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(57) Abstract: The present disclosure relates to a method and device for processing a sequence of pictures comprising estimating a
color mapping between a first color-graded version of said sequence of pictures whose values are represented in a first color volume
and a second color-graded version of said sequence of pictures whose values are represented in a second color volume. The method
is characterized in that it comprises: - obtaining (10) a first composite picture by assembling at least two pictures of the first col -
or-graded version of the sequence of pictures in order that the content of said first composite picture comprises at least a part of the
content of each of said at least two pictures, and the second composite picture is obtained by assembling at least two pictures of the
second color- graded version of the sequence of pictures in order that the content of said second composite picture comprises at least
a part of the content of each of said at least two pictures; and - estimating (20) said color mapping between said first and second col -
or-graded versions of the picture by estimating a color mapping function that maps the color values of said first composite picture
onto the color values of said second composite picture.
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A METHOD AND DEVICE FOR ESTIMATING A COLOR MAPPING
BETWEEN TWO DIFFERENT COLOR-GRADED VERSIONS OF A
SEQUENCE OF PICTURES.

1. Field

The disclosure relates to the color mapping domain. In particular, it
relates to a method for estimating a color mapping between a first color-
graded version of a sequence of pictures and a second color-graded version

of said sequence of pictures.

2. Background

In light of the foregoing, aspects of the present disclosure are directed
to creating and maintaining semantic relationships between data objects on a
computer system. The following presents a simplified summary of the
disclosure in order to provide a basic understanding of some aspects of the
disclosure. This summary is not an extensive overview of the disclosure. It is
not intended to identify key or critical elements of the disclosure. The following
summary merely presents some aspects of the disclosure in a simplified form
as a prelude to the more detailed description provided below.

In the following, a picture contains one or several arrays of samples
(pixel values) in a specific picture/video format which specifies all information
relative to the pixel values of a picture (or a video) and all information which
may be used by a display and/or any other device to visualize and/or decode
a picture (or video) for example. A picture comprises at least one component,
in the shape of a first array of samples, usually a luma (or luminance)
component, and, possibly, at least one other component, in the shape of at
least one other array of samples, usually a color component. Or, equivalently,
the same information may also be represented by a set of arrays of color
samples, such as the traditional tri-chromatic RGB representation.

A color gamut is a certain complete set of colors. The most common

usage refers to a set of colors which can be accurately represented in a given
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circumstance, such as within a given color space or by a certain output
device.

A color volume is defined by a color space and a dynamic range of the
values represented in said color space.

For example, a color volume is defined by a RGB ITU-R
Recommendation BT.2020 color space and the values represented in said
RGB color space belong to a dynamic range from 0 to 4000 nits (candela per
square meter). Another example of color volume is defined by a RGB BT.2020
color space and the values represented in said RGB color space belong to a
dynamic range from 0O to 1000 nits.

Color-grading a picture (or a video) is a process of altering/enhancing
the colors of the picture (or the video). Usually, color-grading a picture
involves a change of the color volume (color space and/or dynamic range) or
a change of the color gamut relative to this picture. Thus, two different color-
graded versions of a same picture are versions of this picture whose values
are represented in different color volumes (or color gamut) or versions of the
picture whose at least one of their colors has been altered/enhanced
according to different color grades. This may involve user interactions.

For example, in cinematographic production, a picture and a video are
captured using tri-chromatic cameras into RGB color values composed of 3
components (Red, Green and Blue). The RGB color values depend on the tri-
chromatic characteristics (color primaries) of the sensor. A first color-graded
version of the captured picture is then obtained in order to get theatrical
renders (using a specific theatrical grade). Typically, the values of the first
color-graded version of the captured picture are represented according to a
standardized YUV format such as BT.2020 which defines parameter values
for Ultra-High Definition Television systems (UHDTV).

Then, a Colorist, usually in conjunction with a Director of Photography,
performs a control on the color values of the first color-graded version of the
captured picture by fine-tuning/tweaking some color values in order to instill
an artistic intent.

A second color-graded version of the captured picture is also obtained
to get home release renders (using specific home, Blu-Ray Disk/DVD grade).

Typically, the values of the second color-graded version of the captured
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picture are represented according to a standardized YUV format such as ITU-
R Recommendation BT.601 (Rec. 601) which defines studio encoding
parameters of Standard Digital Television for standard 4:3 and wide-screen
16:9 aspect ratios, or ITU-R Recommendation BT.709 which defines
parameter values for High Definition Television systems (HDTV).

Obtaining such a second color-graded version of the captured picture
usually comprises stretching the color volume of the first color-graded version
of the captured picture (for example RGB BT.2020 1000 nits modified by the
Colorist) in order that the second color-graded version of the captured picture
belong to a second color volume (RGB BT.709 1000 nits for example). This is
an automatic step which uses a default color mapping function (for example
for mapping of RGB BT.2020 format to RGB BT.709) usually approximated by
a three dimensional look-up-table (also called 3D LUT). Note that all the
considered YUV formats are characterized with the Color primaries
parameters that allow defining any RGB-to-YUV and YUV-to-RGB color
mappings.

Then, a Colorist, usually in conjunction with a Director of Photography,
performs a control on the color values of the second color-graded version of
the captured picture by fine-tuning/tweaking some color values in order to
instill the artistic intent in the home release.

