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a9y United States

a2y Patent Application Publication o) Pub. No.: US 2018/0061109 A1

OUNI et al. 43) Pub. Date: Mar. 1, 2018
(54) IMAGE PROCESSING DEVICE CPC ........ GO6T 13/40 (2013.01); GIOL 2021/105
(2013.01); GO6T 13/205 (2013.01)

(71) Applicant: gjlfl{i;'ersite De Lorraine, Nancy Cedex (57) ABSTRACT
Device comprising a memory (2) storing sound data, three-
(72) Inventors: Slim OUNIL Ludres (FR); Guillaume dimensional surface data, and a plurality of control data sets
Gris Niderl;ronn Les Bai’ns (FR) which represent control points defined by data of coordi-
’ nates which are associated with sound data, and a processor
(21) Appl. No.: 15/557.714 (4) which, on the basis of first and second successive sound
T ’ data, and of first three-dimensional surface data, selects the
(22) PCT Filed: Mar. 10, 2016 control data sets associated with the first and second sound
data, and defines second three-dimensional surface data by
(86) PCT No.: PCT/FR2016/050547 applying a displacement to each point. The displacement of
a given point is calculated as the sum of displacement
§ 371 (C?(l)’ vectors calculated for each control point on the basis of the
(2) Date: Sep. 12, 2017 sum of first and second vectors, weighted by the ratio
. . .. between the result of a function with two variables exhib-
30 Foreign Application Priority Data iting a zero limit at infinity applied to the given point and to
the control point and the sum of the result of this function
Mar. 12, 2015 (FR) coceveeireeccenecrecneere 1552058 applied to the point on the one hand and to each of the
control points on the other hand. The first vector represents
Publication Classification the displacement of the control point between the first and
the second second sound data. The second vector corre-
(51) Int. CL sponds to the difference between the data of coordinates of
GO6T 13/40 (2006.01) the point and the data of coordinates of the control point in
GO6T 13720 (2006.01) the first sound data, multiplied by a coefficient dependent on

(52) US. CL the gradient of the first vector.
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IMAGE PROCESSING DEVICE

[0001] The invention relates to the field of image process-
ing and in particular to the generation of automatic voice-
and/or sound-synchronized animations. More particularly,
the invention relates to realistic facial animation.

[0002] The field of speech-synchronized facial animation
is an area that has experienced numerous developments as
the resolution of displays has increased.

[0003] Indeed, in the early days, an 8-bit or 16-bit display
allowed only one or two pixels for creating the mouth of a
character in most cases. The question of facial synchroni-
zation with a text was then much more easily resolved since
in general audio tracks only contained music in midi format,
and dialog was presented in the form of text displayed on the
screen.

[0004] When hardware capabilities increased, it became
possible to record the dialog in the form of reproduced sound
files, and the question of synchronization with the face of the
character gradually came to the fore.

[0005] This problem was solved by the digitization of
facial expressions, by using control points used for animat-
ing the entire face during reproduction. But with resolution
constantly increasing, it was necessary to increase the num-
ber of control points in parallel. Indeed, for a given number
of control points, the animation is much more credible if the
resolution is lower. For example, if the same number of
control points is used for an SD resolution as for an HD
resolution, the animation will be much more credible in the
first case than in the second.

[0006] With the arrival of Ultra HD, it is no longer
possible to increase the number of control points to obtain a
sufficiently realistic animation without being significantly
penalized in terms of storage and video power to be devel-
oped. In addition, acquiring an ever greater number of
control points requires using new higher resolution cameras,
which is expensive.

[0007] The invention will improve the situation.

[0008] To this end, the invention provides an image pro-
cessing device comprising a memory storing sound data,
three-dimensional surface data, and a plurality of control
data sets, each control data set representing a plurality of
control points defined by coordinate data and being associ-
ated with sound data, and a processor arranged, on the basis
of first and second successive sound data, and of first
three-dimensional surface data, for selecting control data
sets associated with the first and second sound data, and for
defining second three-dimensional surface data by applying
a displacement to each point of the first three-dimensional
surface data.

