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METHOD AND APPARATUS FOR ENCODING IMAGE DATA AND METHOD AND
APPARATUS FOR DECODING IMAGE DATA

TECHNICAL FIELD

The present invention relates to a method and an apparatus for encoding

image data, and a method and an apparatus for decoding image data. Particularly, but
not exclusively, the invention relates to encoding and decoding of video data for High

Dynamic Range (HDR) applications.

BACKGROUND

The variation of light in a scene captured by an imaging device can vary
greatly. For example, objects located in a shadow of the scene can appear very dark
compared to an object illuminated by direct sunlight. The limited dynamic range and
colour gamut provided by traditional low dynamic range (LDR) images do not provide
a sufficient range for accurate reproduction of the changes in luminance and colour
within such scenes. Typically the values of components of LDR images representing
the luminance or colour of pixels of the image are represented by a limited number of
bits (typically 8, 10 or 12 bits). The limited range of luminance provided by such
representation does not enable small signal variations to be effectively reproduced, in
particular in bright and dark ranges of luminance.

High dynamic range imaging (also referred to as HDR or HDRI) enables a
greater dynamic range of luminance between light and dark areas of a scene
compared to traditional LDR images. This is achieved in HDR imaging by extending
the signal representation to a wider dynamic range in order to provide high signal
accuracy across the entire range. In HDR images, component values of pixels are
usually represented with a greater number of bits (for example from 16 bits to 64 bits)
including in floating-point format (for example 32-bit or 16-bit for each component,
namely float or half-float), the most popular format being openEXR half-float format
(16-bit per RGB component, i.e. 48 bits per pixel) or in integers with a long
representation, typically at least 16 bits. Such ranges correspond to the natural

sensitivity of the human visual system. In this way HDR images more accurately



10

15

20

25

30

WO 2015/104316 PCT/EP2015/050228

represent the wide range of luminance found in real scenes thereby providing more
realistic representations of the scene.

Because of the greater range of values provided, however, HDR images
consume large amounts of storage space and bandwidth, making storage and
transmission of HDR images and videos problematic. Efficient coding techniques are
therefore required in order to compress the data into smaller, more manageable data
sizes. Finding suitable coding/decoding techniques to effectively compress HDR data
while preserving the dynamic range of luminance for accurate rendering has proved
challenging.

A typical approach for encoding an HDR image is to reduce the dynamic range
of the image in order to encode the image by means of a traditional encoding scheme
used to encode LDR images.

For example in one such technique, a tone-mapping operator is applied to the
input HDR image and the tone-mapped image is then encoded by means of a
conventional 8-10 bit depth encoding scheme such as JPEG/JPEG200 or MPEG-2,
H.264/AVC for video (Karsten Suhring, H.264/AVC Reference Software,
http://iphome.hhi.de/suehring/tml/download/, the book of |. E. Richardson titled «
H.264 and MPEG-4 video compression » published in J. Wiley & Sons in September
2003). An inverse tone-mapping operator is then applied to the decoded image and a
residual is calculated between the input image and the decoded and inverse-tone-
mapped image. Finally, the residual is encoded by means of a second traditional 8-10
bit-depth encoder scheme.

The main drawbacks of this first approach are the use of two encoding
schemes and the limitation of the dynamic range of the input image to twice the
dynamic range of a traditional encoding scheme (16-20 bits). According to another
approach, an input HDR image is converted in order to obtain a visually lossless
representation of the image pixels in a colour space in which values belong to a
dynamic range which is compatible with a traditional 8-10 or an extended 12, 14 or
16 bits depth encoding scheme such as HEVC for example (B. Bross, W.J. Han, G. J.
Sullivan, J.R. Ohm, T. Wiegand JCTVC-K1003, “High Efficiency Video Coding (HEVC)
text specification draft9,” Oct 2012) and its high bit-depth extensions. Even if

traditional codecs can operate high pixel (bit) depths it is generally difficult to encode
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at such bit depths in a uniform manner throughout the image because the ratio of
compression obtained is too low for transmission applications.

Other approaches using coding techniques applicable to LDR images result in
artifacts in the decoded image. The present invention has been devised with the

foregoing in mind.

SUMMARY

According to a first aspect of the invention, there is provided a method of
encoding at least part of an image of high dynamic range defined in a perceptual
space having a luminance component and a color difference metric, the method
comprising:

encoding a segment of the at least part of the image using a encoding process
applicable to a low dynamic range (LDR) image and applying in the encoding process
at least one coding parameter;

reconstructing the encoded segment in the perceptual space of high dynamic
range;

evaluating a rate distortion cost for the encoded segment in the perceptual
space of high dynamic range; and

adjusting said at least one coding parameter for the encoding process of the
segment based on the evaluated rate distortion cost.

A segment of an image may refer to a block of an image. A block may be for
example a prediction unit (PU), a coding unit (CU) or a transform unit (TU).

In an embodiment the at least one coding parameter defines the partitioning of
the image into segments to be encoded, each segment having a corresponding
perceptual space of HDR.

In an embodiment, the at least one coding parameter comprises a coding
guad-tree parameter.

In an embodiment the method includes obtaining for the said segment a
common representative luminance component value based on the luminance values
of the corresponding image samples of the said segment.

In an embodiment, evaluating the rate distortion cost comprises evaluating the

rate associated with encoding of the common representative component value.
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In an embodiment, the encoding process is a HEVC type encoding process
and the segment of the at least part of the image corresponds to a coding unit, a
prediction unit or a transform unit

In an embodiment, the method includes representing the image segment in a
local perceptual space based on the common representative luminance component
value prior to encoding of the segment.

In an embodiment the method includes obtaining for the segment a local
residual luminance component in a local LDR domain, said local residual luminance
component corresponding to the differential between the corresponding luminance
component of the original image and the common representative luminance value of
the segment.

In an embodiment, the method includes obtaining for the segment at least one
corresponding image portion in the local perceptual space, said at least one image
portion corresponding to the local residual luminance component or the color
component of the segment, normalized according to the common representative
luminance value of the segment.

In an embodiment, evaluating the rate distortion cost comprises evaluating the
rate associated with encoding of the said at least one image portion.

In an embodiment, evaluating the rate distortion cost comprises evaluating the
rate associated with encoding of the local residual luminance component.

In an embodiment, evaluating the rate distortion cost comprises evaluating the
distortion associated with reconstruction of the encoded segment in the perceptual
space of high dynamic range.

In an embodiment, the rate distortion cost D#P for a coding parameter set p is

evaluated based on the following expression :
D"PR(CU,p) + A(Rupr(CU, p) + R(Lig, D))
where:

e R;pr(Cu,p) is the rate associated with encoding of the residual image portion

R(Lis,p) is the rate associated with encoding of the common representative

luminance component value
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DHPR(CU,p) is the distortion associated with distortion associated with
reconstruction of the encoded segment in the perceptual space of high dynamic

range.

A is a Lagrange parameter

In an embodiment, the method includes performing virtual lossless refinement
between samples of the residual image portion reconstructed in the local perceptual
space and samples of the original texture and the corresponding samples of the said

image.

