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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ate
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document maybe the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent/rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as jnformation about ISO's adherence to
the World Trade Organization (WTO) principles in the Jechnical Barriers to Trade (TBT), s¢e
www.isg.org/iso/foreword.html.

This dochiment was prepared by Technical Committee {SO/TC 42, Photography.
Alist of 1l parts in the ISO 22028 series can be found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

This document has been developed to meet the industry need for a complete, fully documented, publicly
available specification of high dynamic range (HDR) and wide colour gamut (WCG) image encodings for
digital still images.

High dynamic range images, that have been produced to look correct on high dynamic range displays,
can provide a better user experience than standard dynamic range images. High dynamic range images
allow a greater range of shadow and highlight detail to be conveyed, with sufficient precision and
afceptable artifacts, Including sufficient separation of diffuse white and specular highlights,

ide colour gamut images, in addition, can represent a wider range of colours and allow for better
colour reproduction. These two features are commonly bundled together. In this docurhent, for
simplicity, we will refer to both such features using the HDR/WCG acronym.

ITU-R has published requirements and guidelines for HDR/WCG television production and gxchange,
the foundation of the blooming HDR/WCG video and movie ecosystems. Theére are now a|growing
npimber of HDR/WCG displays (Smartphones, TVs, computer displays) that-consumers use in their daily
life, but a limited amount of HDR/WCG still image content is available,

In parallel, digital cameras improve over time and capture more and more dynamic range. To qvercome
the limitations of sensing technology, HDR images can be generated by fusing several images faptured
with different exposures. But so far, the digital still imaging/ndustry has not settled on a eference
HDR/WCG image encoding for consumers.

The purpose of this document is to provide requirements and guidelines for colour encoding|of HDR/

CG still images. The digital still imaging industry will'‘benefit from these requirements and gyidelines.
They will help establish a standard and open HDR/WCG ecosystem, to take better advantage of HDR
cameras and displays. These colour encoding.tequirements and guidelines can be leverage¢d in the
specification of HDR/WCG file formats.

The encoding and decoding methods spécified in this document are from ITU-R BT.2100-2, o ensure
full compatibility with existing HDR/WCG devices and the associated video and movie ecosystems.
Metadata is specified in this docuiment to support the communication of scene-referred and display-
re¢ferred image states in accordance with [SO 22028-1.

The outline of this document'is as follows. The scope is defined in Clause 1, the normative r¢ferences
are listed in Clause 2. Clause 3 lists the terms, definitions, and acronyms. Clause 4 covers the colour
irhage encoding requirements.

Apnex A (normative) specifies the extended HDR/WCG colour encoding.
Aphnex B (inforinative) lists a selection of highly relevant ITU-R Rec. BT.2100-2 tables.

Ahnex C(imformative) lists relevant ISO/IEC 23000-22/Amd.2 tables, that are related to metadata
r¢cominended in this document.

Alnex D (informative) presents different HDR workflows

Annex E (informative) provides information about ISO 22028-1 image states and the linear light
interpretations of HDR image signal values specified in ITU-R BT.2100-2.

Annex F (informative) presents tone mapping options.
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TECHNICAL SPECIFICATION ISO/TS 22028-5:2023(E)

Photography and graphic technology — Extended colour
encodings for digital image storage, manipulation and
interchange —

Part 5:
}|[igh dynamic range and wide colour gamut encoding for
still images (HDR/WCG)

b

Scope

This document defines a set of colour image encodings for use in storage)transmission, angl display
[ high dynamic range and wide colour gamut (HDR/WCG) digital still images. It defines the colour
encodings, the mandatory and optional metadata, and the reference:viewing conditions for HDR/WCG
irhages.

@]

Normative references

nstitutes requirements of this document. For dated references, only the edition cited applies. For

2
The following documents are referred to in the textih'such a way that some or all of their content
c
uhdated references, the latest edition of the referehced document (including any amendments) applies.