[0009] The displacement of a given point of the first
three-dimensional surface data is calculated as the sum of
displacement vectors calculated for each control point of the
control data set associated with the first sound data, each
displacement vector calculated for a given control point
being calculated on the basis of the sum of a first vector and
a second vector, which sum is weighted by a weight calcu-
lated as the ratio between the result of a two variable
function having a zero limit at infinity applied to the given
point and to the given control point and the sum of the result
of this function applied to the given point on the one hand
and to each of the control points of the control data set
associated with the first sound data on the other hand.
[0010] The first vector represents the displacement of the
position defined by the coordinate data of the given control
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point in the control data set associated with the first data to
the position defined by the coordinate data of the given
control point in the control data set associated with the
second sound data, and the second vector corresponds to the
difference between the coordinate data of the given point and
the coordinate data of the given control point in the control
data set associated with the first sound data, multiplied by a
coeflicient dependent on the gradient of the first vector.
[0011] This device is particularly advantageous since it
makes it possible to obtain an animation the quality of which
is satisfactory even for a face in very high resolution, while
using a reduced number of control points.

[0012] In various particular embodiments, the device may
have one or a combination of several of the following
characteristics:

[0013] the two variable function associates with two
points a mathematical distance applied to these two
points raised to a chosen power,

[0014] the mathematical distance is chosen from a
group comprising the Euclidean distance, the quadratic
distance and the geodesic distance,

[0015] the chosen power is less than or equal to -1,

[0016] the coefficient dependent on the gradient of the
first vector is equal to the gradient of the first vector,

[0017] the coefficient dependent on the gradient of the
first vector is equal to the gradient of the first vector
divided by a value proportional to the distance between
the given point and the given control point,

[0018] the proportional value corresponds to the ratio of
the distance between the given point and the given
control point by a deformation constant greater than 1,
this ratio being raised to a chosen power plus one,

[0019] the chosen power is greater than or equal to 1,

[0020] the ratio between the number of three-dimen-
sional surface data points and the number of points in
a control data set is greater than 50.

[0021] The invention also relates to a computer program
product capable of cooperating with a computer for imple-
menting the above device.

[0022] Other features and advantages of the invention will
better appear on reading the following description, derived
from illustrative and non-restrictive examples, and derived
from the drawings in which:

[0023] FIG. 1 represents a generic diagram of a device
according to the invention, and

[0024] FIG. 2 represents an embodiment of a function
implemented by the device in FIG. 1, and

[0025] FIG. 3 represents an embodiment of a function
implemented in FIG. 2.

[0026] The present description may involve elements that
are liable to be protected under author’s rights and/or
copyright. The rights holder has no objection to the faithful
reproduction of the present patent document or its descrip-
tion by anyone, as it appears in the official records. For the
rest, it reserves its rights in full.

[0027] The following drawings and description basically
contain elements of a certain nature. They may therefore not
only be used for the better understanding of the present
invention, but also contribute to its definition, where appro-
priate.

[0028] FIG. 1 represents a generic diagram of a simulation
device according to the invention. The device includes a
memory 2, a processor 4, a display 6 and a speaker 8.
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[0029] As part of the invention, the memory 2 may be any
type of data storage appropriate for receiving digital data:
hard disk, flash memory solid state disk (SSD), flash
memory in any form, random access memory, magnetic
disk, storage distributed locally or in the cloud, etc. The data
calculated by the device may be stored in any type of
memory similar to the memory 2, or on the latter. These data
may be deleted or retained after the device has performed its
tasks.

[0030] The data stored in the memory 2 are of several
natures. Thus, the memory 2 receives sound data, three-
dimensional surface data, control data, and it may also
receive intermediate data used in the calculations performed
by the processor 4.

[0031] The sound data are not necessarily audio data.
Thus, the sound data may be identifiers associated with
audio data, or with textual data representing the sound that
is to be represented by the animation, or even audio or
textual data or any other type of data that make it possible
to associate the animation which is produced with a corre-
sponding set of sounds.

