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ABSTRACT

Facial expressions are an integral part of Australian Sign
Language (Auslan). This paper presents the implementa-
tion and integration of facial expression into the Auslan
Tuition System. To incorporate this feature, we use a 3D
mesh and animation of an avatar to dynamically display the
Auslan signs. Vertex blending is used to improve the aes-
thetic quality of this model. The mesh provides a basis for
the three most integral components of expression, namely
emotion, head movements, and facial expression modifiers.
These three components comprise the expressions that can
be displayed and controlled in the Auslan Tuition System.
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1 Introduction

Auslan is a sign language used by the Australian deaf com-
munity. Auslan signers communicate to each other by us-
ing a combination of techniques such as hand and arm po-
sitions and orientation, motion of the hands, and facial ex-
pressions. Auslan uses a unique grammatical structure that
is different from English, making it difficult for English
speakers to learn. The best way to learn Auslan is to be in a
teacher-student environment where immediate feedback is
available for the student.

Alternatively there are sign reference books [1] that
contain many signs, but the ambiguity inherent in using
static diagrams can cause difficulties in understanding the
signs. Video clips of real signers are available which
overcome some of the inaccuracies that occur with dia-
grams. However, video clips require large amounts of stor-
age space and are very rigid in terms of the ability to com-
pile phrases from different signs.

The Auslan Tuition System [4] [5] has been devel-
oped to address these limitations. This tuition system pro-
vides a means to effectively teach Auslan through the use of
a 3D avatar that executes Auslan sign animations. This sys-
tem is designed to run in real-time on a domestic PC with
a standard graphics accelerator (Geforce 2MX and above).
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The tuition system is also flexible, being able to form any
phrase from selected individual signs. By using a param-
eterised model of the human upper body, the pose of the
avatar can be simply defined by several nodes that repre-
sent and store the orientation and position of the body parts.
Thus, the amount of information needed to store a sign is
much smaller than that of a video clip.

1.1 The Auslan Tuition System

The Auslan Tuition System uses a 3D avatar that is repre-
sented by a kinematic model consisting of a tree like struc-
ture of 39 joints [5]. Each joint represents a different part
of the body (eg. the left forearm, the left wrist, the left
index finger metacarpophalangeal, etc). The position and
orientation of the body parts are determined by the joint an-
gles stored in an associated node. Therefore, a pose of the
body can be completely defined by the information stored
in these nodes.

Forward kinematics [2], a robotics technique, is used
to calculate and animate the 3D poses of the body using the
orientation and translations stored in the aforementioned
nodes. The body poses during an animation are captured in
a sequence of user defined key frames. Each body joint in
a pose is interpolated between other poses defined in these
key frames to calculate a smooth path. The interpolation
results in a smooth real-time generated animation which is
displayed through OpenGL.

The Auslan Tuition System also features a flexible
graphical Sign Editor where new sign animations can be
created by graphically manipulating the avatar. These sign
animations are stored through partial key framing in XML
files. Partial key framing involves storing the changes in
one key frame to the next. This reduces the amount of in-
formation stored, as only the necessary changes in a key
frame sequence are identified.

The tuition interface uses simple and clear menus that
guide a user to learn Auslan. The interface also allows
users to choose the speed and orientation of the signing an-
imations according to their preferences. The model of the
avatar signing can be rotated, giving the user a full view of
the arms and hands during the animation. When the avatar
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Figure 1. A screen shot from the original Auslan Tuition System.
This system provides an interactive way to teach Auslan, although
the avatar model used was relatively simplistic and unsuitable for
displaying expressions.

is rotated with the back facing the user, the body becomes
semi-transparent to allow the user to view signing through a
pseudo first person perspective. This perspective produces
a similar view to parents placing children on their lap teach
them Auslan.

Integrating Facial Expressions

Version 1 of the Auslan Tuition System did not handle fa-
cial expressions as the face of the avatar was represented
by a simple texture. Since facial expressions play a major
part in the meaning of a message in Auslan, we focused on
adapting the system to allow for facial expressions.

This paper presents the on-going work to introduce
real-time facial expressions and a more natural skin sur-
face by employing a new mesh model of the avatar in the
Auslan Tuition System. Firstly, this paper will explain the
replacement of the avatar model and the use of a skinning
algorithm in order to create a natural looking skin surface.
Secondly, the structure of the new rendering module is pre-
sented. Thirdly, the implementation and synchronisation
of the facial expressions are detailed. Finally, the paper
concludes with a summary and some possible future devel-
opments.

2 The New Mesh Model with Skinning

The mesh model of the head needs to contain sufficient geo-
metric information to display suitable and recognisable ex-
pressions. We used Poser 5 [7] (a 3D human modelling
program) to export such a mesh model of the human face
and upper body to readable text files. This mesh was used
as the head was detailed enough to be able to effectively
manipulate expressions as well as looking reasonably life-
like. Changing the mesh model meant that the rendering
module [4] in the Auslan System had to be replaced (Sec-
tion 3).