[0 22028-1:2016, Photography and graphic.technology — Extended colour encodings for digital image
sforage, manipulation and interchange — Pdrt 1: Architecture and requirements

p—

§0/1EC 23091-2:2021/ITU-T H.273, Infermation technology — Coding-independent code points +— Part 2:
Video

[

40/IEC/TR 23091-4:2021/ITU-T H.SUPPLEMENT 19, Information technology — Coding-independent
cgde points — Part 4: Usage-ofVideo signal type code points

RECOMMENDATION ITU-RBT 2100-2 (07/2018): Image parameter values for high dynamic range television
fdr use in production@nd international programme exchange

SMPTE ST 2113{SMPTE Standard — Colorimetry of P3 Color Spaces

3| Terms, definitions and acronyms

For the'purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

coding-independent code points for video signal type identification

CICP

metadata that describes the colour image characteristics of the associated picture

©1S0 2023 - All rights reserved 1
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3.2

colour image encoding

digital encoding of the colour values for a digital image, including the specification of a colour space
encoding, together with any information necessary to properly interpret the colour values such as the
image state, the intended image viewing environment, and the reference medium

[SOURCE: ISO 22028-1:2016, 3.9, modified — Notes to entry were deleted.]

3.3
colour volume
space of pIT colours and intensities that a device or signal can reproduce or convey

[SOURCH: ISO/IEC TR 23091-4:2021, 3.6/1TU-T H.SUPPLEMENT 19]

3.4
content colour volume
CCv
metadaty that describes the colour volume (colour primaries, white point, and liuminance rangg)
charactefistics of the associated picture

3.5
content |ight level
CLL
metadaty that describes the light level characteristics (maximum and.average) of the associated pictufe

3.6
diffuse ywhite
stimulus|that an observer adapted to the displayed contentin‘the viewing environment would judge to
be neutrjl and to have a luminance factor of unity

3.7
display light
image vdlues that result from applying the referernce EOTF to the encoded image signal values

3.8
display yiewing colorimetry
colorimeftry appropriate for a targeted.display with specified viewing conditions

Note 1 tofentry: The display viewing colorimetry typically depends on the creative intent for the content.

3.9
display referred
image sthte associated{with image data that represents the colour-space coordinates of the elements
of an inage that has{undergone colour-rendering appropriate for a specified display and viewing
conditions

3.10
electrich-electrical transfer function

EETF

transfer function that adjusts the electronic signal, e.g. to tone map it to a lower display range

3.11

electro-optical transfer function

EOTF

transfer function which converts the non-linear signal into display light

2 © IS0 2023 - All rights reserved
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3.12

high dynamic range and wide colour gamut encoding

HDR/WCG encoding

Colour image encoding that can contain wider variations in brightness, with a dynamic range
significantly higher than that of a standard dynamic range encoding, and a wider range of colours with
more saturated colours than standard colour gamut encodings

3.13

high dynamic range image
HDR image

irhage that contains wider variations in brightness, with a dynamic range significantly higher than that
of a standard dynamic range image

3|14
hjghlights
rhage pixels with colorimetric values higher than those of the reference diffusewhite

—

3|15
ithage
dpta structure that contains pixels and image-related data

[JOURCE: ISO/IEC 12087-1:1995, 3.1.3]

3|16
nmjastering display
a(display that is used or targeted for viewing while authering the content

3|17
nmjastering display colour volume
MDCV

nletadata that identifies the colour voluméZ(the colour primaries, white point chromatifity, and
lyminance range) of a mastering display

[JOURCE: SMPTE ST 2086:2018]

3|18
npminal peak luminance
Iyminance resulting on a display from the specified encoding peak white signal level

=z

bte 1 to entry: The peakwhite signal level is specified to be lower than the peak signal level for narfow range
emncodings.

