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ABSTRACT

The animation of virtual characters is an active field of research. The face is a special
part of these characters due to its complexity and its communication abilities. Different
technigues have been developed to control the face deformation. One of these
techniques is based on a coarse approximation of the facial anatomy, and simulates the
skin deformation through abstract muscles. This dissertation intends to study this model
in order to animate in real-time a three-dimensional synthetic face. An implementation
of this model in C++ using OpenGL is developed and used to be applied to different
polygon meshes. The evaluation of this implementation is based on the appearance of
the expressions and the animations but also its efficiency as far as the animation is

concerned.
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Introduction

Nowadays, virtual characters are present in our audiovisual environment and, in some
places, they become more and more interactive. For example, they appear on television
screens as presenters and in the cinema as main characters of stories. However, their
place of predilection is where there are generated, in computers. In this field, much
effort is concentrated into giving the virtual characters a more or less close appearance
and behaviour of humans. These characters, aso called avatar, mimic humans in order
to communicate with them, and they use the characteristics of human communication to
achieve this. The avatar can be a human projection in a virtual world (graphical or not),
or a representative of this world. A virtual character representing a person is generally
used to show to another person to enable them to communicate. The autonomous avatar
also establishes a link between the machine and the exterior world. For instance, they
may help the user to find hisher way in an application; they can be characters from a
computer game, they can aso be a house seller and show you the photos of your future
accommodation [AWO01B].

The main vectors of human communication are speech and facial expression, therefore a
lot of research endeavours to give a voice and a facial appearance to the virtual
character. The facial expression can convey a more precise meaning of speech by
showing the emotional state and the mouth shape. The simulation of the facial motion is
a difficult task due to the complexity of the composition of the face and its small
changes, which make the expressions and a person recognisable. There are different
techniques to produce and control a synthetic face, which is described Chapter 1.
However, this dissertation is interested in a model based on an abstract muscle-based
method that is used to control the deformation of a synthetic face. This model, whichis
composed of two types of muscle, the linear and sphincter muscle, through which a
polygon mesh is deformed, was developed by Waters in 1987. Since then, many other
models have used this as a base, for example, some replace the polygon mesh by B-
Spline patches to represent the skin. Waters model is now one of the most popular
models.



The goal of this project, described in Chapter 2, is to study the abstract muscle-based
model in order to show the operations needed to adapt it to different meshes. Also to
evaluate the quality of expressions and animations created by the deformation of the
face through the muscle structure. The animation in real-time will also be observed in a
virtual environment created with the 3D engine Fly3d. To achieve this aim the Waters
model is developed in C++, explained in Chapter 3, based on a Java 3d implementation
done by James Edge [JEOQ]. The polygon mesh adaptation and the creation of
expressions and animations are done through an application developed during this
project and are described in Chapter 4. Chapter 5 evaluates the results of these different
operations and criticises the Waters model implementation behaviour in the Fly3d

engine.



Chapter 1 : 3D face modelling and animation

1 Virtual characters in day to day life

And if Philip K. Dick wonders in 1968 “if the androids dreamed about electronic
sheep” , humans of today dream about virtual creatures [CAO0OC].

3D animations take up more and more space in our audio-visual environment;
television, cinema and multimedia computer applications. For example, synthetic
characters appear on television screen presenting children’s broadcasts (as Donkey
Kong Teem on France2 or Hugo Délire on France3) or popular game shows (as Bill in
TF1, French television channel). They become television stars; they receive mails,
phone calls, presents, exactly like human presenters, asif they have areal life. Thistype
of character is also used in television advertisements. For instance, Lipton, in its
European publicity campaign (2001), brings life to two toys: a dog and a “King Kong”
[CAOOB]. After they drink the Lipton beverage, the static toys become animated
through 3D pictures. Another example of a commercial is one made by Pathé Sport, a
new cable sport channel, in which table football (baby-foot) players are animated. These
look really enthusiastic to watch the new program on television; they applaud, whistle,
and so on [CAOOC]. This advertisement is shown on the small screen and also in

cinemas.

Virtual characters are also present in dark rooms through many films, like one of the
most cited, ‘Baby’ in the short film ‘Tin Toy’ by Pixar in 1988. The Pixar collection
does not stop here, there isalong list of computer generated characters. For example, in
‘Toy Story’ (1995), where a band of toys are animated; thisis the first film in the world
to be made entirely in synthetic pictures. Also in ‘Geri’s Game' (1997), where an old
man plays chess with himself (simulation of the cloth dynamic). Alsoin ‘A Bug'sLife
(1998), in ‘Toy Story 2' (1999), and in ‘For The Bird’ (2000) [CAOOA]. Pixar is not the
only one to use synthetic characters. For instance in the film *Gamer’ (2001), made by

Zak Fishman, the spectator is transported from reality, where actors and real decors are



filmed, to a virtual environment where the same actors and decors are represented by
computer generated pictures (Figure 1) [CA00B]. We can cite also ‘Jurassic Park’ with

the dinosaurs, ‘ Star Wars' with ‘Jar Jar Binks' and many others.

Figure1l Taken from [CAOOA] and [CAO0OB]: Arielle Dombase face synthesised
and assembled with a virtual body on the left and on theright the Toy’s Story

family.

All the techniques used to bring life to these characters

works well; people laugh, cry, are scared for them, people
like or hate them. Any feeling created by these pictures shows a good result because
people react as if they are human characters. But one of the most important issues in
order to obtain such a success is the enormous computer time consumption. The film
production unit can deal with this problem due to the fact that a film or an
advertisement is a presentation and the audience is passive. Soon, as there are
interactions between these characters and the real world, thisissue will become essential

because they must react in real time to world changes.

In computer applications synthetic creatures play an important role, mainly in two ways:
to represent areal person in telecommunication at ateleconference (representative), and
to guide or help a user through an application (autonomous behaviour). In these two
cases there are interactions between the users and these characters, which are commonly
called avatar. The avatars representing areal person have different levels of accuracy. In
‘virtual world’ on the Internet, like the ‘2°™ Monde’ (a reconstruction of Paris) or ‘ Fog'
(reconstruction of an English Victorian decor show as seen in Figure 2), the user
conducts his’lher avatar through the virtual environment and writes a text to

communicate with the other avatars (identical to the IRC). The expressions and
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animations of avatars remain simplistic and do not show the user expressions.
Teleconference uses avatar because a network like Internet is not efficient enough to
transmit real-time video that is an enormous amount of data. In this case, at least a
representation of the person’s face is transported through the communication link, as a
cloned face (avatar). The graphical appearance of the avatar should be built into the
receiver side and must show the expression of the person who talks (lip motion, facial
expression as happiness or anger and so on). To have more realism, a photo of the real

person can be applied to the synthetic face.

Figure 2 Taken from [CAQOB] : Chat room in three dimensions called ‘Fog’ and

representing thevirtual Victorian environment.

Finge veraz parrrl 0 volumr dans IAeglEerne VICTOTSNAE, 24 voirs pEsarsig e T atlira gir lremer: gwec is2 sl s

Autonomous virtual characters are present in computer applications to help the user to
do certain operations with a software, for instance one of the first and probably the most
famous is ‘paper clip’ in Word. It is very simplistic but brings information
corresponding to what the user does. Now it is easy to imagine an avatar with human
appearance; speaking, listening and answering by word of mouth. It can be useful to
find a document in the hard disk or Internet and even read it. One of recent exampleisa
character called Rea, she is displayed on a big screen and interacts with clients to
present houses and apartments for sale in Boston. She shows pictures of the house and
its rooms, points out the important characteristics and answers the customer’s questions
[AWO01A]. She does not communicate only through speech but also with facial
expression and her hands to describe the distance between rooms for instance. To make
an avatar such as Rea, a lot of different fields are blended together, such as Natural
Language Processing (NLP); signal processing to deal with the speech; hearing and

11



shape recognition; 3D graphic for the motions of body and face; and artificial intelligent

(Al) to analyse the environment and have a suitable behaviour.