Figure 2. The results of vertex blending or skinning the model.
The left image shows the model before blending and the right
image shows the results after blending.

Skinning

The new avatar model is represented by an unbroken mesh
in a natural standing position. Each segment of the body
mesh is associated and oriented to a corresponding joint
in the human kinematic tree. Therefore, when any of the
joints are rotated, the avatar mesh will be broken with gaps
appearing at the joints as the body segments are moved.
These gaps easily destroy any notion that the model strives
towards human likeness.

To cover up these gaps, we employ a technique known
as vertex blending, vertex weighting, or skinning, [3] which
is commonly used in OpenGL applications. Skinning in-
volves assigning weights to each vertex, which are affected
by two different transformation matrices. A transformation
matrix is used to rotate and translate a vertex from global
coordinates to screen coordinates in OpenGL. The vertex
weights determine the degree to which the vertex is affected
by the pair of transformation matrices. This results in the
vertex being “blended” between the two different positions
which creates a sense of smoothing or gradual bending be-
tween joints as shown in Figure 2.

Skinning only needs to occur at the joints between
segments to conceal the gaps that would appear. There-
fore the boundaries of each segment need to be identified.
However, vertex blending is only required to be performed
on one of the boundaries of the segment as the adjacent seg-
ment would provide skinning on the other boundary. Sim-
ple boundary detection was used to identify all the bound-
aries in each segment.

The boundary detection algorithm is based on the as-
sumption that a mesh is made up of adjacent polygons.
When the mesh is rendered, the edge between two adja-
cent vertices that is shared between two adjacent polygons
will be drawn at least twice (Figure 3). Hence, if a partic-
ular edge is only drawn once, the two vertices of that edge
are defined to be on the boundary of the mesh. The vertices
that are on the required boundaries are then given a weight-
ing of 1. The vertices with a weight of 1 are unaffected
by the second transformation matrix, meaning that they are



Figure 3. This figure shows how each edge between two adjacent
vertices is drawn twice in a mesh. The exceptions are the vertices
that lie on the boundary of the mesh. It is through this exception
that the boundary detection algorithm works.

not moved as the rest of the segment is moved. This pro-
duces a “covering” as the boundary vertices are unmoved,
so adjacent vertices are stretched out to cover the gap that
would otherwise appear.

3 The New Rendering Module

The new rendering module is developed to allow for control
and flexibility in displaying expressions. The module uses
a mesh of the head with a neutral emotion as a basis. Each
time a frame is rendered, the resulting expression displayed
by the base head mesh is calculated from the combination
of emotion and facial expression modifiers.

When a frame is rendered, the body position informa-
tion is accessed through human modelling nodes. In the
human modelling process, each of the 39 nodes contains
the position and orientation of the 39 corresponding body
parts that are represented by segments of the mesh model.
The rendering module uses these nodes to transform and
rotate each of the mesh model segments to the correct posi-
tion. The segments are rendered individually and rendered
in a hierarchical order.

During the animation, a sequence of key frames is
used as the basis for the positions of the 3D avatar through-
out the animation. Since a key frame sequence only spec-
ifies the position of the avatar at particular points in time,
the frames that are rendered in between key frames are in-
terpolated. The interpolation is performed from node to
corresponding node of one key frame to the next.

To interpolate between key frames in a sign ani-
mation, the spherical linear interpolation (SLERP) algo-
rithm [6] is used. This interpolation algorithm calculates
the path between two 3D points on a unit sphere. Because
of the resulting spherical path, the angular velocity is more
uniform in the SLERP than the traditional linear interpola-
tion.

!I F !. F

\ j

Figure 4. The seven most common and basic expressions used
for displaying emotion in the Auslan Tuition System. From the
top left: Angry, Happy, Surprised, Fear, Disgust, Sad, and Neu-
tral.

4 Implementing Facial Expressions

We developed the facial expressions through three different
components. These components were required to fully con-
trol and display recognisable expressions: Firstly, the gen-
eral emotion on the face needs to be modelled so that a hu-
man can immediately recognise the emaotion of the signer.
Secondly, facial expression modifiers are developed to al-
low control over various parts of the face. Thirdly, head
movements are controlled. Although not strictly part of dis-
playing expressions they are important in questions and in
conveying additional meanings to a sign.

4.1 Facial Emotions

Each facial emotion can be associated with a particular sign
in a phrase. For example, in the phrase “Are you happy?”,
the emation associated with the signing of “happy” can
have many implications. If a happy emotion is displayed
with the signing of “happy”, the phrase becomes a genuine
question. If the happy emotion is replaced by an angry
emotion, the meaning of the question becomes more hos-
tile.