3|19

pminal diffase white luminance
splay luminance a viewer would consider, on average, correspond to a perfectly reflecting diffuser in
the scenewhen viewing the mastering display

Qs

3120

obtotelectronictransfer function

OETF
transfer function that converts scene light into non-linear signal values

3.21

opto-optical transfer function

OOTF

transfer function that converts scene light to display light

3.22

nominal diffuse white

diffuse white value typical for the content encoding that is assumed for general purposes, independent
of specified content or other information about the actual diffuse white

©1S0 2023 - All rights reserved 3
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3.23
scene light
image values that result from applying the inverse reference OETF to the encoded image signal values

3.24
transfer function
single variable, monotonic mathematical function applied individually to one or more colour channels

3.25

wide colour gamut
WCG
gamut that has saturated colour primaries and includes a broad range of saturated colours

Note 1 tojentry: It is wider than a standard colour gamut such as sRGB.

Note 2 to|entry: WCG encodings provide a means to encode images with more saturated colouns)thian standard
colour gamut encodings, to represent a wider range of colours and allow for better colour reproduction.

4 Requirements

4.1 General introduction

The coldur image encodings specified in this document conforni«to the requirements defined |n
IS0 22028-1:2016, Clause 5, and include a colour space representation, associated metadata, a referenge
viewing pnvironment, and a reference medium.

Colour ithage encoding and transfer functions are specified,in 4.2 and 4.3 respectively. The referenge
viewing |environment and the reference display are défined in 4.4 and in 4.5 respectively. These
subclauses provide context for interpreting the intended colour appearance of the encoded image
colorimeftry. The associated metadata are specified in 4.6. The most relevant ITU-R BT.2100{2
propertigs are referred to in Annex B of this document.

4.2 Collour image encoding

4.2.1 eneral

Two setq of colour encodings are defined, baseline and extended. Images shall conform either to the
baseline [colour encoding defified in 4.2.3, or to the extended colour encoding defined in Annex A. Image
readers ghall support the baseline colour encoding, and may support the extended colour encoding.

The basdline colour encoding is recommended for cameras, TVs, and image readers on other consumer
devices. [t is fully cenipatible with ITU-R BT.2100-2 and recommended for image exchanges with widé¢r
viewing |compatibility. The extended colour encoding is intended for applications where dedicatgd
hardwarg and/er'software are used.

4.2.2 oleur primaries and white point

Images shall use the colour primaries and white point, as defined in Table 2, System colorimetry, of
ITU-R BT.2100-2.

Table 1 reproduces the chromaticity coordinates of the RGB primaries and white point of the colour
encoding space specified in ITU-R BT.2100-2.

4 © IS0 2023 - All rights reserved
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Table 1 — Chromaticity coordinates of the RGB primaries and white point of the colour

encoding space

Values
Parameter Chromaticity coordinates
Optical spectrum (informative) (CIE, 1931)
X y

' Red primary (R) monochromatic 630 nm 0,708 0,292

P:I;l,r:?fy Green primary (G) monochromatic 532 nm 0,170 0,797

UUUUUUU Blue primary (B) monochromatic 467 nm 0,131 0,(b46

Reference white D65 per I1SO 11664-2:2007 0,3127 0,329 0

Colour matching functions CIE 1931

4{2.3 Baseline colour encoding

bfined in Table 6 in ITU-R BT.2100-2.

d
Table 2 partially reproduces the Table 9 of ITU-R BT.2100-2.

Ithages conforming to the baseline colour encoding shall comply with- the specificationy defined
if] Table 9 in ITU-R BT.2100-2. Images shall use the non-constant lumiftance Y’, C'p, C'y signal format

© IS0 2023 - All rights reserved
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Table 2 — Baseline colour encoding specification

