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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISP/IECTTC T

THe procedures used to develop this document and those intended for its further maintepance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
the different types of document should be noted. This document was drafted in aceordancg with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this document may be the subject
of |patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the development ‘6f the document will|be in the
Infroduction and/or on the ISO list of patent declarations received (see www.iso.org/patents)

Arly trade name used in this document is information given for\thé convenience of users and does not
copstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific ttrms and
expressions related to conformity assessment, as well as information about ISO's adhererjce to the
World Trade Organization (WTO) principles in the-Tec¢hnical Barriers to Trade (TBT) see the|following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technicall Committee ISO/IEC JTC 1, Information tgchnology,
Subcommittee SC 29, Coding of audio, pictire, multimedia and hypermedia information, in collpboration
with ITU-T. A technically aligned twin text is published as ITU-T H.Sup18.

A list of all parts in the ISO/IEC 23008 series can be found on the ISO website.
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Introduction

High dynamic range (HDR) video is a type of video content in which the sample values represent a
larger luminance range than conventional standard dynamic range (SDR) video. HDR video can provide
an enhanced viewer experience and can more accurately reproduce scenes that include, within the
same image, dark areas and bright highlights, such as emissive light sources and reflections. Wide
colour gamut (WCG) video, on the other hand, is video characterized by a wider spectrum of colours
compared to what has been commonly available in conventional video. Recent advances in capture and
display technology have enabled consumer distribution of HDR and WCG content. However, given the
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and compression, compared to conventional content.
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ment relates to HDR/WCG video coding and distribution, using single-layer or dual-layer
ith the signalling specified for Rec. ITU-T H.265 | ISO/IEC 23008-2 High efficiencynideo coding

ment serves several purposes:

videsa survey ofidentified video usability information (VUI) syntax elénrents and supplemental
hcement information (SEI) messages specified in HEVC and AVC applicable for HDR/WCG vidg¢o.
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SDR systems is also documented.

© ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=66aafb3f2e1ddfdddc600b3745249901

TECHNICAL REPORT ISO/IEC TR 23008-15:

2018(E)

Information technology — High efficiency coding and
media delivery in heterogeneous environments —

Part 15:

Signalling, backward compatibility and display adaptation

for HDR/WCG video

1| Scope

THis document reviews approaches for processing and coding of HDR/WCG video content. Th
of this document is to provide a set of publicly-referenceable methods for the_operation of AV

P purpose
> or HEVC

vifleo coding systems adapted for compressing HDR/WCG video for consumeér distribution applications.

ThHis document first includes a review of the video usability information (VUI) indic:
supplemental enhancement information (SEI) messages applicable,for HDR/WCG video. It

using HLG as a backward compatible transfer function, using CRI and TMI SEI messages, u
layer approach with the Scalable Main710 profile of HEVC and an SDR compatible base layer. F
document illustrates the usage of ERI SEI messages to convey metadata enabling the dyna
and colour gamut adaptation at the'display side of the decoded video to the display capabilitig

NQTE The document complements the material provided in ITU-T H.Sup15 | ISO/IEC TR 23008-1]
fo¢used on conversion and ceding practices for non-constant luminance (NCL) Y'CbCr video signals us
trgnsfer function.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of the
copstitutestequirements of this document. For dated references, only the edition cited ap
urldatédreferences, the latest edition of the referenced document (including any amendments
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visual objects — Part 10: Advanced Video Coding

of audio-

Recommendation ITU-T H.265 | ISO/IEC 23008-2: 2017, Information technology — High efficiency coding

and media delivery in heterogeneous environments — Part 2: High efficiency video coding

3 Terms and definitions

For the purposes of this document, the terms and definitions given in Rec. ITU-T H.264 | ISO/IEC 14496-

10, Rec. ITU-T H.265 | ISO/IEC 23008-2, and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

dynamic range adaptation

DRA

mapping process to convert content from one colour volume to another colour volume

3.2
electro-dptical transfer function
EOTF
function yhich converts a non-linear video signal into a quantity of output linear light

Note 1 to gntry: An example of output linear light is light emitted by a display.

3.3
full range
range in[a fixed-point (integer) representation that spans the full range™of values that could |pe
expressed with that bit depth, such that, for 10-bit signals, black correspofids to code value 0 and peak
white corfesponds to code value 1023 for Y’

Note 1 to gntry: As per the full range definition from Rec. ITU-R BT.2100-1

3.4
hybrid ldg-gamma
HLG
one set of transfer functions offering a degree of compatibility with legacy displays by more clos¢ly
matching|the previously established television transfercurves

Note 1 to gntry: Sets of transfer functions related to HDR signals are specified in Rec. ITU-R BT.2100-1.

3.5
narrow rfange
range in g fixed-point (integer) representation that does not span the full range of values that could jbe
expressed with that bit depth such that, for 10-bit representations, the range from 64 (black) to 930
(peak whijte) is used for Y’ and th¢ range from 64 to 960 is used for Cb and Cr

Note 1 to gntry: As per the narcow range definition from Rec. ITU-R BT.2100-1.

3.6
opto-ele¢tronic transfer function
OETF
function yhich converts a source input linear optical intensity into a non-linear video signal

Note 1 to gntr'y:-An example of input linear optical intensity is light input to a camera.

3.7

opto-optical transfer function

OOTF

function which has the role of applying the “rendering intent” on video signal

Note 1 to entry: In general, an OOTF is a concatenation of an OETF, artistic adjustments and an EOTF.

2 © ISO/IEC 2018 - All rights reserved
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3.8

perceptual quantizer

PQ

one set of transfer functions achieving a very wide range of brightness levels for a given bit depth using
a non-linear transfer function that is finely tuned to match the human visual system

Note 1 to entry: Sets of transfer functions related to HDR signals are specified in Rec. ITU-R BT.2100-1.

39

random access point access unit
RAPAY

acfess unit in the bitstream at which the initiation of the decoding process for some or all'subsequent
pi¢tures in the bitstream is intended to be feasible

specified EOTF for use under specific viewing environment, named the refefence viewing envyironment

specified OETF implemented within cameras, to ensure consistency of the image betweer] cameras

ameters to establish a reproducible viewing eayironment for critical viewing of material that can
prpvide repeatable results from one facility to another when viewing the same material

Ngte 1 to entry: Rec. ITU-R BT.2100-1:2017, Table,3 provides reference viewing environment parametdrs for HDR
prpgramme material.
4| Abbreviated terms

For the purposes of this document, the abbreviated terms given in Rec. ITU-T H.264 | ISO/IEC [14496-10,
Rec. ITU-T H.265 | ISO/IEC 23008-2 and the following apply.

ATC alternative transfer characteristics

AVC advanced video coding, specified in Rec. ITU-T H.264 | ISO/IEC 14496-10
AVE anibient viewing environment

Cgs €olour gamut scalability

CI constant intensity

CL constant luminance

CLL content light level

CLVS coded layer-wise video sequence

CRI colour remapping information

FIR finite impulse response

HDR high dynamic range

© ISO/IEC 2018 - All rights reserved 3
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HEVC
ICTCp
LMS
LUT
MAD
MDCV
NCL
PQ10

QP
RGB
SDR
SEI
SHVC
SPS
SSE
TMI
UHD
VUI
WCG
XYZ
Y'CbCr

high efficiency video coding, specified in Rec. ITU-T H.265 | ISO/IEC 23008-2

alternative colour space representation to Y'CbCr, specified in Rec. ITU-R BT.2100-1

long, medium, and short wavelength-based colour space, specified in Rec. ITU-R BT.2100-1
look-up table

mean absolute difference

£ H i 1 1 1
IIIASLC1 llls ulol,ucl_y CUIUUl VUIUILICU
non-constant luminance

HDR content representation that utilizes the Rec. ITU-R BT.2100-1 colour primagié€s, the Re
ITU-R BT.2100-1 reference PQ EOTF, and the Rec. ITU-R BT.2100-1 Y'CbCr colpur space rep
resentation with 10 bits per sample in the 4:2:0 chroma sampling format

quantization parameter

colour system using red, green, and blue components
standard dynamic range

supplemental enhancement information

scalable high efficiency video coding

sequence parameter set

sum of squared errors

tone mapping information

ultra-high definition

video usability information

wide colour gamut

CIE 1931 colour space; Y corresponds to the luminance signal

colour space representation commonly used for video/image distribution as a way of enco
ing RGB infermiation, also commonly expressed as YCbCr, Y'CgCR, or Y'C'gC'r

[The relationship between Y'CbCr and RGB is dictated by certain signal parameters, such

as colour’primaries, transfer characteristics, and matrix coefficients. Unlike the (constant
luminance) Y component in the XYZ representation, Y’ in this representation might not be
répresenting the same quantity. Y’ is commonly referred to as “luma”. Cb and Cr are com-

1 £ 1. “« 1 )kl
HIVITYy TTITITTU LU 45 CITUILld .

5 Conventions

5.1 General

The mathematical operators used in this document are similar to those used in the C programming
language. However, the results of integer division and arithmetic shift operations are defined more
precisely, and additional operations are defined, such as exponentiation and real-valued division.
Numbering and counting conventions generally begin from 0, e.g., “the first” is equivalent to the 0-th,
“the second” is equivalent to the 1-th, etc.

