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COMPUTER-IMPLEMENTED METHOD AND APPARATUS
FOR ANIMATING A MOUTH OF A FACE

5  FIELD OF INVENTION

The present invention relates to a computer-implemented method for animating a mouth of a

face and a corresponding apparatus.

10 In one embodiment it relates to the field of human-like virtual avatars. More specifically, it
increases the realism and the naturalness of the mouth animation of the speaking avatar. Such
human-like avatars could be online virtual assistants, virtual teachers, personal avatars (e.g. that

replace persons in video chats) and many more.
15 BACKGROUND OF THE INVENTION

Animating characters is a challenging technological field in the area of computer graphics. It is
used when producing animated movies, but also it can be used not only for movies but for
animating so-called avatars.
20

Virtual avatars are widely used in many applications such as online assistants or as e-teachers.
They express their selves through speech and body movement to relate the information in a
realistic way. The expressivity and the naturalness of animations make these avatars
appreciated by users. Therefore users appreciate using a service when it offers a natural and a

25  good quality avatar.

In order to provide a natural speech expression, the lips (i.e. the visual part of the speech) must
be synchronized with the speech (i.e. the audio) and must be animated in a natural way. This
process is usually done in two steps:
30 e Define keyframes corresponding to visemes (i.e. visual phoneme which is the smallest
unit of sound that distinguishes meaning)
e Interpolate or perform the animation between keyframes
The definition of the keyframes as well as their synchronization with audio is important to avoid
any audio-visual discontinuity. The second step is also important to offer a realistic and natural
35 animation and avoid any visual discontinuities. These discontinuities (i.e. the audio-visual and
the visual ones) degrade the realism level and the naturalness of the avatar and will disturb the
users. This may lead users to avoid using a service if it uses a non-natural avatar.
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Facial Animation is an active research area since years, for an extensive survey one refer to
Deng and Noh: Computer Facial Animation: A Survey (in: Deng and Neumann Data-Driven 3D
Facial Animation). The existing solutions can be categorized into heuristic approaches,
sample-based approaches and learning-based approaches.

Heuristic approaches use manually created viseme shapes and empirical smooth functions.
Sample-base approaches acquire 'triphone video segments’ and use them to model the

coarticulation.

Learning-based approaches learn the visemes and coarticulation from data. For example, Brand
uses a HMM-based model (see Brand: Voice pupperty. SIGGRAPH 99). In Ezzat, Geiger and
Poggio: Trainable videorealistic speech animation. ACM Trans. Graph., 388-398, 2002, there is
used a mutidimensional Morphable Model. To use a Viseme model with one scan per viseme is
e.g. disclosed in V. Blanz, C. Basso, T. Poggio and T. Vetter, “Reanimating Faces in Images and
Video" EUROGRAPHICS 2003. In Deng, Neumann, Lewis, Kim, Bulut, Narayanan. Expressive
facial animation synthesis by learning speech co-articulations and expression spaces, |[EEE
Transaction on Visualization and Computer Graphics, 2008, it is disclosed to learn co-articulation

models.

It is an object of the present invention to improve mouth animation such that it increases the
realism and the naturalness of the mouth animation of the speaking avatar. Such human-like
avatars could be online virtual assistants, virtual teachers, personal avatars (e.g. that replace

persons in video chats) and many more.

SUMMARY OF THE INVENTION

According to one embodiment there is provided a computer-implemented method of animating a
mouth of a face in accordance with a given sequence of visemes, said method comprising:
Graphically representing said face by a face model;

For each of a plurality V of possible visemes, obtaining by measurement a plurality of [ different
scans or samples of said visemes;

Representing each of said plurality of | samples of each of said plurality of V different visemes by
said face animation model to generate a matrix based on said scans or samples which spans up
a viseme space such that a sequence of visemes can be represented through a trajectory
through said viseme space;

Applying a Bayesian approach to obtain the best path through said viseme space for said given

sequence of visemes.
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In this manner the possible variability of viseme representations can be taken into account to

thereby achieve a more natural animation.

According to one embodiment the method further comprises:

Performing a principle component analysis based on said matrix to obtain the principle
components for each of said plurality of visemes;

Generating a statistical model which represents the statistical variability of each of the plurality of
V visemes within said face animation model based on said samples;

Representing the prior probability of a certain viseme representation by a probabilistic
representation of the smoothness of the trajectory through said viseme space;

Based on said prior probability and said statistical model, applying said Bayesian approach to
obtain the best path through said viseme space for said given sequence of visemes.

