3D measurement and synthesis of facial expression

Modal analysis of stereovision measurements
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Abstract— In this paper, we propose to model a face exprdées
by a set of coefficients calculated by the decomgtien of the
expression in a mathematical basis.

First we make a 3D measurement of the facial exprs®n by an
optic process built on a stereoscopic sensor. We tam a 3D
displacements vector field.

A modal basis of the neutral face is built. This oa is exhaustive
according to the discretization. The projection of a expression in
this basis gives a vector of modal coordinates ané the
expression signature.

By this way, we can code a face expression of ant@cwith few
real numbers because modal shapes contain all theossible
movements of the corresponding surface (face). Isipossible to
synthesize facial expressions (3D avatars) be regerg the
process.

Keywords-component; modal basis, 3D face expression,
stereoscopic caption, 3D avatars
. INTRODUCTION

The recognition and synthesis of 3D expressiona fzce
can be used in Human Machine Interfaces. Two mstlzod
necessary to reach this goal. 3D caption of featmrakes the

measurement a surface model and 3D analysis ttassla

expressions in a reduced set of real numbers. Tiaas@oints
will be presented in the following.

model. This will be the reference for expressioalgsis. Any
expression is measured by the same way but thereliite
between the 3D expression and the reference witiobeputed
and stored as the expression displacement vector.

A. Stereovision method

In order to build 3D objects, the method is basadtte
stereovision principle. By seeing the same objeith wwvo
different 2D views, we are able to reach its thilichension
(fig. 1).
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Figure 1. Stereoscopic vision

The software “7D” for 3D reconstruction based ofs th
method has been developed by [1].

By the use of a calibrated stereoscopic sensorcagéure
two images of the same object at the same timesd hnages
are then correlated by an algorithm. The 3D obigdbtained

The surface measurement is made by a photogrammetby computing (triangulation method) the position tfe

software developed by [1]. It consists in two cap$ of
images and a 3D correlation computing in ordertitaio a 3D
object.

In order to analyse numerical objects, we have ldpee a
method of decomposition of form variations (fromeference
one). It is based on the modal natural shapes reffexence
geometry associated to the object. This set ofesh&pa basis
on which the expression is projected in order tdaiob
expression coordinates.

1. EXPRESSION CAPTION

3D caption of face expression is made by a steopisc
sensor built on two CCD cameras. With a pair of tradu
expression images (right and left views), we carkena 3D

correlated points (Fig. 2).
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Figure 2. 3D reconstruction of a shoe tongue

B. Expression measured as a field of displacementsngec

The 3D measurement of the expression is known as
displacements vector (from the reference neutrabe
digitization process needs a random textured sewrfBy this
way, we can identify any point seen on the two iesap build
a 3D object. With a calibrated stereoscopic sentw, 3D
measurement of one expression takes about oneeanifiute
consider from the shooting to the field of displaesats.

This point is also identified on the neutral (leftd right
neutral) and on the expression object (right aftlile order to
build the displacements vector (3D vector) field.(Bc).
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Figure 3. 3D measuring process of the expression displaceament

Three principal rules have to be respected in axebtain
good digitization of expressions:

The object must be correctly textured.

The surface must contain less discontinuities

possible.
The lighting must be blur.

The face is a particular object, it is a non unmifosurface
(eyes, lashes, ...) and the skin is not always tegt@nough
(few grey levels). Furthermore the face shape Hesi@vs
zones that do not allow to observe all the samatgpdn the
two images (hole generation).

C. 3D topological repair.

As we can see in fig. 3, the face measurement itenta
holes due to bad correlations. We complete thokeshio order
to obtain a surface without inappropriate holedign4 bellow,
we show an example of repaired face.
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Figure 4. Face measurement repairing

We can see that the holes are smoothed and thk i®su
close to the real (initial right picture).

Ill.  FACIAL EXPRESSIONDECOMPOSITION

The facial expression is not a 3D object but aedéffice
between this object and a reference which is chasethe
neutral expression. The actor shows his inexpredsige and
the 3D analysis takes it as a comparison geometry.

Each expression is compared to this referencevegirial
subtraction. The result is a set of displacememstor of
vertices. This set build a global displacementsare@his one
is the discretized expression vector.

The modal analysis leads to compute a set of nsltgles
associated to the neutral 3D model. This set ofahsldapes is
a vectorial basis. The projection of the expressiector in this
basis will give the expression coordinates.

A. Structural Dynamics Method

The Finite Element Method is based on the disagtia of
a geometrical domain in simple elements with a ldayiim

behaviour [2].
as

In linear dynamics, the discretized equations oé th
movement for a conservative, discrete or continusystem,
can be written in the general form:

M g +K q=0 )

In (1), M is the matrix of generalized magsthe matrix of
generalized stiffness generalize agda vector of dynamic
displacementsn is the number of degrees of freedom of the
system. The solutions of (1) are the modesf the structure.

g is decomposed as two functions (space*time):

g = Q.cos t) 7))

where Q, is the vector of the amplitudes, ang the
corresponding pulsation in rad.s

Taking into account their definition, the modes so&uition
of the following equation:

(K - w2 M)Q=0 ®3)



(3) admitsn eigen solutions, which are the modes of theface modal natural shapes. The maximum displacesmmte

structure.