According to a second aspect of the invention there is provided an encoding
device for encoding at least part of an image of high dynamic range defined in a
perceptual space having a luminance component and a color difference metric, the
device comprising:

an encoder (ENC1, ENC2, ENC3) for encoding a segment of the at least part
of the image using a encoding process applicable to a low dynamic range (LDR)
image by applying at least one coding parameter in the encoding process;

a reconstruction module (REC) reconstructing the encoded segment in the
perceptual space of high dynamic range;

a rate-distortion module (RATE-DIST) for determining a rate distortion cost for
the encoded segment in the perceptual space of high dynamic range; and

an encoder management module (ENCODER CONTROL) for adjusting said at
least one coding parameter for the encoding process of the segment based on the
evaluated rate distortion cost.

A segment of an image may refer to a block of an image. A block may be for
example a prediction unit (PU), a coding unit (CU) or a transform unit (TU).

In an embodiment the at least one coding parameter defines the partitioning of
the image into segments to be encoded, each segment having a corresponding
perceptual space of HDR.

In an embodiment, the at least one coding parameter comprises a coding

guad-tree parameter.
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In an embodiment the encoding device includes a module for obtaining for the
said segment a common representative luminance component value based on the
luminance values of the corresponding image samples of the said segment.

In an embodiment, the rate distortion module is configured to evaluate the rate
associated with encoding of the common representative component value.

In an embodiment, the encoding device is configured to implement a HEVC
type encoding process and the segment of the at least part of the image corresponds
to a coding unit, a prediction unit or a transform unit

In an embodiment, the encoding device comprise a module for representing
the image segment in a local perceptual space based on the common representative
luminance component value prior to encoding of the segment.

In an embodiment the encoding device comprises a module for obtaining for
the segment a local residual luminance component in a local LDR domain, said local
residual luminance component corresponding to the differential between the
corresponding luminance component of the original image and the common
representative luminance value of the segment.

In an embodiment, the encoding device comprises a module for obtaining for
the segment at least one image portion in the local perceptual space, said at least one
image portion corresponding to the local residual luminance component or the color
component of the segment, normalized according to the common representative
luminance value of the segment.

In an embodiment, the rate distortion module is configured to evaluate the rate
associated with encoding of the residual image portion.

In an embodiment, the rate distortion module is configured to evaluate the
distortion associated with reconstruction of the encoded segment in the perceptual
space of high dynamic range.

In an embodiment, the rate distortion cost D#PR for a coding parameter set p is

evaluated based on the following expression :
D"PR(CU,p) + A(Rupr(CU, p) + R(Lig, D))
where:

e R;pr(Cu,p) is the rate associated with encoding of the residual image portion
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R(Lif,p) is the rate associated with encoding of the common representative

luminance component value

DHPR(CU,p) is the distortion associated with distortion associated with
reconstruction of the encoded segment in the perceptual space of high dynamic

range.

A is a Lagrange parameter

In an embodiment, the encoding device comprise a module for performing
virtual lossless refinement between samples of the residual image portion
reconstructed in the local perceptual space and samples of the original texture and

the corresponding samples of the said image.

According to a third aspect of the invention there is provided a decoding
method for decoding a bit-stream representative of at least part of an image of high
dynamic range defined in a perceptual space having a luminance component and a
color difference metric, the method comprising:

accessing coding data representative of at least one coding parameter; and

decoding a segment of the at least part of the image using a decoding process
applicable to a low dynamic range (LDR) image by applying at least one decoding
parameter corresponding to the at least one coding parameter;

wherein the at least one coding parameter is determined based on a rate
distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in
the perceptual space of high dynamic range.

A segment of an image may refer to a block of an image. A block may be for
example a prediction unit (PU), a coding unit (CU) or a transform unit (TU).

In an embodiment the at least one decoding parameter defines the partitioning
of the image into segments to be decoded, each segment having a corresponding
perceptual space of HDR.

In an embodiment, the at least one decoding parameter comprises a decoding
guad-tree parameter.

According to a fourth aspect of the invention there is provided a decoding

device for decoding a bit-stream representative of at least part of an image of high
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dynamic range defined in a perceptual space having a luminance component and a
color difference metric, the device comprising:

an interface for accessing coding data representative of at least one coding
parameter to encode the image; and

a decoder for decoding a segment of the at least part of the image using a
decoding process applicable to a low dynamic range (LDR) image by applying at least
one decoding parameter corresponding to the at least one coding parameter;

wherein the at least one coding parameter is determined based on a rate
distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in
the perceptual space of high dynamic range.

A segment of an image may refer to a block of an image. A block may be for
example a prediction unit (PU), a coding unit (CU) or a transform unit (TU).

In an embodiment the at least one decoding parameter defines the partitioning
of the image into segments to be decoded, each segment having a corresponding
perceptual space of HDR.

In an embodiment, the at least one decoding parameter comprises a decoding
guad-tree parameter.

According to a fifth aspect of the invention there is provided a bit-stream
representative of at least part of an image of high dynamic range defined in a
perceptual space having a luminance component and a color difference metric, the
bitstream further comprising a signal carrying data representative of a coding
parameter set wherein the at least one coding parameter is determined based on a
rate distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in
the perceptual space of high dynamic range.

The at least one coding parameter of the third, fourth and fifth aspect is
determined in accordance with any of the embodiments of the first and second aspect
of the invention.

A further aspect of the invention provides a method of encoding at least part of
an image of high dynamic range defined in a perceptual space of high dynamic range

having a luminance component and a color difference metric, the method comprising:
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encoding a segment of the part of the image using a encoding process applicable to a
low dynamic range (LDR) image and applying in the encoding process at least one
coding parameter; and adjusting said at least one coding parameter for the encoding
process of the segment based on a rate distortion cost, wherein the rate distortion
cost is evaluated on the encoded segment after reconstruction of the encoded
segment in the perceptual space of high dynamic range.

Another aspect of the invention provides an encoding device for encoding at
least part of an image of high dynamic range defined in a perceptual space of high
dynamic range having a luminance component and a color difference metric, the
device comprising one or more processors configured to:
encoding a segment of the at least part of the image using a encoding process
applicable to a low dynamic range (LDR) image and applying in the encoding process
at least one coding parameter;

reconstruct the encoded segment in the perceptual space of high dynamic
range;

evaluate a rate distortion cost for the encoded segment in the perceptual
space of high dynamic range; and

adjust said at least one coding parameter for the encoding process of the
segment based on the evaluated rate distortion cost.

According to another aspect of the invention there is provided a decoding
device for decoding a bit-stream representative of at least part of an image of high
dynamic range defined in a perceptual space having a luminance component and a
color difference metric, the device comprising one or more processors configured to:

access coding data representative of at least one coding parameter used to
encode the image,

decode a segment of the at least part of the image using a decoding process
applicable to a low dynamic range (LDR) image by applying at least one decoding
parameter corresponding respectively to the at least one coding parameter;

wherein the at least one coding parameter is previously determined based on
a rate distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in

the perceptual space of high dynamic range.
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Embodiments of the invention provide encoding and decoding methods for
high dynamic range image data for a wide range of applications providing improved
visual experience.