It is known to explicitly signal a default color mapping to a display, such
as the YUV-to-RGB color mapping, so that the display is able to apply the
appropriate default color mapping. Moreover, when the color mapping uses
parameters calculated from a first and second color-graded version of a
picture, it is known that those parameters are also signaled to the display so
that the display is able to apply the appropriate default color mapping with
appropriate parameters.

Using a default color mapping fails to preserve the artist intent because
some colors, as specified by the colorist, in the second color-graded version
of a picture may not be preserved when the default color mapping is applied
on the first color-graded version of the picture.

For example, memory color such as flesh or skin tones, blue sky or
green grass shades...etc, should be preserved when specified by the colorist

for a given grade.
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Estimating a color mapping between two color-graded versions of a
same picture means estimating a color mapping function that optimally maps
the color values of the first color-graded version of the picture onto the color
values of the second color-graded version of said picture.

Following this reasoning, because a sequence of pictures is a set of
temporally successive pictures, estimating a color mapping between two
color-graded versions of a same sequence of pictures means estimating a
color mapping function for each picture of the sequence of pictures, i.e. a
color mapping function that optimally maps the color values of a picture
temporally located at a determined time instant in the first color-graded
version of the sequence of pictures onto the color values of a picture
temporally located at the same time instant in the second color-graded version
of the sequence of pictures.

However, this approach is time consuming and requires a long
computing time. Moreover, noise or color non representative of the sequence
of pictures may appear in the sequence of pictures with very similar pictures
characteristics (distribution of colors, presence of objects...). This may involve
temporal variations in the color mapping decisions over the time that may
result in visual flickering (temporal instability of the look of consecutive
pictures).

There is thus a need of a method for estimating a color mapping
between two different color-graded versions of a sequence of pictures which
reduces such computing cost and such flickering effect.

The specific nature of the disclosure as well as other objects,
advantages, features and uses of the disclosure will become evident from the
following description of embodiments taken in conjunction with the

accompanying drawings.

3. Summary

In light of the foregoing, aspects of the present disclosure are directed to
creating and maintaining semantic relationships between data objects on a
computer system. The following presents a simplified summary of the

disclosure in order to provide a basic understanding of some aspects of the
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disclosure. This summary is not an extensive overview of the disclosure. It is
not intended to identify key or critical elements of the disclosure. The following
summary merely presents some aspects of the disclosure in a simplified form
as a prelude to the more detailed description provided below.

The disclosure sets out to remedy some of the drawbacks of the prior
art with a method for processing a sequence of pictures comprising estimating
a color mapping between a first color-graded version of said sequence of
pictures whose values are represented in a first color volume and a second
color-graded version of said sequence of pictures whose values are
represented in a second color volume. The method is characterized in that it
comprises:

- obtaining a first composite picture by assembling at least two pictures
of the first color-graded version of the sequence of pictures in order that the
content of said first composite picture comprises at least a part of the content
of each of said at least two pictures, and the second composite picture is
obtained by assembling at least two pictures of the second color-graded
version of the sequence of pictures in order that the content of said second
composite picture comprises at least a part of the content of each of said at
least two pictures; and

- estimating said color mapping between said first and second color-
graded versions of the sequence of pictures by estimating a color mapping
function that maps the color values of said first composite picture onto the
color values of said second composite picture.

The method allows getting a single color mapping for a sequence of
pictures reducing thus the computing time required for estimating a color
mapping for each picture of said sequence of pictures, and the visual
flickering

Moreover, the size of the composite pictures may not be too large
because the number of determined time instants controls the number of
pictures used for obtaining the composite pictures.

According to an embodiment, the time instants ti are determined in
order that the pictures P1gand P2 belongs to a same scene shot.

According to an embodiment, some of the time instants are identical.

PCT/EP2015/074497
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According to an embodiment, the second color graded pictures are
clipped before being combined.

According to an embodiment, the method further comprises down-
sampling the pictures located at the determined time instants in both the first
and second color-graded version of the sequence of pictures before obtaining
the first and second composite pictures.

According to an embodiment, an estimate of said color mapping
function is obtained iteratively until a criterion is reached.

According to an embodiment, said color mapping function comprising
two color transforms, wherein an estimate of said color mapping function is
obtained at iteration k by:

a) obtaining a third set of color values by applying a first color transform

estimated at iteration (k-1) to the first set of color values;

b) estimating a third color transform by mapping the second set of color
values onto the third set of color values;

c) obtaining a fourth set of color values by applying said third color
transform to the second set of color values;

d) estimating a first color transform by mapping the first set of color
values onto said forth set of color values; said first color transform is
used for updating the first color transform;

e) obtaining a fifth set of color values by applying said first color
transform to the first set of color values; and

f) estimating a second color transform by mapping the fifth set of color
values onto the second set of color values.

According to an embodiment, the color mapping function is

approximated by a three-dimensional look-up-table.

According to an embodiment, said color mapping function comprising
at least one color transform, said at least one color transform is approximated
by a one—dimension piecewise linear function.

According to an embodiment, said color mapping function comprising
at least one color transform, said at least one color transform is approximated

by a one-dimensional look-up—table.
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According to an embodiment, said color mapping function comprising
at least one color transform, said at least one color transform is approximated
by a linear matrix.

According to other of its aspects, the disclosure relates to a device
comprising a processor configured for implementing the above method, a
computer program product comprising program code instructions to execute
the steps of the above method when this program is executed on a computer,
a processor readable medium having stored therein instructions for causing a
processor to perform at least the steps of the above method, and a non-
transitory storage medium carrying instructions of program code for
executing steps of the above method when said program is executed on a

computing device.

