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ABSTRACT
Getting synthetic faces to display natural facial expressions
is essential to enhance the interaction between human users
and virtual characters. Yet traditional facial control tech-
niques provide precise but complex sets of control param-
eters, which are not adapted for non-expert users. In this
article, we present a system that generates a simple, 2-
Dimensional interface that offers an efficient control over the
facial expressions of any synthetic character. The interface
generation process relies on the analysis of the deformation
of a real human face. The principal geometrical and textu-
ral variation patterns of the real face are detected and auto-
matically reorganized onto a low-dimensional space. This
control space can then be easily adapted to pilot the defor-
mations of synthetic faces. The resulting virtual character
control interface makes it easy to produce varied emotional
facial expressions, both extreme and subtle. In addition, the
continuous nature of the interface allows the production of
coherent temporal sequences of facial animation.

Author Keywords
Avatar, AAM, Facial Animation, Virtual Character, User In-
terface, Traveling Salesman Problem.

ACM Classification Keywords
H.5.1 Information interfaces and presentation: Multimedia
Information Systems

1. INTRODUCTION
Over the past decade, the use of virtual characters in computer-
related applications has been tremendously increasing. Not
only have they strengthened their position in the movie and
video entertainment industry, they have also recently con-
quered new platforms and new markets. A growing number

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
IUI09, February 811, 2009, Sanibel Island, Florida, USA.
Copyright 2009 ACM 978-1-60558-331-0/09/02...$5.00.

of websites now host virtual character technologies to de-
liver their contents in a more natural and friendly way. The
fields of multimodal human-machine interaction and human-
human communication also show a developing interest in
avatars for applications such as internet chats, virtual col-
laborative worlds, virtual classroom teaching, and conver-
sational social agents. One common characteristic among
these applications is that the displayed character, especially
its face, generally becomes the center of the user’s atten-
tion. Indeed the experience we all have at interacting with
real human beings makes us experts in the fine observation
of details commonly known as non-verbal communication.
Facial expressions are often compared to the reflection of
a person’s inner emotional state and personality. They are
also believed to play an important role in social interactions,
as they give clues to a speaker’s state of mind and there-
fore help the communication partner to sense the tone of a
speech, or the meaning of a particular behavior [18,16]. For
these reasons, facial expressions can be identified as an es-
sential non-verbal comunication channel. We thus believe
that improving the quality and the naturalness of avatar’s fa-
cial postures and animations is a more important task than
approaching the realism of human appearance when seeking
to produce familiar synthetic beings.

In this article we focus more precisely on emotional facial
expressions. Several facial animation methods developed in
the past allow the creation and manipulation of facial ex-
pressions on synthetic faces. Traditional facial animation
systems aim at providing a parameterization of the facial de-
formations. Among them we find direct parameterization
schemes [17], pseudo-muscles [24,14,12] and physics-based
muscle systems [25]. These systems are based on different
philosophies, but ultimately they all deliver a set of low-level
parameters one has to manipulate to generate the desired ex-
pressions with a given degree of realism. Unfortunately, the
obtained parameter sets are generally large, complex and can
even hold conflicting deformation patterns causing unnatu-
ral facial expressions. Manipulating the parameters correctly
requires hours of practice and only professional animators
manage to use them efficiently. Even then, the construction
of an animation sequence is a long and tedious process.



More recent approaches known as performance-driven fa-
cial animation tend to use motion data acquired on human
subjects, and transfer it to synthetic characters. The acquisi-
tion process requires an heavy and expensive equipment but
the produced animations benefit from the realism of natural
human motion and involves less animation expertise. Nev-
ertheless, the obtained animation sequences are traditionally
delivered as immutable data and cannot easily be general-
ized to generate novel facial movements.
Both mainstream methods can provide high-quality results
when handled by professionals and used in offline scenar-
ios even though they usually imply long production times
and important costs. Due to their complexity and inconsis-
tency however, they are far from being adapted to non-expert
users. Besides they do not provide a solution capable of gen-
erating on-the-fly facial gestures for interactive animation.
In that latter case, prerecorded, scripted facial animation are
usually used.

The main contribution of this article is to present a method
that automatically generates an intuitive user interface to
control the facial expressions of a synthetic character. Re-
alistic expressive images and animation sequences of this
character can then easily be generated. The originality of
the approach is that the construction of the control interface
relies on a video database of facial expressions performed
by an actor. The captured expressions from the database are
analyzed using an appearance model, and help form a con-
trol interface which is shaped by the nature of the analyzed
expressions. Adapting the interface itself to the captured ex-
pressions reduces the distortions between the control param-
eters and the actual expressions they have to control.
Another important contribution of this work is that we
choose to describe the facial expressions not only through
geometrical informations (location of the main facial fea-
tures like the eyes, the mouth, etc.) as most methods do,
but also using the textural information of the face which
can capture effects caused by the deformation of the skin,
like wrinkles. This feature is used for both the analysis of
the database and the virtual expression synthesis. It allows
to simulate fine expressive details on the avatar’s face and
improves its realism while keeping the overall deformation
model tractable for an intuitive control.
In the remaining part of the article, we present these two con-
tributions in details. In the next section, the relevant previous
studies on the subject are examined. In section 3, the method
we propose to easily generate natural facial expressions will
be exposed. The results obtained and the performances of
the system are presented in section 4, and a few concluding
remarks can be found in section 5.