[0032] The three-dimensional surface data are data mak-
ing it possible to define a surface that is to be animated
synchronously with the sound data. These data may be of
any nature so long as they make it possible to fully describe
each point of the surface that is to be animated. They may
therefore comprise identifier data and a plurality of data
points of this surface. The point data may be, for example,
coordinate data. Some portions or the entire surface may
also be defined by equations connecting the points. The
coordinate data may also be defined in absolute or relative
terms, with respect to a reference point on the surface, for
example.

[0033] The control data are assembled into sets. These sets
contain data which designate coordinates of “control”
points. These control points are taken on the three-dimen-
sional surface, and serve as a reference with respect to sound
data. Thus, each control data set defines the location of the
control points of the three-dimensional surface for sound
data with which the control data set is associated.

[0034] The processor 4 may be any processor suitable for
calculating an animation synchronized with a sound repro-
duction in audio or textual form. It may be implemented in
any known way, in the form of a microprocessor for a
personal computer, an FPGA or SoC (“system on chip”)
dedicated chip, a calculation resource on a grid, a micro-
controller, or any other form appropriate for supplying the
necessary calculating power for the implementation
described below.

[0035] The display 6 may be any type of display that can
be connected to the processor 4 for a visual reproduction of
the animation of a face (or of another surface) synchro-
nously with sound data, and the sound data when these are
of a textual nature. The speaker 8 may be any type of device
suitable for the audio reproduction of audio type sound data.
[0036] FIG. 2 represents an example of implementation of
a function by the device for animating a three-dimensional
surface synchronously with sound data.

[0037] In a first operation 200, the processor 4 executes a
function Init( ). The function of the Init( ) function is the
initialization of the animation function, i.e. the retrieval of
the successive sound data, three-dimensional surface data
and control data associated with the sound data from the
memory 2.
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[0038] According to the variants, and as described above,
the sound data may be textual or audio, and may optionally
be extracted from other data. In the example described here,
the three-dimensional surface data and the control data
associated with the sound data which are the first in the
sequence of sound data substantially correspond, so that the
points of the first control data have coordinates that are
substantially identical to the coordinates of these points in
the three-dimensional surface data. Thus, the three-dimen-
sional surface data have a good correspondence with the first
control data.

[0039] As a variant, the memory 2 may comprise multiple
three-dimensional surface data for a given three-dimen-
sional surface, and the processor 4 executes a function for
choosing those of these data that best correspond to the first
control data. This may be done in various ways, e.g. by
manual designation, by remote optimization, or by applica-
tion of a Gaussian noise and determination of a local
minimum, or other.

[0040] Several loops then begin. These loops are aimed at
calculating, for each point of the three-dimensional surface
data, a displacement which is the sum of displacement
vectors calculated on the basis of the point of the current
surface data and of each of the control points of the control
data.

[0041] Thus, in an operation 202, the animation function
begins by initializing an index t designating the position of
the sound data in the sequence of sound data, then in an
operation 204, an index k is initialized for scanning the set
of three-dimensional surface data points, and in an operation
206, an index 1i is initialized for scanning the control points.
In the example described here, the sequence of sound data
comprises T elements, the three-dimensional surface data
comprise K points, and the control data comprise I points. In
what follows, the control data points are designated by the
letter X, and the three-dimensional surface data points are
designated by the letter Y. A summation variable f(t.k) is also
initialized to 0 in an operation 205, between the operations
204 and 206. This variable will be described below.
[0042] The indices t, k and i define three nested loops. The
first loop, based on the index i, will make it possible to
calculate the elements needed to calculate the displacement
of a point of the three-dimensional surface data of index k,
for the instant of index t. The second loop, based on the
index k, will make it possible to repeat the calculation of the
first loop of index i, for each point of the three-dimensional
surface data. Finally, the third loop, based on the index t, will
make it possible to repeat the calculation of the second loop
of index k, for each instant of the successive sound data.
[0043] The first loop begins in an operation 208 by cal-
culating a vector U(t,i) which corresponds to the displace-
ment of the control point of index i between the successive
instants designated by the indices t-1 and t. For this, the
vector U(t,i) is calculated as the difference of the coordinate
data of the control point X(t,i) associated with the control
point of index i in the control data associated with the sound
data of index t, and of the coordinate data of the control point
X(t-1,1) associated with the control point of index i in the
control data associated with the sound data of index t-1.
[0044] Then, in an operation 210, a scalar gu(t,i) is cal-
culated by a function grade. The scalar gu(t,i) is a coeflicient
dependent on the gradient of the vector U(t,i). In a first
variant, the function grad( ) calculates the gradient of the
vector U(t,i). In a second variant, the function grad( )
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calculates the gradient of the vector U(t,1), and divides it by
a coefficient proportional to the distance between the control
point X(t-1,1) and the current point of the three-dimensional
surface data Y(t-1,k). This second variant is aimed at
avoiding a divergence when the points Y(t-1,k) and X(t-1,i)
are very far apart.