4, Brief description of Drawings

In the drawings, an embodiment of the present disclosure is illustrated
by the following figures:

- Fig. 1 shows schematically a diagram of the steps of a method for
estimating a color mapping between two color-graded versions of a sequence
of pictures in accordance with a specific and non-limiting embodiment of the
disclosure;

- Fig. 2 schematically illustrates an embodiment of the step 20 for
obtaining iteratively an estimate of the color mapping function;

- Fig. 3 schematically illustrates an example of a color mapping
function;

- Fig. 4 schematically illustrates an example for estimating a color
mapping function comprising two color transforms;

- Fig. 5 schematically illustrates an example for estimating a color
mapping function comprising three color transforms;

- Fig. 6 schematically illustrates an example of a 3D LUT
approximating a color mapping function;

- Fig. 7 schematically illustrates a color mapping function comprising
color transforms approximated by one-dimensional piecewise linear functions

and a matrix;
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- Fig. 8 shows an example of a one-dimensional piecewise linear
function f;

- Fig. 9 shows an example of an architecture of a device in accordance
with an embodiment of the disclosure.

- Fig. 10 illustrates different assembling approaches for obtaining a
composite picture;

- Fig. 11 shows an example of a packing approach for obtaining a
composite picture.

6. Description of Embodiments.

The present disclosure will be described more fully hereinafter with
reference to the accompanying figures, in which embodiments of the
disclosure are shown. This disclosure may, however, be embodied in many
alternate forms and should not be construed as limited to the embodiments
set forth herein. Accordingly, while the disclosure is susceptible to various
modifications and alternative forms, specific embodiments thereof are shown
by way of example in the drawings and will herein be described in detail. It
should be understood, however, that there is no intent to limit the disclosure to
the particular forms disclosed, but on the contrary, the disclosure is to cover
all modifications, equivalents, and alternatives falling within the spirit and
scope of the disclosure as defined by the claims.

The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the disclosure. As used
herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
understood that the terms "comprises"”, "comprising,” “includes" and/or
"including” when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or components but do not
preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof. Moreover,
when an element is referred to as being "responsive" or "connected" to
another element, it can be directly responsive or connected to the other

element, or intervening elements may be present. In contrast, when an
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element is referred to as being "directly responsive" or "directly connected"” to
other element, there are no intervening elements present. As used herein the
term "and/or" includes any and all combinations of one or more of the
associated listed items and may be abbreviated as"/".

It will be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be
limited by these terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed a second element,
and, similarly, a second element could be termed a first element without
departing from the teachings of the disclosure.

Some embodiments are described with regard to block diagrams and
operational flowcharts in which each block represents a circuit element,
module, or portion of code which comprises one or more executable
instructions for implementing the specified logical function(s). It should also be
noted that in other implementations, the function(s) noted in the blocks may
occur out of the order noted. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently or the blocks may
sometimes be executed in the reverse order, depending on the functionality
involved.

Reference herein to "one embodiment” or "an embodiment” means that
a particular feature, structure, or characteristic described in connection with
the embodiment can be included in at least one implementation of the
disclosure. The appearances of the phrase "in one embodiment” or “according
to an embodiment” in various places in the specification are not necessarily all
referring to the same embodiment, nor are separate or alternative
embodiments necessarily mutually exclusive of other embodiments.

Reference numerals appearing in the claims are by way of illustration
only and shall have no limiting effect on the scope of the claims.

While not explicitly described, the present embodiments and variants
may be employed in any combination or sub-combination.

Estimating a color mapping between a first color-graded version of a
sequence of pictures and a second color-graded version of said sequence of

pictures may be a step of a method for processing a sequence of pictures.
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Fig. 1 shows schematically a diagram of the steps of a method for
estimating a color mapping CM between a first color-graded version E1 of a
sequence of pictures whose values are represented in a first color volume and
a second color-graded version E2 of said sequence of pictures whose values
are represented in a second color volume according to a specific and non-
limiting embodiment of the disclosure.

In step 10, a module MO obtains a first composite picture C1 by
assembling at least two pictures P4y temporarily located at determined time
instants ti in the first color-graded version E1 of the sequence of pictures in
order that the content of said first composite picture comprises at least a part
of the content of each of said at least two pictures, and a second composite
picture C2 by assembling a same number of pictures P»:temporarily located
in the second color-graded version E2 of the sequence of pictures at the same
determined time instants ti in order that the content of said second composite
picture comprises at least a part of the content of each of said at least two
pictures

According to an embodiment, the time instants ti are determined in
order that the pictures P and P2y belongs to a same scene shot. For that, for
example, a shot transition detector is applied to the sequence of pictures in
order to get at least one scene shot comprising at least one picture, and a first
(and second) composite picture is obtained from the pictures of each detected
scene shot. A color mapping function is thus estimated from each first and
second pictures.

According to an embodiment, some of the time instants ti are identical.
This allows for increasing the weight of the color samples in pictures ti.

According to an embodiment, illustrated on Fig. 10, a composite picture
C1, respectively C2, is obtained by any mosaicing
(http://ieeexplore.ieee.org/xpls/ abs_all.jsp?arnumber=702214&tag=1), i.e. the
composite picture C1, respectively C2, is a panoramic picture obtained from
the pictures P14, respectively Pai.