© ISO/IEC 2018 - All rights reserved
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5.2 Arithmetic operators

+

addition

:2018(E)

subtraction (as a two-argument operator) or negation (as a unary prefix operator)

multiplication, including matrix multiplication

exponentiation

(Denotes x to the power of y. In other contexts, such notation is used for superscripting not

N
=

x%y

mtended I0r Interpretation as exponentiation.)

integer division with truncation of the result toward zero

[For example, 7/4 and (-7)/(-4) are truncated to 1 and (-7)/4 and 7/(-4) are truncafed to -1.]

division in mathematical formulae where no truncation or rounding is;intended

division in mathematical formulae where no truncation or rounding is intended

summation of f( 1) with i taking all integer values from” up to and including y

modulus
(Remainder of x divided by y, defined only‘for integers x and y with x >= 0 and y >

5.8 Bit-wise operators

bit-wise “and”
(When operating on integer arguments, operates on a two’s complement represent

0)

htion of

the integer value. When operating on a binary argument that contains fewer bits thhn anoth-

er argument, the shorter-argument is extended by adding more significant bits equ

bit-wise “or”
(When operatingon integer arguments, operates on a two’s complement represent

1l to 0.)

htion of

the integer value. When operating on a binary argument that contains fewer bits than anoth-

er argument, the shorter argument is extended by adding more significant bits equ

bit-wise “exclusive or”

(When operating on integer arguments, operates on a two’s complement represent
thee-integer value. When operating on a binary argument that contains fewer bits th
er argument, the shorter argument is extended by adding more significant bits equ

1l to 0.)

htion of
hn anoth-
l to 0.)

arithmetic right shift of a two’s complement integer representation of x by y binary] digits

(Thic functionis defined nn]y for nnn-npgaﬁvn infngnr values nfy Bits shifted into

he MSBs

X<<y

as a result of the right shift have a value equal to the MSB of x prior to the shift operation.)

arithmetic left shift of a two’s complement integer representation of x by y binary

digits

(This function is defined only for non-negative integer values of y. Bits shifted into the LSBs

as a result of the left shift have a value equal to 0.)

© ISO/IEC 2018 - All rights reserved
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5.4 Assignment operators

= assignment operator

increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to the

++ . . . .
value of the variable prior to the increment operation

. decrement, i.e., x—- is equivalent to x = x — 1; when used in an array index, evaluates to the
value of the variable prior to the decrement operation

o INcrement by amount given, 1.€., X = 3 1S eqUIVAlENt t0 X = X ¥ 3, and X ¥= (-3) 15 equivalent
tox=x+ (-3)

decrement by amount given, i.e., x —= 3 is equivalent to x = x - 3, and x -= (-3) iscequivaleht
tox=x-(-3)

5.5 Relational, logical and other operators

== equality operator

I= not equal to operator

Ix logical negation “not”

> larger than operator

< smaller than operator

>= larger than or equal to operator
<= smaller than or equal to operator

conditional/logical “and” operatox
&& (Performs a logical “and” of its. Boolean operators, but only evaluates the second operand if
necessary.)

conditional/logical “or’.6perator
[ (Performs a logical “or’”) of its Boolean operators, but only evaluates the second operand iff
necessary.)

ternary conditienal

7 -
arh:c (If condition a'is true, then the result is equal to b; otherwise the result is equal to c.)

5.6 Mathematical functions

[ X" ; x>=0
Abs(x)=
1—)( ;0 x<0
Ceil(x) smallest integer greater than or equal to x
X Z<X
Clip3(x,y,z): y z>y
Z ; otherwise

6 © ISO/IEC 2018 - All rights reserved
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EOTFp (x) reference PQ EOTF used to convert a non-linear light PQ representation to a line-
Q ar light representation
Exp(x):ex where e is Euler’s base constant 2.718 281 828....
Floor(x) largest integer less than or equal to x
iEOTF; (x) inverse reference PQ EOTF used to convert a linear light representation to a
Q non-linear light representation
idETFHLG (x) inverse reference HLG OETF used to convert a non-linear light representation to
a scene-referred linear light representation
LA (x) natural logarithm of x (the base-e logarithm, where e is naturallogaritim base
constant 2.718 281 828...))
Ld glO(x) base-10 logarithm of x
X ; x>
M ax(x,y) = Y
y ; otherwise
OETFy; ¢ (X) reference HLG OETF used to convert aSeene-referred linear light repregentation

Si

Sq

w
fol

Rgund (x) :Sign(x)*Floor(Abs(x)+0.5)

.V Order of operations

to a non-linear light representation

1 ; x>0
en(x)=< 0 ; x=0
-1 ; x<0

lowing rules apply"

Operations of the same precedence are evaluated sequentially from left to right.

Ta

le/1 specifies the precedence of operations from highest to lowest; a higher position in

hen order of preeedence in an expression is not indicated explicitly by use of parentheses, the

Operatipns:of a higher precedence are evaluated before any operation of a lower precedefce.

the table

: H i Lacla |
anILClLCD d 11151151 lJl CLUTUCUIICT,

NOTE

in this document is the same as used in the C programming language.

For those operators that are also used in the C programming language, the order of precedence used

Table 1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

Operations (with operands x, y, and z)

» o«

i+ g x—="

” o«

“Ix”, “=x” (as a unary prefix operator)

“x¥r

© ISO/IEC 2018 - All rights reserved
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Table 1 (continued)

Operations (with operands x, y, and z)

U, % (M o« . » o«

X y,X/y,XTy, ",“X%y"
y

y
“x+y”, “x-y” (as a two-argument operator), E f (1) ”

=X

n 2 2
A Yy, A Yy

» o« » o« » o« ”

X<y’ “x<=y”", x>y", “x>=y

uX - = y", MX !: yu

uX & yn
MX | yn
NX && yn

uX | | yu
uX ? y . Zu

MX"yu

” o«

“ " ”
x=y", “x+=y”, “x—=y

6 Overview
This docuyment is structured as follows.

— C(Clauge 7 reviews identified signalling mechanisms:of HEVC, and when applicable, of AVC, relevdnt
for HDR/WCG video coding and distribution. It also’describes some common processing steps used
in engl-to-end processing chains such as described in Clauses 8 and 9.

— Clause 8 describes usage of HLG transfer functions and CRI or TMI SEI messages for the support of
bitstijeam SDR backward compatibility (defined below) with a single-layer profile (e.g. HEVC Main 1{0).

— C(Clauge 9 describes a dual-layer HDR/WCG video coding system with bitstream SDR backward
compiatibility implemented with(the HEVC Scalable Main 10 profile.

— Clauge 10 addresses the display adaptation functionality (defined below), with application examples
based on the CRI SEI message. This clause includes the specific case of display SDR backward
compiatibility.

“SDR backward compatibility” relates to the ability of HDR/WCG video coding and distribution systems
to produde a videe-signal suitable for SDR-only capable rendering devices (e.g. UHD SDR display with
Rec. ITU-R BT.2020-2 colour primaries). In the present document, it is defined in two modes: bitstream
and display.

In H DDYIAICC ool s oo retana ot PEECCTO CRY LA N2 Y axal CND o oloiazond o oo ool 4-L1e
l\/ vVLUU UloltlToutivll ‘)_yDL\,lll‘) CIIdu JHIJPUI C Uitolrvdalil JLIJINV UdUNRAvVVdIlu \,UllllJaLlUlllL)” 1% 8

decoded video signal from a standard-compliant decoder (e.g. HEVC Main 10 decoder) can be

directly displayed on an SDR-capable display without adaptation. Two categories of “bitstream”

SDR backward compatibility are considered:

— In “static” bitstream SDR backward compatibility, the decoded video is an HDR signal, for
instance, Y'CbCr 4:2:0 10-bits with the Rec. ITU-R BT.2100-1 reference HLG opto-electronic
transfer function (OETF) and Rec. ITU-R BT.2100-1 colour primaries, that can be directly
displayed on an HDR-capable display or an SDR-capable display, without adaptation. In this
context, the HDR processing chain is static, and not dependent on the input video data.

— In“dynamic” bitstream SDR backward compatibility, the decoded video is an SDR signal. A post-
processing step can be further used to reconstruct an HDR signal, using metadata conveyed for

8 © ISO/IEC 2018 - All rights reserved
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instance in CRI or TMI SEI messages. In this context, the HDR processing chain is dynamic, and
adapts to the input video data.

In HDR/WCG distribution systems that support “display” SDR backward compatibility, the decoded
video signal from a standard-compliant decoder (e.g. HEVC Main 10 decoder) is an HDR signal
(for instance, Y'CbCr 4:2:0 10-bits with Rec. ITU-R BT.2100-1 inverse reference PQ electro-optical
transfer function (EOTF) and Rec. ITU-R BT.2100-1 colour primaries). A post-decoding dynamic
range adaptation (DRA) process is applied to the decoded video signal to produce an SDR video
signal that can be displayed on an SDR-capable display. The adaptation process can use metadata,

conveyed for example in CRI SEI messages, to perform this conversion.

volume, if desired. Another term used in the industry for displdy jadaptation is regradin

adapt the
ibility are
an HDR/
in colour
device of

,lit can be

bnce peak
he colour
b. Display

adaptation can be driven by metadata transmitted along with thé€ video bitstream, for instance using

SHI messages.

Canversion and coding practices related to production @nd compression of HDR/WCG video signal
represented with NCL Y'CbCr 4:2:0 video with Rec. ITU-R BT.2100-1 PQ transfer characteyistics are
outside of scope of this document. These aspects are‘specifically addressed in ITU-T H.Sup15 | ISO/
IEC TR 23008-14.

7 | HEVC signalling mechanisms applicable to HDR/WCG video

7.1 General

This clause provides an overvieWw’ of the VUI syntax elements and SEI messages specified in HEVC

(Rlec. ITU-T H.265 | ISO/IEC 23008-2), applicable to HDR/WCG video and relevant to the scdpe of this

document. The PQ, HLG trahsfer functions, and the ICTCp colour representation are also desct
This clause is structured as follows.

—| Subclause 7.2reviews VUI signalling applicable to HDR/WCG video.

—| Subclause'Z3 reviews SEI messages applicable to HDR/WCG video.

—| Subclause 7.4 provides an overview of PQ and HLG transfer functions.

—| .Subclause 7.5 provides a description of ICTCp colour representation, including conve
coding nractionc palatad o HDPR /U\I{“r‘ daeo-—cianalc vnv\vn(‘nv\fnr] +ln I!“ r“ 420 xridan

ibed.

sion and

with Rec.