The statistical model and the smoothness criterion allow for the application and implementation

of a Bayes model.

According to one embodiment Said plurality of | samples are samples of a certain visemes
spoken by different subjects; or

said plurality of | samples are samples of a certain viseme belonging to different words or spoken
by a subject at different times.

This allows taking into account the variability of the visemes into the model.

According to one embodiment registered scan of person i for viseme v is denoted with xvi,the
corresponding neutral-free scan

®o 0o neul
5: - xl X,

is computed by subtracting the neutral scan X of the same individual. 1, and
the neutral-free scans for all visemes are stacked to the data matrix

This extracts the viseme shape and eliminates the neutral scan effect on the shape.

According to one embodiment said obtaining a statistical model that describes the variability of
each of the visemes which have been scanned within the Face Animation Model comprises:
projecting all scans i of a specific viseme v into the Face Animation Model by

ﬁi,v = dlng{ﬁ:)\k{T1£»§)
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and fitting a multivariate Gaussian distribution to the data points, preferably again using
PCA.

This enables the implemantation of a statistical model.
According to one embodiment the statistical models for each of the visemes
V = (diag(o.), B, 8 € R")

are the defined by the mean within the FAM (B € ‘r'm), a (column-) orthonormal matrix of

components B and a weighting diag(ci).

According to one embodiment

for animating a list of viseme Vi at time ti
L= (V1)

the animation is generated by fitting a smooth trajectory through the
Face Animation Model

Blt): R — R

that defines a sequence of shapes
E(B(L)) = diag(a))VB(1)

in vertex space.
This enables the deriation of an optimum trajectory.

According to one embodiment the probability of the trajectory given the list of viseme

MBIL) ~ p(£]8) - p(B)
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is proportional to the probability of the list of viseme given the trajectory

HL|B) = [Tr(ViB{t))

This is an implementation of Bayes theorem.

According to one embodiment probability of the list of viseme given the trajectory

[] .. st B e -0

[Te(viB)) =

This allows the implementation of the probability distribution

According to one embodiment

pB) = [T#(8(1))

= [Ioe SITEEEE Ly - SISO

According to one embodiment
to maximize the probability, there is minimized the cost function

CF = log p(V]3) - p{3) = log p{V|3) + log p(3)

According to one embodiment there is provided an apparatus for animating a mouth of a face in
accordance with a given sequence of visemes, said apparatus comprising:

a module for graphically representing said face by a face model;

a module for, for each of a plurality V of possibly visemes, obtaining by measurement a plurality
of | different scans or samples of said visemes;

a module for representing each of said plurality of [ samples of each of said plurality of V different
visemes by said face animation model to generate a matrix based on said scans or samples
which spans up a viseme space such that a sequence of visemes can be represented through a
trajectory through said viseme space;

a module for applying a Bayesian approach to obtain the best path through said viseme space

for said given sequence of visemes.

In this way an apparatus according to an embodiment of the invention may be implemented.
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According to one embodiment there is provided an apparatus
a module for carrying out a method according to one of the embodiments of the invention.

According to one embodiment there is provided computer program comprising computer
executable code which when being executed on a computer enables said computer to
carry out a method to one of the embodiments of the invention.

DESCRIPTION OF THE DRAWINGS

Figures 1 to 4 schematically illustrated embodiments of the invention.

DETAILED DESCRIPTION
In the following several embodiments of the invention will be described.

According to one embodiment the method to animate the mouth of the avatar accordingly to the
speech is:
e obtaining a set of possible shapes for each viseme
e Create a Face Animation Model (FAM) which is a generative statistical model that is able
to generate all possible mouth movements for all visemes in a visems space through
components of movement
e Find the statistically best path between visemes in the FAM viseme space

The creation of multiple shapes for each viseme offers flexibility for the expression of each
viseme. Indeed, the expression of a viseme can vary in different cases (e.g. from a person to
another and from a word to another). Therefore, this wider set of shapes for each viseme allows

having a larger set of possibilities.