According to an embodiment, sub-regions of the pictures are
combined. This allows for removing not desirable regions such as black strips

or logos, or contrarily emphasizing the computation on the colors of a logo.
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Thus, the content of said first composite picture C1, respectively C2,
comprises at least a part of the content of each of said at least two pictures
P1.ti , respectively Pz

According to an embodiment, the second color graded pictures are
clipped before being combined. This allows colour mapping video sequences
with different dynamic range values.

According to Fig. 10, the composite picture C1, respectively C2, is
obtained from two pictures P11, respectively two pictures Pq2, temporally
located at the time instants t1 and t2 in the first color-graded version E1,
respectively the second color-graded version E2, of the sequence of pictures.

According to another embodiment, illustrated on Fig. 11, a composite
picture C1, respectively C2, is obtained by packing the pictures P44,
respectively P2 in said single picture C1, respectively C2.

Thus, the content of said first composite picture C1, respectively C2,
comprises the content of each of said at least two pictures P , respectively
P2.i.

According to an embodiment of the step 10 on Fig. 1, the module MO
down-samples the pictures P14, respectively P2 located at the determined
time instants ti in both the first E1 and second E2 color-graded versions of the
sequence of pictures before obtaining the first C1 and second C2 composite
pictures.

This allows reducing the resolution (number of columns and/or number
of rows) of the composite picture C1 and C2 and thus reducing the computing
time for estimating the color mapping. Moreover, down-sampling a picture
reduces the noise of the picture and thus increases the quality of the color
mapping function.

In step 20, a module M estimates said color mapping CM between said
first and second color-graded versions of the sequence of pictures by
estimating a color mapping function CMF that maps the color values of said
first composite picture C1 onto the color values of said second composite
picture C2.

The color mapping function CMF is defined for mapping color values
represented in the first color volume onto color values represented in the

second color volume.
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For example, only the dynamic ranges of the first and second color
volume are different. The first color volume may be defined, for example, by
using a RGB BT.2020 color space and the dynamic range of the values
between 0 to 4000 nits (candela per square meter) and the second color
volume is defined using a RGB BT.2020 color space and the dynamic range
of the values between 0 to 1000 nits (candela per square meter).

According to another example, only the color gamuts of the first and
second color volumes are different. The first color volume is defined, for
example, by using a RGB BT.2020 color space and the dynamic range of the
values between 0 to 1000 nits (candela per square meter) and the second
color volume is defined using a RGB BT.709 color space and the dynamic
range of the values between 0 to 1000 nits (candela per square meter).

According to another example, only the color spaces of the first and
second color volumes are different. The first color volume is defined, for
example, by using a RGB BT.2020 color space and the dynamic range of the
values between 0 to 1000 nits (candela per square meter) and the second
color volume is defined using a YUV BT.2020 color space and the dynamic
range of the values between 0 to 1000 nits (candela per square meter).

The disclosure is not limited to these examples of color volumes and it
is obvious that the first and second color volumes may be defined having
more than one of these differences (color gamut, color space, dynamic
range).

According to an embodiment of the disclosure, illustrated in Fig. 3, the
color mapping function CMF comprises at least two color transforms F1, F2,
Fg,...Fa.

According to an embodiment of the step 20, illustrated on Fig. 2, in
step 100, a module M1 obtains a first estimate CMF° of the color mapping
function CMF, i.e. a first estimate Fqb for each color transform Fq according to
the embodiment of the method illustrated in Fig. 3.

For convenience; in the following, the color values of the first
component picture C1 is called a first set of color values S1 and the color
values of the second component picture C2 is called a second set of color

values S2.
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According to an embodiment, the first estimate E;O of each color
transform is a linear monotonous function and, when a color transform is a
linear matrix, the first estimate of the color transform is the identity matrix.

According to another example, the first estimates of the color
transforms are color mapping functions that transform the color space of the
first color volume to the color space of the second color volume. Such color
transforms are defined, for example, by the standard SMPTE RP 177.

Next, in step 110, at an iteration k (k is an integer value), a module M2
obtains an estimate 13} for each color transform Fq (an estimate CMF* of the

color mapping function CMF) from the first S1 and the second S2 set of color

values using an estimate F/qle for each color transform Fq (an estimate CMF*"
of the color mapping CMF) calculated previously (iteration k-1).

The step 110 is repeated until a criterion is reached. A final estimate

—

F, for each color transform Fq (CMF of the color mapping function CMF)

equals to the estimate I/?q?’ for each color transform Fq (CMFP of the color

mapping function CMF) with p (the last iteration) is thus obtained.

The criterion is reached for example when a maximum number of
iterations k is reached or when the Euclidean distance between two
successive estimates of the second color-graded version E2 of the picture,
obtained by applying estimates CMF%' and CMF* of the color mapping
function CMF, calculated during two successive iterations, to the first color-
graded version E1 of the picture, is below a predefined threshold.

Alternatively, the criterion is reached when the Euclidean distance
between an estimate of the second color-graded version E2 of the picture
obtained by applying an estimate CMF* of the color transform function CMF to
the first color-graded version E1 of the picture and the second color-graded
version E2 of the picture, is below a predefined threshold.