CoTTITSproactrct s oottt o CO vV IOC O ST TIOTrS T CpPT CoTTIeetr W T UV Iaco

ITU-R BT.2100-1 inverse reference PQ EOTF.

Conversion and coding practices related to HDR/WCG video signals represented with Y'CbCr 4:2:0

video with Rec. ITU-R BT.2100-1 HLG transfer characteristics are discussed in subclause 8.2.

7.2 VUI syntax elements

By design, metadata signalled in syntax elements of VUI is not necessary for constructing the luma or
chroma samples by the decoding process, and may be ignored by the decoder. However, such syntax

elements provide useful parameters or attributes of an encoded signal and can be utilized in

the video

system design. Examples of VUI parameters relevant to HDR/WCG video system design include colour

primaries, transfer characteristics and matrix coefficients specified in Rec. ITU-T H.265

© ISO/IEC 2018 - All rights reserved
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23008-2:2017, Tables E.3, E.4 and E.5 respectively. Table 2 and Table 3 provide values of VUI syntax
elements that indicate usage of Rec. ITU-R BT.2100-1 representation of the video signal, including matrix
coefficients associated with Rec. ITU-R BT.2100-1 (same as those associated with Rec. ITU-R BT.2020-2).

Rec. ITU-R BT.2100-1 specifies HDR-TV image parameters for use in production and international
programme exchange. It defines two sets of transfer functions: perceptual quantizer (PQ) and hybrid
log-gamma (HLG). RGB colour primaries are defined identically as in Rec. ITU-R BT.2020-2. Rec. ITU-R
BT.2100-1 describes two different luminance and colour difference signal representations: non-
constant luminance (NCL) Y'CbCr and constant intensity (CI) ICTCp. Syntax elements of VUI in HEVC
can be used to convey the metadata descrlbmg such attrlbutes of the coded 51gnal The VUI transfer
characte F
of a sourde input hnear optlcal intensity or 1r1d1cates the inverse of the reference EOTF as a functlon
an outpuf linear optical intensity, as described in Table 2 for HEVC. RGB colour primaries are indicat
using colpur_primaries syntax element (set equal to 9 for Rec. ITU-R BT.2100-1/Rec. ITU-R-BT.202(
colour primaries). Colour representation is indicated using matrix_coeffs syntax element,’as described
in Table 3[for HEVC.

Table 2 — Values of transfer_characteristics indication in VUI in HEVC

PQ HLG
transfer_characteristics 16 18

Table 3 — Values of matrix_coeffs indicationdnVUI in HEVC

NCL Y'CbCr CIICTCp
matrix_coeffs 9 14

NOTE1 |PQisalso definedin SMPTE ST 2084 and HLG is also defined in ARIB STD-B67.

NOTE 2 |VUIsyntax element values for PQ are also defined in AVC.

7.3 SElmessages applicable for HDR/WCG video

7.3.1 eneral

SEI messgges assist in processes related to decoding, display or other purposes. They are not required
for constfucting the luma or chroma samples by the decoding process. HEVC and AVC specify several
SEI messages applicable to HDR/WCG video. Some SEI messages convey descriptive information abqut
the contept. These SEI messages are reviewed in subclauses 7.3.2 to 7.3.5. Some other SEI messages qre
devoted tp enabling specific post-processing of the decoded samples, e.g. signal adaptation processs.
Some SEI$ can be used-for the conversion of decoded content from one colour volume to another colqur
volume. Hor example€,this approach can apply in bitstream SDR backward compatibility use cases for

comprise backwa 3 eTase. Thesevarious
SEI messages are descrlbed in subclauses 7.3.6 and 7.3

7.3.2 Mastering display colour volume SEI message

The mastering display colour volume (MDCV) SEI message specifies the colour gamut and dynamic
range of a hypothetical monitor used for viewing while authoring the video content. It conveys the colour
primaries and white point of the monitor, expressed in the CIE 1931 xyY colour space (ISO 11664-1), and
provides the minimum and maximum linear light luminance of the monitor (expressed in candelas per
square metre, denoted cd/m2). The indicative information provided by MDCV may assist the receiving
system in adapting the received video content for local display with characteristics that may differ
from the assumed mastering display characteristics. The MDCV SEI message persists until the end of

10 © ISO/IEC 2018 - All rights reserved
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the CLVS. The HEVC specification requires that all MDCV SEI messages that apply to the same CLVS
have the same content.

NOTE1 The mastering display colour volume SEI message is also defined in AVC.

NOTE 2  Mastering display colour volume metadata is also defined in SMPTE ST 2086.

7.3.3 Content light level information SEI message

The content light level information (CLL) SEI message conveys the maximum light level and average
I ghrtevel—thetresrHehtdomatespressededbramons—the—4b4 R mpjles of the
coptent pictures in the coded video sequence. As for the MDCV SEI message, the indicative‘ihformation
prpvided by CLL SEI message may assist the receiving system in adapting the received video ¢ontent to
logal display capabilities. It can be used for instance to help better controlling the energy confsumption
for local display (see Reference [12]). The CLL SEI message persists until the end ofithe CLVS. Rec. ITU-T
H.p65 | ISO/IEC 23008-2 requires that all CLL SEI messages that apply to the safi€ CLVS have the same
coptent.

NQTE1 The contentlightlevel information SEI message is also defined in AVC.

NQTE 2 Corresponding metadata associated with the CLL SEI message,and'examples of derivation flgorithms
ar¢ defined in CEA-861.3.

7.3.4 Ambient viewing environment SEI message

THe ambient viewing environment (AVE) SEI message characterizes the ambient viewing enyironment
aspumed when mastering the associated video content. It conveys the environmental illumipance and
omaticity coordinates (in the CIE 1931 xyY coleuispace) of the mastering nominal ambiert viewing
ironment. This indicative information may-assist the receiving system in adapting the received
vifleo content for local display in viewing enyironments that may differ from those assumed when
mastering the video content. The AVE SEI mé3ssage persists until the end of the CLVS. Rec. ITU}T H.265 |
ISP/IEC 23008-2 requires that all AVE SEI'messages that apply to the same CLVS have the samle content.

7.8.5 Alternative transfer characteristics SEI message

The alternative transfer characteristics (ATC) SEI message provides a preferred alternative value
for the transfer_characteristies syntax element that is indicated by the colour description [syntax of
VUI parameters. This SEl\message is especially applicable in bitstream SDR backward compatibility
usg cases, where the VWUI transfer_characteristics syntax element is supposed to signal an §DR OETF
(tfansfer_characteristics values 1, 6, 14 or 15). The ATC SEI message can be conveyed to indlicate the
actual OETF used to produce an SDR-compatible HDR video signal representation. This is @pplicable
to|the reference’HLG OETF (transfer_characteristics value 18), further discussed in subclausg 8.2. The
AT|C SEI message persists until the end of the CLVS. Rec. ITU-T H.265 | ISO/IEC 23008-2 requirfes that all
ATC SEI messages that apply to the same CLVS have the same content.

7.8:6{, Tone mapping information SEI message

The tone mapping information (TMI) SEI message is designed to carry one or more tone mapping curves
within a coded video sequence. The tone mapping curves are used to convert the decoded image to a
mapped image, for instance to target a specific display. Four ways of implementing the tone mapping
function are specified for the TMI SEI message, including a linear function with a clip, a sigmoidal
function, a piece-wise linear function, or an explicit 1D look-up table (LUT). In practice, for each case,
the mapping curve can be represented by a 1D-LUT LUTTM. The tone mapping function applies either to

© ISO/IEC 2018 - All rights reserved 11


https://iecnorm.com/api/?name=66aafb3f2e1ddfdddc600b3745249901

ISO/IEC TR 23008-15:2018(E)

the luma component, or simultaneously to the three RGB components of the decoded signal, for instance

as indicated in Formula (1).
Roue | | LUTrm[Rjp]
Gout |=| LUTm[Gip ] (1)
Bout LUTTM [Bin ]

The TMI SEI message includes a syntax element tone_map_id that may be used to identify the purpose
of the TMIL. The TMI SEI message also includes a syntax element tone_map_model_id that specifies the
model type used for mapping the coded data.

More than one tone mapping can be associated with a coded video sequence through the toné. mapping
informatipn SEI message identifier tags. This enables simultaneous support for multiple dynamic range
targets, ificluding targets that have greater or lesser dynamic range than the decoded wideo data.

NOTE The tone mapping information SEI message is also specified in AVC.

7.3.7 Cplour remapping information SEI message

The coloyr remapping information (CRI) SEI message conveys information used to remap decoded
pictures firom one colour volume to another one. The syntax of the CRT emapping model includes thijee
parts: a flirst piece-wise linear function applied to each colour component (“Pre-LUT”), followed |by
a three-bj-three matrix applied to the three resulting colour cémponents, and followed by a secopnd
piece-wisg linear function applied to each resulting colour cgmponent (“Post-LUT”). Each one of thgse
sets of dafa is optional (for instance, only the Pre-LUTs cantapply, leading to the application of only gne
mapping function to each colour component of the input signal). A maximum of 33 pivot points per LUT
may be cdded to specify the piece-wise linear functions:"When the three-by-three matrix is activated,
the conversion process of the CRI mapping is applied in the 4:4:4 domain. When it is not activated, the
mapping process can be applied in the 4:2:2 or 4:2:0 chroma sampling formats.

Formulae| (2), (3) and (4) illustrate the application of the complete CRI model to the R, G, B values of a
colour saple (although the CRI mapping can also be applied to Y'CbCr samples):

'R, || [PreLUT,[R, ]

G, |F| PreLUT[G,, ] 2)
B, || | PreLUT,[B,,]

R, ] R,

G, =M, G1 3)
| B |

_Rout-‘ [ostLUT [Rﬂ

G, PostLUT [G, ] [4)
B, LPostLUT [B, ]J

The CRI SEI message includes a syntax element colour_remap_id that may be used to identify the
purpose of the colour remapping information. For instance, the colour_remap_id value may be used to
indicate that the input of the remapping is the result of a first conversion process, such as conversion to
Y'CbCr, RGB (or GBR) colour representation, to enable cascading of different remapping processes, or to
support conversion for multiple dynamic range targets.