The modal pulsationgy of the various modes are the roots

of the characteristic polynomial:

det(K -w2M)=0 4)

The vectors of modal deformatio@ are the eigenvectors
associated the pulsationg, which form a basidM and K
orthogonal in the vector space of the movementsthef
structure. The scalar product is given by:

<A.B>=A'M.B (5)
The norm is then Al FATM.A (6)

The orthogonality of the eigen modes expresses ttieat
inertias and stiffnesses developed in a mode haneayy in

the movements of the other modes. There is medhanic

independence of the modes.

This method gives all the possible defects (modpas) of
the part (in fact the discretization limits the riagn of defects).
The defects are defined mathematically.

Projection of a displacement vector V:
li=<V.Q>=V.M.Q )

B. Creation of a face natural modal basis

is in red and in blue the minimum one.
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Figure 5. Some face natural mode shapes

We observe that the complexity of forms is growimith the
order (associated number) of the mode.

C. Natural basis decomposition of expressions

The face is a surface geometrical model that mest b 1) Model fitting

discretized in order to obtain a Finite Element glod

In the case of a face, the data are triangulatddfoem the
7D software. Those triangles becomes shell elemehthe
finite element model of the face. The shell elemeatows
displacements with bending and membrane effects.tyjfical
number of nodes of a face is between 5000 and 10000

The boundary of the model are fixed conditions. The

thickness value is 1 mm constant in the whole madal first
approach. The material properties are those oftalrsteel but
they have no effect (only the Poisson ratio cowdehone) on
the geometrical results. The material propertieange the
frequency (that we do not use) of the natural modestheir
shapes and orders.

The obtained shapes is an exhaustive basis of flmnthe
neutral original shape. Any variation of shape astained in
this basis. But, as we discretize the model, wdiited to the
number of degrees of freedoms. We could expregs H000
different vectors thus different expressions.

Those expressions are not all possible for a redyband
some real expressions could need to much vectdrs tebuilt.
It is then necessary to fit the model in order d&et in to
account physical behaviour. In fig. 5 bellow, wewhsome

In order to fit simply the face movements, we cleods
increase the shell thickness of the up part offélce. By this
way the lowest new natural mode shapes have tipadmuite
fixed.

2) Expression projection
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Figure 6. Expression displacements vectors

The expression displacements vector of fig. 6 (sad,

smile, ...) is projected in the natural basis. Thseulteof this



projection is a set of modal coordinates showgnTibellow as
a histogram diagram.
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Figure 7. Expression coordinates versus mode number

3) Statistical aspect
In order to identify precisely an expression ofaator, we
can make statistical analysis and obtain a meanevaf an
expression. The standard deviation shows the asjaression
reliability.

D. Adding expression vector in the natural basis

We can modify the basis by introducing identified

expressions. The initial natural basis is changedrder to
keep the basis properties. Some modes are “serhanticthe
other are “natural modified”. It is not possible &xpress
completely any expression in a semantic basis wkschot

Figure 8. Smile synthesis on the complete face.

B. Synthesis of principal expressions

The principal expressions of an actor can be sgigbd by
adding the skin texture on the 3D object. By thayywe can
build an avatar that looks like the actor and dawson screen
the specific principal expressions.

V. CONCLUSION

Expressions of an actor can be virtually built aoded in a
small set of real number.
We can measure face expressions with two camerdesdiace

exhaustive, the natural modified modes complete thgg correlations with principal expressions.

projection.

With a 15000 degrees of freedom (equations) fieliéenent
model, the computing of a face natural modal biadies about
5 minutes with the method “block lanczos” in the XS
software. This computing is just realised one tinTde
expression projection realised with Matlab is siynal matrix
product. Computed time changes according to the aizhe
manipulated object (less than one minute).

IV. EXPRESSION SYNTHESIS

A. 3D smoothing of expressions

Two tools are linked to reach this aim. A recogmitsoftware
makes two images of a 3D object and compares it to
reference (neutral face) then a dynamic structscdtware
analyses the comparison (digitized expression)e modal
basis of the reference.

This modal basis can be built by a mathematic p®¢eatural
modes basis) or be modified by introducing specific
expressions (sadness, happiness, anger, surpr)sshich are
semantic modes.

This process can be used in Human Machine Interésca
dynamic input (3D reading of an actor intention)atput (3D
dynamic avatar)

If we keep the most significant modes, we make a 3D

smoothing of expression and also an object comipresshe
expression can be compressed to less than 50ueddars. As
shown in fig. 8, the holes are filled and the pectfn is made
on the filled model. We can obtain a holed 3D objeg
stereovision and animate a plain surface, our naetioonplete
the measure.
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