According to an embodiment of the disclosure, the color mapping
function CMF comprises two color transforms F1 and F2 which are estimated
from said the first S1 and the second S2 sets of color values by the method

illustrated in Fig. 4.
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Estimating the two color transforms F1 and F2 is an iterative process

which comprises for each iteration k, k being an integer:

a) obtaining a third set of color values S3 by applying a first color
transform F1%' estimated at iteration (k-1) to the first set of color
values S1;

b) estimating a third color transform F3% by mapping the second set of
color values S2 onto the third set of color values S3;

c) obtaining a fourth set of color values S4 by applying said third color
transform F3*to the second set of color values S2;

d) estimating a first color transform F1* by mapping the first set of color
values S1 onto said fourth set of color values S4; said first color
transform F1X is used for updating the first color transform F1;

e) obtaining a fifth set of color values S5 by applying said first color
transform F1*to the first set of color values S1; and

f) estimating a second color transform F2% by mapping the fifth set of
color values S5 onto the second set of color values S2.

The disclosure is not limited to a color mapping function CMF comprising
two color transforms but extends to any color mapping comprising more than
two color transforms.

For illustrative purpose, Fig. 5 illustrates how a color mapping function
CMF is estimated when it comprises three color transforms F1, F21 and F22.
For each iteration k, k being an integer:

a) obtaining a third set of color values S3 by applying a first color
transform F1%71, estimated at iteration (k-1), to the first set of color
values S1;

b) obtaining a fourth set of color values S4 by applying the color
transform F22%7, estimated at iteration (k-1), to the third set of color
values S3;

c) estimating a third color transform F3% by mapping the second set of
color values S2 onto the fourth set of color values S4;

d) obtaining a fifth set of color values S5 by applying said third color
transform F3* to the second set of color values S2;

e) estimating a fourth color transform F4% by mapping the fifth set of

color values S5 onto the third set of color values S3;
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f) obtaining a sixth set of color values S6 by applying said forth color
transform F4X to the fifth set of color values S5;

g) estimating a first color transform F1k by mapping the first set of
color values S1 onto the sixth set of color values S6; said first color
transform F1X is used for updating the first color transform F1%;

h) obtaining a seventh set of color values S7 by applying said forth
color transform F1* to the first set of color values S1;

i) estimating the color transform F22% by mapping the seventh set of
color values S7 onto said fifth set of color values S5; said color
transform F22% is used for updating the color transform F22k1;

j) obtaining a eighth set of color values S8 by applying said color
transform F22* to the seventh set of color values S7; and

l) estimating the color transform F21% by mapping said eighth set of
color values S8 onto the second set of color values S2.

It is not mandatory that the last step I) be executed at each iteration.

This step shall be executed at least once, after the last iteration.

According to an embodiment, the step |) is executed at each iteration
when, for example, the criterion (to stop or not the iterative method) requires
the estimate of the color transform F21 at each iteration in order to evaluate a
criterion to stop the iterative method described in relation with Fig. 2.

The principle for estimating the color mapping function CMF may be
easily extended according to Fig. 4 and Fig. 5 to any color mapping function
comprising any number of color transforms.

According to an embodiment of the method, the color mapping CMF is
approximated by a three-dimensional look-up-table (3D LUT).

This allows few bits for representing the color mapping function CMF
leading to reduced coding cost.

Fig. 6 shows schematically an example of a 3D LUT approximating a
specific color mapping function CMF.

The 3D LUT associates with at least one color value represented in a
first color volume with a color value represented in a second color volume
(different of the first color volume).

A 3D LUT allows for partitioning the first color volume into a set of
regions delimited by the vertices of the 3D LUT. Exemplarily, a 3D LUT
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associates a set of color values with a triplet of color values in the first color
volume. The set of color values can be a triplet of color values in the second
color volume or a set of color values representative of the color transform (e.g.
locally defined color mapping function parameters) used to transform color
values in the first color volume into color values in the second color volume.

On Fig. 6, a square 3D LUT is represented as a lattice of NxNxN
vertices. For each vertex V(c1,c2,c3) of the 3D LUT, a corresponding triplet of
color values (Vc1, V2, Ve3) needs to be stored. The amount of data associated
with the 3D LUT is NxNxNxK, where K is the amount of bits used to store one
3D LUT triplet value. The triplet value is for example a (R, G, B) triplet, a (Y,
U, V) triplet or a (Y, Cb,Cr) triplet, etc.

According to an embodiment of the method, the color mapping function
CMF comprising at least one color transform, said at least one color transform
is approximated by a one—dimension piecewise linear function.

According to an embodiment of the method, the color mapping function
CMF comprising at least one color transform, said at least one color transform
is approximated by a one-dimensional look-up—table.

This embodiment is advantageous because approximating a color
mapping function by a combination of existing one-dimensional non-linear
mapping functions already implemented in many screen, displays and TV is
possible. They could be used to implement any kind of color transform, e.g. in
the case where the color grading is color space dependent.

According to an embodiment of the method, the color mapping function
CMF comprises a color transform which is represented by a matrix.

According to a non-limiting embodiment of the method, illustrated in
Fig. 7, the color mapping function CMF comprises a color transform F1 which
is approximated by C one-dimensional piecewise linear functions f;; (j €
{1,...,C}), a second color transform F21 which is approximated by C one-
dimensional piecewise linear functions f;; (j € {1, ..., C}) and a linear matrix M
(that may be considered as being another color transform F22). C is an
integer number equals to the number of components of the picture. Usually
C=3 as illustrated in Fig. 7.
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The color transforms F1, F21 and F22 are then estimated as described
in Fig. 5 in which the third color transform F3Xis also approximated by C one-
dimensional piecewise linear functions f3; (j € {1, ...,C}) and the fourth color
transform F4¥is a matrix.