Parameter Value
Coded signal Y, C'p C'y
Coding format n =10, 12 bits per component
Quantization of Y’ Narrow range Full range
(resultingvaluesthat-exceed-the
video datfarange should be clipped| D =Round [(219 x E’ + 16) x 27-8] D =Round [(2"-1) x E']
to the video data range)
Quantization of C'p, €'y
(resulting values that exceed the| p=Round [(224 x E' + 128) x 21-8] D = Round [(27-1)-%E" + 2n1]
video daffa range should be clipped
to the video data range)
Quantizaltion levels 10-bit coding 12-bit coding 10-bit coding 12-bit coding
Black
(Y'=0) 64 256 0 0
DY’
Nominal|Peak
(Y'=1 940 3760 1023 4095
DY’
Achromatic
(C'p=Clr=0) 512 2048 512 2048
DC'y, D('y
Nominal |Peak
(C'g=C[r=+0,5) 960 3840 1023 4095
DC'g, D('p
Nominal|Peak
(C'p=C([r=-0,5) 64 256 1 1
DC'y, D('y
4 through 16 through 0 through 0 through
Video data range
1019 4079 1023 4095
Where:
Round( x ). =Sign(x) * Floor(|x|+0,5)
Floop(x)) the largest integer less than or equal to x
1 ; x>0
Sign(x)=<0 ; x=0
-1 ; x<0
NOTE The narrow range representation is in widespread use in the video and broadcasting industries. The

full range representation is commonly used in the photographic industry.

6 © IS0 2023 - All rights reserved
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4.3 Transfer functions

4.3.1 General

Two HDR/WCG colour encodings specified in ITU-R BT.2100-2 are widely adopted by video HDR/WCG
ecosystems: the hybrid log-gamma (HLG) encoding and perceptual quantization (PQ) encoding.

These encodings use the same colour primaries and white point but different transfer functions.
Images conforming to this document shall be encoded using an HLG transfer function (see 4.3.2), or a
PQ transfer function (see 4.3.3). Diagrams of the workflows using the different transfer functions are
provided in Annex D.

The HLG and PQ systems are designed to encode images for viewing on HDR/WCG displays: Sdene light
cyptured by the camera may be adjusted to produce a desired image appearance when vieyed on a

splay.

d

However, in some cases, imaging systems communicate estimated scene-réferred colorimeftry. This
s¢ene-referred colorimetry should be indicated by using scene-referred metddata (Annex E [provides
details).

N

DTE Scene-referred colorimetry images can be used in applications—such as digital archiving, virtual
sdenes, photorealistic compositing, some types of medical imaging, andgmachine vision.

4{3.2 Hybrid Log-Gamma (HLG) system

When scene light values are mapped into HLG signal values, this mapping shall be as specifi¢d by the
HILG Reference OETF defined in ITU-R BT.2100-2. Whenvalues are mapped in the inverse direcftion, this
nlapping shall be according to the inverse of the HLG:Reference OETF defined in ITU-R BT.2100-2.

When HLG signal values are mapped into display light values, this mapping shall be as specifi¢d by the
HILG Reference EOTF defined in ITU-R BT.2100-2.

hen values are mapped in the inverse direction, this mapping shall be according to the inverse of the
HILG Reference EOTF defined in ITU-R BT.2100-2.

[

fl the MDCV metadata is present, as defined in 4.6.4.2, its minimum and maximum lyminance
pprameters should be used fer\the derivation of the EOTF. When the MDCV metadata is not present, the
nlinimum and maximum luminance parameters of the reference display, as defined in 4.5, should be
ued for the derivation ofthe EOTF.

Iflthe HLG signal valtes represent estimated scene colorimetry, this should be indicated using scene-
re¢ferred metadata_The inverse of the reference HLG opto-electronic transfer function (OETE) can be
applied to the’encoded scene colorimetry to revert to linear light colorimetry (D.2, D.3, and|Annex E
ptrovide details).

NPTE While the HLG encoding as defined in ITU-R BT.2100-2 is by default scene-referred, with a fixed
OETF.and a variable OOTF/EOTF that adapts to different display dynamic ranges, in practice the OJTF might
be¢ adjusted by the content creator based on viewing the resulting image on a display. Alternatively, the OETF
might be adjusted by automatic Image tuning algorithms In the camera image processing pipeline or in the
post processing software. Consequently, HLG images encoded as defined by ITU-R BT.2100.2 do not necessarily
represent the colorimetry of the actual scene.