At least parts of the methods according to the invention may be computer
implemented. Accordingly, the present invention may take the form of an entirely
hardware embodiment, an entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining software and hardware
aspects that may all generally be referred to herein as a "circuit", "module" or
"system'. Furthermore, the present invention may take the form of a computer
program product embodied in any tangible medium of expression having computer
usable program code embodied in the medium.

Since the present invention can be implemented in software, the present
invention can be embodied as computer readable code for provision to a
programmable apparatus on any suitable carrier medium. A tangible carrier medium
may comprise a storage medium such as a floppy disk, a CD-ROM, a hard disk drive,
a magnetic tape device or a solid state memory device and the like. A transient carrier
medium may include a signal such as an electrical signal, an electronic signal, an
optical signal, an acoustic signal, a magnetic signal or an electromagnetic signal, e.g.

a microwave or RE signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example only,
and with reference to the following drawings in which:

FIG. 1 is a block diagram of an encoding process according to a first
embodiment of the invention;

FIG. 2 is a schematic diagram illustrating an example of decomposition of a
coding unit into prediction units and transform units according to the HEVC video
compression standard;

FIG. 3 is a block diagram of an encoding process according to an embodiment
of the invention;

FIG. 4 is a block diagram of an encoding process according to a further

embodiment of the invention;
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FIG. 5 is a block diagram of a decoding process in accordance with one or
more embodiments of the invention;

FIG. 6A is a block diagram of an encoding device in accordance with one or
more embodiments of the invention;

FIG. 6B is a block diagram of an decoding device in accordance with one or
more embodiments of the invention; and

FIG. 7 is a block diagram of an example of a data communication system in

which one or more embodiments of the invention can be implemented;

DETAILED DESCRIPTION

Figure 1 is a schematic block diagram illustrating steps of a method for

encoding at least part of an image | in accordance with a first embodiment of the
invention. Encoding steps of the method of Figure 1 are generally based on the HEVC
compression standard applicable to LDR type images but it will be appreciated that
embodiments of the invention may be applied to other encoding standards applicable
to LDR type images such as, for example H.264/AVC, MPEG2 or MPEG4.

The method begins with the acquisition of HDR image data. The HDR
image data may be representative of a video sequence of images, an image or part of
an image. For the purposes of simplifying the description which follows, the acquired
image data corresponds to an HDR image. The HDR image data may be acquired
directly from an imaging device such as a video camera, acquired from a memory
device located locally or remotely on which it is stored, or received via a wireless or
wired transmission line.

As used herein the term “HDR image” refers to any HDR image that comprises
high dynamic range data in floating point (float or half float), fixed point or long
representation integer format typically represented in by a number of bits greater than
16. The input HDR image may be defined in any colour or perceptual space. For
example, in the present embodiment the input HDR image is defined in an RGB
colour space. In another embodiment the input HDR image may be defined in another
colour space such as YUV or any perceptual space.

Generally, the encoding steps of the process are performed on an image
including data representative of the luminance of pixels of the image. Such image

data includes a luminance component L and potentially at least one colour component
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C(i) where i is an index identifying a colour component of the image. The components
of the image define a colour space, usually a 3D space, for example the image may
be defined in a colour perceptual space comprising a luminance component L and

potentially two colour components C1 and C2.

It will be appreciated, however, that the invention is not restricted to a HDR
image having colour components. For example, the HDR image may be a grey image

in a perceptual space having a luminance component without any colour component.

A perceptual space is defined as a colour space which is made of a plurality of

components including a luminance component and has a colour difference metric

d((L,Cl,CZ),(L/,Cl/,CZ/)) whose values are representative of, preferably

proportional to, the respective differences between the visual perceptions of two
points of said perceptual space. For example the colour space has a luminance

component L and two colour components C1 and C2.

Mathematically speaking, the colour difference metric

d ((L, c1,¢2),(L" ,c1",c2’ )) is defined such that a perceptual threshold AE, (also

referred to as JND, Just Noticeable Difference) exists, below which a human eye is
unable to perceive a visual difference between two colours of the perceptual space,

i.e.

d((c1,c2),(L",c1',c2")) <Ak, (1)

The perceptual threshold AE,is independent of the two points (L,C1,€2) and
(L",c1",c2" ) of the perceptual space. Thus, encoding an image whose components
belong to a perceptual space such that the metric of equation (1) remains below the

bound AE, ensures that displayed decoded version of the image is visually lossless.

When the acquired image | comprises components belonging to a non-
perceptual space such as for example (R,G,B), a perceptual transform is applied in
step S101 by an image conversion module IC to the image data | in order to obtain a
HDR image |, having a luminance component L and potentially two colours

components C1 and C2 defining a perceptual space. The perceptual transform



10

15

20

WO 2015/104316 PCT/EP2015/050228

13

performed depends on the lighting conditions of the display and on the initial colour
space. For example, assuming the initial colour space is a (R,G,B) colour space, the
image | is first transformed into the well-known linear space (X, Y, Z). This step
includes performing linearization of the data, where appropriate, by applying an
inverse gamma correction and then transforming the linear RGB space data into the
XYZ space with a 3x3 transform matrix. For this step data characterizing the visual
environment of the image is used. For example a 3D vector of values (X,,,Y,,Z,,)

defining reference lighting conditions of the display in the (X,Y,Z) space is used.

As an example, a perceptual transform is defined as follows in the case where
the perceptual space LabCIE1976 is selected:
L =116f(Y/Y,) — 16

a* = 500(f(X/Xy) — F(Y/Y,))
b* = 200(F(Y/Y,) — f(Z/Z,))

where fis a gamma correction function for example given by:

f)=r"3 ifr>(6/29)3
- 1 (29>2 L4 therwi
= — % | — s, N
f(r 3%\ r 29 otherwise
Two colours are humanly distinguishable from one another in the reference
lighting conditions (X,,, Y, Z,,) when the following colour difference metric defined on

the perceptual space LabCIE1976 is satisfied:
2
d(@,a,p), (L b)) = (AL + (aa")? + (Ab)? < (AE,)?

with AL* being the difference between the luminance components of the two colours
(L*,a*,b*) and (L*",a* ,b*" ) and Aa* (respectively Ab*) being the difference
between the colour components of these two colours. Typically AE, has a value of

between 1 and 2.