The CRI SEI message also includes syntax elements that convey information to describe the resulting
colour volume of post-processed signal, namely colour_remap_video_signal_info_present_flag,
colour_remap_transfer_function, colour_remap_full_range_flag, colour_remap_primaries, colour_
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remap_matrix_coefficients, colour_remap_output_bit_depth. The purpose of these syntax elements is
analogous to the purpose of the colour description syntax of the VUI.

More than one remapping can be associated with a coded video sequence through the CRI SEI message
identifier tags. This can enable simultaneous support for multiple dynamic range targets, including
targets that have greater or lesser dynamic range than the decoded video data.

NOTE The colour remapping information SEI message is also specified in AVC.

7.4 Overview of PQ and HLG transfer functions

7.4.1 General

Rec. ITU-R BT.2100-1 specifies two sets of transfer functions, PQ and HLG. The spe¢ification|of HLG is
defined in terms of its reference OETF, while the specification of PQ is defined in terms of its|reference
EQTF. Thus, the HLG system is considered as a “scene-referred” system, whereas the PQ gystem is
copsidered as a “display-referred” system. In the scene-referred approachthe HDR signal rgpresents
the light in the scene (with or without artistic adjustment), for example detected by a camerja, while a
display-referred signal represents the light emitted by a reference or gtading display (with dr without
arfistic adjustment). Since the overall optical system is non-linear (typically characterized as 4§ power or
“gamma” law) scene and display-referred signals are not linearly related. This non-linearity isfmodelled
byl the opto-optic transfer function (OOTF, see Rec. ITU-R BT:2100-1) which compensatgs for the
difference in tonal perception between the environment of the.camera and that of the display as further
explained in Rec. ITU-R BT.2100-1:2017, Annex 1. With ;scene-referred signals the primary transfer
function is the OETF, which defines how the signal is related to linear scene light. For a display-referred
signal the primary transfer function is the EOTF whi¢li defines how the signal may be convefted to be
displayed on a reference or grading monitor. Display*referred signals may not be used directly in scene-
referred systems, even if both correspond to “linear light”, without distorting the pictures. Mpre detail
abput the differences between scene and display-referred signals can be found in Rec. ITU-R{BT.2100-
1:2017, Annex A.

NAQTE1 The OOTF defined for HLG is different from the OOTF defined for PQ.
In|Rec. ITU-R BT.2100-1, the PQ and*HLG sets of transfer functions are defined as follows:

—| The PQ OETF, converting the signal from scene linear light to non-linear representation, |s defined
based on the reference’PQ EOTF, converting the signal from non-linear to display lipear light
representation, as the‘eoncatenation of two functions:

OETF = EOTF-I{'00TF)

—| The HLGSEOTF, converting the signal from non-linear to display linear light represe;[tation, is
defined-based on the reference HLG OETF, converting the signal from scene linear light to pon-linear
representation, as the concatenation of two functions:

EOTF = OOTF( OETF-1)

Functions “iEOTF” and “iOETF” are used in this document to denote EOTF-1 and OETF-1, respectively.

NOTE 2  Informative methods for transcoding between PQ and HLG signals are described in ITU-R BT.2100-
1:2017, Annex 2 and in Report ITU-R BT.2390-0.
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7.4.2 Reference PQ EOTF

The inverse reference PQ EOTF is described in Rec. ITU-T H.265 | ISO/IEC 23008-2:2017, Table E.4 for
transfer_characteristics equal to 16. The non-linear light representation V of a linear light intensity
signal Ly, which takes values normalized to the range [0, 1], is computed using Formula (5):

m
+c,*L
V=iEOTFpq (Lo )= €17 %o (5)
1+C3 *LI(I)

Where C1,163-6319 and nare constantes dnfinnd ucing Eormulae ‘(A\' to ‘(1 f“'-
ci=cp-c2+1=3424+4096=0.8359375 6)
c2=2413 +128=18.851562 5 7)
c3=2P9+16=18.6875 8)
m =2p23 +32=78.843 75 9)
n=1305+ 8192 =0.159 301 7578125 (10)

The peak|value of 1 for L, is ordinarily intended to correspond-e an intensity level of 10 000 cd/m?2,
while the|value of 0 for L, is ordinarily intended to corresporid to an intensity level of 0 cd/m?2.

The reference PQ EOTF, EOTFpq( ), is described as the exact inverse of Formula (5). The linear light
intensity pignal L, is computed from the non-linear representation V, which takes values in the range|[0,

1], as per [Formula (11):

) %
Max[(v m—cy ],0]
=EOTFpq (V)= (11

A plot of e inverse reference PQ EOTF is shown in Figure 1.
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Figure 1 — Graph of the inverse reference PQ EOTF (iEOTFpq)

7.4.3 Reference HLG OETF

The reference HLG OETF, OETFyLg( ), as described in Rec. ITU-T H.265 | ISO/IEC 23008-2:2017| Table E.4
for transfer_characteristics equal to 18, appliés as follows to linear light scene-referred R, G, B samples,
normalized to the range [0, 1]. For L. = R, G; or B, Formula (12) applies:

V=0ETFuLg(Ld) =a*Ln(12*Lesb) +¢ for1>=Le> (1 +12) (12)

= Sqrt(3)*L0-5 for(1+12)>=L:>=0

wlhere a, b and c are constants defined as per Formulae (13) to (15):

a=0.178 83277 (13)
b=1-4%a=0.284 668 92 (14)
@=0)5 - a* Ln(4 *a) = 0.559 910 73 (15)

A plot of the reference OETF for HLG is shown in Figure 2.
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Figure 2 — Graph of the reference HLG OETF (OETFyLg)

se of the reference HLG OETF is formulated as pef\Eormula (16):
ETFyLg(V)=1+12* (Exp((V-c)+a)+b), ferl>=V> (1 +2) (1
=V2+3 for(1+2)>=V>=0

se of the reference HLG OETF doés not equate to the EOTF. For more information on the H
reader can refer to Rec. ITU-R\BT.2100-1, Report ITU-R BT.2390-0 and Reference [13].

Cp colour representation

eneral

iew of CI ICT€p colour representation is given in Rec. ITU-R BT.2100-1 and Report ITU
). This subclause mainly provides a set of methods on processing HDR/WCG video
distriblition, including conversion steps for converting from a linear light RGB representati
ITU-R'BT.2100-1 colour primaries to a 10-bits, narrow range, inverse reference PQ EO]
Cp{representation.

6)

R
for
on
['F,

The HDR/WCG system described in this subclause follows the same workflow of 10-bits, narrow
range, inverse reference PQ EOTF, 4:2:0, non-constant luminance Y'CbCr representation described in
Supplement ITU-T H.Sup15 | ISO/IEC TR 23008-14. It consists of four major stages:

— apre-encoding stage consisting of several pre-processing processes (subclause 7.5.2),

— anen

coding stage (subclause 7.5.3),

— adecoding stage (subclause 7.5.4), and

— apost-decoding stage consisting of several post-processing processes (subclause 7.5.5).

These four stages are applied sequentially, with the output of one stage being used as input to the
next stage.

16
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It is assumed that both the input to and the output of the HDR/WCG system are 4:4:4, linear light,
floating-point signals, in an RGB colour representation using the same colour primaries. The output
signal is targeted to resemble the input video signal as closely as possible. Other video formats can
be used as input to the HDR/WCG system by first converting them to the above defined input signal
representation.

NOTE 1

The main goal of this subclause is to highlight the conversion and coding differences between Rec.

ITU-RBT.2100-1 PQ ICTCp and PQ Y'CbCr signals. More detail on common parts of these two systems are provided
specifically in Supplement ITU-T H.Sup15 | ISO/IEC TR 23008-14.

NQTE2 The same workflow can he nsed for HLG ICtCp by <nhqfifnfing PQ with HL.G

7.5.2 Pre-encoding process

7.5.2.1 General

THe pre-encoding process described in this document includes the following Components, as
in|Figure 3:

7.5.2.2 Conversion from a linear RGB representation to a linear LMS representation

a conversion component from a linear RGB data representation to-a linear LMS data repre
described in subclause 7.5.2.2,

a conversion component from a linear LMS data representation to a non-linear data repre
using the inverse reference PQ EOTF, described in subclause 7.5.2.3,

a colour format conversion component that converts data to the ICTCp colour repre
described in subclause 7.5.2.4,

a conversion component that converts a floatitig-point to a fixed-point representation (e.§
following the process described in subclause'7.5.2.5, and

a chroma down-conversion componentthat converts data from 4:4:4 to 4:2:0, following th
described in subclause 7.5.2.6.

bresented

sentation,

sentation

kentation,

b 10 bits),

€ process

Cllaar Inverse Colour Chroma
—P e P Reference | format ' Quant. > sub-
RGB LMS PQ EOTF M'S’ conversion 1CxCp 1CxCp sampling 1CxCp
4:4:4 4:4:4. 4:4:4 4:4:4 4:4:4 4:2:0
Floating point Floating,point Floating point Floating point Fixed point Fixed poi
(10 bit) (10 bit)

Figure-3— Conventional PQ ICTCp pre-encoding process system diagram

ES

Canversion from a linear RGB to a linear LMS representation is performed using a 3 x|3 matrix
copversion process, where RGB colour primaries are in accordance with Rec. ITU-R BT.2400-1 (see
Forrmifla 17)).