2. RELATED WORKS
The goal of our study is to produce an intuitive and practi-
cal tool to explore the facial expression space of an avatar.
Real facial expressions are phenomena caused by the con-
traction of numerous muscles whose interaction produces a
complex facial deformation. It is thus an interesting chal-
lenge to design simple and intuitive control parameters that
can encapsulate this complexity. Most of the existing emo-
tional expressions control engines are limited to the gener-

ation of a few basic expressions, corresponding to straight-
forward emotional categories (Ekman’s basic expressions:
joy, surprise, fear, anger, disgust and sadness [9]). Mixing
and Fading these stereotyped expressions allow to gener-
ate simple animation sequences. Real human faces however
seldom display such exaggerated facial deformations, and
show more complex expressions combining different motion
patterns from the basic expressions, at different intensities.
Such natural expressions cannot easily be classified into the
well-defined classes of categorical emotion models.

When linking facial expressions with emotional states, a
family of models called dimensional emotion models [6,19]
present structures that are more inclined to act as valid fa-
cial control spaces. Such models exhibit dense, continous
emotion spaces which are more adapted to characterize the
continuous nature of facial expressions. Previous studies
have attempted to establish a direct link between such emo-
tional models and facial animation parameters. Ruttkay et
al. constructed a bilinear interpolation between expressive
faces distributed on a circle inspired by Schlosberg’s emo-
tion disc [21, 20]. Tsapatsoulis et al. proposed to use a
mixture of two emotion models, Plutchik’s emotion wheel
[19] and Whissel’s activation-evaluation space [26], as an
intuitive parameterization of an avatar’s facial expression
space [23]. The actual facial deformation where driven by
the MPEG-4 Facial Animation Parameters (FAP) [10], so
a mapping between the FAP and the emotional component
had to be built. Their mapping consisted of a special in-
terpolation scheme relying on a few known samples depict-
ing the fundamental emotions. Albrecht and her colleagues
later extended this approach using Cowie et al. disk-shaped
activation-evaluation space as a manipulation interface [2].
In their case, the deformation are performed by a physics-
based muscle system. These straightforward approaches ob-
tain interesting results, yet the simplicity of the mappings
and the reduced number of examples cannot fully encom-
pass the complexity of the facial deformation patterns. More
importantly, it’s not guaranteed that the topology of the emo-
tion model matches the one of the facial parameters space
(whether MPEG-4 FAP or muscle system). In particular,
close instance in the emotional space may correspond to very
different parameter values in the facial parameters space.
This is illustrated in the emotional space used in [7] in which
the representatives of ”Anger” and ”Fear” as well as ”Sad-
ness” and ”Disgust” share almost the same emotional co-
ordinates, whereas they correspond to very different facial
configuration parameters. The design of a simple mapping
between emotional coordinates and unstable parameters like
muscle contractions may lead to important distortions.

Another group of studies have tried to relate emotional
spaces with more adapted parameterization systems. Du and
Lin [8] and Zhou and Lin [28] developed an emotion-driven
control of a human facial image. They control the defor-
mations of the observed face through parameters stemming
from a special model they call a Flexible Model. Flexible
models are actually very close to models used in Cootes’
Active Appearance Models (AAM) [5], and allow to control
the major variation modes of the facial shape and the facial



Figure 1. Overview of the complete system.

texture. Du and Lin fit a mapping between these parameters
and a set of emotional scores derived from Ekman’s cate-
gorical emotion model. Their model of the human face is
supposed to be relative, which means that the modelled de-
formations can be transferred on another facial image. How-
ever, as pointed out in the article, facial motions are very
specific to a person’s morphology and personality, so trans-
ferring variations patterns from one face to another leads to
unadapted facial deformations if the faces are not similar.

More recently, Lee and ElGammal [13] and Zhang et al. [27]
proposed learning facial motions and their connections to
emotional states on human image databases and transfer this
knowledge to synthetic faces using MPEG-4 FAP. In [13]
a non-linear embedding of an actor’s shape information is
performed, leading to a very compact low-dimensional rep-
resentation of human expressions. FAP data can be resyn-
thesized from this low-dimensional representation in order
to animate the virtual character. Unfortunately, the space
resulting from the non-linear embedding is subject to impor-
tant distortions away from the training samples and does not
isolate coherent variation patterns. It is therefore not adapted
for a complete and intuitive control of facial expressions.
In [27] the connections between emotional states [15] and fa-
cial expressions on a human facial image database are identi-
fied. A database of an avatar’s FAP parameters, derived from
the original database, is constructed and associated to the
emotional parameters of the human database. In these meth-
ods, using FAP parameters on the synthetic face directly is
less subject to morphological adaptation issues. However
MPEG-4 FAP have a limited expressive power: textural de-
tails like skin stretching and wrinkles are not supported by
the standard and almost never implemented in MPEG-4 de-
coders, despite the fact that they convey an important part of
the impression produced by facial expressions.