The image in the space (X,Y,Z) may, in some cases, be inverse
transformed to obtain the estimate of the decoded image in the initial space such as,
in the present example, (R,G,B) space. The corresponding inverse perceptual

transform is given by:
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X=X —1(1 (L +16) + — )
=%/ 116 500
Y =Y, f~H(1/116(L" + 16))

1 1
Z=2Z,f1 (— L*+16 —b*)
nf 116 (L7 +16) + 200

According to another example, when the perceptual space Lu*v* is selected,

a perceptual transform may be defined as follows:
' =13L(u" —u’ whire)and v =13L(v' — v’ Lpite)

where the following are defined:

’ 4X ’ 9Y
5 =—, vV o=,
X+15Y+3Z X+15Y43Z
and
u’ _ 4Xn v’ _ Y
hite = hite — )
white — y 4+15¥,+3Z, "’ white — y +15Y,+32Z,

The following Euclidean metric may be defined on the perceptual space Lu*v*:
2
d(@,w, o), (1w v ) = (AL? + (Au')? + (av")?

with AL* being the difference between the luminance components of the two colours
10 (*u*v*) and (L*/ ,ut

7

,v*" ), and Au* (respectively Av*) being the difference

between the colour components of these two colours.

The corresponding inverse perceptual transform for the Luv space is given by:

9Yu’
X=—
4p
Y=Y f1 1(U+1®
= taf 116
3v(4—u’
g l-w) o
4p

It will be appreciated that the present invention is not limited to the perceptual
space LabCIE1976 but may be extended to any type of perceptual space such as the
15 LabCIE1994, LabCIE2000, which are the same Lab space but with a different metric
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to measure the perceptual distance, or to any other Euclidean perceptual space for

instance.

Other examples are LMS spaces and IPT spaces. A condition is that on these
perceptual spaces the metric is defined such that it is preferably proportional to the
perception difference; as a consequence, a homogeneous maximal perceptual
threshold AE, exists below which a human being is not able to perceive a visual

difference between two colours of the perceptual space.

In step S102 the image is spatially decomposed into a series of spatial units or
segments, by a partitioning module PART1. An example of spatial coding structures in
accordance with a HEVC video compression technique in encoding of images is
illustrated in Figure 2. In the case of a HEVC type encoder the largest spatial unit is
referred to as a coding tree unit (CTU). Each spatial unit is decomposed into further
elements according to a decomposition configuration, indicated by coding parameters,
often referred to as a quad-tree. Each leaf of the quad-tree is called a coding unit
(CU), and is further partitioned into one or more sub-elements referred to as prediction

units (PU) and transform units (TU).

In step S102 of the example of Figure 1 a coding unit is partitioned into one or
more segments or blocks Bl which in the present example correspond to Prediction
units (PU) for prediction based encoding in accordance with the coding parameters
managed by encoder control module ENCODER CONTROL.

While in the present example the output block Bl of step S102 is a PU, it will
be appreciated that in other embodiments of the invention in which a HEVC type
technique is applied the output of step S102 may be a CU or a TU. In other
embodiments the block Bl will refer to a suitable spatial region of the image being

encoded.

In the present example each Prediction Unit or block Bl corresponds to a
square or rectangular spatial region of the image associated with respective prediction

(Intra or Inter) parameters:

The ENCODER CONTROL module manages the strategy used to encode a given

coding unit or sub-elements of a coding unit in a current image. To do so, it assigns
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candidate coding parameters to the current coding unit or coding unit sub-elements.
These encoding parameters may include one or more of the following coding

parameters:

e the coding tree unit organization in terms of coding quad-tree, prediction units and
transform units.

e the coding mode (INTRA or INTER) assigned to coding units of the coding tree.

o the intra prediction mode (DC, planar or angular direction) for each Intra coding
unit in the considered coding tree.

o the INTER prediction parameters in case of INTER coding units: motion vectors,
reference picture indices, etc.

In embodiments of the invention as described herein, the rate distortion cost
associated with the encoding of a current coding unit with candidate coding
parameters is computed and the ENCODER CONTROL module adapts at least one

of the coding parameters in accordance with the computed rate distortion cost.

The choice of coding parameters for a coding unit is performed by minimizing

a rate-distortion cost as follows:

Popt = Argl;lei;,l{D (p) + L.R(p)}

where p represents the set of candidate coding parameters for a given coding unit and
A represents the Lagrange parameter, and D(p) and R(p) respectively represent the
distortion and the rate associated with the coding of the current coding unit with the

candidate set of coding parameters p.

In embodiments of the invention, the distortion term D(p) represents the coding
error obtained in the initial HDR perceptual space of the image to be encoded. In
general this involves reconstructing a CU or CU sub-elements being processed into
the original (L*,a*, b*) space, as will be described in what follows, before calculating
the distortion D(p) associated with coding parameter p. Such an approach helps to
reduce the appearance of artefacts in the decoded image since the coding unit or sub-

element in its original HDR space is considered.
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In step S103 each prediction unit or block is attributed a luminance component
value, referred to as a low spatial frequency luminance component L representative
of the mean of the luminance values of the samples (a sample may comprise one or
more pixels) making up that prediction unit or block. This is performed by a luminance
processing module LF. Calculating a low spatial frequency luminance component
basically involves down-sampling the luminance components of the original image. It
will be appreciated that the invention is not limited to any specific embodiment for
computing a low-spatial-frequency version for each prediction unit or block and that
any low-pass filtering or down-sampling of the luminance component of the image |,
may be used. In step S104 the low-spatial frequency luminance component is
quantized by a quantization unit Q to provide a quantized low-spatial frequency
luminance component i,f = Q(Lyr). Entropy coding is performed by an entropy
encoder ENC1 in step S110 on the quantized low-spatial frequency luminance
component i,f for the output video bitstream. Encoding of the low spatial frequency
luminance component may be referred to herein as a first layer of coding or luminance

layer.

Based on the respective value of the quantized low-spatial frequency
luminance component i,f, the values of the luminance and colour components of the
prediction unit or block are transformed in step S105 by a local perceptual transform
unit LPT into a local perceptual space corresponding to the perceptual space
transformation of step S101. This perceptual space in the present example is the
perceptual space L'ab’. The quantized low spatial frequency luminance component
L is used as the reference lighting conditions of the display. The luminance and
colour components of this local perceptual space L'ab of the block are noted
(Liocan Aoca Plocar)- 1IN practice, the transformation into the local perceptual space
depends on the quantized low-spatial frequency luminance component i,f and the
maximum error threshold AE  targeted in the encoding process in the local perceptual

space.

The transformation into the local perceptual space (Lj,can @ocatr Plocal) -
includes the following steps. The luminance signal is first transformed into a so-called

local LDR representation, through the following luminance residual computation:

L,=L—1Ljy
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Where L, represents the computed residual luminance component, L

represents the corresponding luminance component in the original image, and

ilfrepresents the quantized low spatial frequency luminance component.

This step can be referred to herein as the LDR localization step.

5 Then the residual luminance component L.is represented in a local perceptual
space as follows. Assuming a nominal lighting luminance Y,, in the L'a’b” perceptual
space mode, a change in lighting conditions by a factor Ygtransforms the perceptual

space components as follows:
(X0 Yn,Zn) 2 (YeXn, YEYn, YEZN)
10 corresponding to a change AE,in the perceptual threshold E, of:
AEo> AE,. Y™

Consequently, the perceptual threshold E, is adapted to the coding according
to the maximum lighting change multiplicative factor in post-processing. The

information on the local luminosity of the quantized low-spatial frequency luminance
15 component i,f taking Ye=Y /Y, where the relationship between Y and i,fis given by:

Lipe= 116 Yy "-16.