L 1688 2146 262 ||R

M :L 683 2951 462 ||G (17)

4096

S 99 309 3688||B
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7.5.2.3 Conversion from a linear to a non-linear representation: LMS to L'M’'S’

The inverse reference PQ EOTF [Formula (5)] is applied to all L, M, and S linear light samples, where
each component is a number between 0 (representing 0 cd/m2) and 1 (representing 10 000 cd/m?2).
This results in their non-linear light counterparts L, M, and S’ as per Formulae (18) to (20).

L/ =iEOTFpq(L) (18)
M’ = iEOTFpg( M) (19)
S'=i§OTFpq(S) (40)

7.5.2.4 [Colour representation conversion: L'M'S’ to ICTCp

Conversign from L'M’S’ to ICTCp representation is performed using a 3 x 3 matrix eenversion procgss

(see Formjula (21)).

| 2048 2048 0 L’

Cr =; 6610 -13613 7003| M’ (21)
4096

Cp 17933 -17390 -543||S

7.5.2.5 |Conversion from floating to fixed point (10-bits)

The conversion process from a floating-point representation to a fixed-point 10-bit representation| is
essentiallly a quantization step. In general, the conversion process can be expressed as per Formula (2P):

D’ = (ip3( 0, (1 << b) - 1, Round(E' * scale + offset) ) (42)

N

where E'1s the floating-point representation'of a particular component and D’ is the resulting quantized
value usipg b bits. In this document, b(s 10. The scale and offset constants depend on the target
range (ndrrow versus full range video) and the component type (luma, chroma, or colour primdry
components).

For the rlarrow range representation, the scale and offset for the luma component are set as per
Formulael(23) and (24):

scale £ 219 * (1 << (b*~8) ) (43)

offset]= 1 <<{(b.* 4) (44)

and the s¢ale-and offset for the chroma components are set as per Formulae (25) and (26):

scale =224 *(1<<(b-8)) (25)
offset=1<<(b-1) (26)
NOTE For a 10-bit narrow range representation, DY’ results in a value within the range of [64, 940]. Similarly,

DCb and DCr result in values within the range of [64, 960].

For the full range representation, the scale and offset for the luma component are set as per Formulae

(27) and (28):
scale=(1<<b)-1 (27)
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offset=0

and the scale and offset for the chroma components are set as per Formulae (29) and (30):

7.

It

im
de]

scale=(1<<b)-1

offset=1<<(b-1)

(28)

(29)

(30)

p.2.0 Lhroma downscaling

oma down-conversion process as described in ITU-T H.Sup15 | ISO/IEC TR 2300814 This
plained below.

s anticipated that consumer electronics conversion systems would typically:use 2-D separ

cimation step). Such filters would basically be of the form Formula (31):

y[n]=.:§_;\]bi*x|:n+i:|

C(tlverting the video data from a 4:4:4 representation to a 4:2:0 representation canfollow|a similar
ch
ex

process is

hble finite

pulse response (FIR) linear filters for low-pass filtering the chroma dataybefore subsampling (2:1

(31)

where x[n] is the input chroma signal, y[n] is the filteredottput chroma signal, (2 * N) cofresponds

to
co
FI
ut

F'responds to the coefficient of the filter at positioni. For example, the two short-tap-len

lized for both vertical and horizontal filtering.of‘the chroma samples.

Table 4 — Filter example for chroma down-sampling

Filter Filter coefficients
b1 bo b1
fo . .
5 1+4 2+4 1+4

.5.2.7 Comments on'ICtCp Chroma down-conversion

the filter order or, equivalently, (2 * N + 1) corresponds to the number of taps of the filfer, and b;

pth linear

R filters of Table 4 have been used in experiments.for development of this report. Such filt¢rs can be

nverting the ICyCp video data from a 4:4:4 representation to a 4:2:0 representation fgllows the

It [is observed in Reference [14] that the closed loop luma adjustment method described| in ITU-T

artefacts,

does notprove to be beneficial for ICTCp chroma down-conversion. This can be explained by the¢ constant

stantially
“hromatic

[Qj). The constant

luminance property of ICTCp can reduce chroma leakage errors that can be introduced when spatially
sub-sampling the chroma components (such as the 4:2:0 widely used for compression) compared with
NCL Y'CbCr.
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Figure 4 — Luminance correlation with ICTCp and Y/€bCr colour representations

7.5.3 Epcoding process

7.5.3.1 |General

After pre{processing, the data is ready for compression. ITU-T H.Sup15 | ISO/IEC TR 23008-14 preseits
some guiglance on how an encoder may be configured for HDR/WCG 10-bits, narrow range, PQ, 4:2:0,
Y'CbCr data. Two quantization methodelogies, perceptual luma quantization, and chroma QP offsft,
are descrjbed in that document. For the'HDR/WCG 10-bit, narrow range, PQ, 4:2:0, ICtCp data coming
out from pre-processing step, those two methodologies are still valid. Reference [16] shows that ICq{Cp
exhibits different characteristics(than Y'CbCr data for current test data, therefore the exact parameter
settings for these two quantization methods might need to be reconfigured. One practice for ICqCp
encodingfis to configure thejencoder settings to follow the bitrate allocation behaviour of Y'CbCr (dee
Referencg [16]). An example’of encoder setting is described in subclause 7.5.3.2.

Apart frdm modifying* the QP allocation in the encoder, it may also be desirable for an encoder
manufacturer to adjust other non-normative encoding processes in their encoders, such as the motion
estimatiop, intra~and inter mode decision, trellis quantization, and rate control, among others. Thgse
processed comronly consider simple distortion metrics such as mean absolute difference (MAD),|or
sum of squaréd errors (SSE), for making a variety of decisions for the encoder settings, and these mlay
have been tuned based on SDR content characteristics. However, given the earlier observations about
the differences in the characteristics between SDR and HDR/WCG content, these settings may also
need to be appropriately adjusted. Furthermore, other metrics may also be more appropriate for these
encoding decisions. These aspects are not explored in the context of this document.

7.5.3.2 Example of encoder setting

Two main observations are made in Reference [16]. Firstly, the Y’ component in Y'CbCr and the I
component in ICTCp have very similar compression characteristics in terms of variance. This results
in similar coding bits given same luma quantizer. Reference [16] suggests that techniques designed to
improve coding efficiency of Y’ component (e.g., perceptual luma quantization from ITU-T H.Sup15 |
ISO/IEC TR 23008-14) can be used for the [ component directly. Secondly, for colour components, Ct and
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Cp have a higher variance than Cb and Cr, thus modifications may be applied for technologies designed
to improve chroma coding efficiency, such as the adaptive chroma QP offset model in ITU-T H.Sup15 |
ISO/IEC TR 23008-14.

In the following example of chromaQP offset settings for ICTCp, it is assumed that the colour primaries
of the mastering display/capture device are known. Based on this knowledge, the following model is
used to assign QP offsets for Cb, corresponding to Ct, and Cr, corresponding to Cp, based on the luma QP
and a factor dependent on the capture and representation colour primaries. The model is expressed as

pe

r Formulae (32) and (33):

[ /

where ccp = 1 and CbOffset = 6 if the capture colour primaries are the same as the representat
primaries, ccp = 0.5 and CbOffset = 8 if the capture colour primaries are equal'to the P3D65

a
a
re

Similarly, ccr = 1 and CrOffset = 6 if the capture colour primaries’are the same as the repre

CO

pr
Cc

and the representation primaries are equal to the Rec;dTU-R BT.2100-1 primaries.

Fil

7.
w

in
th
2:]

QPofttsetCb =Lllp5k—1l, 1Z, CbOt1set +Lllp5k—l£, 0, Round(ccb "‘(K"Ql—’+l))))

QPoffsetCr:Clip3(—12, 12, CrOffset +c1ip3(—12, 0, Round(cCr *(k*QP+l))))

(32)

(33)

on colour
primaries

the representation colour primaries are equal to the Rec. ITU-R BT.2100-1 primaries, angl cc, = 0.9
CbOffset = 6 if the capture colour primaries are equal to the Rec. [TU-R BT.709-6 primari¢s and the

bresentation primaries are equal to the Rec. ITU-R BT.2100-1 primaries.

sentation

our primaries, ccr = 0.9 and CrOffset = 7 if the capture-coelour primaries are equal to the P3D65
fmaries and the representation colour primaries are equakto the Rec. ITU-R BT.2100-1 primfries, and
= 1.6 and CrOffset = 6 if the capture colour primaries are equal to the Rec. ITU-R BT.709-6 primaries

hally, k =-9.46 and 1 = 10.

b.3.3 HEVC encoding

hen creating an HEVC bitstream, it issuggested to set syntax elements to the values listed fin Table 5
the sequence parameter set (SPS):of the bitstream. The syntax elements in Table 5 are copveyed in
e video usability information syntax branch of the SPS defined in Rec. ITU-T H.265 | ISO/IEC 23008-

2017, Annex E. They may also be duplicated and carried in various application-layer headers.

Table 5 — Suggested settings for HEVC encoding of ICTCp 4:2:0 PQ 10-bit signal

Syntax element Location Suggestied value
geneyal_profile_space profile_tier_level() )
general_profile_idc profile_tier_level() 2 (Mdin 10)
Vi_parameters_present_flag seq_parameter_set_rbsp() [
video_signal_type_present_flag vui_parameters( ) |
video_full_range_flag vui_parameters( ) )
colour_description_present_tlag VUui_parameters( )
colour_primaries vui_parameters( ) 9
transfer_characteristics vui_parameters( ) 16
matrix_coeffs vui_parameters( ) 14
chroma_loc_info_present_flag vui_parameters( )
chroma_sample_loc_type_top_field vui_parameters( )
chroma_sample_loc_type_bottom_field vui_parameters( )

For HDR/WCG content represented with the colour primaries of Rec. ITU-R BT.2100-1, Rec. ITU-R
BT.2100-1 inverse reference PQ EOTF and ICTCp colour representation, the video characteristics
is typically different compared to the video characteristics of SDR content represented with Rec.
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ITU-R BT.709-6 colour primaries and Rec. ITU-R BT.709-6/Rec. ITU-R BT.2020-2 OETF. Chroma QP
adjustment, as described in subclause 7.5.3.2 can be performed by adjusting and controlling the HEVC
syntax elements pps_cb_qp_offset, slice_cb_qp_offset, pps_cr_qp_offset and slice_cr_qp_offset. Similarly,
perceptual luma quantization as discussed in subclause 7.5.3.2 could be achieved by adjusting the
syntax elements cu_qp_delta_abs and cu_qp_delta_sign_flag.