We chose to model the seven most common emotions:
angry, happy, surprised, fear, disgust, sad, and neutral. The
modelled emotions are shown in Figure 4 where the expres-
sions are exaggerated for a tutorial purpose. Since the head
of the new model is represented by a 3D mesh, we used
Poser 5 to model these emotions and exported them into
the conventional Wavefront object or .obj file format. This
file format contains the coordinates of each vertex and the
associated normal of each vertex. Thus, the resulting .obj
exports each contain a specific emotion.

4.2 Facial Expression Modifiers

Facial expressions in Auslan are not only based on emo-
tions; movements in some regions of the face are also im-
portant in conveying a message. These regions function



a) b)

Figure 5. The effects of applying a FEM. a) the angry emotion
without FEMs. b) the angry emotion with the left eyebrow raised.
The result is an emotion of a more incredulous nature than anger.

Figure 6. Some non standard expressions that are completely
defined by FEMs.

similarly to the different position and orientation of hands
and arms. These regions are the two eyebrows, two eyes,
one mouth, and two cheeks. Each of these seven regions
can have a particular configuration such as the left eyebrow
raised, or mouth being pursed. In order to account for a
much wider range of expressions, we designed facial ex-
pression modifiers (FEMs), which are based on these Aus-
lan face regions.

FEMs act on top of the emotion layer. Thus, given
a particular emotion, a FEM is used to alter the emotion
slightly to give a subtle difference in the expression. For
example, Figure 5 (a) shows a normal angry emotion with
both eyebrows lowered. If a FEM was used to raise one
of the eyebrows, the emotion becomes one of a more in-
credulous nature as shown in Figure 5 (b). Expressions can
even be completely defined by FEMs without specifying
any emotion as shown in Figure 6.

To create a FEM we used Poser 5 to model the de-
sired effects of the FEM on a neutral expression. The head
mesh is then exported to an .obj file. We then compare the
exported FEM head mesh with the mesh of a head with a
neutral expression. The vertices that are different between
the two meshes are identified as the effective region for the
FEM. Since the mesh model of the head has ordered and
numbered vertices, a FEM uses the index of the vertex as
an identifier for the effective region of that FEM.

Each FEM is stored in a .fmd file which contains the
coordinates, normals, and the index of affected vertices.
When a FEM is applied to an expression, the specified emo-
tion is first loaded. The FEM then alters the emotion by
overwriting the affected vertices with the coordinates and

normals defined in the .fmd file. The result is an expression
with the region affected by the FEM altered.

Implemented FEMs include left and right eyebrows
raised, lowered, and neutral; left and right eyes squinting,
wide opened and neutral; and mouth pursed, grimacing,
rounded and neutral. FEMs are applied to a neutral ex-
pression if no other emation is specified.

4.3 Head Movements

Although often a subtle gesture, the movements of the head
can play a great part in conveying the meaning of a sign.
Head movements such as shaking or nodding can help con-
vey the intensity of an emotion. For example, the shaking
of the head while signing “No” will emphasize the degree
in meaning the “No”.

Several common head movements were implemented,
including nod once, nod twice, nod thrice, shake once,
shake twice, neutral, tilt back and tilt sideways.

4.4 Using Expressions

In the Auslan Tuition System, sign phrases and facial ex-
pressions of their corresponding phrase are defined in the
system content configuration XML file. Therefore, the con-
tent of the sign phrases and facial expressions can be mod-
ified without affecting the program.

5 Expression Synchronisation

In order to determine the correct timings to display the ex-
pressions, the timings of the signing phrases need to be
known. A sequence of signs (a phrase) is converted to a
sequence of key frames in the Auslan Tuition System for
the purpose of animation. We introduce timings of the start
and end of each sign to distinguish the signs in a phrase,
so that a sign can be synchronised with a corresponding
expression.

5.1 Synchronising Facial Expression

Synchronising facial expressions involves two main steps.
The first step is the calculation of the resulting expressions
from emotions and FEMs. These expressions are then in-
terpolated in the second step to create smooth transitions
between the expressions.

5.1.1 Calculating an Expression

The resulting expression displayed by the avatar is arranged
by a combination of an emotion expression and its associ-
ated FEMs. Once an emotion is set, each of the seven Aus-
lan face regions is checked for FEMs. If there are FEMs



specified, the corresponding effective regions are identi-
fied. With these regions, the appropriate source and des-
tination vertices can be determined and hence they can be
correctly interpolated.

It is often the case that two different FEMs for the
same face region can differ greatly in the number of af-
fected vertices. For example, a FEM for a grimacing mouth
affects a larger region and hence more vertices than a FEM
for a pursed mouth.