Since a viseme can be expressed in different ways (i.e. with slight variations by the components
in the viseme space assuming different values), a choice has to be made for identifying the most
suitable expressed viseme (the “best values” for the components). In order to accomplish that, a
generative statistical model is created. This model (i.e. the FAM) is able to generate all possible
mouth movements between all possible shapes of visemes. It can be visualized as a space
enclosing all possible mouth movements based on the sets of shapes which have been created
in the step of creating the face animation model. After the creation of the FAM, the next step is to
find the best path in this space in order to naturally interpolate between the shapes representing
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the individual visemes of a sequence.

In contrast to previous approaches that use a single shape per viseme, in this approach a
statistical 3D model of the mouth shape for each viseme is used. This model codes the variability
of the mouth shape for a specific viseme across different subjects (or, in another embodiment,
across different words containing the same viseme). The key advantage of this approach is that it
allows a much more natural mouth animation: It allows, according to one embodiment, the
interpolation between the keyframes using a Bayesian approach with a trade-off between the
likeliness of the mouth shape to belong to the extracted viseme at time t and an a-priory

assumption on the smoothness of the trajectory.
In the following further embodiments will be described in somewhat more detail.

The embodiment descried in the following makes use of a specific 3D face model called the
Morphable Model (MM) and which is described in V. Blanz and T. Vetter, “A Morphable Model for
the Synthesis of 3D Faces " SIGGRAPH 99, 187-194. However, any model which is capable of
representing the animated visemes in a viseme space where a viseme consists of individual

components representing the viseme may be used.

In this embodiment there will be described a face animation system that is able to generate a
realistic and plausible animation of the mouth (including the teeth) for a specific person. For
the mouth movements there are used statistical models of the mouth shape (i.e. one
statistical model for each of the 13 visemes) that are learned from data.

For this, several step are performed.
In a first step the visemes are acquired or obtained.

The visemes are obtained with a known scanning device. According to one embodiment, per
identity (i.e. per person), there are acquired 16 scans (the set of 13 viseemes and 3 neutral
scans with closed mouth as reference). In the embodiment there are scanned the visemes of
12 identities, giving in total 192 scans. Other values for the nunber of scans or persons may

be chosen as well.

In a next step the face animation model is generated. The Face Animation Model (FAM) is a
generative statistical model that is able to generate all possible mouth movements for all
visemes. The FAM is used together with the Morphable Model (MM): the MM codes the iden-
tity and is used to compute the 3D reconstruction. The FAM codes the mouth movements
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(and does not affect the identity) and is used for the face animation.

To compute the FAM, first the scans are brought into correspondence, this defines a
common parametrization (i.e. a common mesh) for all scans, as shown in the 3rd row of
Fig. 1, for the example. Fig. 1 shows some example scans for the viseme ao for three
identities (1st, 2nd, 3rd columns resp.). The second row shows the raw scan, the third row
the preprocessed data

The registered scan of person i for viseme v is denoted with xv and the corresponding

neutral-free scan

£: . X“ — x(it-ul

1 H

is computed by subtracting the neutral scan X" of the same individual. i
The neutral-free scans for all visemes are stacked to the data matrix

X = (€ gu!{«{s[

To compute the components of the model, there is used Principle Component
Analysis (PCA) on the set of example scans

X =VWY

where the components V = [v1,...,vn] are (column-) orthonormal, W is diagonal and oiv = wiNn
where n is the number of scans. The resulting model which is learned from data is visualized
in Fig. 2.

As mentioned earlier, the face animation model FAM is used together with the MM: each ani-
mated facial shape

X = pd g Z ma,’-’m e Z ,J?“G:'V. == fa A+ €t +E€,

Fitting

Fitting

is represented as the MM mean p and a linear combination of identity components ui(given
by the MM and the fitting) and linear combination of components for the animation (the

.1
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previously computed vi together with the weighting o). Each shape is then coded by its
identity coefficients aiand its animation coefficients Bi.

In the next step, for the speech animation, there is obtained a statistical model that describes
the variability of each of the 13 visemes which have been scanned within the Face Animation
Model. To compute such models, all scans i of a specific viseme v are projected into the
FAM

B = ding(} )V ¢}

and a multivariate Gaussian distribution is fitted to the data points again using
PCA. The statistical models for each of the visemes

V = (diag(o,), B, B € R")

are the defined by the mean within the FAM (B € R"), a (column-) orthonormal matrix of

components B and a weighting diag(oi). Examples of such viseme models can be see in
Figure 3, which shows example viseme models for the viseme ao (top) and f (bottom).