Each one-dimensional piecewise linear function fij, fz; or f3; is
estimated by mapping the j component of the color values belonging to an
input set of color values, here E1j, onto the j component of color values
belonging to an output set of color values, here E2;. For example relative to
the Fig. 5, the input set of color values is the first set of color values S1 and
the output set of color values is the sixth set of color values S6 when a one-
dimensional piecewise linear function f;;is estimated.

The disclosure is not limited by a specific method for estimating one-
dimensional piecewise linear function by mapping a component of the color
values belonging to an input set of color values onto a component of color
values belonging to an output set of color values.

For example, the method of Cantoni et al. (“Optimal Curve Fitting With
Piecewise Linear Functions,” IEEE Transactions on Computers, Vol. C-20,
No1, January 1971) as described in relation with Fig. 8, may be used.

Fig. 8 shows an example of a one-dimensional piecewise linear
function f.

A one-dimensional piece-wise linear function fis defined by intervals
[X;;X+1] and is linear in each interval. Note we consider here the case the
intervals have equal range (equal to 1) for simplicity, but equivalent reasoning
can apply to the general case (un-equal ranges). Then the values X; are
considered as known.

For a given point with abscise s € [X;; X+ 1], the corresponding image by
f is y such as:

y =f(s) = L(Xi) + (L(Xi+1)-L(Xi))"(s-X)

One has to find the optimal values for the L(X;) for example by using a
Least Square Minimization (LSM) method that minimizes the sum of the
quadratic errors Err(X;) = (Vo - f(So))? for the set of sample values(so,yo), with S,
€ [Xi ; X+ 1] is a color values of the first set of color values S1 and y. is a color
value of the second set of color values S2, for each interval [ Xi ; X+ 1]i=0,.1. T

is either a fixed integer value or a value to be optimized.
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The Least Square Minimization (LSM) method consists in solving the

set of equations of partial derivative of Err(X;) respectively to L(Xj) 0.7 equal

to zero.
OErr _ Zm—Z(Ym _ f(sm))(—sm + X;) = 0 with sm € [Xi-7 ; X (1)
aLXi—l
i
5 af,:(r = Ym _Z(Ym - f(Sm))(Sm —Xi+1) -2 2(yo - f(SO))(l ~Sot
Xi) = Wlth Sm € [)(1_1 ; )(l]’ So € [)(l ; )(i+ 1] (2)
OErr _ Yo —2(yo — f(50)) (5o — X)) =0 with so € [Xi ; X+ 1] (3)
aLXi+1

The value of L(Xi) determines the function fon both intervals [X;-7 ; X]
and [X; ; X+ 1]
10 y =f(sm) = L(Xi-1) + (LCK)-L(X-1))*(sm-Xi+1)  if Sm € [Xir ; X 4)
and y =1(so) = L(Xi) + (LCKi+1)-L(Xi))*(s0-Xi) if S0 € [Xi; X+ 1] (5)
Once replacing f(sm) and f(so) in equations (1-3) by their expressions
given by equations (1) and (2), one obtains the following equations:
Zi =01, 1 XLX; = 1) +a;_q; X LX)
Zi= a1 XLX;—1) +ay; X LX) + a0 X LX; + 1)
Ziv1 = Aipq X LOXp) + @ypq00 X LX; + 1)
15 Applying the same reasoning for the other intervals, one obtains the
following system:

Qoo Qo1 o - 0

Z L(X
:0 a1,0 a1,0 a1,2 0 (: 0)
0 azq az2 033 0 : .
0o - 0 .
; Do 0 ay_qiy_>» Qan-1N-1 QaN-1nN ‘
Zy H-1K-2 LGw)
o - 0 aynN-1 ayn

The disclosure is not limited by a specific method for estimating a
matrix (M or the forth color transform F4%) by mapping an input set of color

20  values onto an output set of color values.
For example, when C equals 3 (three color components per color

oo YJGo1 Yoz
value), estimating a 3x3 matrix (91,0 911 91,2) by mapping an input set of
920 Y921 Y922

XO YO
color values (Xl) onto an output set of color values (Yl) comprises solving
X, Y,

3 linear systems of three equations each:
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Yy Xo Goo YJo1 Yoz
(Yl) =M (Xl) with M =(g1,0 911 g1,2)
Y, X, g20 921 922

For a set of samples ((Xo,X1,X2),Y)), a quadratic error is Err; = (Y-
mi(Xo,X1,X2))? is calculated and a Least Mean Squares method then consists
in solving a system of 9 equations built from the partial derivative of mi()
respectively to g;; with i=0,1,2 and j=0,1,2.

On Fig. 1-8 and 10-11, the modules are functional units, which may or
not be in relation with distinguishable physical units. For example, these
modules or some of them may be brought together in a unique component or
circuit, or contribute to functionalities of a software. A contrario, some
modules may potentially be composed of separate physical entities. The
apparatus which are compatible with the disclosure are implemented using
either pure hardware, for example using dedicated hardware such ASIC or
FPGA or VLSI, respectively « Application Specific Integrated Circuit », « Field-
Programmable Gate Array », « Very Large Scale Integration », or from several
integrated electronic components embedded in a device or from a blend of
hardware and software components.

Fig. 9 represents an exemplary architecture of a device 900 which may
be configured to implement a method described in relation with Fig. 1-8 and
10-11.