However the main point of these synthetic characters is to communicate with humans
(eveniif it isonly in one direction as in cinema). In the specia case of interaction with a
system, they represent a Human Computer Interaction link. When people communicate,
a lot of elements are used to understand the meaning of what is said; the gestures,
emotions and speech are the important vectors. In general, the presentation of
information with graphics and sound are more attractive, “researchers have shown that
employing a face as the representation of an agent is engaging and makes a user pay
more attention” [TKOOQ] (an agent could be an avatar). So after the speech, probably the
most important vector of communication is the facial expression. This is the main
reason why a lot of research has been done in facial modelling and facial animation
during the last 20 years. It is far from an easy task as every difference in the human face
makes an individual recognisable and facial expressions are made up of small changes.
In the following paragraphs, the techniques for modelling and to control virtual faces
will be described, then a detailed presentation of the abstract muscle-based model will

be shown in the last section.

2 Face modelling

Face modelling is an important part in the creation of a character because the
appearance of the character is a large part of its identity, and the face is probably the

first contact users have with him/her.

Several ways could be used to describe a face geometry like Constructive Solid
Geometry (CSG) or voxels, which are volume representations. Or parametric surfaces
or polygons mesh, which are surface representations. But the most commonly used is
the polygon mesh representation. The reasons for this choice are that it is less time-
consuming to render compared to the volume description, and furthermore, the graphic
hardware has been developed to be more efficient with the polygons manipulation. Still,
in the technologies described below the data provided are generally parametric or

polygon surfaces.
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Face modelling can be considered in two proposes: to create a new face or clone areal
face. In the first case, an artist will do the design of the face because there is not data
available for aface that does not exist. The designer can start from a generic basic three-
dimensional face and use modelling software (3D studio Max, Factory, and so on) to
modify it. Some other tools exist to allow an artist to create a synthetic face. One of
them enables the designer to use a pen to sculpt (virtually) a three dimensional model
displayed on the screen (shown in Laval Virtual Reality exhibition 2000, France). This
pen has six degrees of freedom and retroaction motions to enable the user to feel the
surface through the pen when s’he moves it. The designer can sculpt the shape (take of f
bits of material) or use the material extrusion technique (addition of material). To call
on adesigner is time-consuming but gives a good representation of what the new faceis

expected to be.

In case of cloning areal face different techniques are available, which can be split into
two partsin regard of the data input used: three-dimensional and two-dimensional input.
With three-dimensional input two types of equipment can be used. A laser scanner,
such as ‘Cyberware' [LTOQ], provides alarge regular mesh of pointsin acylindrical co-
ordinate system and the colour and texture information in few seconds [TKE98]. There
are two major problems with this technology, which are the amount of data provided
and also the post-processing operations needed due to the points missed during the
scanning. Another technology is digitalisation, which uses cheaper equipment compared
to the laser scanners but is sensitive to the same drawbacks.

With two-dimensional input three methods are used, one with a video sequence and
two with pictures. The video sequence method, described in [PF98], uses a video stream
enabling the building of a three-dimensional face. One of the two techniques using
pictures is to build a three-dimensional face by founding the vertices co-ordinates
through the measurement of a set of points located on two (or more) pictures. This
measurement can be done with a 2D digitizer or manually. The result will be better if an
algorithm is used to take into consideration the perceptive distortions. The second
method is to start from a generic facial polygon mesh with a set of characteristic points
and modify them corresponding to the position of these characteristic points on two (or
more) pictures. The positions of remaining vertices, which have not been modified, are

computed with a special process called ‘scattered’ [LT00]. The advantage of this
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technique is that every face shares the same structure (from the generic polygon mesh),

30 the animation method could be the same for all of them.

3 Facial control

The facial animation is a complex task due to the real structure of the face composed of
muscles, bones and skin. The motion of this complex structure is difficult to simulate
because small changes make different expressions and humans are used to reading them

intuitively.

In different facial animation techniques a scheme is used which describes the relation of
the muscle actions and their effects on the facial expression. Ekman and his colleagues
developed this scheme, called Facial Action Coding System (FACS), in 1978. This
describes the Action Units (AU), which are the smaller visible changes on the human
face, in order to associate them with muscles responsible of these changes. For instance:
“AU 10 — Upper-Lip Raiser. The muscle for this action runs from roughly the centre of
the cheeks to the area of the nosolabial furrow. The skin above the upper lip is pulled
upward and toward the cheeks, pulling the upper lip up....” [PW96]. So the association
between this AU and the muscles can be made: The Levator Labii Superioris and Caput
Infraorbitalis muscle are responsible for the AU 10 — Upper-Lip Raiser.

The following paragraphs describe several facia animation techniques.

Inter polation or 3D mor phing of key frames — This method is the same as the one
used to make conventional animations. Key-frames are defined as positions
(expressions) in the animation time and an algorithm calcul ates the frames between the
key-frames. The key-frames can be built by an artist who can take a long time to create
them or by motion capture which is expensive when the studio and actor must be paid.
This method is used in a lot of animations and gives good results but it has a few
important drawbacks. The first one is the use of the key-frames, which restrict the range
of new animations at the number of existing key-frames. A second issue, by using this
process in facial animation, is the unreal displacement of the vertices between two key-
frames due to the fact that every point moves with the same motion. However what is

searched is not a correct simulation but agood visual rending. The linear interpolation is
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not the only one to be used, better results can be achieved by using Bezier or B-Spline

curves.

Parametric control — The aim of this method, associated with Parker’s name who
wrote “Parameterised Model for Facial Animation” in 1982, is to use a small set of
parameters to control afacial mesh. The commands to control the face are for example:
eyelid opening, eyebrow arch, jaw rotation, mouth expression, upper lip position, etc.
Through these parameters it is possible to make any reasonable facial expression. A
drawback of this method is the fact that the parameters are connected directly to the
mesh and so the set of parameters must be redefined for any new face (new mesh).
Otherwise most of the parametric models use the FACS to associate the parameters with
actions on the facial representation. A particularly interesting development was done by
Hyewon Seo and Nadia Magnenat Thalmann (2000) in which they set up a LoD (Low
level of details) management for human-like face models. In this implementation, the
geometry (polygon mesh) and the animation parameters, defined as regions on the face,
are optimised with regard to the distance from the point of view [STOO0].

Figure 3 Taken from [ST0Q] : LoD method with parametric control.

a) Region for facial
animation;
b)Expressions :
applied to different resolution models; c) Different levels of a
young woman'’s face model (Gouraud shading).

Facial motion tracking — This technique is still an active field of research; it can be
done by tracking some reflective elements fixed on the persons face and applying the
displacement to the corresponding points on the virtual face. These markers should all
the time remain visible from the camera. Another solution is to use “Snake” or active

15



contours. In the human face there are feature lines and boundaries that a snake can
track. A snake could be “the numerical solution of a first order dynamical system”
[TKE98] or a B-spline curve where the control points are time varying. This processis
also used to track the muscle contractions. The problem with it, is that the numerical
integration may become unstable [TKES8]. A video stream could also be used to track
the motion of pixels from frame to frame, thus extracting the facial position and
expression. This enables the recognition of very small changes in the face, but to
achieve such aresult, a highly detailed picture is needed [PW96].

Figure 4 Taken form [PW96] page 302: Dynamic
facial image analysis using deformable contours
a) and b) and the resulting facial mimic c) from

the contr action estimates.

Patch technology — This method is used for animation as well as modelling. A patch
could be a Bezier Patch or a B-spline patch, and the surface defined by this patch could
be modified through control points. In fact the patch can be used also to control the
deformation of polygon mesh, where each vertex is a point of the patch. Because the
number of control points is inferior to the number of vertices covert by the patch it is
easier to control the deformation in a smoother way. By using a hierarchy of B-spline
patches it is possible to modify alarge surface or a smaller one, which gives the control
at different levels of detail [AWO01B] (see Figure 5).
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Figure 5 Taken from [CWww]: Facial modelling with B-spline patches.

Physical based model — There is not a complete anatomic based model devel oped yet.

However, Terzopolous and Waters implemented a model based on three levels to

simulate the skin structure: cutaneous tissue (epidermis), subcutaneous tissues (fatty
tissues) layer and muscles (see Figure 6). Each level is represented by spring mass
models and the spring stiffness’ simulate the tissue characteristics. The investigation
reports that this structure involves 6,500 springs and that this mechanism does not give

the graphic result that its complexity could be envisaged [AWO01B].