In all the studies referenced above, the provided control in-
terfaces rely heavily on theoretical models of human emo-
tions. They provide a parameterization of the face based on
understandable, intuitive emotional concepts. Yet the emo-
tional spaces were constructed from psychological and so-
cial aspects only, with no concern for their mechanical im-
pact on the face. It’s not obvious that the emotional consid-
erations are consistent with the physical characteristics of fa-
cial expressions. Instead of constraining the facial deforma-
tion system to adapt to the control interface, we propose to
generate a control interface derived from the analysis of the
physical deformation of a human face displaying emotional
facial expressions. As we will see in the following sections,
the avatar’s facial controls will nevertheless remain simple
and related to emotional concepts. Its direct connection to
the actual facial deformation patterns will help avoiding dis-
tortions. Our scheme also introduces the use of appearance
models for the synthesis of expressive virtual faces. Like
in [8], we observe the shape and texture variations of a hu-
man subject to model its facial behavior, but we also extend
the use of appearance models to synthetic faces. This allows
not only to control the geometric movements of the facial
elements of the avatar, but also to reproduce textural details
which significantly improve the character’s expressiveness.

3. SYSTEM DESCRIPTION

3.1 Overall Description
In this section, we present a system that automatically con-
struct a simple, intuitive control interface to manipulate the
facial expressions of a virtual character. An illustration of
the system is shown on figure 1. The innovative aspect of this
system is that it does not rely on a predefined emotional pa-
rameter space, but instead a custom control space is shaped
after the analysis of a real person’s facial deformation pat-
terns.



Figure 2. The AAM Modeling stage.

The starting point is the acquisition of sequences of images
of an actor performing facial expressions (figure 1a), with
the purpose that this database contains an important quantity
of natural expressions, both extreme and subtle, categorical
and mixed. A crucial aspect of the analysis is that the cap-
tured expressions do not carry any emotional label. More
generally, all database analysis and interface generating pro-
cesses are completely unsupervised.
The facial images, associated with additional geometrical
data, will allow us to model the deformation of the face
according to a scheme used in Active Appearance Models
(AAM) [5] (figure 1b). This procedure delivers a reduced
set of parameters which represent the principal variation pat-
terns observed on the face (see section 3.2 for more details
on the modeling stage). Every facial expression can be pro-
jected onto thisNa-Dimensional parameter space (figure 1c)
which will from now on be referred as the appearance space.
Note that this process is invertible : it is always possible
to project a Na-Dimensional point of the appearance space
back to a facial configuration, and thus synthesize the corre-
sponding facial expression.
A reduced parameter space similar to the one described
above can be constructed for the synthetic face provided that
a database of facial expressions for the virtual character is
available (A-database on figure 1f). In section 3.2.2 we show
how to specify a reduced set of facial postures from the hu-
man database so that a coherent appearance space is con-
structed for the avatar (figure 1h).
The last operation performed by the system is to automat-
ically generate a disk-shaped 2-Dimensional control space
(figure 1e) acting as a facial control interface. Although
it is supposed to pilot the facial expressions of the avatar,
the 2D control space is built based on the distribution of the
database samples in the human appearance space, which is
richer. A control mapping (CM1) is finally constructed to
bind this control space and the avatar’s appearance space.

Ultimately, by selecting points in the 2D control space, we
address vectors in the Na-Dimensional appearance space
through the control mapping CM1, and thus generate in-
stances of facial expression for the synthetic face. In the
next sections, we will detail each component of the system.

3.2 Appearance Modeling

3.2.1 Active Appearance Models
Active Appearance Models have been introduced as a com-
puter vision scheme by Cootes in 1998 [5]. They include a
modeling step that allows to parameterize the observable ap-
pearance modifications of a deformable object. The purpose
is to facilitate the tracking of a similar object in an image by
the use of the obtained parameterization. In this article, we
focus on the modeling phase (see figure 2).

The modeling procedure starts with a database of ni images
of the considered object, displaying the appearance modi-
fications the object can be subject to. Several remarkable
points are annotated on the object for each image of the
database. Together they form the object’s shape. The pixel
intensities contained in the area spanned by the shape is
called the texture. In the database, the object is presented
with varying shapes and textures (a mouth, for example can
be open or closed). The role of the model is to identify
the principal variation eigenmodes of the shape and the tex-
ture of the object when deformations occur. These variation
modes then serve as an efficient parameter set to describe the
object’s appearance changes on the images of the database.

To detect the variation modes, the modeling uses Principal
Component Analysis (PCA), for both the shape and the tex-
ture. The shape of the ith element of the database is a col-
lection of Ns-Dimensional points (Ns = 2 or 3), and its
texture is generally a collection of pixel values, but both can
be treated as vectors si and ti and feed the PCA routine:

si = s̄ + Φs ∗ bsi

ti = t̄ + Φt ∗ bti
(1)

Where s̄ and t̄ are the database mean shape and texture, Φs

et Φt the matrices formed by the PCA eigenvectors, and bsi

and bti are the decomposition of si and ti on the identified
eigenmodes. A third PCA is usually performed on the mixed
vector bi = [bsi|bti]:

bi = Φ ∗ ci (2)

Where Φ is the matrix formed by the eigenvectors. Its role
is to identify the correlations between shape variation bsi



and texture variation bti and take advantage of them to re-
duce the size of the final parameter vector ci. The vector
ci represents the final parameterization of the ith element of
the database. It contains the contribution of the identified
eigenmodes of both shape and texture for this element. The
variation modes Φs, Φt and Φ are then used to depict any
appearance change of the modelled object within the scope
of the database.