4.3.3 Perceptual quantizer (PQ) system

When PQ signal values are mapped into display light values, this mapping shall be as specified by the
Reference PQ EOTF defined in ITU-R BT.2100-2. When values are mapped in the inverse direction, this
mapping shall be according to the inverse of the Reference PQ EOTF defined in ITU-R BT.2100-2.

When scene light values are mapped into PQ signal values, this mapping shall be as specified by the
Reference PQ OETF defined in ITU-R BT.2100-2. When values are mapped in the inverse direction, this
mapping shall be according to the inverse of the Reference PQ OETF defined in ITU-R BT.2100-2.

©1S0 2023 - All rights reserved 7
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If the PQ signal values represent estimated scene colorimetry, this should be indicated by using scene-
referred metadata. When decoding the signal, the inverse of the reference PQ OETF can be applied to
the encoded scene colorimetry to revert to linear light colorimetry (D.4, Annex D.5 and Annex E provide
details).

NOTE The PQ encoding as defined in ITU-R BT.2100-2 is by default display-referred.

4.4 Reference viewing environment

Table 3 specifies parameters to establish a reference viewing environment in which images with
display liewing colorimetry and conforming to this document are intended to be viewed, as required |n
ISO 22028-1:2016, 5.4.4.

Table 3 — Reference viewing environment specification

Parameter Value
of sﬁ?:‘(())l&;‘fie;%e;ae?il;ﬁery Neutral grey at D63
Luminance of surround 5 cd/m?
Luminance of periphery <5 cd/im?
Spatial distribution No direct specular light sources;shall be incident upon the eyes
of ambient lighting of the obsepver or the display.

NOTE 1 | This reference viewing environment applies to display-viewing colorimetry, not to scene-referr¢d
colorimetry.

NOTE 2 | “surround” is the area surrounding a display that.cap/affect the adaptation of the eye, typically the
wall or cyrtain behind the display; “periphery” is the remaining environment outside of the surround.

4.5 Reference display

4.5.1 (General

Different high dynamic range and wide colour gamut displays can serve as reference media for
HDR/W(G images. While ITU-R «BF.2100-2 defines minimal requirements for HDR referenge
displays, ISO/IEC TR 23091-4 provides several HDR mastering display colour volume, i.e. MDCV, (s¢
SMPTE $T 2086 and ISO/IEC.23000-22) descriptions for HDR reference displays, which represent
displays|widely used in production and video content workflows. When such metadata is present, ifs
informatjion should be used-for the determination of the reference display’s parameters, such as ifs
colour pfimaries, whitepoint chromaticity, and luminance range (maximum and minimum).

(¢

In the f¢llowing clauses, a default reference display is specified. It provides a default context for
interpretfing the intended colour appearance of the encoded image colorimetry. 4.5.2 defines the default
reference display colour volume, 4.5.4 the default nominal peak luminance, and 4.5.5 the default blagk
point. THen; 4.5.5 defines the default nominal diffuse white luminance.

NOTE This default reference display does not necessarily apply to scene-referred images.

4.5.2 Default reference display colour primaries

The default display colour primaries shall be the P3-D65 colour primaries in accordance with
SMPTE ST 2113.

If a different display is used as a mastering display, the colour primaries of that display should be
indicated using metadata, as defined in 4.6.4.2.

8 © IS0 2023 - All rights reserved
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5.3 Default nominal peak luminance

The nominal peak luminance of the default reference display shall be 1 000 cd/m?2.

If a different display is used as a mastering display, the nominal peak luminance of that display should
be indicated using metadata, as defined in 4.6.4.2

4.5.4 Default black point

The minimum luminance of the default reference display shall be 0,000 5 cd/m?2.

f]
in

. —

4
T
N

If
I’

conditions should be indicated by corresponding metadata.

a different display is used as a mastering display, the minimum luminance of that display-s
dicated using metadata, as defined in 4.6.4.2

5.5 Default nominal diffuse white luminance
he default nominal diffuse white luminance shall be 203 cd/m?2.
DTE This nominal luminance value is defined in ITU-R BT.2408-4 as the HDR’Reference White.

the reference nominal diffuse white for specific content has a différent displayed lumin
ference nominal diffuse white for that content should be indicatedwsSing metadata, as defined

6 Metadata

6.1 General

his sub clause covers mandatory and optional metadata. The metadata provides information r|
le state and the colorimetry of the image. If different conditions from default settings are us

W

th

Iy

colour volume. Both scene-referred’and colour volume metadata, or one or the other, or neithd

lorimetry estimates. When colour v6lume metadata is present, it specifies the reference di
le display light conversion. In thelatter case there should be no encoding values outside the i

resent.