7.5.3.4 AVC encoding

When creating an AVC bitstream, it is suggested to set syntax elements to the values listed in Table 6 in
the SPS of the bitstream. The syntax elements in Table 6 are conveyed in the video usability information
syntax branch of the SPS defined in Rec. ITU-T H.264 | ISO/IEC 14496-10:2014, Annex E. They may-also
be duplicated and carried in various application-layer headers.

Table 6 — Suggested settings for AVC encoding of ICTCp 4:2:0 PQ 10-bit signal

Syntax element Location Suggested value
profile_idc seq_parameter_set_data( ) 110
vui_parameters_present_flag seq_parameter_set_data( ) 1
video_signal_type_present_flag vui_parameters( ) 1
video_full_range_flag vui_parameters() 0
colour_description_present_flag vui_parameters( ) 1
colour_primaries vui_parameters( ) 9
transfer_characteristics vui_parameters( ) 16
matrix_coefficients vulparameters() 14
chroma_loc_info_present_flag vui_parameters()
rhroma_sample_loc_type_top_field vui_parameters( )
chroma_sample_loc_type_bottom_field vui_parameters( )

For HDR/WCG content represented with thescolour primaries of Rec. ITU-R BT.2100-1, Rec. ITY-R
BT.2100-1 inverse reference PQ EOTF and-lCTCp colour representation, the video characteristics| is
typically different compared to the video characteristics of SDR content represented with Rec. ITU-R
BT.709-6 folour primaries and Rec. ITU-RBT.709-6/Rec. ITU-R BT.2020-2 OETF. Chroma QP adjustmept,
as described in subclause 7.5.3.2 can be performed by adjusting and controlling AVC syntax elements
chroma_dp_index_offset and second_chroma_qp_index_offset. Similarly, perceptual luma quantization
as discussed in subclause 7.5.3.2 could be achieved by adjusting the syntax element mb_qp_delta.

7.5.4 Decoding process

When the|bitstreamrisian HEVC bitstream, the decoding process as in Rec. ITU-T H.265 | ISO/IEC 23008-
2 is perfofmed.

When thd bitstream is an AVC bitstream, the decoding process in Rec. ITU-T H.264 | ISO/IEC 14496410
is performed.

NOTE The decoding process for HDR/WCG video is not different from the decoding process of SDR video.
7.5.5 Post-decoding process

7.5.5.1 General
The post-decoding stage includes the following components, as presented in Figure 5:

a) a chroma up-conversion component that converts data from 4:2:0 to 4:4:4, following the process
described in subclause 7.5.5.2,
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b) a conversion component that converts a fixed-point representation, i.e. 10 bits, to a floating-point
representation, described in subclause 7.5.5.3,
c) a colour format conversion component that converts data from the ICTCp representation back to
the non-linear L'M'S’ representation, described in subclause 7.5.5.4,
d) a conversion component from the non-linear L'M’S’ data representation back to a linear LMS data
representation, described in subclause 7.5.5.5,
e) aconversion component from alinear LMS data representation to a linear RGB data representation,
described in subclanse 7.5.5.6
Chroma Colour
Inverse Reference Colour
—> uP{, > quant. > formalt > PQEOTF | o >
1CCp SAMPANE | 1¢.1c, 1CCp conversion |y nygr LMS KGB
4:2:0 4:4:4 4:4:4 4:4:4 4:4:4 4:4:4
Fixed point Fixed point Floating point Floating point Floating point Floating pqi
(10 bit) (10 bit)
Figure 5 — Conventional PQ ICTCp post-decoding process system diagram
7.5.5.2 Chroma up-sampling

Chroma plane interpolation, both vertically and horizontally/is performed to convert the 4:pR:0 signal

to
IS
fo1

a 4:4:4 representation, using a similar chroma up-sampling process as described in ITU-T
D/IEC TR 23008-14. It is quite likely that FIR linear filtérs would be used by many implementations
this process. The simple two-phase resampling filté€r shown in Table 7 was used for the experiments

H.Sup15 |

copducted for the preparation of this report. The same filter is applied both vertically and hotizontally.

NQ
us

TE

Table 7 — Two-phase chroma resampling filter

Phase p Interpolation filter coefficients
fc[p,-1] | fc[p, 0] | fc[p, 1] | fc[p 2]

0 0 1 0 0
1 -1+16 9+16 9+16 -1+16

THis process cambe seen as the exact inverse of the process presented in subclause 7.5.2.5. In

.5.5.3 Conversion from fixed to floating point

This is essentially a “Lanczos 2” filter; higher-precision and higher-order filters could potentially be
bd, especially when up sampling content of veryhigh quality or with no compression.

articular,

a fiixed-pointprecision value can be converted to a floating-point precision value using Formulla (34):

E’ =€lip3( minE, maxE, (D’ - offset) + scale )

(34)

Theexact same values for scale and olfset as I subclause 7.5.2.5 are used according to the component
type, whereas minE and maxE are equal to -0.5 and 0.5 for the chroma components respectively, and
equal to 0 and 1.0 for all other colour components.
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7.5.5.4 Colour representation conversion: ICtCp to L'M'S’

Conversion from the ICTCp representation back to the L'M'S’ representation can be performed using a
3 x 3 matrix conversion process (see Formula (35)).

L 1 0.008609037037933 0.111029 625003026 ||I
M"|=|1 -0.008 609037 037933 —0.111029 625003 026 || Ct (35)
S’ 1 0.560031335710679  —0.320627 174 987 319 || Cp

7.5.5.5 [Conversion from a non-linear to a linear light representation: L'M’'S’ to LMS

The refergnce PQ EOTF (Formula 7-11) is applied to all L', M’, and S’ non-linear representatiofs; resulting
in their lihear light counterparts L, M, and S as per Formulae (36) to (38):

L = EQTFpq(L) (36)
M = EDTFpq(M") A7)
S = EQTFpq(S") (38)

7.5.5.6 |Colour representation conversion: LMS to RGB

Conversign from the LMS representation back to the RGB répresentation can be performed usinga 3 ¥ 3
matrix cdnversion process, where RGB colour primaries are in accordance with Rec. ITU-R BT.21(0-
1 and ead¢h component, L, M, S, R, G, and B, is a number between 0.0 (representing no light) and 1.0

(representing 10 000 cd/m?2) (see Formula (39)).
R] [[3.436 606 694333079 -2.506 452118 656 270 0.0698 454 24323191 |[L
G —0.791 329555598 929 1.983.600 451792291 -0.192270896 193362 || M (39)
B] || —0.025949 899690593 —0.098913714711726 1124863614 402319 ||S

8 Bitstream SDR backward compatibility with single-layer coding

8.1 General

This subdause addresses the use cases of bitstream SDR compatibility. Two approaches are describgd:

decoding. Approach 1 can be addressed w1th HEVC or AVC using the Rec. ITU R BT 2100-1 HLG transfer
functions. Approach 2 can be addressed with HEVC or AVC using the CRI or TMI SEI messages to convey
the dynamic metadata.

8.2 Approach 1: usage of HLG for “static” bitstream SDR backward compatibility

8.2.1 General

The HLG transfer function (Rec. ITU-R BT.2100-1) was designed to provide some level of backward
compatibility with the legacy SDR systems. The legacy system is taken to be the SDR systems not
needing colour gamut conversion (for example, not needing conversion from Rec. ITU-R BT.2100-1 to
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Rec. ITU-R BT.709-6 colour primaries) but needing only dynamic range conversion. HLG is suggested to
be used with Rec. ITU-R BT.2100-1 colour primaries.

This subclause provides a set of methods on processing HDR/WCG video for consumer distribution with
SDR compatibility, including conversion steps for converting from a linear light RGB representation
with Rec. ITU-R BT.2100-1 colour primaries to a 10-bits, narrow range, reference HLG OETF, 4:2:0,
Y'CbCr representation.

The HLG-based HDR/WCG workflow consists of four major stages:

— _apre-encoding stage described in subclause 8 2 2

—| an encoding stage described in subclause 8.2.3, including suggested signalling using"VU[ and ATF
SEI message to enable the SDR compatibility feature,

—| adecoding stage described in subclause 8.2.4, and

—| apost-decoding stage described in subclause 8.2.5.

THese four stages are applied sequentially, with the output of one stage'being used as input to the
next stage.

8.2.2 HLG pre-encoding conversion process

8.2.2.1 General

A1} example HLG pre-encoding conversion process is illustrated in Figure 6. It converts an input linear
R(B 4:4:4 signal to HLG 10-bits Y'CbCr 4:2:0 signalJt consists of the following successive steps:

a)| a pre-conversion step, denoted “inverse system gamma” in Figure 6 and described in pubclause
8.2.2.3, when the input HDR signal is display-light referred (see explanations in subclause 7.4);
when the input HDR signal is scene-lightreferred (e.g. from camera, see explanations in pubclause
7.4), this pre-conversion step is not expected to be applied,

b)| aconversion from an input scené-referred linear RGB 4:4:4 data representation to a non-ljnear data
representation R'G'B’ using the reference HLG OETF as described in subclause 8.2.2.2,

¢)| a colour format conversion from non-linear HLG R'G'B’ 4:4:4 signal to Y'CbCr 4:4:4 as defcribed in
subclause 8.2.2.4,

d)| aconversion stepithat converts a floating-point to a fixed-point representation (e.g. 10 bit§), narrow
range, following-the subclause 7.5.2.5,

e)| a chroma“down-conversion that converts data from 4:4:4 to 4:2:0, for instance as degcribed in
subclause 7.5.2.6.