3.2.2 Real and Synthetic Face Modeling
The modeling method we use in this work is closely related
to the one presented in section 3.2.1, using the face as the
studied deformable object. Here, however we use the AAM
routine not only as an analysis tool, but also for the synthe-
sis part. Indeed, the operations presented on figure 2 can be
inverted, and a 2D or 3D facial configuration can be synthe-
sized for any vector c. The c-parameter space is very in-
teresting for facial parameterization because it only models
the perceptible variations of the face, and not the underlying
mechanisms causing these deformations. Therefore, con-
trary to muscle-based approaches, the reduced space forms
a consistent and continuous space, with no ”hole” (areas of
the parameter space that correspond to unnatural facial con-
figurations). For this reason, appearance spaces have already
been used for the synthesis of human faces with success [1].
In this article we propose to use the same type of model for
synthetic characters as well, which, to our knowledge, has
never been done before.

For real faces, the database required for AAM modeling is
fairly easy to obtain with a video camera and a shape track-
ing algorithm. The elements of an equivalent A-database
(figure 1f) for the synthetic face cannot be obtained that eas-
ily. Each sample of the A-database is a hand-designed 3D
facial configuration, so it is preferable to keep the number
of required samples small. Our idea for building the A-
database, is to use the human database, and extract the ex-
pressions that have an important impact on the formation on
the appearance space. Indeed, a lot of samples from the hu-
man database bring redundant information to the modeling
process, and are therefore not essential in the A-database.
In particular we notice that the modeling scheme presented
in section 3.2.1. is linear. Consequently, if a sample of
the human database is linearly dependent on other samples,
then the corresponding facial configuration can be recovered
by linear combination of these samples. The linearly de-
pendent sample is then expendable. Following this logic,
we are able to reduce the set of necessary expression to a
reasonnable size. Practically, we detect the samples inter-
secting the convex hull of the volume formed by the human
database samples in its appearance space using [3]. These
samples are responsible for shaping the meaningful variance
of the database and thus encompass the major part of its rich-
ness. By reproducing these selected expressions on the face
of the virtual character, we can build its very own appearance
model according to the method presented in 3.2.1. Our stud-
ies have shown that 25-30 expressions are enough to train an
efficient appearance model.

Figure 3. Two different views of the the database samples distribution
in the appearance space (≈5000 samples). Only the first three dimen-
sions (d1, d2, d3) of the appearance space are drawn. The sample col-
oring is based on an emotional label subjectively assigned to each facial
expression (Blue=Sadness, Cyan=Joy, Green=Surprise, Yellow=Fear,
Red=Anger, Magenta=Disgust).

3.3 Control Interface Generation
Section 3.2 explained how we propose to parameterize hu-
man and synthetic expressive faces using appearance mod-
els. A modeling stage helped to form a reduced appearance
space of dimensionality Na. Yet manipulating this space is
somewhat unpractical since it is usually high-dimensional
(Na≈30). In this section, we present a method that warps
the most interesting part of the appearance space on a 2-
Dimensional disk, adapted for simple and intuitive naviga-
tion.

3.3.1 Analysis of the Appearance Space
The idea of simplifying the navigation in the appearance
space emerged when observing how the samples from the
human database were distributed throughout this space. Ob-
viously, the samples cannot be visualized asNa-Dimensional
points, but we can visualize them as 3-Dimensional points
by drawing their 3 most important principal components.
As we can see on figure 3, the point cloud of the database
samples in the appearance space has an interesting struc-
ture: the neutral facial expressions are located at the cen-
ter of the cloud while highly expressive faces are located
on the edges of the cloud. Intermediate expressions are lo-
cated in the continuous space between neutral and extreme
expressions. This special structure is not specific to the ap-
pearance model used here, and has been identified in other
studies [11, 22]. To highlight the peculiarity of the structure
on the figure, the database samples have been manually col-
ored according to their resemblance to one of Ekman’s basic
expressions (groups E1 to E6 on figure 3). It is important to
notice, however, that this subjective labelling was not used
in the modeling process, but only for the convenience of the
display.

We observe that the point cloud possesses a few dominant
directions which are identified as the segments separating
the neutral expression and the extreme ones. Most of the
natural expressions are distributed either along these direc-
tions to form a given expression at different intensity levels,
or between these directions to form transitional expressions
between the dominant ones. It is tempting to consider the
topology in the appearance space spanned by the dominant
directions and try to reorganize it in a more straightforward
form in order to allow intuitive manipulation of the data. We



have chosen to organize the space spanned by the dominant
directions of the appearance space on a comparable topol-
ogy in a lower-dimensional space: a 2-Dimensional disk.
The relation between these two spaces is established by 3
sequential operations:

• Dominant directions detection (section 3.3.2). The first
step towards warping a part of the appearance space
on a simpler 2D space is to detect the dominant high-
dimensional directions forming the region of interest in
the appearance space. This process is illustrated on fig-
ure 4.