[0045] Then, in an operation 212, a function f{ ) is applied
to the points Y(t-1,k) and X(t-1,i), in order to calculate a
first part of a weighting coefficient. In the example described
here, the function f{( ) calculates the inverse of the distance
between the points Y(t-1,k) and X(t-1,1) squared. It should
be noted that the word “distance” must be understood in the
mathematical sense of the term. According to the variants,
the distance adopted may be the quadratic distance, the
Euclidean distance, or a distance that reflects the topology of
the three-dimensional surface such as the geodesic distance,
a distance derived from the geodesic distance or another
appropriate related distance. In general, the function f( ) is
chosen so that it forms a decreasing continuous function the
limit of which is zero at infinity.

[0046] In an operation 214, the summation variable f(t,k)
is updated by adding thereto the value f(t.k,i) determined in
the operation 212. As will be seen with FIG. 3, the function
f( ) and the summation variable f(t,k) make it possible to
define a weighting function that varies according to the
control points, which is continuous, which converges to
infinity, and which is equal to 1 at each control point
considered.

[0047] The first loop ends in an operation 216 in which the
index i is compared with the number of control points 1. If
there are control points that remain to be scanned, then the
index i is incremented in an operation 218 and the first loop
resumes with the operation 206. Otherwise, the first loop
ends and the second current loop ends with the calculation
of the displacement of the point X(t,k) by a function Mv(t,k)
in an operation 220.

[0048] FIG. 3 represents an example of implementation of
the function Mv(t,k).

[0049] When all the control points have been scanned, for
a second loop of given index k the following are accordingly
obtained:

[0050] a plurality of control point displacement vectors
U(t.i),
[0051] a plurality of coefficients related to the gradient

of these vectors gu(t,i),

[0052] a plurality of coefficients f(t,k,i) related to the
distance between the current point Y(t,k) and each
control point X(t,i), and

[0053] a variable f(t,k) that contains the sum of all the
coeflicients f(t.k,i).

[0054] All these elements will make it possible to calcu-
late the displacement of a point of the three-dimensional
surface data between an instant t-1 and an instant t.
[0055] For this, in an operation 300, the point of index k
at instant t, i.e. Y(t,k) is defined with the coordinates of this
same point at instant t-1, i.e. of the coordinate data of the
point Y(t-1.k).

[0056] Then, a loop will scan all the control points for
adding each displacement vector. For this, the index i is
initialized to O in an operation 310.

[0057] In each iteration of the loop, a displacement vector
related to the current control point of index i is calculated.
This displacement vector corresponds to the sum of the
displacement vector of the control point U(t,i) and a vector

Mar. 1, 2018

that corresponds to the difference between the point Y (t-1,k)
and the current control point X(t-1,i).

[0058] Thus, in an operation 320, the vector V(tk,i) that
corresponds to the difference between the point Y(t-1,k) and
the current control point X(t-1,1) is calculated by difference
of the respective coordinate data of these points.

[0059] Then, in an operation 330, the vector U(t,1) and the
vector V(tk,i) multiplied by the scalar gu(t,i) are added
together to define an unweighted displacement vector W(t,
k,i) associated with the control point of index i.