Figure 6 Taken from [PW96] page 252: model based on three levels (epidermis,

muscle layer and bone) to simulate the skin structur e using spring mass.
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A croes enction of the trilayered tissue model, The muscle vector
influences only the nodes in the muscle lnyer

Abstract muscle-based model — The abstract muscle-based model has been developed

by Waters in 1987. This model is based on a coarse anatomic model due to the fact that
17



the deformation of the polygon mesh (equivalent to the skin) is made through two types
of abstract muscle. The linear muscle, which pulls the mesh, is represented by a point of
attachment and a vector. The sphincter muscle, which sgueezes, is represented by an
ellipse. Neither of them are connected to the polygon mesh and their action is defined
by an influence zone. The advantage of this technique is that the system of mesh
modification is independent of the topology of the face. The muscle abstract muscle-
based model is also used in conjunction with B-Spline patches by Carol Wang to

animate aface (Figure 7). Thisface is controlled by 46 muscles, 23 for each side.

Figure 7 Taken from [CWww]: Abstract muscle-based model to control B-Spline

patches: Expression of a) sadness, b) smirk, c) fear and d) disgust.

A more detailed description of the Abstract muscle-based model will be given in the

next section.

4 The abstract muscle-based model

This whole section is dedicated to the abstract muscle-based model due to the aim of the
project, which is to study the qualities and defaults of this model to produce 3D facial
animations.

The abstract muscle-based model, first reported in 1987 by Waters [KW87], is one of

the most popular models nowadays. It is based on facial anatomy due to the fact it uses
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abstract muscles to modify the polygon mesh. Two types of abstract muscle are used;

the linear muscle to pull the mesh and the sphincter to squeeze the mesh.

Linear muscle — The linear muscle, also called vector muscle, is composed of an
attached point, standing for the fixation point of the muscle on the bone, and another
point defining the muscle vector. The displacement is computed to give a null result at
the attached point, then the deformation increases going from one side of the vector to
the other. There is not any point attached to the skin, but an influence zone is described
by the attached point and a rotation of the muscle vector. Any vertex included in this
zone will be moved by the action of the muscle and its displacement is given by the

Equation 1.

Figure 8 Linear muscle

For any arbitrary vertex at the position P is new position P’ isgiven by :
Equation 1 computation of the vertex displacement for the linear muscle.

P& P+akr +

P- Vi

a=cos@) D=|P-V]
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Sphincter muscle — The Sphincter muscle simulates the Obicularis Oris muscle,
surrounding the mouth, which close the lips. The influence zone of the Sphincter muscle

is represented by a parametric ellipse inside of which every vertex is pulled toward the
centre point.

Figure 9 Influence zone of the Sphincter muscle on the X-Y plan.

The Equation 2 is used to compute the new position P’ of the vertices at the position P:

Equation 2 computation of the coefficient of the vertex displacement for
sphincter musclein the X-Y plan.

2p2 4, 12p2
_— 122 +12P;

Iy

When the muscle surrounding the mouth is contracted the maximum movement is
produced from the corner to the centre of the lips, while simultaneously the central area
is pulled forward. To obtain this effect the coefficient g, Equation 3, is calculated to be
proportional to the distance of the vertex position from the ellipse centre.
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Equation 3 computation of coefficient of the vertex displacement in the Y-Z

plan for the sphincter muscle.

g:‘ny' C‘
lx

However the vertices should not pile up to the ellipse centre, therefore the displacement
in X-Y plan is null when the vertex position is distanced of less than the smaller ellipse
diameter from the centre (Figure 9). The final equation for the vertex motion in one plan
(X-Y), represented by the Figure 9, is the Equation 4

Equation 4 complete equation for the computation of vertex displacement in

the X-Y plan for a Sphincter muscle.

-C

Py© Py +dk
-C‘

Ry~ G

Where:
J- fgfor‘PXy-C‘>Iy
) Ofor‘PXy-C‘£Iy

And k is the contraction of the muscle.

To simulate the forward displacement of the lips another equation is needed. This
equation uses the same coefficient as the previous equation and modifies the last co-
ordinate of the vertex.

Equation 5 complete equation for the computation of vertex displacement in

the Y-Z plan for a Sphincter muscle.
pO-p, + KL fo) k(1- fg)
C

Where Cis aconstant and equal at 10 a typical implementation [JEOQ].
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To modify a polygon mesh through a muscle, the algorithm travels the vertex list to find
those that are in the influence zone and applies to them Equation 1 for the linear

muscles or Equation 4 and Equation 5 for the Sphincter muscles.

In addition to these two types of abstract muscle, a control for the jaw rotation was
developed. The rotation of the jaw is done by rotating the vertices that compose the jaw
in relation to the pivot point of the face. A basic rotation creates a discontinuity at the
corner of the lips as can be seen in Figure 10. To keep the cohesion at the corner lips,
James Edge [JEOQ] introduced a coefficient computed by a cosine function dependent of

the distance between the vertex and the point pivot of the face.

Figure 10 Taken from [PW96] page 235: Expression of

surprise showing the discontinuity in the lips cor ner.

Through these few controls, muscles and jaw rotation, the polygon mesh can be
deformed and thus produces a large range of facial expression. It isimportant to notice
that the controls, except the jaw rotation for which the vertices must explicitly be
defined, are independent of the mesh topology due to the working by the influence
zone. A main default of this model is that it is just vague approximations of the
anatomy; the linear muscles do not pull the skin towards a single attached point. This
model can be improved to be closer to the reality but a polygon mesh will still represent
the skin and the graphical result may not be better.
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Chapter 2 : The project - aim and development

The virtual characters or avatars will become part of computer applications; they will be
present to help the user through an application, search and read the newspaper found on
the Internet, or will represent a person in avirtual conference taking place in a computer
somewhere on Earth. By looking a bit more far away the computer will be an avatar, the
prehistoric mouse and keyboard will no more exist. The technology does not push only
to create avatars that ook like humans but make them act as us, defaults included.
Research is made to simulate human behaviour; the virtual characters could have
different moods and act corresponding to this state of “mind” [TK00]. Once again the
face is an important vector of communication, the mood of the person is expressed by
the intonation of the speech but how often do people look at the speaker to know
exactly the meaning of what is said? The development of a face model, which enables
the reproduction of such a communication, will make the avatar more communicative.
As described in the previous chapter, several facial animation techniques have been
developed but this project studies an abstract muscle-based model, which already gives
satisfactory results in visual speech production [JEOQ]. The few characteristics that are
necessary to have a good model can be seen in the first section of this chapter that
described the goal of this study and pointed out these characteristics. The second section
describes the resources used to start and the last section explains the different

devel opments needed to reach the goal of the project.

1 Aim of the project

The project is to study the Water model applied to a polygon mesh and to evaluate how
an implementation of this model fits into the characteristics that make a facial model
interesting.
What are the important characteristics of afacial model? The answer develops from the
question ‘what isit used for? A facial model needs to be used for:

alarge range of virtual characters,

the creation of alarge range of recognisable expressions,

the facial animation in real-time.
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These three points are explained in more detail below and will be used to evaluate the

implementation of the Waters model.

Mesh adaptation — One of the supposed advantages of the Waters model is its
independence of the face topology. For this reason any facial expression or animation
should be applicable to any face without any parameters modification. This
characteristic is really important to be able to animate a large range of virtual characters
for which their identity is mainly based on the facial shape and facial appearance. The
evaluation of this characteristic is subjective, a correct adaptation will be judged by
comparison between expressions on the adapted mesh and the same expressions on a

face used as a model.

Expression creation — From an animators point of view the creation of expressions
should be intuitive and not too complex, like this s/he can concentrate his/her efforts on
the quality of the expression more than the way to create it. Obviously the quality of
facial expression depends on the animator, but the model must give the freedom and the
accuracy to create realistic expressions if that is what is wanted. The evaluation of the
quality of visual expression is aso subjective, but the expressions, at least the six
universal expressions (happiness, anger, contempt or disgust according to different

literatures, fear, surprise and sadness), must be recognisable.