• Expression space embedding (section 3.3.3). The purpose
of this process is to find a distribution of the identified
dominant directions on a 2-Dimensional space (the con-
trol disk) that satisfies an appropriate optimization crite-
rion (see figure 5). This kind of operation is usually called
embedding.

• Control mapping construction (section 3.3.4). The latter
embedding determines only a one-to-one discrete link be-
tween the dominant directions and their embedded ver-
sions. The last operation uses this correspondance as a
basis to construct a dense, analytical mapping between the
control space and the appearance space.

Once the control mapping is constructed, every point of the
2D control space has a corresponding mapped point in the
high-dimensional appearance space, and can then trigger the
synthesis of a facial expression on the virtual character.

3.3.2 Dominant directions detection
We have defined the dominant directions as the segment be-
tween the neutral expression and the extreme expressions in
the human database. The database sample representing the
neutral expression can be easily designated manually. On
the other hand, the extreme expressions have to be objec-
tively chosen so that the majority of the significant part of
the appearance space is encompassed in the control space.
In that sense, the most appropriate candidates are the sample
located on the convex hull of the sample cloud, which were
already identified in section 3.2.2. Unfortunately, the hull
detection algorithm can become rather costly at high dimen-
sionalties. However, since the dimensions of the appearance
space are determined by a PCA routine (see section 3.2.1),
they are ordered by their percentage of participation to the
global database variance. In other words, the first dimen-
sion of the appearance space has the most important vari-
ance, and the variance decreases when we move from the
first to the last dimension. We can use this property to per-
form the hull detection on only a subset of dimensions, and
therefore avoid high computation times. In practice, using
the first 8 dimensions (75% of the total database variance) is
enough for a stable hull detection.

The result of the hull detection process usually contains an
important redundancy: the convex hull often intersects the
sample cloud at several neighboring points. These neighbor-
ing points, however, represent one single dominant direction
of the database distribution. They have to be merged into a

Figure 4. Characteristics of the appearance space.
Top: the central part of the appearance space is occupied by neutral
expressions. The other expressions of varying intensities are concen-
trated on dominant directions in space. Extreme expressions are lo-
cated on the edge of the point cloud. Bottom left: Extreme expressions
are detected as the convex hull points (black dots). Bottom right: The
dominant directions (black lines) are identified as the segment between
the neutral expression and a few selected extreme points.

single representative hull sample. This can be achieved by
running a mean-shift algorithm on the set of detected hull
points, so that groups of neighboring samples are merged
into one mean-shift mode while isolated hull samples remain
unchanged.

3.3.3 Expression Space Embedding
Figures 4 and 5 present a symbolic 3-Dimensional view of
the detected dominant directions, but in reality these direc-
tions are of higher dimension. Our purpose now is to warp
these directions onto a 2-Dimensional disk. For this opera-
tion, we regard the dominant directions as the segments of
unit length of a Na-Dimensional hypersphere centered on
the neutral expression sample. The only information we con-
sider is the angle between the dominant directions in the ap-
pearance space. The goal of the embedding is to distribute a
set of directions on a disk (2-Dimensional hypersphere), so
that each dominant direction di in the appearance space cor-
respond to one 2D direction ei on the disk, and the distortion
between the two directions distributions is minimized. Sim-
ply put, when nd dominant directions di, i ∈ {1, ..., nd},
have been identified in the appearance space, we want to
find a set of nd 2-Dimensional directions ei, i ∈ {1, ..., nd},
distributed on the disk that represent theNa-Dimensional di-
rection as ”well” as possible. The distortion measure we use
is based on the angular distance between the dominant di-
rections. A traditional 2D embedding scheme would require
that the angular distribution between the 2D embedded di-



Figure 5. Appearance space Embedding on a 2D disk.
Left top and bottom: two views of the detected dominant directions in the appearance space (Only the first three dimensions (d1, d2, d3) are drawn).
Directions coloring is based on the database emotional labelling. Middle top and bottom: two views of the path (gray surface) determined by the
traveling salesman optimization routine. Right: embedding of the dominant directions on a 2D disk.

rection is similar to the original angular distribution in the
appearance space:

Θi,j = α.θi,j , for all (i, j) ∈ {1, ..., nd}2
with Θi,j = arccos (di.dj)
and θi,j = arccos (ei.ej)

(3)

However, at this point it is essential to note that the 2D case
that we consider is degenerate. The set of directions we want
to scatter on the 2D control space is actually 1-Dimensional
(there is a bijection between the radii of a disk and the
points on the corresponding circle, which is a 1-Dimensional
space). The direct consequence of this is that the embedded
directions of a 1D embedding are ordered. A given direction
ei only has two direct neighbors, and no direct adjacency
with the other directions. The relations between one direc-
tion and the other ones that are not its direct neighbors are
irrelevant and should therefore not be considered. The em-
bedding objective becomes:

Θi,j = α.θi,j , for all (i, j) ∈ Ω
Ω = {(i, j) | ei and ej are neighbors} (4)

We see that the nature of the present embedding problem dif-
fers from the traditional formulation: the challenge here is
not to compute the values of the θij , but to determine which
directions will actually be neighbors once embedded. Thus
instead of turning to traditional embedding methods (MDS,
Isomap, LLE), we have to pose the optimization problem in
a different way: when running along the 1-Dimensional cir-
cle in the control space, we are supposed to pass by each of
the embedded directions in a given order, forming a path
through the directions {ei1 , ei2 , ..., eik}. The idea is to
find such a path {di1 , di2 , ..., dik} in the high-dimensional
hypersphere that travels through each dominant directions
exactly once, and meanwhile minimizes the angular dis-
tance accumulated during the travel (which we identify as
the overall distortion of the path). The distortion, or cost, of

a path can be written as:

cost =
∑nd

k=1 Θik,ik+1

where ind+1 = i1
(5)

Expressed in these terms, we recognize the well-known trav-
eling salesman optimization problem (TSP).

The TSP is a NP-complete problem whose purpose is to
determine the shortest path running through a set of cities,
when the distance between them is known. By replacing the
cities by the Na-Dimensional directions and the inter-city
distance by the inter-direction angle, we can solve our spe-
cific optimization task by using any generic solving method
for the traveling salesman problem. Because of the NP na-
ture of the TSP, the optimization task becomes excessively
costly when the number of detected directions grows. In this
study, we used such a stochastic method based on simulated
annealing. Our experiments showed that, with a reasonnable
number of directions, the TSP optimization always reaches
a stable possibly-optimal solution in a reasonable time (less
than 2 minutes for 30 directions). Once solved, the TSP op-
timization delivers the sequence of directions we have to run
through to minimize the overall distortion. The directions
are then embedded on the circle following the order of the
delivered sequence. Finally, the angles between the embed-
ded directions are computed to be proportional to the angular
distribution of the Na-Dimensional path in the appearance
space, as in equation (4). The result of the embedding on the
2D circle can be seen on figure 5.

3.3.4 Control Mapping Construction
The control mapping (symbolized by CM1 on figure 1) has
to be established between the 2D disk and the appearance
space based on the discrete correspondance established be-
tween the directions in both spaces (see section 3.3.3). Many
fitting scheme can be considered for this purpose, like tradi-
tional regression methods (linear, polynomial, etc.). Another



Figure 6. Several examples of facial expression control from the 2D control space. Selecting a point in the control space (located the middle on
each example) triggers the synthesis of the corresponding facial expression on both the human and the virtual character (trough control mappings
CM1 and CM2). The nature of the expressions on both entities corresponds perfectly, meaning that the knowledge of the behavior of the human face
has been successfully transferred to the synthetic one. Expressions from the database as well as unseen, mixed facial expressions can be successfully
generated. On examples middle-top and middle-bottom in particular, we observe the presence of wrinkles around the eyes.

interesting option is the Thin-Plate Spline (TPS) approxima-
tion, which can be viewed as 2-Dimensional extension of
traditional splines [4]. The attractive characteristic of TPS is
to present a tradeoff between the accuracy of interpolation of
the known mapping samples and the smoothness of the map-
ping. Since the control space is supposed to be continuously
navigated, the smoothness criterion is an important one in
our case. In addition, due to the local coherence of the ap-
pearance space, a 100% exact interpolation of the samples
is not necessarily relevant. A piecewise linear approxima-
tion would perfectly interpolate the known samples, but it
would produce visible variation discontinuities on the target
face when navigating in the space. With a TPS mapping, we
allow a limited and practically invisible interpolation error
in order to accentuate the smoothness of the mapping, and
improve the comfort of navigation in the control space.

The construction of a mapping between the control space
and the appearance space initially concerns the human ap-
pearance space. However, it has been shown in section 3.2.2
how an equivalent appearance space could be constructed for
a synthetic face. If the facial expressions that correspond to
the dominant directions of the human database are integrated
in the A-database, the embedded directions of the control
space have corresponding directions in the avatar’s appear-
ance space as well. The detection of the dominant directions
(section 3.3.2) as well as the embedding of the dominant di-
rections in the 2D space (section 3.3.3) has to be performed
on the much richer human database; yet once the embedded
directions are known, they can be mapped on the directions
of the avatar’s appearance space.
This connection can be thought as a transfert of a knowl-
edge aquired on the human database to the A-database. The
knowledge of the nature and organization of the dominant

expressions is transfered from the studied human face to the
synthetic face.

The main control mapping is the one mentioned above,
which links the control space and the avatar’s appearance
space (CM1). However another control mapping (CM2)
linking the control space and the human appearance space
can be constructed on the same principle. Therefore, by se-
lecting a point in the control space, we address points in both
the human and synthetic appearance spaces, and simultane-
ously trigger the synthesis of a facial expression on both en-
tities, as shown on figure 6.