[0060] In an operation 340, the unweighted displacement
vector W(t,k,i) is weighted by a value corresponding to the
ratio between the coefficient f{t,k,1) relating the control point
of index i and the three-dimensional surface data point of
index k, and the summation variable f(t,k) that contains the
sum of the coefficients f(t,k,i).

[0061] Finally, in an operation 350, the function Mv(t,k)
determines whether all the indices i have been scanned. If
there are control points that remain to be scanned, then the
index i is incremented in an operation 360 and the loop
resumes in the operation 320. Otherwise the function Mv( )
ends in an operation 370 with the storage of the new point
Y(t,k) the coordinate data of which have just been calcu-
lated.

[0062] Thus, for each index i, the operation 340 displaces
the point Y(t.k) by a displacement vector related to the
control point of index i which presents the following for-
mula:

[t k, i)

T U, D+ gult, Y- 1, X -1, 1)

[0063] For simplicity, the weighting function may be
defined related to the control point:

[t ki)

W, i, k) = SR

[0064]
then:

When all the control points have been scanned,

Y, kY- 1, k) = Z wit, DU, D+ gu(t, D+ Y1, X1, i)

i

[0065] Now, let Z() be the displacement field of the points
Y. This displacement field of index k between instants t-1
and t may be rewritten as the weighted sum of the displace-
ments of the control points X(t-1,i):

Z(Y,t-1, 5, k)= Zz(t, LIOZX(@-1LD+Y (-1, -X(t-1,0)

i

[0066] where z(t,i,k) form a plurality of weighting func-
tions such that z(Y,t,i) equals 1 if Y is the control point
X(t-1,1), and such that for any point Y, 2, (Y,t,i)=1
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[0067] By creating a limited expansion around each con-
trol point X(t-1,1) this gives:

A¥. -1 k)= a0 i)

ZX, =L D+ Gradlz(X, 1= 1,1, e Y= 1, X1, ) +

olY (=1, X =1, D)

[0068] That is:

Y@ Y@ -1, k) =

Zz([, DX D —X(- 1, Drgue, DeY(i— 1L OXE—1, )+

o(lY@ -1, k)X (-1, DID

[0069] Now, by using the definition of the function {( ), a
correspondence is obtained between the weighting w(t,i,k)
and the functions z(Y,t,1).

[0070] The point Y(t.k) calculated by the function Mv( )
therefore corresponds well to the displacement of the point
Y(t-1,k) in the vicinity of the control points for which the
displacement is known.

[0071] The first variant of the function f( ) amounts to
neglecting the term o(|[Y(t-1,k)X(t-1,1)|.

[0072] The second variant of the function f{ ) makes it
possible to take into account the term o(|[Y (t-1,k)X(t-1,1)||,
and can be written as follows when all the control points
have been scanned:

Y@ Y@ -1, k) =

ZW(” o G 7o G e Y1, k)xg— 1,0
- L+Y(—1, 0X(@—1, D /Ra

[0073] where o is a real coefficient greater than 1 and R is
a distance characterizing the resistance to deformation of the
three-dimensional surface.

[0074] Once the function Mv( ) has finished, the second
loop ends in a test on the index k in an operation 222. If there
are three-dimensional surface data points that remain to be
scanned, then the index k is incremented in an operation 224,
and the second loop resumes with the setting to 0 of the
summation variable f{(t,k) in the operation 205 and the
execution of the first loop for the new index k.

[0075] If all the three-dimensional surface data points
have been scanned, then a function Anim( ) is executed in an
operation 228. The function Anim( ) will generate the
animation of the three-dimensional surface defined by the
points Y between instants t—1 and t. This animation may be
achieved in various ways. In the example described here, for
one second of sound data, the memory 2 contains 250 sound
data and 250 associated control data sets. The function
Anim( ) therefore consists in successively displaying the
calculated images.
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[0076] According to a first variant, several intermediate
positions are calculated by interpolation for each point Y
between instants t—1 and t according to the duration of the
associated sound data and the coordinate data of each point
Y at instants t-1 and t. The processor provides the display
of the interpolated images in synchronization with the
reproduction of the corresponding sound data. According to
other variants, other interpolation methods may be used such
as a linear interpolation or a spline-based interpolation. The
choice of interpolation method will depend notably on the
type of surface to be animated and the animation considered.
In yet another variant, e.g. when the successive sound data
represent very close instants, no interpolation is performed,
and the procedure simply passes from the three-dimensional
surface data at instant t—1 to the three-dimensional surface
data at instant t.