Device 900 comprises following elements that are linked together

by a data and address bus 901:

- a microprocessor 902 (or CPU), which is, for example, a DSP (or Digital
Signal Processor);

- aROM (or Read Only Memory) 903;

- a RAM (or Random Access Memory) 904;

- an /O interface 905 for reception of data to transmit, from an application;
and

- a battery 906

According to a variant, the battery 906 is external to the device. Each of
these elements of Fig. 9 are well-known by those skilled in the art and won'’t
be disclosed further. In each of mentioned memory, the word « register » used

in the specification can correspond to area of small capacity (some bits) or to
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very large area (e.g. a whole program or large amount of received or decoded
data). ROM 903 comprises at least a program and parameters. Algorithm of
the methods according to the disclosure is stored in the ROM 903. When
switched on, the CPU 902 uploads the program in the RAM and executes the
corresponding instructions.

RAM 904 comprises, in a register, the program executed by the CPU
902 and uploaded after switch on of the device 900, input data in a register,
intermediate data in different states of the method in a register, and other
variables used for the execution of the method in a register.

The implementations described herein may be implemented in, for
example, a method or a process, an apparatus, a software program, a data
stream, or a signal. Even if only discussed in the context of a single form of
implementation (for example, discussed only as a method or a device), the
implementation of features discussed may also be implemented in other forms
(for example a program). An apparatus may be implemented in, for example,
appropriate hardware, software, and firmware. The methods may be
implemented in, for example, an apparatus such as, for example, a processor,
which refers to processing devices in general, including, for example, a
computer, a microprocessor, an integrated circuit, or a programmable logic
device. Processors also include communication devices, such as, for
example, computers, cell phones, portable/personal digital assistants
("PDAs"), and other devices that facilitate communication of information
between end-users.

According to a specific embodiment of the method or device for
estimating said color mapping between the first color-graded version E1 of
picture and the second color-graded version E2 of said picture whose values
are represented in a second color volume, the first E1 and/or second E2 color-
graded version of the picture and/or the first C1 and/or second C2 composite
pictures are obtained from a source. The determined time instants ti may also
be obtained from a source. For example, the source belongs to a set
comprising:

- a local memory (903 or 904), e.g. a video memory or a RAM (or

Random Access Memory), a flash memory, a ROM (or Read Only
Memory), a hard disk ;
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a storage interface (905), e.g. an interface with a mass storage, a
RAM, a flash memory, a ROM, an optical disc or a magnetic
support;

a communication interface (907), e.g. a wireline interface (for
example a bus interface, a wide area network interface, a local area
network interface) or a wireless interface (such as a IEEE 802.11
interface or a Bluetooth® interface); and

an picture capturing circuit (e.g. a sensor such as, for example, a
CCD (or Charge-Coupled Device) or CMOS (or Complementary

Metal-Oxide-Semiconductor)).

According to different embodiments, device 900 being configured to

implement the method or device for estimating a color mapping described in

relation with Fig. 1-8 and 10-11, belongs to a set comprising:

a mobile device ;

a communication device ;

a game device ;

a tablet (or tablet computer) ;
a laptop ;

a still picture camera;

a video camera ;

an encoding chip;

a still picture server ; and

a video server (e.g. a broadcast server, a video-on-demand server
or a web server).

a mobile device ;

a communication device ;

a game device ;

a set top box;

aTV set;

a tablet (or tablet computer) ;
a laptop ;

a display and

a decoding chip.
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Implementations of the various processes and features described
herein may be embodied in a variety of different equipment or applications,
particularly, for example, equipment or applications. Examples of such
equipment include an encoder, a decoder, a post-processor processing output
from a decoder, a pre-processor providing input to an encoder, a video coder,
a video decoder, a video codec, a web server, a set-top box, a laptop, a
personal computer, a cell phone, a PDA, and any other device for processing
a picture or a video or any other communication devices. As should be clear,
the equipment may be mobile and even installed in a mobile vehicle.

Additionally, the methods may be implemented by instructions being
performed by a processor, and such instructions (and/or data values produced
by an implementation) may be stored on a computer readable storage
medium. A computer readable storage medium can take the form of a
computer readable program product embodied in one or more computer
readable medium(s) and having computer readable program code embodied
thereon that is executable by a computer. A computer readable storage
medium as used herein is considered a non-transitory storage medium given
the inherent capability to store the information therein as well as the inherent
capability to provide retrieval of the information therefrom. A computer
readable storage medium can be, for example, but is not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. It
is to be appreciated that the following, while providing more specific examples
of computer readable storage mediums to which the present principles can be
applied, is merely an illustrative and not exhaustive listing as is readily
appreciated by one of ordinary skill in the art: a portable computer diskette; a
hard disk; a read-only memory (ROM); an erasable programmable read-only
memory (EPROM or Flash memory); a portable compact disc read-only
memory (CD-ROM); an optical storage device; a magnetic storage device; or
any suitable combination of the foregoing.

The instructions may form an application program tangibly embodied
on a processor-readable medium.

Instructions may be, for example, in hardware, firmware, software, or a

combination. Instructions may be found in, for example, an operating system,
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a separate application, or a combination of the two. A processor may be
characterized, therefore, as, for example, both a device configured to carry
out a process and a device that includes a processor-readable medium (such
as a storage device) having instructions for carrying out a process. Further, a
processor-readable medium may store, in addition to or in lieu of instructions,
data values produced by an implementation.