4. RESULTS
On figure 6, we illustrate the synthesis of new facial ex-
pressions on both the real and the syntetic face by select-
ing points in the 2D control space. Obviously stereotypical
expressions present in the database are well recovered, but
it is important to note that unseen, mixed facial expressions
that were not included in the database can be synthesized
as well. This generalization capacity is linked to the AAM
modeling’s ability to learn from only a few examples and
successfully extrapolate the appearance changes for unseen
configurations. Unlike approaches which control underly-
ing mechanisms like muscle contractions [2] for which mix-
ing parameter values can lead to unnatural facial configu-
rations, the appearance space we use is very well adapated
to the continuous parameterization of natural facial expres-
sions. The overall coherence of the intermediate appearance
space makes our facial control system relevant not only for
the synthesis of still facial configurations, but also for the
generation of dense facial animation sequences where the
frames correspond to a trajectory in the 2-Dimensional con-
trol space. This use of the system is presented on figure 7.



Figure 7. Synthesis of facial animation. The continuous nature of the
control system allows the synthesis of coherent expression sequences.
Along pathes in the control space, the face is animated with no percep-
tible discontinuity, and no unnatural facial expressions. This charac-
teristics offers an important advantage over traditional facial control
systems.

Note that additional video results are presented on our re-
search website1.

On the resulting images of the synthetic face (figures 6 and 7),
we notice the presence of skin-related deformations (wrin-
kles around the eyes and on the cheeks). The use of a mixed
shape/texture deformation model allows for such fine tex-
tural details to be synthesized automatically with respect to
each facial configuration. The innovative use of appearance
models as a synthesis tool undoubtedly improves the realism
and naturalness of the virtual character.

We mentioned in the introduction that, contrary to pre-
vious approaches, the low-dimensional control space we
use does not rely on a theoretical emotional space like
Cowie’s activation-evaluation space or Plutchik’s emotion
wheel [6, 19]. It is interesting to observe that if we seg-
ment the control space according to the type of emotional
expression that each area produces (based on Ekman’s six
fundamental expressions) we obtain a new formulation of
a morphology-based emotional space (figure 8). The dif-
ference with previous emotional spaces is that this one is
derived from actual facial deformation data, and not from
theoretical considerations. Its disk-based structure, with the
emotion type as the rotational parameter and the emotion in-
tensity as the radial one reminds us particularly of Plutchik’s
emotion wheel.

5. CONCLUSION
We have presented a system that automatically designs an
intuitive interface to control the facial expressions of both
human and synthetic faces. The interface offers a simple
but accurate control of facial configurations. The special
model we used (control of geometrical and textural varia-
1http://www.rennes.supelec.fr/ren/perso/nstoiber/recherche.en.php

Figure 8. Emotional interpretation of the control space. Classifying
the synthesized expressions into Ekman’s emotional categories helps
noticing that the structure of the control space resembles Plutchik’s
emotion wheel. The type of emotional expression is parameterized by
the angular position while the radial distance represent the intensity of
the expression.

tions) accounts for an improved visual quality with the syn-
thesis of subtle skin deformations like wrinkles. Moreover,
the control interface provides a continuous control of the fa-
cial movement and thus allows the generation of coherent se-
quence of natural facial animation. The latter property is par-
ticularly interesting for interactive applications like video-
games or real-time dialog systems featuring a virtual charac-
ter: the expressional state of the virtual face (point in the 2D
control space) can be controlled in real-time by an emotional
engine, and this state can continuously evolve with respect
to events occuring during the interaction. We can also note
that the method described in this article can be applied to any
virtual face, provided it is possible to contruct a database of
facial expressions for this character (see section 3.).

One drawback of the approach presented in this article is
that a 2D control space obsviously cannot address all possi-
ble facial configurations of the high-dimensional appearance
space. Only a small part of the appearance space is reached
by the control mapping. Yet the input space of the control
mapping needs to be simple and low-dimensional to allow
an intuitive manipulation by non-expert users. To improve
the variety of expressions that can be synthesized, we are
currently working on a 3-Dimensional control space which
would play the same role as the 2D control space with an
additional dimension. With a well-thought 3-Dimensional
interface, the manipulation of facial expressions in the con-
trol space could remain intuitive, while a lot more diverse
facial expressions could be synthesized.

REFERENCES
1. B. Abboud, F. Davoine, and M. Dang. Facial

expression recognition and synthesis based on an



appearance model. Signal Processing: Image
Communication, 19(8):723–740, 2004.

2. I. Albrecht, M. Schrder, J. Haber, and H.-P. Seidel.
Mixed feelings: Expression of non-basic emotions in a
muscle-based talking head. Virtual Reality,
8(4):201–212, 2005.

3. C. B. Barber, D. P. Dobkin, and H. Huhdanpaa. The
quickhull algorithm for convex hulls. ACM
Transactions on Mathematical Software (TOMS),
22(4):469–483, 1996.

4. F. Bookstein. Principal warps: Thin-plate splines and
the decomposition of deformations. Transactions on
Pattern Analysis and Machine Intelligence,
11(6):567–585, 1989.

5. T. F. Cootes, G. Edwards, and C. J. Taylor. Active
appearance models. European Conference on
Computer Vision (ECCV), 1407:484, 1998.