In this manner a “probability distribution” of the components of the viseme space for the visemes
can be obtained. The thu obtained statistical model represents the statistical variability of each of
the plurality of V visemes within said face animation model based on said samples.

In the following there will be described the animation according to one embodiment.

In this embodiment there is used the timing information which has been obtained when
acquiring the visemes together with the viseme models to render an image animation
according to prerecorded sound files. It could as well be used to render a sequence of
visems derived based on written language, or just based on a concatenation of visemes

which are obtained in some way.

The output of the speech analysis is a list of viseme Vi attime ti

L= (V,’,l,)
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The animation is generated by fitting a smooth trajectory through the
FAM

Bl): R — K"

that defines a sequence of shapes
E(B(L)) = diag(e7) V(1)

in vertex space.

The fitting is done using a Bayesian approach. This is illustrated in Fig. 4 which shows how
for the speech animation there is fitted a smooth trajectory through the Face Animation
Model. At time t a likely shape for the corresponding viseme is generated (statistical models
for three different visemes are visualized). (see Figure 4).

The Bayesian approach involves a trade-off between the probability of the shape in
keyframe f belonging to the viseme at that time and an a priori-assumption of the
smoothness of the mouth movements using first and second order derivatives.

In other words, there is made use of an a-priori-assumption on the smoothness of the
trajectory which is represented by a probabilistic representation of the smoothness. This is
based on the assumtion that the speed and the acceleration of a certain mouth movement
(representing a transition from one shap to the other) is following a certain probaility
distribution such that there is some limit on the speed an acceleration.

The probability of the trajectory given the list of viseme

MBIL) ~ p(L]B) - p(B)
is proportional to the probability of the list of viseme given the trajectory

p(L]8) = [Tr(Vi1B(t) (2.1)
=] Lidag(e BT (80) - B (2.2)

(this is an application of Bayes theorem) where there is made use of the statistical' viseme
models obtained previously times the a-priori probability of the trajectory
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MB) = [Tp(B(4) (2.3)
= [In..em FIVEBOWE 4y = HIVPEBDIE (2.4)

- [To...co HEPED € ODIE (2.5)
gy HIELSE )~ 2€03000) + €080 I (2.6)

where there are made a-priori assumptions about the smoothness of the trajectory, in
particular that humans are not able to move the mouth to quickly (first derivative=speed;
parameter n1) and to accelerate to rapidly (second derivative=velocity; parameter nz2).

Parameter n1 parameter nz may be determined experimentally .

To maximize the probability, there is minimized the cost function

Cr = log p(V1i3) - p(i3) = log p(V|3) 4 log 1{i3) (2.7)
= Yoo ldig(a ) UT (s(t) - &)1 + (2.8)
M IR(B() = (Bt )P + (2.9)

e M It} = 2X(3(L)) + (Bt P (2.10)

using L-BFGS-B, a standard quasi-Newton optimizer and M being the number of frames.
In the above equation 2.8 the following correctio should be made: U should read W, s(ti)

x(3(1,)) B

should read , and ¢, should read

Instead of the above example, other optimizing functions may be used as well.

In this manner the viseme representation which gives an optimum trajectory through the
viseme space can be obtained and can be user for rendering the mouth animation.

The final video is rendered using the combined warpfield/3D approach as known from the art
by rendering the resulting shapes.

It will be readily apparent to the skilled person that the methods, the elements, units and
apparatuses described in connection with embodiments of the invention may be
implemented in hardware, in software, or as a combination of both. In particular it will be
appreciated that the embodiments of the invention and the elements of modules

described in connection therewith may be implemented by a computer program or
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computer programs running on a computer or being executed by a microprocessor. Any
apparatus implementing the invention may in particular take the form of a network entity
such as a router, a server, a module acting in the network, or a mobile device such as a

mobile phone, a smartphone, a PDA, or anything alike.
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Claims

1. A computer-implemented method of animating a mouth of a face in accordance with a
given sequence of visemes, said method comprising:
Graphically representing said face by a face model;
For each of a plurality V of possibly visemes, obtaining by measurement a plurality of |
different scans or samples of said visemes;