O/IEC 23000-22/Amd.Z, ;Advanced HDR profile provides an example implementation fo
ored as MIAF files (Annex C provide details). When the image file is saved in accordance

accordance withyISO/IEC 23000-22/Amd.2 Advanced HDR profile. Specific implementatio
ffer for otherfile formats.

6.2 Coding-independent code points for video signal type identification: CICP metada

hage ‘metadata shall include either the coding-independent code points for video sig

hould be

hnce, the
|in 4.6.5.

egarding
ed, these

(hen the scene-referred image state.i§)indicated, the scene light conversion will produce scene

splay for
ndicated
r may be

r images
with the

O/IEC 23000-22 MIAF file format, the metadata defined in this document should be implemented

ns might

ta

hal type

id

entification in accordance with ISO/IEC 23091-2/ITU-T H.273, with the information in Tabl¢

ICC Profile containing a cicpTag.
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Table 4 — CICP parameters

Parameter Informative description
ColourPrimaries the encoding of colour primaries
TransferCharacteristics the reference opto-electronic transfer characteristic function,

the matrix coefficient used for conversion of RGB to other colour representa-
tions (i.e. YCbCr, ICtCp)

identifies nominal video signal range quantization (i.e. Narrow Range vsEu|l
Range).

MatrixCoefficients

VideoFullRangeFlag

4.6.3 Reference environment metadata
This metfadata stores the characteristics of the viewing environment.

If the vigwing environment differs from be the reference viewing environment definéd in 4.4, it should
indicateq using metadata.

4.6.4 (Colour volume metadata

4.6.4.1 | General

When the image has been created for display-viewing, theMastering Display Colour Volume, as
defined in SMPTE ST 2086, should be stored as metadata. The-Content Colour Volume and the Contept
Light Leyel, as defined in ISO/IEC 23008-2, may also be stared. They provide additional colour gamyut
informatfion. Alternatively, an equivalent set of metadata‘could be attached to HDR/WCG still images.

4.6.4.2 | Mastering display colour volume (MDEV) metadata

The masfering display colour volume (MDCV/).metadata comprises the colour primaries, white point
chromatjcity, and luminance range (maximum and minimum) of the mastering display.

The MD(V defines the display targeted by the content creator, e.g. camera operator or colourist, basgd
on viewipg the resulting image onsuch a display. MDCV can be leveraged to define the display targetqd
by autonpatic image tuning algorithins in the camera image processing pipeline or in post processing
softward.

ISO/IEC [TR 23091-4 specifies a set of commonly used MDCV metadata, also referred to as MD({V
descriptions, which aregiven a system identifier tag.

The defaplt MDCV-description shall be P3D65x1000n0005, as defined in ISO/IEC TR 23091-4.

NOTE When using the MDCV description of P3D65x1000n0005, the minimum and peak luminance of the
reference| display are 0,000 5 cd/m? and 1 000 cd/m?, respectively, and the colour primaries of the referenge
display cqrréspond to the P3-D65 colour primaries.

4.6.4.3 Content colour volume (CCV) metadata and content light level (CLL)

The content colour volume (CCV) metadata describes the colour volume characteristics of the associated
picture.

It comprises the colour primaries, white point chromaticity, and luminance range (maximum, average,
and minimum) of the content. Content colour volume metadata could be provided using a mechanism
such as the supplemental enhancement information (SEI) message scheme available in several video
coding specifications.