As will be evident to one of skill in the art, implementations may
produce a variety of signals formatted to carry information that may be, for
example, stored or transmitted. The information may include, for example,
instructions for performing a method, or data produced by one of the
described implementations. For example, a signal may be formatted to carry
as data the rules for writing or reading the syntax of a described embodiment,
or to carry as data the actual syntax-values written by a described
embodiment. Such a signal may be formatted, for example, as an
electromagnetic wave (for example, using a radio frequency portion of
spectrum) or as a baseband signal. The formatting may include, for example,
encoding a data stream and modulating a carrier with the encoded data
stream. The information that the signal carries may be, for example, analog
or digital information. The signal may be transmitted over a variety of different
wired or wireless links, as is known. The signal may be stored on a processor-
readable medium.

A number of implementations have been described. Nevertheless, it will
be understood that various modifications may be made. For example,
elements of different implementations may be combined, supplemented,
modified, or removed to produce other implementations. Additionally, one of
ordinary skill will understand that other structures and processes may be
substituted for those disclosed and the resulting implementations will perform
at least substantially the same function(s), in at least substantially the same
way(s), to achieve at least substantially the same result(s) as the
implementations disclosed. Accordingly, these and other implementations are

contemplated by this application.
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Claims

1. A method for processing a sequence of pictures comprising estimating a
color mapping between a first color-graded version of said sequence of
pictures whose values are represented in a first color volume and a second
color-graded version of said sequence of pictures whose values are
represented in a second color volume, characterized in that it comprises:

- obtaining (10) a first composite picture by assembling at least two
pictures of the first color-graded version of the sequence of pictures in order
that the content of said first composite picture comprises at least a part of the
content of each of said at least two pictures, and the second composite
picture is obtained by assembling at least two pictures of the second color-
graded version of the sequence of pictures in order that the content of said
second composite picture comprises at least a part of the content of each of
said at least two pictures; and

- estimating (20) said color mapping between said first and second
color-graded versions of the sequence of pictures by estimating a color
mapping function that maps the color values of said first composite picture

onto the color values of said second composite picture.

2. The method of claim 1, wherein the time instants are determined in order

that the pictures belongs to a same scene shot.

3. The method of claim 2, wherein some of the time instants are identical.

4. The method of ne of claims 1-3, wherein the second color graded pictures

are clipped before being combined.

5. The method of one of claims 1-4, wherein the method further comprises
down-sampling the pictures located at the determined time instants in both the
first and second color-graded version of the sequence of pictures before

obtaining the first and second composite pictures.
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6. A method of one of claims 1-5, wherein an estimate of said color mapping

function (20) is obtained iteratively until a criterion is reached.

7. The method of the claim 6, wherein said color mapping function comprising
two color transforms, wherein an estimate of said color mapping function is
obtained at iteration k by:

a) obtaining a third set of color values (S3) by applying a first color
transform (F1%') estimated at iteration k-1 to the first set of color
values (S1);

b) estimating a third color transform (F3) by mapping the second set of
color values (S2) onto the third set of color values (S3);

c) obtaining a fourth set of color values (S4) by applying said third color
transform (F3) to the second set of color values (S2);

d) estimating a first color transform (F1%) by mapping the first set of
color values (S1) onto said forth set of color values (S4); said first
color transform (F1%) is used for updating the first color transform
(F1%);

e) obtaining a fifth set of color values (S5) by applying said first color
transform (F1¥) to the first set of color values (S1); and

f) estimating a second color transform (F2*) by mapping the fifth set of

color values (S5) onto the second set of color values.

8. The method of any one of the claims 1-7, wherein the color mapping

function is approximated by a three-dimensional look-up-table.

9. The method of any one of the claims 1-8, wherein said color mapping
function comprising at least one color transform, said at least one color

transform is approximated by a one—dimension piecewise linear function.

10. The method of any one of the claims 1-9, wherein said color mapping
function comprising at least one color transform, said at least one color

transform is approximated by a one-dimensional look-up—table.



10

15

20

25

30

WO 2016/066520

26

11. The method of any one of the claims 1-10, wherein said color mapping
function comprising at least one color transform, said at least one color

transform is approximated by a linear matrix.

12. A Device for processing a sequence of pictures comprising a processor
configured for estimating a color mapping between a first color-graded version
of said sequence of pictures whose values are represented in a first color
volume and a second color-graded version of said sequence of pictures
whose values are represented in a second color volume, characterized in that
the processor is further configured for:

- obtaining (10) a first composite picture by assembling at least two
pictures of the first color-graded version of the sequence of pictures in order
that the content of said first composite picture comprises at least a part of the
content of each of said at least two pictures, and the second composite
picture is obtained by assembling at least two pictures of the second color-
graded version of the sequence of pictures in order that the content of said
second composite picture comprises at least a part of the content of each of
said at least two pictures; and

- estimating (20) said color mapping between said first and second
color-graded versions of the sequence of pictures by estimating a color
mapping function that maps the color values of said first composite picture

onto the color values of said second composite picture.

13. A computer program product comprising program code instructions to
execute the steps of the method of any one of claims 1-11 when this program

is executed on a computer.

14. A processor readable medium having stored therein instructions for
causing a processor to perform at least the steps of the method of any one

claims 1-11.
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15. Non-transitory storage medium carrying instructions of program code for
executing steps of the method of any one claims 1-11, when said program is

executed on a computing device.
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