6. R. Cowie, D.-C. Ellen, S. Savvidou, E. McMahon,
M. Sawey, and M. Schrder. Feeltrace: An instrument
for recording perceived emotion in real time. Proc. of
the ISCA Workshop on Speech and Emotion, pages
19–24, 2000.

7. Y. Du, W. Bi, T. Wang, Y. Zhang, and H. Ai.
Distributing expressional faces in 2-d emotional space.
Proceedings of the conference on Image and video
retrieval, pages 395–400, 2007.

8. Y. Du and X. Lin. Emotional facial expression model
building. Pattern Recognition Letters,
24(16):2923–2934, 2003.

9. P. Ekman, E. Rolls, D. I. Perrett, and H. Ellis. Facial
expressions of emotion: An old controversy and new
findings. Philosophical Transactions: Biological
Sciences, 335(1273):63–69, 1992.

10. A. Eleftheriadis, C. Herpel, G. Rajan, and L. Ward.
Mpeg-4 systems, text for iso/iec fcd 14496-1 systems.
In MPEG-4 SNHC. 1998.

11. C. Hu, Y. Chang, R. Feris, and M. Turk. Manifold
based analysis of facial expression. Proceedings of the
2004 Conference on Computer Vision and Pattern
Recognition Workshop, page 81, 2004.

12. P. Kalra, A. Mangili, N. Magnenat-Thalmann, and
D. Thalmann. Simulation of facial muscle actions
based on rational free form deformations. Computer
Graphics Forum, 11(3):59–69, 1992.

13. C.-S. Lee, A. Elgammal, and D. Metaxas. Synthesis
and control of high resolution facial expressions for
visual interactions. IEEE International Conference on
Multimedia and Expo (ICME), pages 65–68, 2006.

14. N. Magnenat-Thalmann, E. Primeau, and D. Thalmann.
Abstract muscle action procedures for human face
animation. Visual Computer, 3(5):290–7, 1988.

15. A. Mehrabian. Pleasure-arousal-dominance: A general
framework for describing and measuring individual
differences in temperament. Current Psychology,
14(4):261–292, 1996.

16. M. Ochs, P. Catherine, and D. Sadek. An empathic
virtual dialog agent to improve human-machine
interaction. Autonomous Agent and Multi-Agent
Systems (AAMAS), pages 89–96, 2008.

17. F. I. Parke. Parameterized models for facial animation.
IEEE Computer Graphics and Applications,
2(9):61–68, 1982.

18. C. Pelachaud, N. I. Badler, and M. Steedman.
Generating facial expressions for speech. Cognitive
Science, 20(1):1–46, 1996.

19. R. Plutchik. The nature of emotions. American
Scientist, 89(4):344, 2001.

20. Z. Ruttkay, H. Noot, and P. ten Hagen. Emotion disc
and emotion squares: tools to explore the facial
expression space. Computer Graphics Forum,
22(1):49–53, 2003.

21. H. Schlosberg. The description of facial expressions in
terms of two dimensions. Journal of Experimental
Psychology, 44(4), 1952.

22. C. Shan, S. Gong, and P. W. McOwan. Appearance
manifold of facial expressions. In Computer Vision in
Human-Computer Interaction, pages 221–230.
Springer, Berlin, 2005.

23. N. Tsapatsoulis, A. Raouzaiou, S. Kollias, R. Cowie,
and D.-C. Ellen. Emotion recognition and synthesis
based on mpeg-4 faps. In MPEG-4 Facial Animation -
The standard, implementations and applications, pages
141–167. John Wiley and Sons, Hillsdale, NJ, USA,
2002.

24. M.-L. Viaud and H. Yahia. Facial animation with
wrinkles. Eurographics Worshop on Animation and
Simulation, 1992.

25. K. Waters. A muscle model for animation
three-dimensional facial expression. Proceedings of the
14th annual conference on Computer graphics and
interactive techniques, 21:17–24, 1987.

26. C. Whissel. The dictionary of affect in language. In
R. Plutchik and H. Kellerman, editors, Emotion:
Theory, Research, and Experience, pages 113–131.
Academic Press, New York, 1989.

27. S. Zhang, Z. Wu, H. M. Meng, and L. Cai. Facial
expression synthesis using pad emotional parameters
for a chinese expressive avatar. Lecture Notes in
Computer Science, 4738:24–35, 2007.

28. C. Zhou and X. Lin. Facial expressional image
synthesis controlled by emotional parameters. Pattern
Recognition Letters, 26(16):2611–2627, 2005.


	1. INTRODUCTION
	2. RELATED WORKS
	3. SYSTEM DESCRIPTION
	3.1 Overall Description
	3.2 Appearance Modeling
	3.2.1 Active Appearance Models
	3.2.2 Real and Synthetic Face Modeling

	3.3 Control Interface Generation
	3.3.1 Analysis of the Appearance Space
	3.3.2 Dominant directions detection
	3.3.3 Expression Space Embedding
	3.3.4 Control Mapping Construction


	4. RESULTS
	5. CONCLUSION
	REFERENCES 