CCV indicates the colour volume that the content of the associated image should not exceed, while
MDCYV indicates the colour volume of the mastering display. CCV is dynamic, and could change for each

10 © IS0 2023 - All rights reserved
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frame, while MDCV is static and, in the context of video applications, commonly remains the same for
an entire sequence. This information can be leveraged when applying colour conversions or display
tone mapping.

The content light level (CLL) metadata may also provide information about the light level of the
associated picture.

NOTE An HDR/WCG image might have the MDCV description of P3D65x1000n0005, with no colour outside
of the sRGB colour gamut. The CCV metadata of this image could then be the colour volume of sRGB. The CCV
metadata can be used during rendering of the content on displays supporting a limited colour gamut, for example

RAR - dicml
arsnooatrspray:

416.5 Diffuse white luminance metadata

The diffuse white luminance metadata stores the luminance value of the reference’nomingl diffuse
white, in cd/m?2.

If|the luminance of the diffuse white differs from the default reference display nominal diffyse white
Iyminance defined in 4.5.5, it should be indicated using metadata.

416.6 Scene-referred metadata

The scene-referred metadata indicates that image is scene-refefred (Annex E provides details). When
the scene-referred image state is indicated, scene light centversion will produce scene colprimetry
estimates.

et

1} the absence of the scene-referred metadata, all images conforming to this document are created for
splay viewing.

(o9

5/ Colour mapping

5|1 General

Diisplays with various characteristics and in various viewing environments can be used to vigw HDR/

CG images encoded according-to this document. This clause covers colour conversion algorithms
r¢commended to render HDRYWCG images for these displays. Tone mapping algorithms stratpgies are
cpvered in Annex F.

hile ITU-R BT.2100=2-specifies a colour volume based on the ITU-R BT.2020-2 RGB primariesd, current
HIDR displays oftenhave less saturated colour primaries, such as those of P3-D65 (ST 2113).

When images(fully utilize the ITU-R BT.2100-2 colour volume, HDR displays might perform|a gamut
nlapping to-the display colour volume (Clause 11 of Report ITU-R BT.2390-10 provides details)

Ithages-values can be within a more limited subset, for example if they are optimized for a njastering
d|splay.

The information about the subset utilized by the data, can be indicated by metadata such as the
Mastering Display Colour Volume (MDCV), the Content Colour Volume Information (ISO/IEC 23008-2),
or equivalent metadata. This information can be leveraged by colour management.

5.2 Colour conversions

As described in 4.5.5, while HDR/WCG images are encoded in the ITU-R BT.2100-2 colour space, colour
primaries of current HDR displays are often less saturated. Report ITU-R BT.2408-4, A.7.2 describes
a colour conversion process from linear and normalized ITU-R BT.2100-2 RGB primaries to the RGB
primaries of an arbitrary display system.

©1S0 2023 - All rights reserved 11
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Different colour mapping strategies exist to handle colours outside the gamut of the display system.
CCV and MDCV metadata might be leveraged to select a mapping strategy.

If an HDR/WCG image is tagged with an MDCV description of P3D65x1000n0005, such information
indicates that the image data is expected to be contained within the P3-D65 colour volume.

Then, a display system with P3-D65 capability can sometimes clip to the P3-D65 gamut instead of using
other methods of colour gamut mapping that might alter colours within the P3 D65 colour volume.

When showing that same image on a display system with sRGB capability, one might leverage other

h d £ 1 4= H 1 b H 1 adel 4= PR | 1. H e e e
met (0] Urtolourl s4diiut iidppillyg, SUtilh dsS d gd1IIUl CUILIPI TS STUIT dAIgUTTUILL, tU aVUIU CITPPIIT S dI ULITAdULS).
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Annex A
(normative)

Extended HDR/WCG colour encoding

A.1 General

1} addition to the baseline colour encoding in 4.2.3, the extended colour encoding provide morg options.
These additional options might be preferred in some editing workflows or some imaging devides.

p—

A.2 Extended colour encoding

Cpnforming images shall use the following specifications:

Parameter Value
oded signal’ R, G, B'orY', C',, ’R, orl, CT, Cp

oding format n =10, 12, or 16 bits per component

uantization of R, G, B Y' I Narrow range Full range

q

d

g

(fesulting values that exceed the

vlideo data range should be clipped | D = Round [(219 x E” + 16] x 27-8] D =Round [(27-1) x E']
tp the video data range)

d

(

V

t

uantization of C'g, €'y Cr Cp

resulting values that exceed the|p = Round [(224 x E’ + 128) x 2n-8] D =Round [(2"-1) x E/ + 211
ideo data range should be clipped
b the video data range)

Ithages using the Y, C'5, C'y signal(éncoding shall comply with Table 6 in ITU-R BT.2100-2.

NPTE The coding format 16.bits per component, specified in the extended colour encoding, is not]specified
by ITU-R BT.2100-2.

©1S0 2023 - All rights reserved 13
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Annex B
(informative)

ITU-R transfer functions

B.1 Ge¢neral

Propertigs such as the transfer functions for the hybrid log-gamma (HLG) system and the peticeptu

quantiz

(PQ) system, signal formats, colour sub-sampling, and bit depth information are published

ITU-R BT.2100-2 (07/2018).

In particplar, the following tables are highly relevant:

14

ITU-R BT.2100-2, Table 4 PQ system reference non-linear transfer functions,covers the reference P
electro-optical transfer function (EOTF), the PQ opto-optical transfer funetion (OOTF), and the P
optorelectronic transfer function (OETF).

ITU-R BT.2100-2, Table 5 Hybrid log-gamma (HLG) system referenée hon-linear transfer functions

covelrs the reference HLG opto-electronic transfer function (OETE), the HLG opto-optical transfi
function (OOTF), and the HLG electro-optical transfer function (EOTF).

ITU-R BT.2100-2, Table 6 Non-constant luminance Y, C'g.Cf signal format covers the derivation
R’, G|, B’, the derivation of Y’ and the derivation of colour,difference signals.

ITU-R BT.2100-2, Table 8 Colour sub-sampling covexs several colour sub-sampling strategies.

BT.2100-2, Table 9 Digital 10- and 12-bit integer representation covers key encodiy
parameters and values.

Q
Q

T

18
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Annex C
(informative)

HDR signalling

H

et

1

CLI General

R signaling properties such as the Recommended colour information for HDR)signaling, the

pcommended MDCV values for P3 primaries and the Recommended MDCV value for-D65 wh
e published by ISO in ISO/IEC 23000-22:2019/Amd.2.

particular, the following tables are highly relevant:
Table 2 — Recommended colour information for HDR signaling
Table 3 — Recommended MDCV values for P3 primaries

Table 4 — Recommended MDCV value for D65 white point

©
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Annex D
(informative)

Workflows for the different transfer functions

D.1 Geéneral

The workflows corresponding to the different encoding options are represented in this annex.

D.2 Display-viewing colorimetry Hybrid Log-Gamma (HLG) workflow

%)

gnal to HLG HLG

ensor oo | rFl G image fil€
! Camera . . ge Il . Display-light
> > —»Encoding »|Display-viewing »|Decodingf— { :
I: scene ?d]ustmentg OETF | colorimetr J EOTF Signal
/

colorimetry| L_______ |

Camera / AN HLG Display
// \\ l—l
/ \

ittt ettt el

[ i T i

| :Decoding: :Encoding: i

1 1 1

| [ p— [ 2N\ S 1

: ol 1 !

| \ :/ |

\ .

! \ Grading I! :

1 QA — T——- 1 :

i \/ |

| IS 1
|
}
|
I
|
I
|
I
|
I
I
}
}
|
}

D.3 Scene-referred colorimetry Hybrid Log-Gamma (HLG) workflow

HLG image file
Scene-referred
colorimetry

\ 4

bensor
sjgnal to Scene-light HLG .
scene colorimetry OETF [™[Encoding

colorimetry

. HLG Scene-light
Decoding® gpTg-1 " colorimetry

| —

Camera
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