When two sets of vertices that are affected by two
specified FEMs are compared, all the vertices in both sets
are considered. If there is a corresponding vertex index in
both sets, the interpolation can be performed between the
two specified affected vertices. In the case where a vertex is
only affected by one FEM, the corresponding interpolation
vertex is taken from the neutral face. This ensures that all
affected vertices are accounted for since differing vertices
in the FEM regions are interpolated with the default neutral
emotion coordinates.

5.1.2 Interpolating the Expressions

Since an expression is associated with a particular sign,
it is intuitive that the expression is maintained throughout
the animation of that sign. Therefore, the interpolation be-
tween expressions is set to occur between signs in a phrase.
In order to correctly interpolate from one expression to the
next, careful tracking of current and next expressions must
be maintained.

The interpolations themselves are kept simple. Since
the Auslan Tuition System is meant for domestic PCs, the
number of calculations is limited in order the keep the an-
imations real-time. In investigating several different meth-
ods of interpolation, we found linear interpolation to be the
most efficient for facial expressions.

Since each expression contained the same number
and order of vertices (all expressions were derived from
the same mesh model), knowing the source and destination
vertices for the interpolations is straight forward. The
resulting position of each vertex in an animation sequence
is determined by the following equation:

V;)os = (Vnezt - chrr) * progress + ‘/curr; (1)

where V,,; is the resulting 3D coordinates after interpo-
lation, V2 is the destination vertex (the 3D coordinates
of the next expression), V... is the source vertex (the 3D
coordinates of the current expression), and progress in-
dicates how far along the interpolation should be (this is
always between 0 and 1).

The progress variable in Equation 1 is used to deter-
mine at what point the interpolation is at. When progress
is 0, the interpolation has just begun. It then gradually
changes to reach the next expression when the progress is
1.

While SLERP [6] is used for interpolating between
key frames in the avatar body motion, we found linear inter-
polation of the normals of the vertices for facial animation
did not visually differ much from the SLERP. Since SLERP
requires more operations to compute, we chose to use the
faster linear interpolation (equation 1) for the interpolation
of the normals of the facial expressions.

5.2 Synchronising Head Movements

The head movements are implemented through modifying
the head node of the kinematic model of the avatar. The
orientation of the head node determines the orientation of
the whole head. Unlike the emotions and FEMs, the head
movements are performed during a sign and held neutral in
between signs.

The head movements are achieved through a combi-
nation of four different head positions: tilted back, tilted
forward, tilted sideways, and neutral. These positions
are defined by orientations of the head node which are
obtained by using transformation information stored in
quaternions [5].

The timing of the head movements is dependent on
the length of the sign. The head movements are set to start
and end with the sign, hence a long sign will result in the
head movement being performed over a long time. An ex-
ample of the timing for nodding twice while signing “wel-
come” is shown in Figure 7.

The SLERP was used as the interpolation algorithm
between the combination of head positions as the rest of the
body segments [4]. Since the interpolation is performed on
quaternions (rotations), the linear interpolation would have
caused non-uniform behavior.

6 Conclusion

In developing a new rendering module and using a newer,
more detailed model for the signing avatar, we have im-
proved the functionality and realism of the Auslan Tuition
System. We employed vertex blending to the new model to
produce a more natural skin during animation of the new
model. The new model also allows facial expressions to be
implemented.

The facial expressions were implemented through
three different components. Firstly, six common emotions
of the face were implemented to provide a basic emotion
expression that is associated with a sign in a phrase. Sec-
ondly, FEMs were developed to allow more intricate con-
trol over expressions through modifying parts of the face.
Lastly, head movements were implemented so that ques-
tions and meanings of signs can be emphasized.

The presence of facial emotions, FEMs, and head
movements adds another dimension to the communication
possible in the Auslan Tuition System. This is another step
towards making the learning of Auslan more interactive,
effective, and realistic.
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Figure 7. The head positions used during the signing of “Wel-
come”. The slider bar shows the timing relative to the whole
timespan of the sign. At the first quarter time, the head is tilted
forwards. The half way point is when the head is returned to the
normal position. The third quarter is the time when the head is
tilted forwards again. Finally, at the end of the sign, the head is
again returned to the normal position.
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Figure 8. Some screen shots from the Auslan Tuition System
showing the graphical interface. The top image shows the avatar
with a sad expression while signing the phrase “Why are you
sad?” The bottom image shows the transparency used when view-
ing from a pseudo first person perspective which occurs when the
avatar is rotated 180 degrees.

Future developments will include the following:

e The expressions are currently defined through text
editing the XML system content files. A GUI could
be developed to replace this procedure where phrases
and facial expressions could be graphically associated
with signs.

e The facial expressions and FEMs were generated by
using Poser 5 [7]. The expressions could also be mod-
elled within the Auslan System if a suitable facial
muscle model could be implemented. This muscle
model will provide the flexibility of generating facial
expressions.

e The vocabulary is currently limited, so it is an ongoing
task to continue to improve and extend the vocabulary
of Auslan signs.
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