-—r—————— - ——————_————————— — — — — — — — 7 Y'CbCr4:2:0
Ditplay referred | Pre-encoding process SDR 10 bit
Ligearlight RGB | | BT.2020
4amBudioo | | [Inverse _ | Reference Conv. to Quant 4:4:4 to X > HEVC Main 1
Y CbCr 10 bit 4:2:0 ! encoder
| gamma OETF | |_ — — P
- - | - - __ _ ______  __________—__ [
Scene referred |
Linear light RGB ATCSEI |
4:4:4BT.22000 . T T T T T T T T T

Figure 6 — Conventional HLG Y'CbCr pre-encoding process system diagram

8.2.2.2 HLG conversion from a linear RGB to a non-linear representation R'G'B’

For a scene-referred linear light input, the reference HLG OETF as defined in Formula (12) is applied
on the R, G and B components separately. When the input HDR video is display-referred linear light,
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a preliminary conversion process (“inverse system gamma”) is expected to be applied to convert the
display-referred video to a scene-referred signal. This step removes the inherent OOTF within the
display-referred signal. Subclause 8.2.2.3 describes this preliminary conversion process.

8.2.2.3 Conversion from linear light display-referred to linear light scene-referred (inverse
system gamma)

This step aims to remove the OOTF inherent in display-referred signals (see Reference [17]). The
process input is an RGB 4:4:4 display-referred linear light signal considered to have been produced on a

mastering display having a peak luminance equal to P cd/m2. The output is a scene-referred linear light
signal. The process applies the following steps to each R, G, B sample:
— Let Rydisplay, Gdisplay, Bdisplay be the display-referred R, G, B values. Ry, Gy, By are derived.as ger

Formjula (40):

Ry, +Max(0,R gisplay +P)
Gy, FMax(0,G gisplay +P) (40)
B,y Max (0,Bgispiay +P)

— The Iliminance Yqgisplay is derived from Ry, Gp, By values as per Eermula (41):

Ydlsplcy = aO * Rn + al * Gn + a2 * Bn (1‘1)
where a0f= 0.262 7, b0 = 0.678 0 and c0 = 0.059 3 are the conventional RGB-to-Y derivation coefficiemts
for Rec. ITU-R BT.2100-1 colour gamut primaries.

— The vjalue of the system gamma g is estimated from the peak luminance P as per Formula (42):

g=1.2+0.42*Logl0(P +1000) (42)
— The vjalue gscale is derived as per Formula (43):

1g

8scale| = (Ydisplay ) g (43)
— The dqutput mapped Samples Rscene, Gscenes Bscene are finally obtained by scaling Ry, Gp, By by gsdale

as per Formula (44):

Rscehe :Chp3(0'1'gscale Ry, )
Gscehe :Chp?’(o’l'gscale *Gn) (44)
Bscene —Clip3(0,1,gscale By )

26
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8.2.2.4 Colour representation conversion: R'G'B’ to Y'CbCr

Conversion from the R'G'B’ to the Y'CbCr representation is commonly performed using a 3 x 3 matrix
conversion process of the form in Formula (45):

Y' WYR WYG WYB R' R’
Cb|=|wer Wepg Wep |G [FWH|G (45)
Cr] [wgr Wee Werp || B B’
where wyg, Wyg, WyB, WchbR, WChG, WChB, WChR, WChG, and wepp are constants defined as per Formulae (46)
to|(54):
wyp =0.262 7 (46)
wy; =0.678 0 47)
wyg =0.059 3 (48)
- Wyr  _
Wepr =——————=-0.139 630 063 (49)
2*(1-wyg)
Wepg =———Y6 0360369 937 (50)
2*(1-wyp)
Woyp =0.5 (51)
Werg =———Y6 = _0.459 785705 (53)
2*(1-wyg)
= WYB 0040214 295
Werg = =70 (54)
2*(1-wypg)
An alternative method\to perform the same conversion process is presented in Rec. ITU-R|BT.2020-
2 and Rec. ITU-R BT:2100-1, where the chroma components are computed after the conversfion of the
lua component according to Formulae (55) and (56) as follows:
cb=B=Y (55)
alpha
e R Y (56)
beta

with alpha=2*(1-wyg ) and beta=2*(1-wyy).

This can be seen as equivalent to the matrix presented in Formula (45).

8.2.3 Encoding process

After pre-processing, the data is ready for compression. The quantization methodologies, perceptual
luma quantization, and chroma QP offset derivation, presented in ITU-T H.Sup15 | ISO/IEC TR 23008-
14, can be used in the case of an HLG signal. The parameter settings for these two quantization methods
are anticipated to differ for the case of an HLG signal.
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In the case of an HEVC bitstream, the syntax elements in Table 8 are conveyed in the VUI syntax branch
of the SPS defined in Rec. ITU-T H.265 | ISO/IEC 23008-2:2017, Annex E. In the case of an AVC bitstream,
the syntax elements in Table 9 are conveyed in the VUI syntax branch of the SPS defined in Rec. ITU-T
H.264 | ISO/IEC 14496-10:2014, Annex E. To allow the HEVC or AVC encoded bitstream to be viewed
on an SDR display, the resulting Y'CbCr 4:2:0 10-bits signal is expected to be signalled in the VUI as
being an SDR signal. This is done by indicating a transfer_characteristics value corresponding to an
SDR OETF, e.g. Rec. ITU-R BT.2100-1 with code value 14. For HDR HLG compliant displays, an ATC SEI
message can be used, with the alternative_transfer_characteristics syntax element indicating the usage
of HLG, as described in subclause 7.3.5 and illustrated in Table 10. One ATC SEI message is expected to
be conveyed with each RAPAU.

Tabl

Tabjle 9 — Suggested settings for AVC encoding of Y'CbCr 4:2:0 HLG 10-bits signal with

NOTE

L 8 — Suggested settings for HEVC encoding of Y'CbCr 4:2:0 HLG 10-bits signal with

SDR compatibility

Syntax element Location vaslﬁgéi{flslfl%(:m

general_profile_space profile_tier_level() 0
general_profile_idc profile_tier_level() 2,(Main 10)
vui_parameters_present_flag seq_parameter_set_rbsp( ) 1
video_signal_type_present_flag vui_parameters( ) 1
video_full_range_flag vui_parameters() 0
colour_description_present_flag vui_parameters()) 1
colour_primaries vui_parameters( ) 9
transfer_characteristics vui_parameters( ) 14

matrix_coeffs vuidparameters( ) 9
chroma_loc_info_present_flag vuirparameters( ) 1
chroma_sample_loc_type_top_field vui_parameters( ) 2
chroma_sample_loc_type_bottom_field vui_parameters( ) 2

SDR compatibility
Syntax elemient Location Suggﬁf;ed

profile idc seq_parameter_set_data( ) 110
vui_parameters_present_flag seq_parameter_set_data( ) 1
video_signal_type_present_flag vui_parameters( ) 1
video_full_range_flag vui_parameters( ) 0
eolour_description_present_flag vui_parameters( ) 1
colour_primaries vui_parameters( ) 9
transfer_characteristics vui_parameters( ) 14
matrix_coefficients vui_parameters( ) 9
chroma_loc_info_present_flag vui_parameters( ) 1
chroma_sample_loc_type_top_field vui_parameters( ) 2
chroma_sample_loc_type_bottom_field vui_parameters( ) 2

For HDR-only systems, with no SDR backward compatibility, the VUI transfer_characteristics element

is expected to be set equal to 18 in both HEVC and AVC cases, which corresponds to HLG.
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Table 10 — Suggested usage of ATC SEI message for Y'CbCr 4:2:0 HLG 10-bits signal
SDR compatibility
Suggest-
Syntax element Location ed
value
preferred_transfer_characteristics | alternative_transfer_characteristics( ) 18

8.2.4 Decoding process

2018(E)
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W
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=

i

en the bitstream i1s an HEVC bitstream, the decoding process as in Rec. [TU-T H.265 [ [SO/I
s performed.

hen the bitstream is an AVC bitstream, the decoding process in Rec. ITU-T H.264 | ISO/IEC
performed.

TE The decoding process for HDR/WCG video is not different from the decoding’process of SD

2.5 HLG post-decoding conversion

P.5.1 General

G post-decoding inverse conversion process is illustrated.in Figure 7. The inverse conver§
hsists of the following successive steps:

a chroma up-conversion that converts data from Y'CbCr 4:2:0 to Y'CbCr 4:4:4, for in
described in subclause 7.5.5.2,

a conversion step that converts a fixed-point representation, i.e. 10 bits, to a floa
representation, as described in subclause £5.5.3,

a colour representation conversion from Y'CbCr 4:4:4 to R'G'B’ 4:4:4, as described in subcla

a conversion using the actual HEG EOTF of the input R'G'B’ 4:4:4; the actual HLG EQ
concatenation of the inverse-reference HLG OETF and of the HLG OOTF; this last ste
adapting the content to the rendering display, by applying a suitable end-to-end transfe

brightness of the display, brightness of the surround).