[0077] Then, in an operation 230, the processor 4 deter-
mines whether all the sound data have been scanned, and
therefore whether the third loop has finished. If this is not the
case, the index t is incremented in an operation 232 and the
third loop starts again with the initialization of a second loop
with the operation 204. Otherwise, the animation ends in an
operation 234.

[0078] The three-dimensional surface data are therefore
calculated and animated gradually, and in synchronization
with the sound data via the control data which represent a
reduced number of three-dimensional surface points for each
of the sound data. Thus, on the basis of a reduced number of
control points (21 in the example described here), it becomes
possible to animate a surface, e.g. the face of a character, in
a realistic way, even with a very high display resolution (for
a face, 8 000 points in the example described here), and with
a realistic cost in calculation and storage. Thus, the ratio of
the number of three-dimensional surface points over the
number of control points may be greater than 50, 150, or
even greater than 300.

[0079] As mentioned above, these data may be data which
make it possible to associate the animation which is pro-
duced with a corresponding set of sounds. More generally,
the sound data can be seen as data which organize the
animation of the three-dimensional surface over time.

1. An image processing device, comprising a memory
storing sound data, three-dimensional surface data, and a
plurality of control data sets, each control data set repre-
senting a plurality of control points defined by coordinate
data and being associated with sound data, and a processor
arranged, on the basis of first and second successive sound
data, and of first three-dimensional surface data, for select-
ing control data sets associated with the first and second
sound data, and for defining second three-dimensional sur-
face data by applying a displacement to each point of the
first three-dimensional surface data,

the displacement of a given point of the first three-

dimensional surface data being calculated as the sum of
displacement vectors calculated for each control point
of the control data set associated with the first sound
data,

each displacement vector calculated for a given control

point being calculated on the basis of the sum of a first
vector and a second vector, which sum is weighted by
a weight calculated as the ratio between the result of a
two variable function having a zero limit at infinity
applied to the given point and to the given control point
and the sum of the result of this function applied to the
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given point on the one hand and to each of the control
points of the control data set associated with the first
sound data on the other hand,

the first vector representing the displacement of the posi-

tion defined by the coordinate data of the given control
point in the control data set associated with the first data
to the position defined by the coordinate data of the
given control point in the control data set associated
with the second sound data, and

the second vector corresponding to the difference between

the coordinate data of the given point and the coordi-
nate data of the given control point in the control data
set associated with the first sound data, multiplied by a
coeflicient dependent on the gradient of the first vector.

2. The device as claimed in claim 1, in which the two
variable function associates with two points a mathematical
distance applied to these two points raised to a chosen
power.

3. The device as claimed in claim 2, in which the
mathematical distance is chosen from a group comprising
the Euclidean distance, the quadratic distance and the geo-
desic distance.

4. The device as claimed in claim 2, in which the chosen
power is less than or equal to -1.
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5. The device as claimed in claim 1, in which the
coeflicient dependent on the gradient of the first vector is
equal to the gradient of the first vector.

6. The device as claimed in claim 1, in which the
coeflicient dependent on the gradient of the first vector is
equal to the gradient of the first vector divided by a value
proportional to the distance between the given point and the
given control point.

7. The device as claimed in claim 6, in which the
proportional value corresponds to the ratio of the distance
between the given point and the given control point by a
deformation constant greater than 1, this ratio being raised
to a chosen power plus one.

8. The device as claimed in claim 7, in which the chosen
power is greater than or equal to 1.

9. The device as claimed in claim 1, in which the ratio
between the number of three-dimensional surface data
points and the number of points in a control data set is
greater than 50.

10. A computer program product, capable of cooperating
with a computer for implementing the device as claimed in
claim 1.