Representing each of said plurality of | samples of each of said plurality of V different
visemes by said face animation model to generate a matrix based on said scans or samples
which spans up a viseme space such that a sequence of visemes can be represented
through a trajectory through said viseme space;

Applying a Bayesian approach to obtain the best path through said viseme space for said
given sequence of visemes,
wherein the probability of the trajectory given the list of visemes

p(BIL) ~ p(£L]B) - p(B)

is proportional to the probability of the list of visemes given the trajectory

p(£]0) = [Tp(VilB(&))

The method of claim 1, further comprising:

Performing a principle component analysis based on said matrix to obtain the principle
components for each of said plurality of visemes;

Obtaining a statistical model which represents the statistical variability of each of the
plurality of V visemes within said face animation model based on said samples;

Representing the prior probability of a certain viseme representation by a probabilistic
representation of the smoothness of the trajectory through said viseme space;

Based on said prior probability and said statistical model, applying said Bayesian
approach to obtain the best path through said viseme space for said given sequence of

visemes.

3. The method of one of claims 1 to 3, wherein
said plurality of | samples are samples of a certain visemes spoken by different subjects;
or
said plurality of | samples are samples of a certain viseme belonging to different words or
spoken by a subject at different times.
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4. The method of one of claim 1 to 4, wherein
registered scan of person i for viseme v is denoted with xvi ,the corresponding

neutral-free scan

VW T

¢ ==Xy Xy

T
is computed by subtracting the neutral scan i of the same individual. 1, and

the neutral-free scans for all visemes are stacked to the data matrix
5. The method of one of the preceding claims, wherein
said obtaining a statistical model that describes the variability of each of the visemes
which have been scanned within the Face Animation Model comprises:
projecting all scans i of a specific viseme v into the Face Animation Model by
Riv = diag(ow)VT &vi
and fitting a multivariate Gaussian distribution to the data points, preferably again using

PCA.

6. The method of one of claims 1 to 5, wherein
the statistical models for each of the visemes

V = (diag(c;), B, B € R™)

P T
are the defined by the mean within the FAM (B € R ) a (column-) orthonormal

matrix of components B and a weighting diag(oi).
7. The method of one of claims 1 to 6, wherein

for animating a list of viseme Vi attimet
L=V,

the animation is generated by fitting a smooth trajectory through the
Face Animation Model
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B(t): R— R"

that defines a sequence of shapes
£(B(t)) = diag(o7)VE(?)

in vertex space.

8. The method of one of claims 1 to 7, wherein

1/ ; ‘ _Lldiagle. Y BIT (81— B (|2
[1p(ViB(%)) = I ...c3ldissley B (Bt -8

9. The method one of claims 1 to 8, wherein

p(B) = [1p(B(t:))

10. The method of one of claims 5 to 9, wherein
maximize the probability, there is minimized the cost function

CF = logp(V|B)-p(8) =logp(V|B) +log p(B)

11. An apparatus for animating a mouth of a face in accordance with a given sequence of visemes,
said apparatus comprising:
a module for graphically representing said face by a face model;
a module for, for each of a plurality V of possibly visemes, obtaining by measurement a
plurality of | different scans or samples of said visemes;

a module for representing each of said plurality of | samples of each of said plurality of V
different visemes by said face animation model to generate a matrix based on said scans or
samples which spans up a viseme space such that a sequence of visemes can be
represented through a trajectory through said viseme space;

a module for applying a Bayesian approach to obtain the best path through said viseme

space for said given sequence of visemes.
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12. The apparatus of claim 11, further comprising:
a module for carrying out a method according to one of claims 2 to 10.

13. A computer program comprising computer executable code which when being
executed on a computer enables said computer to carry out a method according to
one of claims 1 to 10.
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ABSTRACT

A computer-implemented method of animating a mouth of a face in accordance with a given
sequence of visemes, said method comprising: ‘

graphically representing said face by a face model;

For each of a plurality V of possibly visemes, obtaining by measurement a plurality of | different
scans or samples of said visemes;

representing each of said plurality of | samples of each of said plurality of V different visemes by
said face animation model to generate a matrix based on said scans or samples which spans up
a viseme space such that a sequence of visemes can be represented through a trajectory
through said viseme space;

applying a Bayesian approach to obtain the best path through said viseme space for said given

sequence of visemes.
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