Facial animation — For the facial animation two aspects are important; the realism and
the efficiency in real-time. The realism depends on the quality of the facial expression
but also the method used to pass from an expression to another. Some people might
argue that the efficiency is not so important due to the continual improvement of the
graphic hardware, but it remains interesting to know the behaviour on the present
hardware and try to find solutions to make it better. Firstly, the evaluation of the
animation is related to the quality of the motion created by a succession of different
expressions, which is again subjective. Secondly, the evaluation of the efficiency of an
animation in real-time could be quantified by the number of frames per second lost

when the animation is played.
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2 Resources used as background

The model implemented by Waters is composed of a polygon mesh and 25 muscles (24
linear muscles and one sphincter muscle) plus the jaw rotation. His programs are written
in C++ using OpenGL but the way that the code is designed makes the extension, or the
addition of new functionality, difficult. To get over this problem and use the model to
produce visual speech, Paul Skidmore [PS99], then James Edge [JEOQ], make an
implementation of the Waters model in Java 3D, bearing in mind the importance of the
future improvement possibilities. This implementation gives good results for the
production of visual speech but the use of Java makes the application really slow and
unusable to animate a face in real-time.

The Java 3D program used 24 linear muscles, a sphincter muscle, a skin polygon mesh
of 478 vertices, two eyes composed of three spheres (representing the eyeball, the
cornea and the pupil), and teeth represented by polygons placed on a Bezier curve.
Figure 11 shows the complete model.

Figure 11 Facial model used by James Edge (the picture on the right istaken from
James Edge’ s dissertation [JEOQQ]).
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Figure 3.} Overlapping muscular influences upon the facial mask, as used
in Waters's original model (courtesy of 5.C.Maddack)
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In this model some discontinuities related to the polygon mesh have been introduced.
The purpose of these discontinuities, represented by straight lines, is to limit the action
of linear muscles around the mouth. In fact the production of speech needs to be able to
control the lips independently, so six lines have been used to design the limit between

the two lips and the six muscle influence zones.

3 Developments required for the project

The development of the project is separated in three parts; the implementation of the
Waters model, the creation of an interface to adapt the new mesh to the muscle
structure, in order to create expressions and animations. The last part is the development

of a Fly3d plug-in to use the Waters model in avirtual environment.

The Waters model - In the first place the Waters model, the base of this project, will be
implemented in C++ using OpenGL. These two choices are motivated by their
efficiency in three-dimensional graphics; this programming language and this graphic
library are the most common combination in three dimensiona graphic development.
This implementation has the pretension be used in different applications, so it has to be
platform independent and a C++ object by itself to be included in any program. For this
reason the final code will be alibrary (.lib), which can be called by any application to
use the interfaces (C++ objects used as interfaces) of the abstract muscle-based model.
Two interfaces (objects), one included in another, will be created, one to manipulate the
face and one to modify the muscle structure. The interface used to interact with the
model must have the functions:

To load, save aface form file.

To manipulate the muscles independently (contract the muscle, rotate the jaw).

Draw the face.

To create, load, save and show expressions.

To create, load and play animation.

To give access to the second interface.
The second interface, which modifies the muscle model, must have the functions:

To modify the position and the scale of the different elements of the face: skin, eyes,

and teeth.
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To modify the muscle position or orientation.

To modify the jaw by defining the vertices contained in it.

To modify the discontinuities.
Many other functions will be added but the previous description is the minimum
required. In fact the first interface limits the number of functions visible for a user who
does not want to know how the face works. The second interface, which isincluded in
the first one, gives access to the compl ete structure of the face and an acknowledgement
of this structure could be necessary to use it correctly. But it could also be useful to

access the second interface for efficiency reasons, to draw or animate the face.

The graphical interface — The graphical interface will be used to deform the polygon
mesh through the muscles and every muscle action will be displayed in real time on the
face. It must also enable the user to save and load the expressions created by the
previous process. This application will be a tool to adapt a new polygon mesh to the
muscle structure, so it will enable the user to translate, rotate or scale the facial mesh,
teeth and eyes and to select the vertices contained in the jaw. It could be necessary to
modify the muscle position and orientation to get a better accuracy on the mesh
adaptation, so an interface to modify the muscle structure will be implemented in this
application. The faces created that way need to be saved and loaded in/from files. The
last use of thisinterface will be to create, save, load and play animations.

For the implementation of this interface the software Microsoft Visual C++ and the
MFC (Microsoft Foundation Class) will be used which means that this application will
be Windows platform dependent.

The Fly3D plug-in — To evaluate the behaviour of the Waters model implementation in
avirtua environment, the 3D engine Fly3D will be used. This engine is created to be a
development platform for games or for any application using 3D scenes, so the
implementation of behaviour is made through the creation of a plug-in. The library of
the model will be used by the new plug-in and thus it will be possible to know the cost
of a such animation by looking at the number of frames lost when the animation is on.

The plug-in will use the first interface of the abstract muscle-based model library.
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Chapter 3 : Implementation

This chapter explains the main characteristics of the implementation of the abstract
muscle-based model, the process to animate this model, the graphical interface and the

Fly3d plug-in.

1 The main objects of the face

The face object — The face object is the first interface in the implementation of the
Water model, typically a 3D engine will use it. The Face object can load a face from
files (CreateFace function), save aface in files, contract a muscle given its name, open
the mouth (rotation of the jaw), etc. Through this interface it is possible to get the
FaceStructure object, with the GetFaceStructure function, but this should be used only
to modify the face structure. If the face structure has been modified the function
InitFace should be called principally to initialise the muscles. The muscles need to be
initialised because for each one of them a vertex index vector of verticesin itsinfluence

zone is set up for efficiency reasons (see muscle object).

The Facel O object — This object is used to read the data from the files and construct a
new FaceStructure object with this data. The FacelO contains the same objects as
FaceStructure object, thus it can construct it by passing al these objects as parameters
of the constructor. The Facel O is constructed by the Face object when a Face object is
created (load a face from a file) or when the Face object is saved (with the function
SaveFace), and destroyed after it has been used.

The FaceStructure object — This object is the engine of the model, it is composed of a
list of muscles; two Eyes objects, a Teeth object, a Skin object and a vector of 3D points
representing the displacement of the mask from the vertices of the original polygon
mesh. The most part of FaceStructure functions are accessible by the Face object, but
the other part is used by the objects contained in the Face object. The direct access to
the FaceStructure object (after it has passed through the GetFaceStructure function of
the Face) should be used only by an application that wants to modify the structure of
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the face. For instance, to modify the Skin, Eyes or muscle position with the function

trandate(..). Otherwise the application should use the Face object interface.

The muscle hierar chy — The muscles are represented by an abstract class Muscle from
which two other classes are derived: LinearMuscle and SphincterMuscle. This structure
is used because most of the functions exit in the two types of muscle and have or have
not the same implementation. One of the main functions of these objects is, given a
copy of the original vertex list (vertices of the polygon mesh which have been loaded
from the files), to compute, with the muscle contraction, alist of 3D point and return it.
Each point of this list will be added to the corresponding 3D point of a list
displacement, which will be added to a copy of the original vertex list to give the new
position of the vertex in the mask. For efficiency reasons a vertex index list of vertices
in the influence zone of the muscle is set up, consequently when the muscle is activated
the algorithm does not go through whole vertex list of the face. Also for the same
reason, a level of LoD (Low level of details) is associated with each muscle indicating

from which level the muscleis active.

The Skin object — The Skin object is composed of :
A vector of vertices (3D point) used as the position of the face after the loading.
A second vector of vertices representing the facial mask which is displaced by the
muscles and drawn.
A vertex index vector to know the vertices that compose the polygons to draw.
A vertex index vector representing the vertices contained in the jaw.
A vector of discontinuity.

A value representing the rotation of the jaw.

The Expression object — The Expression object is composed of the following elements
and stands for viseme and emotional facial expression.
A vector of muscle name used to make the expression.
A vector of muscle contraction corresponding to the name muscle at the same index
and indicating the contraction of this muscle.
A value corresponding to the jaw rotation to make the expression.

The name of the expression.
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The ListeExpressions object — The ListeExpression object is a vector of expression
(derives from std vector) and has a vector of value representing the time of an
expression in an animation (0 if it is used as asimple list of expression). This object is
able to load/save itself from/in afile.

The FaceAnimation object — The FaceAnimation object is composed of a
ListeExpression object and other data members, but its main function is to create a
Expression object, given a time in the animation. The Expression is created by a linear
interpolation on the muscle contractions between the previous and the next key

Expression from the list of Expression.

2 Animation process

To animate the face the application loads a face from a file (.fat), loads an animation
(.exp file) and asks the face object to show an expression, given a time in the animation
(function ShowExpression(int time) of the object face). There is only one
FaceAnimation object by face, but different animations can be loaded from a“.exp” file.
The Face object asks the FaceAnimation object to give it an Expression corresponding

to the time given by the application and asks the FaceStructure object to show it.