In this way the perceptual space is localized since it is based on the low-spatial
frequency luminance component i,f associated with each prediction unit.

The localization of the perceptual space takes the following form in practice, in

20 the embodiment that corresponds to the LabCIE76 perceptual space:

* —
local —

Lo L, L1116
AE  AE (Yp)'/3  Lis.AEo

With respect to the color components a* and b*, no LDR localization is needed. The

localization of the perceptual space involves the following transformation:

a* a* a*.116

AE  AE,(Yp)'/s  Lis.AE,

* —
Qiocal =
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b*  b*  b".116
AE  AE (V)3 Lip.AEo

* —
blocal'_

In step S106 each prediction unit is decomposed into one or more transform
units (TU) by a further CU partitioning step. For example in the case of an intra coding
unit, each transform unit of the coding unit is spatially predicted from neighbouring
TUs which have been previously coded and reconstructed. The residual texture
associated with a current TU is determined in step S107. The residual texture is then
transformed in step S108 by transform unit T and quantized in step S109 by
quantization unit Q for entropy coding by entropy encoder ENC2 in step S111. The
coding parameters employed for the transform units may be determined by the
ENCODER CONTROL module based on the rate-distortion calculation of
embodiments of the invention. Encoding of the texture residual may be referred to

herein as a second layer of coding.

The residual texture data to be coded in each prediction unit is thus
represented in a local perceptual space (Lj,cqn Aocar Plocar)- |f @ rate-distortion cost
was calculated on the basis of the local perceptual space, for the choice of quad tree
representation of the CTUs of the HDR image to be encoded, an inconsistency would
be likely to arise. For example, supposing that for a given CU at a given quad tree
level the partitioning unit of the encoder has to choose between two types of
prediction units 2ZNx2N and NxN the comparison between the corresponding rate-

distortion costs would be as follows:

4
D(CUjeyer, 2Nx2N) + AR(CU, e, 2NX2N) S Z D(PU} e, NXN) + AR(PU}ye1, NxN)
i=1

1=

i.e:

4 4
D(CUpeper, 2Nx2N) + AR(CU,ppe;, 2NX2N) S Z D(PUL e, NXN) + A Z R(PULye;, NxN)

i=1 i=1

In the term on the right it can be seen that an addition is performed on the calculated
distortions for PUs represented in different colour spaces. This can lead to

inconsistencies.
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In order to address such a problem, in embodiments of the invention the rate-
distortion cost associated with a spatial entity of the image is considered in the original
HDR perceptual space rather than in the local LDR perceptual space. In this way rate-
distortion costs corresponding to different image blocks of the image are comparable

5 since they have been calculated in the same perceptual space. A step of
reconstructing the coding unit in the HDR space is thus included in the encoding
process of the embodiment of Figure 1. Reconstruction of a coding unit in the HDR

space is carried out as follows.

Each TU of the coding unit is reconstructed by performing inverse quantization
10 in step S112 inverse transformation in step S114 and prediction addition in step S116.

The reconstructed TU is then obtained in the original HDR space in step S118.

For the step S118 of reconstructing the residual TU in the HDR space for which
the local colour space in a particular embodiment of the invention is Lab 76, the
following equations may be applied. The equations correspond respectively to the

15 reconstruction of the decoded pixels of the TU in the HDR space for the luminance
component L and the chrominance components a, b:

rec
1. L}*¢ = (Float) (—LLDR )
LDRSCALING

AEoLyf
116

2. LTI:IQER = L"Zec. +zlf

are(:
3. aj®*¢ = (Float) (—LDR )
LDRSCALING

20 4 a;.'IDR = al

5. b;¢¢ = (Float) (—bz’% )
- Tl LDRSCALING

6. hrec, = prec AEO'Llf
. HDR [ 116

where :

o [ DRSCALING represents a constant integer for fixing the dynamic range of the
25 given pixels at the input of the LDR coding layer;
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o L}, a;*c, bi°c represent the luminance and chrominance samples reconstructed
in the local Lab space associated with the PU containing the sample;
e L5k anpr bysr represent the samples reconstructed in the HDR perceptual
space of the original images |, to be compressed;
5 e i,f represents the low spatial frequency luminance component associated with the
PU, in the reconstructed version after inverse quantization.
A process for calculating the rate-distortion cost for encoding a coding unit with
a set of encoding parameters p, according to one or more embodiments of the
invention is set out as follows. In the embodiment of Figure 1 the rate distortion cost

10 process is performed in step $S120 by rate distortion module RATE-DIST.
The process is initialized by resetting the rate distortion costJto0: [« 0

After the low spatial frequency component Li{PU) has been entropy encoded
in step S110 an associated rate R(Ly) is determined in step S120 for the entropy
encoded low spatial frequency component Li{PU) . The rate-distortion cost J is then

15  updated in accordance with:

] <]+ A.R(L;r) where A represents the Lagrange parameter.

An associated rate R(TU,p) is determined in step S120 for the entropy

encoded residual texture of step S111.

A distortion for the reconstructed TU in the original HDR perceptual space is

20  then calculated as follows:

DHPR(TU,p) = X (TUHRR (i) — TUHDR(i))Z, where TUBX(i) corresponds to

orig

the sample of the TU in the original HDR image and TUER(i) corresponds to the
sample of the reconstructed TU in the HDR perceptual space. The rate distortion cost

J of the CU is then updated as follows:

25 J « ]+ DHPR(TU,p) + A.R(TU, p)
The rate-distortion cost associated with the encoding of a CU with a coding

parameter p can be formulated as follows:

DHPR(CU,p) + A(R.pr(CU,p) + R(Lis, D))
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where :

e R;pr(Cu,p) is the coding cost of the considered CU in the LDR layer

R(Lis,p) is the coding cost of the low frequency luminance components

associated with the PUs belonging to the CU considered.

In step S122 the encoder control module ENCODER CONTROL adapts the
coding parameters of the LDR encoding process based on the rate distortion cost
calculated in step S122 for the encoded TU in the HDR perceptual space.

Figure 3 is a schematic block diagram illustrating an example of an encoding
process in which the encoding steps of Figure 1 is incorporated. Additional modules
are described as follows. Unit 130 represents a memory in which frames of the video
are stored for inter frame encoding processes including motion estimation (step
S131), motion compensation (step S132). Intra prediction on the reconstructed TU is

performed in step S$S133.

As shown in Figure 3, the ENCODER CONTROL module” is in charge of
deciding in step S123 the strategy used to encode a given coding unit in a current

image.

