.
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Fig. 13. A set of 13 gestures (left) based on the American Sign Language and
MOS evaluation result of the gesture recognition capability (right).

them clearly such as gesture no. 10.
The system has been presented successfully in the
demonstration area at European Conference on Computer
Vision (ECCV) 2006 in Graz, Austria. The visitors were able
to explore the application and the feedback received was
positive. The prototype demonstrator is currently installed in
the showcase of the head quarter of Deutsche Telekom in
Bonn, Germany and at the Deutsche Telekom Laboratories
head quarter in Berlin, Germany. Many presentations per day
as well as the positive feedback by the visitors prove the
novelty and the acceptance of such an application. The
continuous user feedback is required to further improve the
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overall system, to add novel features and to enhance the
audio-visual user interface.
V. CONCLUSION AND FUTURE WORK
Multi-modal interfaces in human computer interaction
become prominent in many existing application areas and new
fields of application arise due to the new interface capability.
We have presented a complete system concept and its
realisation in a prototype demonstrator in the emerging field
of video communication. Audio-visual information is used
and analysed to animate an artificial avatar, which represents
the communication partner in a reasonable natural way. The
presented approach considers a complete system, from system
and software design point of view to usability, user
friendliness and robustness. The latter one is important since a
commercialisation of such application is planned. The
provided technology on human motion and gesture analysis
can be used in many other application scenarios such as novel
human-machine interfaces. Simple user actions or gestures
can be interpreted by the system and may activate user
commands. Integration in mobile devices is foreseen; where
new modalities can be provided in addition to touch screens,
stylus or speech recognition.
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