Creation of the expression by the FaceAnimation object— To create an Expression
the constructor needs. an expression name, a vector of name muscle, a vector of
contraction and a value for the rotation of the jaw. FaceAnimation object creates a
vector of muscle name which is areunion of the muscle name vector of the previous and
next key Expressions. The vector of contraction isfilled with the contractions cal culated
with Equation 6. The rotation is calculated with the same equation.

Equation 6

SartC — (SartC — EndC) * (time — startTime)/ timeBetween for (StartC > EndC)
Or
SartC +(EndC — SartC) * (time — startTime)/ timeBetween for (EndC < StartC)
Where :

StartC is the muscle contraction of the previous key Expression.

EndC is the muscle contraction of the next key Expression.

Time is the time in the animation given by the application.
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startTime is the time in the animation of the previous key Expression.
TimeBetween the time between the two key Expressions.
The FaceStructure object receives the new Expression and will modify the mask of the
skin to show this expression. All the muscle contractions are set to their original value
and the vector of displacement is reinitialised. For each muscle name of the Expression
the algorithm will find the muscle object corresponding (means travel through the
vector of muscle each time), set the contraction of the muscle and compare the Lod

level of the muscle to the LoD level of the Face (set by the application).

LoD management for the muscles — There are six levels of LoD and the muscles are

active corresponding if their level is superior or equal to the FaceStructure LoD level.

LoD level Muscle name
0 Thereis not muscle actif
1 Left Frontalis Major, Right Frontalis Major and jaw rotation

Obicularis Oris, Left Zygomatic Major, Right Zygomatic Major, Left

2

Major Angular Depressor, Right Major Angular Depressor

Left Risorius, Right Risorius, Left Zygomatic Minor, Right Zygomatic
3 Minor, Right Minor Angular Depressor, Left Minor Angular

Depressor, Left Secondary Frontalis, Right Secondary Frontalis, Left
Labi Nas, Right Labi Nasi.

Left Frontalis Outer, Right Frontalis Outer, Left Lateral Corigator,
4 Right Lateral Corigator, Left Frontalis Inner, Right Frontalis Inner,
Left Inner Labi Nasi and Right Inner Labi Nasi

5

The choice to give a certain level to a certain muscle is guided by the importance of the

facial deformation that their action makes.

So, for every active muscle, the displacement (vector of 3D point) is updated by adding
to it, element to element, the vector of 3D point return by the function activate of the
muscle. This function travels through the vertex index vector of the muscle (indices of
vertices under the muscle influence initiated at the muscle construction) to compute the
displacement of the vertices from their original position related to the contraction. Then

the displacement is updated by a function of the Skin object to take in consideration the
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jaw rotation. Finally the displacement is added to the mask of the Skin, which will be
drawn when the application calls the function draw of the Face object.

To improve the efficiency of the animation, the index of the vertices influenced by a
muscle are memorised in a vector contained in the muscle, but in future development
the polygon mesh could be changed by a LoD algorithm, then this vector will need to be
updated. In this implementation it is possible to update this vector by the function

InitVertexVec of muscles.

3 The graphical interface

The graphical interface is a typical Microsoft Class Foundation (MFC) application and
in that respect the MFC application wizard generates automatically five classes to build
a Document/View structure: CAnim_faced4App, CAnim_face4Doc, CAnim_facedView,
CMainFrame and CAboutDIg.

CAnim_facedApp — This class derives from the base class CWinApp to build a
Windows application object. An application object provides member functions for
initialising and running the application. This object creates an instance of each
following class: CAnim_facedDoc, CAnim faced4View, CMainFrame and CAboutDlg.

CAnim_faced4Doc — This class derives from the CDocument class. It manages the data
transfer between the masse memories and the application. It also memorises the data
used by the application and changes made to this object by the user. For every
CDocument object there are one or more CView instance associate with it.

The CAnim_face4Doc have ainstance of the Face object.

CAnim_faced4View — This class derives from the CView class. It is used to show a
representation of the data contained in the CAnim_face4Doc object and to interpret the
user input as modification to this document. In this application this view presents the

Face object of CAnim_face4Doc in three dimensions using OpenGL.

CMainFrame — This class derives from the class CFrameWnd and provides the

functionality to manage the focus of the windows, of the views, the scroll bars .... This
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frame is split in to part one for the CAnim face4View object and another for the

SecondFrame object.

SecondFrame - This class derives from the class CframeWnd and is split in two views:

Projection2View and ViewSatus.

Projection2View — This class derives from the CView class and is used to present a
projection of the face profile vertices. It is used to select/de-select the vertices contained

in the jaw.

ViewStatus — This class derives from CformView and defines aform view that isaview
containing controls like CEdit object. This view is used to display the state of the

CAnim_face4Doc, like the mode (normal, face placing, eyes placing, ...).

The CAnim_facedDoc uses the interface of the Face object and the interface of the
FaceSrructure object. To move the elements of the face (Eyes, Teeth, Skin) the
document uses the FaceStructure functions trandate, rotate or scale passing the object
(avalue indicating the object) to move and the axe on which the motion should be done
(except for scaling). It also modifies the vertex index vector of skin to change the
vertices contained in the jaw. Each object, which could be moved, has these three
functions. trandate, rotate and scale. FaceStructure has also a function to modify the

space between the two eyes.

4 Fly3D plug-in
Fly3d is a 3D engine designed to be a game development platform. It is totally
independent of any type of application due to the fact that all behaviours are embedded
in plug-ins. The plug-in objects must derive from the root object flyBspObject and
inherit of the particle behaviour [WPQQ].
The plug-in is composed of one class called Anim_face that derives from flyBspObject.
This class contains the following objects:

Face face: the object face.

flySkeletonMesh* body : A pointer to an animated skeleton used as a body for the

face.
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flyBspObject* observer : A pointer to the camera object used to know the position
of the view point and set the face LoD.

flyMesh * f3dstaticmesh : A pointer to a mesh object used for the face because the
textures are not implemented in the anim_face lib.lib. The relief of the faces were
rendered by shading but in the virtual room used for the animation, no light is
created, and this issue has not yet been solved. So in this environment the faces look
flat, with no relief, as show on Figure 12.

Figure 12 Flat view of the face dueto the absence of light.

Function of the Anim _face class:

init() : This function is used to initialise the plug-in, therefore it loads a face and an

animation for the face object.

Step(dt) : This function is used to move the objects before they are drawn. In this

function the following steps are taken:
The face is updated by the face function ShowExpression with the time since
the beginning of the animation as parameter.
If the body exists (different from 0), it is updated by the flySkeletonMesh
function set_skeleton(...).
If the observer exists (different from 0), the distance between the face
position and the view point is computed, then a LoD level is set for the face
by the function setLodLevel(...) corresponding to the distance.
If the f3dstaticmesh exists (different from 0), the vertices of the face are
copied to the mesh represented by f3dstaticmesh to have the face with a
texture. The file from which the face has been loaded must be the same as
the one from which the f3dstaticmesh has been | oaded.



Draw() : This function draws the object as follows:
The face with the function Draw().
The body with the function draw().
The f3dstaticmesh with the function draw().

Certain parameters can be changed through the interface of the engine, flyEditor.exe :
float scale used to scale the face to adapt it to the body.
float Xtrans used to scale the face to adapt it to the body.
float YTrans used to translate the face to adapt it to the body.
float ZTrans used to tranglate the face to adapt it to the body.
float XRot used to rotate the face to adapt it to the body.
float YRot used to rotate the face to adapt it to the body.
float ZRot used to rotate the face to adapt it to the bodly.
int LoDLevel used to fixe the LoD level (0->5) if the observer does not exist or if
the mode manual to set Lod is chosen (autoLod = 0).
flySkeletonMesh* body used to select a skeleton for the body.
flyBspObject* observer used to select the view point.
flyMesh * f3dstaticmesh used to select the mesh file for the texture of the face.
int body_presence used to select if the body must be present (1) or not (0).
int body anim used to select if the body must be animated (1 or 0).
int texture selects if the f3dstaticmesh must be used for the texture (O or 1).
int autoLod used to select if the LoD level is computed corresponding to the
position of the view point (1) or set by the parameter LoDLevel (0).