Figure 4 is a schematic block diagram illustrating steps of a method of
encoding at least part of an image according to a further embodiment of the invention.
With reference to Figure 4, steps S201 to S214 are similar to corresponding steps
S101 to S114 of Figure 1. The process of the embodiment of Figure 4 differs to that
of Figure 1 in that it includes a refinement step, typically referred to as quasi-lossless,
in which refinement is performed on the texture data reconstructed in the local
perceptual space of the PU being processed. The encoding may be referred to as tri-
layer encoding since it involves entropy encoding of the low spatial frequency
component Ly, the entropy encoding of the residual textual data and L~ norm entropy
encoding. The additional refinement step in the encoding process ensures a distortion
based on the L. norm between the original texture data and the texture data
reconstructed in the considered local perceptual space (steps S216 to S224).

Encoding module ENC3 performs encoding for this encoding layer in step S221.

In the case where layer L-is present, the encoder can operate according to

two different modes of operation. In a first mode of operation only a quality of
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reconstruction in L. norm is sought. In such a case the image data is encoded at a
minimum rate ensuring the quality in L-norm according to:

mln(le + RLDR + RLOO)
s. L. Dw(CUTec CUorig) < Dtarget

where DI&79¢" represents the targeted distortion (quality level) in L. norm and R,

constitutes the number of bits used to code the current CU in the residual layer L~ In
this mode of operation the residual layer L. automatically corrects the distortion that
may lie between the original pixel data and the reconstructed block, within the
considered local perceptual space. The coding rate of encoding of the set of layers is

reduced and thus the efficiency of compression is improved.

In the second mode of operation of the tri-layer encoding a compromise is
sought between the quality of reconstruction in the LDR layer and the total rate of the

three layers. The rate-distortion cost is formulated as follows:

min (DEPR(CUT*, CU°T9) + A(Rip + Ripr + Ry.))

Where DHPE(cUTe,CU°T9) corresponds to the quality of a CU decoded in the LDR
layer and reconstructed in the HDR space of the original image. This quality is
calculated in L, norm since the encoder of the LDR layer operates in L, norm.

Moreover, R, - corresponds to the rate of the refinement layer L. for the current CU.

The advantage of the latter mode of operation is that an intermediate LDR layer of

good quality is reconstructed.

In each of the described embodiments an encoded bitstream representative of
the original HDR image is transmitted to a destination receiving device equipped with
a decoding device. Information on the adapted coding parameters used to encode the
image data may be transmitted to the decoding device to enable the bitstream
representing the HDR image to be decoded and the original HDR image
reconstructed. The information representative of the adapted coding parameters may
be encoded prior to transmission. For example, in the embodiments of Figure 1 and
Figure 4 data representative of the adapted coding parameters is provided by the

encoder control module and encoded in the bitstream by encoder ENC2. In these
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examples the parameters are thus encoded in the bitstream corresponding to the

second layer of coding (LDR layer).

Figure 5 is a schematic block diagram illustrating an example of a decoding
process implemented by a decoding device, in accordance with an embodiment of the
invention for decoding a bitstream representing an image I. In the decoding process
decoders DEC1, DEC2 and DEC3, are configured to decode data which have been
encoded by the encoders ENC1, ENC2 and ENC3 respectively.

In the example the bitstream F which represents a HDR image | which
comprising a luminance component and potentially at least one colour component.
Indeed the component(s) of the image | belong to a perceptual colour space as

described above.

In step 501, a decoded version L/,} of the low-spatial-frequency version of the
luminance component of the image | is obtained by decoding at least partially the

bitstream F, by means of a decoder DEC1.

In step 502, a decoded version of the encoded residual textual data is
obtained by at least a partial decoding of the bitstream F by means of the decoder
DEC2.

In step 505, the decoded version of residual textual data and the decoded

version L’l} of the low-spatial-frequency version of the luminance component of the

image are associated with each other to obtain a decoded image I.

In some embodiments of the invention, in which the image data has been
encoded in accordance with a tri-layer encoding process such as the process of
Figure 4 a third layer of decoding is provided in which decoding is performed by
decoder unit DEC3.

Data P representative of the adapted encoding parameters is received by the
decoding device and decoded by a parameter decoder module DEC-PAR in step 530.
The encoding parameter data P is transmitted in the bitstream with the image data I.
The information on the encoding parameters employed is then provided to decoders
DEC 1, DEC 2 and DEC 3 so that the encoded image data may be decoded with
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decoding parameters in accordance with the encoding parameters determined by
encoder control module ENCODER CONTROL of the encoder.

The decoding precision of decoder DEC2 depends on a perceptual threshold
AE that defines an upper bound of the metric, defined in the perceptual space, which
insures a control of the visual losses in a displayed decoded version of the image. The
precision of the decoding is thus a function of the perceptual threshold which changes

locally.

As previously described, the perceptual threshold AE is determined, according
to an embodiment, according to reference lighting conditions of the displaying (the

same as those used for encoding) and the decoded version L/,} of the low-spatial-

frequency version of the luminance component of the image .

According to an embodiment each component of a residual image has been
normalized by means of the perceptual threshold AE, the residual image is decoded at
a constant precision and each component of the decoded version of the differential

image is re-normalized by the help the perceptual threshold AE where

Ly
AE = AEy.——
116
According to an embodiment the re-normalization is the division by a value

which is a function of the perceptual threshold AE.

The encoders ENC1, ENC2 and/or ENC3 (and decoders DEC1, DEC2 and/or
DEC3) are not limited to a specific encoder (decoder) but when an entropy encoder
(decoder) is required, an entropy encoder such as a Huffmann coder, an arithmetic
coder or a context adaptive coder like Cabac used in h264/AVC or HEVC is

advantageous.

The encoder ENC2 (and decoder DEC2) is not limited to a specific encoder
which may be, for example, a lossy image/video coder like JPEG, JPEG2000,
MPEG2, h264/AVC or HEVC.

The encoder ENC3 (and decoder DEC3) is not limited to a specific lossless or

quasi lossless encoder which may be, for example, an image coder like JPEG
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lossless, h264/AVC lossless, a trellis based encoder, or an adaptive DPCM like

encoder.

According to a variant, in step 510, a module IIC is configured to apply an
inverse perceptual transform to the decoded image I, output of the step 505. For
5 example, the estimate of the decoded image I is transformed to the well-known space

X, Y, 2).

When the perceptual space LabCIE1976 is selected, the inverse perceptual
transform is given by:

1 1

_ -1f{_— * T

X = Xof (116@ +16)+500a)
Y =Y, f~H(1/116(L" + 16))

Z=17Z —1( 1 (L* +16) + 1 b*)
=2/ 116 200

When the perceptual space Luv is selected, the inverse perceptual transform

10 is given by:

9Yu’
X=—
4p
Y=Y f1 1(U+1®
= taf 116
3v(4—u’
g l-w) o
4p

Potentially, the image in the space (X,Y,Z) is inverse transformed to get the

estimate of the decoded image in the initial space such as (R,G,B) space.

In Figures 1, and 3 to 7, the modules are functional units, which may or may

not correspond to distinguishable physical units. For example, a plurality of such

15 modules may be associated in a unique component or circuit, or correspond to
software functionalities. Moreover, a module may potentially be composed of separate

physical entities.