The Anim_face object uses only the interface of the face object and not the interface of

the FaceStructure object.
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Figure 13 The face and the body in the virtual room.
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To test the efficiency of the animation the number of frames per second is computed by
finding the average of the frame per second that is given by the engine, during a
complete facial animation.
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Chapter 4 : The Identity changes to the virtual life

The elaboration of avirtual character is done through a series of operations; the creation
of the body and face, the creation of avatar postures and the animation of all these parts
through a succession of postures. This chapter focuses on the adaptation of the face to
the muscle structure used to create the facial expression and animation. The two last

sections describe the creation of expressions and animations.

1 Identity changes : Mesh / muscle structure adaptation

The virtual characters or avatars base their identities mainly on appearance including the
facial shape and colour. To have a facial animation system, here the abstract muscle-
based model, applicable to a large range of characters, the polygon mesh must be
adapted to the muscle structure. As was said previously, the Waters model is quas
independent of the polygon mesh topology but it remains for some operations to adapt it
to the muscle structure. The adaptation consists principally on rotations, trand ations and
scaling of the face. These operations could be done on the muscle structure but it looks
more intuitive to displace the face than a group of muscles represented by lines. The
second step is to define the vertices that compose the jaw. To carry out the operations an

application has been developed and the following paragraphs describe the way to use it.

1.1  Face positioning

At the present state of development the application can not load separately the muscle
data the polygon mesh data from the files, so the file .fat (text file) should be edited
manually as the following example:

f3d

muscles.dat

head g.f3d

Where the first line is the file type of the polygon mesh which is in Fly3D file format
(described in the file f3d_format.txt) created by the exportation of a 3D Studio MAX
document. The second line is the file where the muscle data is written, this name file
could be the same for every new face. The last line is the name of the Fly3d file. All

these files must be in the same directory.
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When the .fat file is edited, the application can be run with the anim faced.exe
executable file. The face should be loaded through the menu File->Open, the mode
Face placing should be set by the selection of the item Face placing from the mode

menu.

Figure 14 Interface for the adaptation of the polygon mesh to the muscle structure

!.-'}_Bnb face:1 - anim faced

The controls to move the face are the following ones:
Key / and * on the numeric pad for scaling.
Key 7 and 8 on the numeric pad for rotations.
Key 4 and 5 on the numeric pad for translations.
For the rotations and trandlations the axis are choose through the menu Moving axis.
Key —and + on the numeric pad are used to zoom.
The positioning of the face can take a while (15 to 30 minutes), the method is to
memorise the place of the muscles in the face of the “new_doc.fat” document and
reproduce the same in the new face (approximately the same). The way to verify if the

positioning is correct, is to select the Normal mode (mode menu), load a list of
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expressions (lauf.exp for instance) and check if they look similar to those of the model
(new_doc.fat). If thisis not the case, the position of the face must be modified, selecting

the mode Face placing. And so on until the expected result is achieved.

Figure 15 on the left : Final position of the Face, on the right the face model

The second step is to define the vertices composing the jaw.

1.2 Jaw definition

To define the vertices composing the jaw, the same interface is used by selecting the
mode Jaw vertices definition in the mode menu. A projection on the Y-Z plan of the
vertices face (profile) is done in the window in the up right corner, where the blue
points are the vertices which are not in the jaw. To insert a vertex in the jaw definition
the user clicks on the corresponding blue point which becomes red, to remove it she
just needs to click on it, which then becomes blue. Every vertices selected to be part of

the jaw are represented by ared sphere in the principal window on the left (Figure 16).
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The key + and — on the numerical pad can also be used to zoom in the projection view.

Figure 16 Selection of the vertex composing the jaw

- head_g.fat:1 - anim_faced

This operation is straightforward and takes 5 to 10 minutes, the process to verify if the
jaw definition is correct is to open the jaw with the space key. When this part is finished
the face needs to be saved.

1.3 Eyes and Teeth positioning

To position the eyes and the teeth the same method used to place the face should be
used. The files eyes.dat and teeth.dat should be copied in the same directory as the file
saved in the previous step. Then the latter (file .fat) must be modified as the following
example:

f3d

teeth.dat

eyes.dat

head g_muscles.dat

head g.f3d



To move the eyes, the mode Eyes placing must be selected and to move the teeth, the
Teeth placing must be selected, the control key is the same as those used to position the
face. In addition the key 1 and 2 of the numerical pad is used to modify the distance
between the eyes (axe X). When every facial element isin their place, the face must be
saved. The final result of the example is shown in Figure 17 and the total time spent to
adapt a new polygon mesh to the muscle structure is between 40 and 60 minutes. A
comparison and an evaluation can be done between the model and the new face, used as
an example in this section, using the picture in Appendix A. We can notice the use of
the F3D format file, which can be exported from 3DSMAX application, bringing us a

large source of facial polygon mesh.

Figure 17 Final result of the face adaptation

I ¢ head g fat:1 - anim_ faced

At the present state of development the application did not enable the user to create skin
discontinuity which brings differences as shown in Figure 19. The meshes used as
examples come from the application ‘Expression’ developed by Gedalia Pasternak
software under THE Q PUBLIC LICENSE [GPww].
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2 Creation of life seeds : The expressions

The expression creation is an important part of the virtual character elaboration, firstly

to bring it to life through a succession of facial expressions, making an animation and

secondly to give him a personality, for instance a simple smile can carry different

meaning: happiness, hidden sadness, and so on. To create expressions the same

application can be used, where each muscle is controlled independently through the

keyboard keys. The relation between the keyboard keys and the muscles are given by

table 1 and Figure 18. The low-case letters are used to contract the muscles and the

upper-case letters are used to relax the muscles.

table 1 muscle/letter association

q w e R t
Left Frontalis | Left Frontalis | Left Secondary Left Lateral Left Frontalis
Outer Major Frontalis Corigator Inner
a s
. . F g
Left Minor Left Major d . .
o Left Zygomatic | Left Zygomatic
Angular Angular Left Risorius . .
Major Minor
Depressor Depressor
%
c _ b
z X _ | Left Inner Labi _ o
Left Labi Nasi . Obicularis Oris
Nasi
y u [ o] p
Right Frontalis | Right Lateral | Right Secondary | Right Frontalis | Right Frontalis
Inner Corigator Frontalis Major Outer
h ] k I ;
Right Right Right Risorius Right Major Right Minor
Zygomatic Zygomatic Angular Angular
Minor Major Depressor Depressor
b n m
Obicularis Oris | Right Inner Labi | Right Labi Nas
Nasi
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Jaw

Figure 18 muscle/letter association

Through the 25 muscles and the jaw rotation, this interface gives an intuitive and
precise way to create expressions, but it remains limited by the fact that a muscle model
is a coarse approximation of the reality and the skin is simulated by a simple polygon
mesh. Furthermore the muscle structure enables unrealistic deformations which cause
the face to be torn or to lose its smoothness. Expression examples of three different
faces are shown in Appendix A (the faces with all the muscles relax, the six universal
recognisable expressions and two other expressions using different muscles, as the

Sphincter and the jaw rotation).
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3 Beginning of Virtual Life : Short animation

To appear alive the character needs to move, but the animation does not make a
character looks alive, for this a succession of short animation is needed. This succession
needs to be continuous and must change corresponding to the environment. The life of
the virtual character comes from the juxtaposition of small animations extracted from a
huge database. The short animation can be chosen corresponding to the occurred events
and also relating to the mood of the character. From this moment the avatar is alive, it
can be autonomous, it changes its appearance (expression and animation) corresponding
to its mood and the exterior events, which make the environment act differently to him,

so his“mind” state changes again and so on.

Every thing starts with the creation of a succession of expressions making a short
animation. This part of the application is the last that has been developed, so the
interface to create animation is not finished and asks probably a few hours of work.
Animation is a succession of expression that can be created as the expressions in the
previous section. The expressions can be inserted or removed from a list that can be
saved or load from afile. All these functions are accessible from the menu Expressions.
At the present state of the application development, the tools to manipulate the
expression are rudimentary, the insertion in the list is ainsertion at the end and it is not
possible yet to insert an expression somewhere else. To be a useful tool, this application
needs to enable the user to have two lists and to be able to insert the expression from a
list to the other. From this, the expressions can be picked up from afile to create a new
animation or a new list. The time of an expression related to its place in animation
should be added manually to the files .exp, the integer number correspondsto atimein
0.1 seconds, and must be written just after the name of the expression preceding of a
space. In the following example, part of the file anim.exp, the name of the expressionis

Happiness and itstime in the animation is at 1 second.

{MACRO}

Happiness 10

Jaw 0.5

Left Zygomatic_Major 1.1
Right Zygomatic Major 1.0



The timer to produce the animation is not implemented, so the key F1 is used to
simulate a timer incremented by 0.1 second and produce the expression by interpolation

corresponding to the time counter.
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Chapter 5 : Evaluation

The evaluation of the Water model through this implementation is divided into three
main sections. The first section discusses the issues of the polygon mesh adaptation to
the muscle structure described in Chapter 4, section 1. The second part comments the
expression creation method and the graphical quality of these expressions. Then the last
section presents the performances of facial animations using this implementation in the
3D engine Fly3d.

1 Polygon mesh adaptation

As said previously, the face is an important element of the virtual character’s identity
and so the face/muscle structure adaptation is a crucia characteristic to enable the use of

the same animation system for all the different avatar faces.

The adaptation of a polygon mesh to the muscle structure as described in Chapter 4
section 1, takes between 40 and 60 minutes which is relatively short if we consider that
all previous created animations will be usable for this new face. The evaluation of this
process is based on the comparison between a series of expressions applied to the new
face and to a model. The similarity of an expression applied onto the two faces is the
judgement criterion but it is a relative point of view. The evaluation can be done with
the series of pictures in Appendix A, where three different faces show nine different
expressions (the faces with all the muscles relax, the six universal recognisable
expressions and two other expression using different muscles, as the Sphincter and the
jaw rotation). The first human face is the model used to make the comparison and the
two other faces, a human face and an alien face, are examples of mesh adaptation. These
examples show a relative good adaptation for the human face where the different
expressions are recognisable as they are in the model, whereas the expressions on the
alien face are not so much. Two reasons can explain this result, the first one is the alien
mesh has already an expression of anger in the normal position (an upside down smile
on the mouth), in this case is not possible to make it smile with the same parameters as
the others; the vertices of the mouth need a more important displacement. The second

reason comes from the face morphology; the nose and the mouth are blended together
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and the horn between the eyebrow. These elements, which are differing from a human
face, make the expressions difficult to recognise. The Waters model is based on an
approximation of the human face anatomy, so the adaptation to other types of character
is more difficult, imagine the case of a Cyclops face. However these examples can be
improved by spending more time to adapt the mesh, or by moving the muscle. The
modification of the muscle structure can be done by trandating the muscle or changing
its orientation. Both of these methods increase the complexity of the mesh adaptation
and may be used at the last stage of this process. At the present state of development
only the muscle orientation can be modified. When the face in normal position looks to
have aready an expression, it could be modified through the muscle structure, and
defined this new mesh as the face when all the muscles are relaxed. The problem with
this method is some strange artefacts could happen when expressions are applied due to
the accumulation of vertices in the muscle influence zone. In the mesh adaptation
process, the creation of discontinuity did not implement at the present state of
development. These discontinuities are used to control the upper and lower lips
separately, during the speech production for instance. Figure 19 shows the difference

between a face with discontinuity and another one without.

Figure 19 Differences, for a same expression, between a face a) with discontinuity

and b) one without.
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The conclusion of this section is that the Waters model can be easily applied to different
meshes if they are close to the human face morphology. For other characters the amount

of work will be more important but it remains possible.

2 Expression creation & Expression rending

The expression creation is the base of the facial animation, it giveslife to aface. For an
animation, alarge range of expression is needed, which means that the process to create
them should be not difficult. The second point places emphasis on the “realism” and the
quality of the expression, which are arbitrary criteria dependant of the point of view, so
difficult to evaluate but it is at least possible to say if an expression is recognisable or
not. The method of expression creation can be qualified as fairly easy and intuitive, the
deformation through a muscle is not surprising, knowing the muscle place and direction.
In addition the deformation is proportional to the muscle contraction, which is
completely controlled through two keyboard keys, and the result of this deformation is
directly visible on the face. Thus the user can try different combinations of muscle
contraction and he/she can achieve the creation of alarge range of expressions through
the 25 muscles (plus jaw rotation) dispatched on the face. Once an expression is created,
it can be saved in a file and applied to any adapted mesh. It can also be loaded and
modified to give an individual expression to a character.

On the picturesin Appendix A, different characters show the six universal expressions:
happiness, anger, fear, surprise, disgust and sadness. By looking to these pictures, it is
possible to recognise the expressions on the two human characters, despite confusion
between fear and surprise. The expressions on the alien face are not recognisable for the
reasons explained in the previous section. It is difficult to say that the expressions are
realist and the main problem is the coarse approximation of the facial anatomy on which
the model is based. This model enables the facial mask to be stretched, torn and
achieves the creation of artefacts as shown on picture a) Figure 20. This default occurs
due to the action of several muscles, the vertices in the influence zone of these muscles
are moved corresponding to the summation of muscle functions. The two red circles on
picture b) on Figure 20 emphasises a problem due to the jaw rotation; the moving
vertices contained in the jaw go under the closer vertices which do not move with the

jaw. To avoid this problem the displacement of the jaw vertices must be calculated
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corresponding to their position in the jaw, the method given by James Edge should be
improved. Another problem of this model, which can be noticed, is the occurrence of
the lips separating when the Zygomatic Major muscle is contracted as shown in the red
circle on picture ¢) Figure 20. Thisis due to the introduction of discontinuity on the skin

which enables the vertices of the upper lips to move and not those of the lower lips.

Figure 20 Artefacts due to the coar se approximation of the facial anatomy.

This evaluation could also be done using the FACS (Facial Action Coding System) ,
comparing the AU descriptions and the effects on the facial mesh of the corresponding
muscles. The verification of the 46 AUs could take quite a long time and will remain a
subjective method. In conclusion of this section, the abstract muscle-based model
enables a user to design a large number of recognisable expressions on an intuitive and
fairly easy way, but defaults in the model due to coarse approximation of the anatomy
remain. This section did not discuss the importance of the colour and the texture of the

skin which could improve considerably the realism or the appearance of the face.

3 Facial animation

The animation of aface is a difficult issue due to is anatomic complexity, therefore the
evaluation of this process will be done on two planes. Thefirst is to evaluate the quality
of the animation and at least its appearance that is relative to the viewpoint of the
evaluator. The success of animation is based on the quality of the expression and on the
way the face changes from one expression to another. Therefore the evaluation of this

part is closely related to the previous section as far as the expressions are concerned, but
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this part concentrates on the motion between two expressions. The second plan to

evaluate animation is related to the efficiency of it in real-time.

The changes of the face between two expressions are computed by linear interpolation
between the starting muscle contraction and the ending muscle contraction. One noticed
default in the animation based on interpolation was the fact that all vertices move at the
same motion which is not the case in this method. Actually the vertices are moved
through the muscles which displace on a longer distance the closer vertices to its
attached point than those that are more distant from this point. Figure 21 shows five
changes between the expression of happiness and one of anger on two different faces.

Thisfigureisalsoin Appendix C.

Figure 21 Transformation from happiness to anger in 1 second by step of 0.2
second.

Anger at 1sec

Happiness at 0 sec 0.2 sec 0.4 sec 0.6 sec 0.8 sec Anger at 1sec

The evaluation of the performances of the abstract muscle-based model for animation in
real-time are done on a processor Athlon 900 MHz with 128Mb SDRAM 133, a video
carte ATl Radeon 32 MB of DDR under Windows 98 and with the verson SDK2
BETA3 of Fly3D. The test is done with three different faces, each face is place and
animated at different LoD level in a virtual room. The frame rate computed is an
average of the frame rate given by the engine during a complete animation of 13

seconds. The reason for this calculation comes from the fact that the frame rate is not
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constant during the animation, depending on the complexity of the expression. The

more muscles are active to create an expression the more it is time-consuming. Anyway,

the frame rate is nether constant with or without animation.

table 2 Table presenting the performance of the Waters model

with three different faces and different LoD.

implementation

Waters Geddlia |Alien2 2*Waters | 2*Gedalia| 2* Alien2
head head head head head head
Number total of
S 478 1733 2048 2*478 2*1733 | 2*2048
verticesin the faces
Number total of
vertices influenced
1234 3365 2056 2%1234 |2*3365 |2*2056
by the muscle
structure(*)
NB NB NB NB NB NB
LoD level FPS FPS FPS FPS FPS FPS
VI VI VI VI VI VI
o 18 18 18 18 18 18
0 (no animation) 0 0 0 0 0 0
19 19 19 19 19 19
1 18 |98 |18 (268 |18 |137 |18 (196 (18 |536 |18 |274
2 18 [336 |18 |937 |18 |648 |18 (672 |18 |1874 |16 |129
3 18 934 |18 |2635|18 |1669 |18 |[1868 |14 |5270 |12 |3338
4(**) 18 [1234 |16 |3365(15 (205618 |2468 |8 6730 | 8-7 |4112
5(**) 18 [1234 |16 |3365(15 |2056 |18 |2468 |8 6730 | 8-7 |4112
Per cent of frame
Between |Between |Between |Between |Between |Between
rate lost between
0% 11.11% |16.66% |0% B55.55% | 55.55%
the LoD level O
5.26% 15.79% |21.05% |5.26% 57.90% |63.16%

and 5(***).