Apparatus compatible with embodiments of the invention may be implemented
either solely by hardware, solely by software or by a combination of hardware and

20 software. In terms of hardware for example dedicated hardware, may be used, such
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ASIC or FPGA or VLSI, respectively « Application Specific Integrated Circuit »,
« Field-Programmable Gate Array », « Very Large Scale Integration », or by using
several integrated electronic components embedded in a device or from a blend of

hardware and software components.

Figure 6A is a schematic block diagram of an encoding device in accordance
with an embodiment of the invention.

The encoding device electronic device 600 comprises an 1/O interface 610 for
receiving and transmitting data, memory 620, a memory controller 625 and processing
circuitry 640 comprising one or more processing units (CPU(s)) for processing data
received from the /O interface 610. A CPU may comprise a Digital Signal Processor
(DSP). Memory may include Read Only Memory (ROM) and Random Access Memory
(RAM).

The one or more processing units 640 run various software programs and/or sets
of instructions stored in the memory 620 to perform various functions for the encoding
device 600 and to process data. The various components are linked via a data bus.
Algorithms of the methods according to embodiments of the invention are stored as
software components in the ROM of the memory 620. A CPU uploads the program in
the RAM of the memory and executes the corresponding instructions.

Software components stored in the memory 620 include an encoder module
(or set of instructions) ENC for encoding a segment of the at least part of the image
using a encoding process applicable to a low dynamic range (LDR) image and
applying in the encoding process at least one coding parameter; a reconstruction
module REC (or set of instructions) for reconstructing the encoded segment in the
perceptual space of high dynamic range; a rate-distortion module RATE-DIST (or set
of instructions) for determining a rate distortion cost for the encoded segment in the
perceptual space of high dynamic range; and an encoder management module (ENC
CTRL) (or set of instructions) for adjusting said at least one coding parameter for the
encoding process of the segment based on the evaluated rate distortion cost.

Other modules may be included such as an operating system module O/S for
controlling general system tasks (e.g. power management, memory management)
and for facilitating communication between the various hardware and software
components of the encoding device 600, and an interface module INT for controlling

and managing communication with other devices via the 1/O interface 610.



10

15

20

25

30

WO 2015/104316 PCT/EP2015/050228

28

In further embodiments, the encoding device may further comprise a reference
lighting module for obtaining reference lighting conditions of the display such as a
maximal environmental brightness value Y_n of the display lighting.

According to a particular further embodiment, the encoding device may comprise
a display and the reference lighting module for obtaining reference lighting conditions
of the display is configured to determine such reference lighting conditions of the
display from characteristics of the display or from lighting conditions around the
display which are captured by the module. For instance, the module for obtaining a
maximal environmental brightness value Y_n of the display lighting comprises a
sensor attached to the display and which measures the environmental lighting
conditions. A photodiode or the like may be used to this purpose.

Figure 6B is a schematic block diagram of a decoding device in accordance
with an embodiment of the invention.

The decoding device 700 comprises an |/O interface 710 for receiving and
transmitting data, memory 720, a memory controller 725 and processing circuitry 740
comprising one or more processing units (CPU(s)) for processing data received from
the 1/0O interface 710. A CPU may comprise a Digital Signal Processor (DSP). Memory
may include Read Only Memory (ROM) and Random Access Memory (RAM).

The one or more processing units 740 run various software programs and/or sets
of instructions stored in the memory 720 to perform various functions for the decoding
device 700 and to process data. The various components are linked via a data bus.
Algorithms of the methods according to embodiments of the invention are stored as
software components in the ROM of the memory 720. A CPU uploads the program in
the RAM of the memory and executes the corresponding instructions.

Software components stored in the memory 720 include an decoder module
(or set of instructions) DEC for decoding a segment of the at least part of the image
using a decoding process applicable to a low dynamic range (LDR) image and
applying in the decoding process at least one decoding parameter.The decoding
parameter

Other modules may be included such as an operating system module O/S for
controlling general system tasks (e.g. power management, memory management)
and for facilitating communication between the various hardware and software

components of the encoding device 600, and an interface module INT for controlling
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and managing communication with other devices via the 1/O interface.

Figure 7 is an example of a communication system in which embodiments of
the invention may be implemented. The communication system includes two remote
device A and B communicating via a communication network NET. The
communication network NET may be a wireless network, a wired network or a
combination of wireless and wired communication links.

Device A comprises an encoder configured to implement a method for encoding a
HDR image in accordance with any of the embodiments of the invention and the
device B comprises a decoder configured to implement a method for decoding a
bitstream representing a HDR image as described in relation to Figure 5. Device B
may also comprise a display 37 for displaying the decoded HDR image.

In some further embodiments of the invention the devices A and B are configured
to have access to information on the reference lighting conditions of the display such
as a maximal environmental brightness value Y_n of the display lighting.

For example, the devices A and B store the same reference lighting conditions of
the display such as a maximal environmental brightness value Y_n of the display
lighting.

Alternatively, the device B is configured to obtain the reference lighting conditions
of the display such as a maximal environmental brightness value Y_n of the display
lighting and to send it to the device A. The device A is then configured to receive
transmitted reference lighting conditions of the display such as a maximal brightness
value Y_n of the displaying lighting.

Inversely, the device A is configured to obtain the reference lighting conditions of
the display such as maximal environmental brightness value Y_n of the displaying
lighting, for example from a storage memory, and to send it to the device B. The
device B is then configured to receive such a transmitted reference lighting conditions
of the display such a maximal environmental brightness environmental value Y_n of
the display lighting.

Embodiments of the invention described herein may be implemented in, for
example, a method or 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), the implementation of features discussed may

also be implemented in other forms (for example, an apparatus or program). An
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apparatus may be implemented in, for example, appropriate hardware, software, and
firmware. The methods may be implemented in an apparatus such as, for example, a
processor. The term processor refers to processing devices in general, including, for
example, a computer, a microprocessor, an integrated circuit, or a programmable
logic device. Processors may also include communication devices, such as, for
example, computers, tablets, cell phones, portable/personal digital assistants
("PDAs"), and other devices that facilitate communication of information between end-
users.

Reference to “one embodiment” or “an embodiment” or “one implementation”
or “an implementation” of the present principles, as well as other variations thereof,
mean that a particular feature, structure, characteristic, and so forth described in
connection with the embodiment is included in at least one embodiment of the present
principles. Thus, the appearances of the phrase “in one embodiment” or “in an
embodiment” or “in one implementation” or “in an implementation”, as well any other
variations, appearing in various places throughout the specification are not
necessarily all referring to the same embodiment.

Additionally, the present description or claims may refer to “determining”
various pieces of information. Determining the information may include one or more
of, for example, estimating the information, calculating the information, predicting the
information, or retrieving the information from memory.