* . Some of vertices are influenced by two (or more) muscles so this number is the sum

over all the muscles of the vertices influence by each muscle.

** : The same muscles are active in the LoD level 4 and 5, they are all active.

*%% : 100- (LoD5 *100 / LoDO)
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FPS : Frame per second.

NBVI : Number of vertices influenced (*) by the muscle structure at a LoD level which
does not mean that all these vertices will move during the animation.

Notice: the Water face represents only the facial mask, where the Gedalia and alien
head represent a whole head.

From table 2 it is possible to notice two main characteristics that influence the frame
rate. Firstly, the number of vertices moved by the muscle structure modify the frame,
thisis visible when the LoD level is changed. The more the vertices are susceptible to
move, and more vertices effectively move, the more the frame rate is low. Dependant of
the complexity of the face (the number of vertices composing the face), the frame rate
lost can be from 0% to 21%, it is difficult to make precise measurements because the
frame rate is not constant even if no animation is played. But clearly the number of
vertices moved, influences the frame rate in important way. The complexity of the face
also reduces the frame rate as is shown with the difference between the Geladia and
alien head. Despite that in the alien head |ess vertices move than the Geladia, the frame
rate is generally inferior with the alien head which probably comes from the difference
of the total number of vertices contained in the mesh. This difference can be explained
by the way of the model isimplemented, in fact the vector containing the vertices of the
face (or head) is passed as an argument to the functions by copy, which increase the
time to animate the face corresponding of the total number of vertices. Thisissue can be
easily improved by passing pointers as function parameters. However the time-cost of a
complete facial animation is not negligible if the face is complex due to the number of

muscle influenced vertices, but isfairly good for aface with not too much vertices.

In concluding this section, the abstract muscle-based model gives fairly good
appearance during the animation, except some default of expressions by themselves that
can be improved, and has a reasonably good efficiency for meshes composed of a small

amount of vertices.

4 Later Development

The implementation of the abstract muscle-based model and the application to modify if

could be improved in many ways. The Waters model could be modified to give a better
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appearance of the face by adding a texture on the face and a tongue, useful to recognise
the viseme during a speech production, or by modifying the jaw rotation which shows
defaults as it is explained in section 2 of this chapter. Another important issue is to
make the muscle structure totally independent of the skin representation, thus the skin
can be represented by B-Spline patches or at |east be deformed by these type of patches.
This method could reach to a smoother skin deformation and a better appearance of
expressions. The implementation could also be improved to give a better efficiency of
animations in real-time by not making a copy of the vertex vector when it is passed as a
argument of a function. The animation method could be updated to enable the
juxtaposition of two small animations to make a bigger one, for instance during a game
session an animation can be following smoothly by another corresponding to the input
player. The application used to modify the muscle structure and to create expressions
can be finished by adding functions to create the skin discontinuity, modify the muscle
positions and to add/remove muscles from the structure. The creation of expressions can
be also improved to enable the user to blend two (or more) expressions together, which
is used in the production of speech to produce emotional visemes (a viseme blend with a
expression) [JEOQ]. The creation of the expression could be done by the use of a high
level of control, based on an association between the FACS, used as a command, and
the muscle structure, used as a operating mechanism. By looking farther, the
implementation of an application enables the creation of a speech given a text, using
Festival and Mbrola two public software [MBww] [FEww], will be a good asset for the

development of this model.
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Conclusion

The populating of our environment by the virtual charactersisjust starting. They appear
on television, cinema and multimedia computer applications. A part of them mimic the
humans’ behaviour by reproducing speech, gestures and also facial expressions. Virtual
characters can be representative of a person, during a teleconference for instance, or
they can be autonomous and then become a communication link between the computer
system and the user. In both cases, the aim of their existence is to communicate with
humans. To achieve this with success, they use the same communication vectors as
humans do. The second most important vector, after the speech, is the facia

exXpressions.

Different techniques are used to modelling and control the synthetic faces, one of them,
the Water model is studied through this project. This model is based on two types of
abstract muscle to deform the facial mask represented by a polygon mesh. The linear
muscle, or also called vector muscle, pulls towards the skin to a single attached point.
This point represents the insertion point of the muscle in the bone, and the influence
zone of this muscle is defined by the rotation of a vector around this point. Every
vertices present in this influence zone, is moved by the muscle. The second type of
abstract muscle is the sphincter, which has a influence zone defined by an ellipse.
Vertices present in this zone are displaced towards the center of the ellipse
proportionally to their distance form it. Simultaneously, they are pulled forward

inversely proportional to their distance from the center.

The goal of this project is to point out certain characteristics of an abstract muscle-
based model implementation. This model could be used for a large range of virtual
characters having different face topologies. However an adaptation of the character
faces to the muscle structure needs to be done. This point is shown in the previous
chapter to be not a difficult task, as far as the human faces are concerned. The
adaptation of a facial mask to the muscle structure takes about 40-60 minutes. This
process enables the new faces to show the same recognisable expressions with the same

system parameters (same muscle contractions). The adaptation for non-human faces
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could be done but the amount of work may be more important and the muscle structure
may have to be changed. The face deformation through the abstract muscle-based model
appears to be intuitive and enable the creation of a very large range of expressions.
Severa defaults on the appearance of the faces have been noticed due to the coarse
approximation of the facial anatomy. However it remains possible to improve the model
and its implementation to reduce these issues. The facial animation, done by linear
interpolation on the muscle contractions, results to satisfactory appearance. Asfar asthe
efficiency of animations is concerned, the face complexity can be an important factor of
deterioration but the use of reasonably detail face achieves to fairly good performances.

Also an improvement of the implementation can be easily done to get better results.
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Appendix A

Picture of three faces for every expressions

Normal Happiness Anger

| - new_doc.fat:1 - anim faced [ | £ new_doc.fat:1 - anim_faced [ [ | 4 new_doc.fat:1 - anim faced

. head_g.fat:1 - anim_faccd [TIE 7| nead_g.fat:1 - anim_faced [ =[] | ! head_g.fat:1 - anim faced

4+ alien2.fat:1 - anim_faced . alien2.fat:1 - anim_faced J=[=1)2 | % alien2.fat:1 - anim_faced
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Supprise

<% new_doc.fat:1 - anim_faced

<% head g.fat:1 - anim faced

o alien2.fat:1 - anim_faced

—[alx]

R

Sadness

- new_doc. fat:1 - anim_faced

- head_g.fat:1 - anim faced

& alien2.fat:1 - anim faced

Fear

- new_doc.fat:1 - anim_faced

[TIE ]| - head g.fat:1 - anim faced

[ =[50 [1] - alien2. fat:1 - anim faced

S/



Disgust

«»new_doc.fat:1 - anim faced

#» head_g.fat:1 - anim_faced

#» alien2.fat:1 - anim_faced

#» new_doc.fat:1 - anim_faced

[ =[5 31| # head_g.fat:1 - anim_faced

o alien?.fat:1 - anim_faced

hooo

Hyper Supprise

#onew_doc.fat:1 - anim faced

[Z[SIES || #lr head_g.fat:1 - anim_faced

sl alien?.fat:1 - anim_faced
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Appendix B
The six universal expressions of a textured face.
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Appendix C
Picture of fives changes between the expression of
happiness and anger on two different faces.
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