Additionally, the present description or claims may refer to “receiving” various
pieces of information. Receiving is, as with “accessing”, intended to be a broad term.
Receiving the information may include one or more of, for example, accessing the
information, or retrieving the information (for example, from memory). Further,
“receiving” is typically involved, in one way or another, during operations such as, for
example, storing the information, processing the information, transmitting the
information, moving the information, copying the information, erasing the information,
calculating the information, determining the information, predicting the information, or
estimating the information.

Although the present invention has been described hereinabove with reference
to specific embodiments, it will be appreciated that the present invention is not limited
to the specific embodiments, and modifications will be apparent to a skilled person in

the art which lie within the scope of the present invention.
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For instance, while in the foregoing examples an encoding process based on a
HEVC coding process has been described it will be appreciated that the invention is
not limited to any specific encoding process. Other encoding processes applicable to
the encoding of LDR images may be applied in the context of the invention. For
example the encoding process and complementary decoding process may be based
on other encoding/decoding methods involving some encoding strategy optimization
step such as MPEG2, MPEG4, AVC, H.263 and the like.

Many further modifications and variations will suggest themselves to those
versed in the art upon making reference to the foregoing illustrative embodiments,
which are given by way of example only and which are not intended to limit the scope
of the invention, that being determined solely by the appended claims. In particular the
different features from different embodiments may be interchanged, where

appropriate.
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CLAIMS:

1. A method of encoding at least part of an image of high dynamic range defined
in a perceptual space of high dynamic range having a luminance component and a
color difference metric, the method comprising:

encoding (S102; S202, S107; S207, $S116; S216) a segment of the part of the
image using a encoding process applicable to a low dynamic range (LDR) image and
applying in the encoding process at least one coding parameter;

reconstructing (S118, S224) the encoded segment in the perceptual space of
high dynamic range;

evaluating (S120; S220) a rate distortion cost for the encoded segment in the
perceptual space of high dynamic range; and

adjusting (5122; S222) said at least one coding parameter for the encoding

process of the segment based on the evaluated rate distortion cost.

2. A method according to claim 1 wherein the at least one coding parameter
defines the partitioning of the image into segments of the image to be encoded, each

segment to be encoded having a corresponding perceptual space of HDR.

3. A method according to claim 2 wherein the at least one coding parameter

comprises a coding quad-tree parameter.

4. A method according to any preceding claim, further comprising obtaining
(5103, S203) for the said segment a common representative luminance component
value based on the luminance values of the corresponding image samples of the said

segment.

5. A method according to claim 4 wherein evaluating the rate distortion cost
(5120) comprises evaluating the rate associated with encoding of the common

representative component value.
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6. A method according to any preceding claim wherein the encoding process is a
encoding process in accordance with a HEVC compression technique and the
segment of the at least part of the image corresponds to a coding unit, a prediction

unit or a transform unit

7. A method according to any one of claims 2 to 6 further comprising
representing the image segment in a local perceptual space (S105; S205) based on
the common representative luminance component value prior to encoding of the

segment.

8. A method according to claim 7 comprising obtaining for the segment a local
residual luminance component in a local LDR domain, said local residual luminance
component corresponding to the differential between the corresponding luminance
component of the original image and the common representative luminance value of

the segment.

9. A method according to claim 8 further comprising obtaining for the segment at
least one corresponding image portion in the local perceptual space, said at least one
image portion corresponding to the local residual luminance component or the color
component of the segment, normalized according to the common representative

luminance value of the segment.

10. A method according to claim 9 wherein evaluating the rate distortion cost
(S120; S220) comprises evaluating the rate associated with encoding of the said at

least one image portion.

11. A method according to any preceding claim wherein evaluating the rate
distortion cost (S120; S220) comprises evaluating the distortion associated with
reconstruction of the encoded segment in the perceptual space of high dynamic

range.
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12. A method according to any preceding claim wherein the rate distortion cost

DHPE for a coding parameter set p is evaluated based on the following expression :

DHPR(CU,p) + A(R.pr(CU,p) + R(Lis, D))
where :

e R;pr(Cu,p) is the rate associated with encoding of a residual image portion;
R(Lis,p) is the rate associated with encoding of the common representative

luminance component value ;

DHPR(CU,p) is the distortion associated with distortion associated with
reconstruction of the encoded segment in the perceptual space of high dynamic

range; and % is a Lagrange parameter

13. A method according to any preceding claim further comprising performing
refinement (S218) between samples of the residual image portion reconstructed in the
local perceptual space and samples of the original texture and the corresponding

samples of the said image.

14. An encoding device for encoding at least part of an image of high dynamic
range defined in a perceptual space of high dynamic range having a luminance
component and a color difference metric, the device comprising:

an encoder (ENC; ENC1, ENC2, ENC3) for encoding a segment of the at least
part of the image using a encoding process applicable to a low dynamic range (LDR)
image and applying in the encoding process at least one coding parameter;

a reconstruction module (REC) for reconstructing the encoded segment in the
perceptual space of high dynamic range;

a rate-distortion module (RATE-DIST) for determining a rate distortion cost for
the encoded segment in the perceptual space of high dynamic range; and

an encoder management module (ENCODER CONTROL; ENC-CTRL) for
adjusting said at least one coding parameter for the encoding process of the segment

based on the evaluated rate distortion cost.



10

15

20

25

30

WO 2015/104316 PCT/EP2015/050228

35

15. A method of decoding a bit-stream representative of at least part of an image
of high dynamic range defined in a perceptual space having a luminance component
and a color difference metric, the method comprising:

accessing coding data representative of at least one coding parameter used to
encode the image,

decoding a segment of the at least part of the image using a decoding process
applicable to a low dynamic range (LDR) image by applying at least one decoding
parameter corresponding respectively to the at least one coding parameter;

wherein the coding parameter is previously determined based on a rate
distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in

the perceptual space of high dynamic range.

16. A decoding device for decoding a bit-stream representative of at least part of
an image of high dynamic range defined in a perceptual space having a luminance
component and a color difference metric, the device comprising:

an interface (I/0; 530) for accessing coding data representative of at least one
coding parameter used to encode the image,

a decoder (DEC; 501, 502; 520) for decoding a segment of the at least part of
the image using a decoding process applicable to a low dynamic range (LDR) image
by applying at least one decoding parameter corresponding respectively to the at least
one coding parameter;

wherein the at least one coding parameter is previously determined based on
a rate distortion cost evaluated for the segment after encoding of the segment by an
encoding process applicable to an LDR image and reconstruction of the segment in

the perceptual space of high dynamic range.

17. A data stream comprising

a bit-stream representative of at least part of an image of high dynamic range
defined in a perceptual space having a luminance component and a color difference
metric, and

coding data representative of at least one coding parameter used to encode

the image, wherein the at least one coding parameter is previously determined based
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on a rate distortion cost evaluated for an encoded segment of the image the encoded
segment having being encoded by an encoding process applicable to an LDR image

and being reconstructed in the perceptual space of high dynamic range.

18. A computer program product for a programmable apparatus, the computer
program product comprising a sequence of instructions for implementing a method
according to any one of claims 1 to 13, or 15 when loaded into and executed by the

programmable apparatus.
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