EC 23008-

14496-10

R video.

ion chain
stance as
[ing-point
use 8.2.6,
TF is the

p aims at
" function

of the whole system (OQTE); this transfer function is dependent on the viewing environment (peak

[m———— S ————— | YCoCr4:2:0
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#4B12100 | (]e?verse Conv. t Dequant. w20 [ HEVC Main 1
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Figure 7 — Conventional HLG Y'CbCr post-decoding process system diagram
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8.2.6 Colour representation conversion: Y'CbCr to R'G'B’

Conversion from the Y'CbCr representation back to the R'G'B’ representation can be performed using

Formula (57):

R' lagy apep aper ||V Y’
G'|= gy Agep Y9ger Cb[=A4*Cb (57)
B' dpy Adpgcp Apcr Cr Cr

where A is the inverse matrix of W, provided in subclause 8.2.2.4, as per Formulae (58) to (63).

apy Fdgy =apy =1 (48)
Apep Fapcr =0 (49)
aper F2*(1-wyp )=1.4746 (40)
2*wyp *(1-wyp)
agep T =-0.164 553 126 843 660 (61)
Wye
2*wyp *(1-w
Aoy F——8 (L=wye) _ 571353 126 843 660 42)
Wye
ager $2*(1-wyp )=1.8814 (@3)

If high precision is possible, the matrix in Formula (64 ¢an be used:

1 0.000 00000000000 1.474 60000000000
A=|1 -0.164 55312684366 -0.571353126 84366 (44)
1 1.881 40000000000 0.00000000000000

For systems with limited precisidnya lower precision representation of the above matrix, e.g., retaining

This sub e-
layer codir T z ' ing
bitstream SDR backward compatlblhty by means of dynamlc metadata The system typlcally uses
HEVC Main 10 profile for the bitstream generation and decoding. It includes a pre-processing block,
prior to encoding, that converts an input HDR signal into an SDR version. An optional master input SDR
signal can also be accommodated for parameter settings as described in subclause 8.3.5. Metadata is
generated in this step. After encoding and decoding the SDR signal, such metadata can be used in a
post-processing step to reconstruct an HDR version of the signal, intended to be as close as possible to
the original HDR signal. The decoded SDR video can be directly rendered on an SDR display without
adaptation.
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Figure 8 — Bitstream SDR backward compatibility using single layer coding syst

em

Valrious approaches using HEVC SEI messages for this task are possible; three are illustratgd. Two of

th

Th

ar

Examples of HDR/WCG distribution systems that support bitstream SDR compatibility are i

in

b also possible.

bm use the CRI SEI message, and operate in the Y'CbCr 4:2:0 and Y'CbCr 4:4:4 domaijiis) regpectively.
e third one uses the TMI SEI message, and operates in the R'G'B’ 4:4:4 domain. Other“configurations

lustrated

Figure 9 (using CRI SEI message and applying in Y'CbCr 4:2:0 domain), Figure 10 (usinlg CRI SEI

m¢ssage and applying in Y'CbCr 4:4:4 domain), and Figure 11 (using TMJI SEI message and applying in

RI

('B’ 4:4:4 domain).

THe bitstream SDR backward compatibility functionality is als@iaddressed in Rec. ETSI T§ 103 433.

ETSI TS 103 433 specifies dynamic metadata and related processes to perform SDR-to-HDR ¢

as

a post-processing in a bitstream SDR backward compatible HDR video distribution sy

bnversion
Stem (see

Reference [18]). In brief, the SDR-to-HDR conversion pracess, applied to an input Y'CbCr SPR signal,

is

th
de]
re

8.

In
R(
Re

based on an inverse luma mapping function applied - to-the SDR luma component, and on a

pendent chroma scaling functions are modelled/and conveyed as dynamic metadata in a
bistered SEI message.

8.2 CRIapplied in Y'CbCr 4:2:0 domaitr

ference [19]):

a conversion from an input linear RGB 4:4:4 representation to a non-linear representat
the inverse reference'PQ EOTF described in subclause 7.4.2, applied separately on the K
components;

a colour format-conversion from non-linear PQ R'G'B’ 4:4:4 signal to Y'CbCr 4:4:4 as de
subclause 8:2.2.4;

a conversion step that converts a floating-point to a fixed-point representation (i.e. 10 bits
range;as described in subclause 7.5.2.5;

alehroma down-conversion component that converts data from 4:4:4 to 4:2:0, for in

scaling of

e SDR chroma components using a luma-dependentiscaling function. The luma mapping gnd luma-

user-data

the first design, the pre-encoding conversion process (top of Figure 9) converts an input linear
B 4:4:4 signal to SDR 10-bits Y'€bCr 4:2:0 signal by applying the following successive gteps (see

on, using
, G and B

bcribed in

), narrow

stance as

e)

described M sUbCAUSe 7.5.2.5, TesSUIting i a PQ 10-bIts 47270 Y Chersigmat (PQ107;

a DRA step that applies three different mapping functions to the 4:2:0 Y’, Cb, and Cr components of

the PQ10 signal to generate a 10-bits SDR 4:2:0 Y'CbCr signal.

The resulting Y'CbCr signal, having Rec. ITU-R BT.709-6/Rec. ITU-R BT.2020-2 transfer characteristics
and Rec. ITU-R BT.2020-2 colour primaries, is then encoded, using an HEVC Main 10 compliant encoder.
The DRA mapping functions can be implemented in the shape of 1D-LUTs that directly apply to the
PQ10 Y’, Cb and Cr components, in 4:2:0 format. The inverse DRA functions can be conveyed using the
three Pre-LUTs of the CRI SEI message.

After HEVC Main 10 compliant decoding, the decoded 4:2:0 Y'CbCr signal has Rec. ITU-R BT.709-6/Rec.
ITU-R BT.2020-2 transfer characteristics and Rec. ITU-R BT.2020-2 colour primaries. The post-decoding
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inverse conversion processing (bottom of Figure 9) is the inverse of the pre-encoding processing. It is
made of the following steps:

a) an inverse DRA process, converting the SDR 10-bits Y'CbCr 4:2:0 signal into a PQ10 compatible
signal using the inverse DRA mapping functions;
b) a chroma up-conversion that converts data from Y'CbCr 4:2:0 to Y'CbCr 4:4:4, as for instance as
described in subclause 7.5.5.2;
c) a conversion step that converts a fixed-point representation, i.e. 10 bits, to a floating-point
representation, as described in subclause 755 3;
d) acoldur representation conversion from Y'CbCr 4:4:4 to R'G'B’ 4:4:4, as described in subclaus€'8.:2.6;
e) aconpersion from the input R'G'B’ 4:4:4 to linear RGB 4:4:4, using the reference PQ EOTF-déscribed
in sulpclause 7.4.2, applied on the R’, G’ and B’ components separately.
TP st | YCher 4:2:0
Linear light Pre-processing SDR 10 bit
RGB 4:4:4 |l | “Br.2020
BT.2100 || _ Inverse Conv. to Quant. 4:4:4 to I 1 HEVC Main 10
| reference ¥ yioper [P 10 bit > 4:2:0 > DRA | encoder
I PQ EOTF 1 _C_RI El
.- __ | -
————————————————————————————————— Y'ChCr 4:2:0
Linear ligh |Post-processing l SDR 10 bit
RGB4:4:4| | | "BT.2020
BT.2100 | elerence onv. to equant. A nverse < I ain
< T };QfEOTF 1 Ron [ Cobr [ e %9 e <] e 1
l l CRI SEI
- N 1
Figure 9 — Pre-processing (top) and post-processing (down) for conversion from SDR/Rec.
ITU{R BT.2020-2 to HDR/Rec. ITU-R BT.2100-1 with CRI applied in Y'CbCr 4:2:0 domain
8.3.3 CRIapplied in Y'CbCr 4:4:4 domain
The second design (Figure 10), similarly to the first one, makes use of the CRI SEI message to perfofm
the inverpe DRA process. Howey€er DRA and inverse DRA apply in Y'CbCr 4:4:4 domain, instead|of
Y'CbCr 4:2:0 domain.

Pre-encodling processing (top'block-diagram) applies the following successive steps:

a)

b)

e)

a conversion stepfrom an input linear RGB 4:4:4 representation to a non-linear representatipn,
using the inverse reference PQ EOTF, described in subclause 7.4.2, applied on the R, G and B
components separately;

—n

a colgup format conversion from non-linear PQ R'G'B’ 4:4:4 signal to Y'CbCr 4:4:4 as described
subclpuse 8.2.2.4;

n

a conversion step that converts a floating-point to a fixed-point representation (i.e. 10 bits), narrow
range, as described in subclause 7.5.2.5;

a dynamic range adaptation (DRA) step that applies to the 4:4:4 Y, Cb, and Cr components of the
PQ10 signal to generate a 10-bits SDR Y'CbCr 4:4:4 signal;

a chroma down-conversion component that converts data from 4:4:4 to 4:2:0, for instance as
described in subclause 7.5.2.6, resulting in a 10-bits SDR 4:2:0 Y'CbCr signal.

Post-decoding processing (bottom block-diagram) applies the following steps:

a)

32

a chroma up-conversion component that converts data from Y'CbCr 4:2:0 to Y'CbCr 4:4:4, for
instance as described in subclause 7.5.5.2;
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b) an inverse DRA process, converting the SDR Y'CbCr 4:4:4 signal into a PQ 10-bits Y'CbCr 4:4:4
compatible signal using the metadata conveyed in a CRI SEI message;

c) a conversion step that converts a fixed-point representation, i.e. 10 bits, to a floating-point
representation, as described in subclause 7.5.5.3;

d) acolour representation conversion from Y'CbCr 4:4:4 to R'G'B’ 4:4:4, as described in subclause 8.2.6;

e) aconversion from the input R'G'B’ 4:4:4 to linear RGB 4:4:4, using the reference PQ EOTF described
in subclause 7.4.2, applied on the R’, G’ and B’ components separately.

Werking in Y'CbCr 4:4:4 domain enables using the complete CRI model to convey the invierse DRA

me¢tadata, that is, three Pre-LUTs, followed by a three-by-three matrix, followed by three Host-LUTs.

This complete CRI model may be also preferably used for enabling an SDR backward-conjpatibility

to|SDR/Rec. ITU-R BT.709-6 colour primaries while the input HDR colour primaries are Rec. ITU-R

BT.2100-1. In this case the three-by-three matrix can be of use for converting from.Rec. ITU-R BT.2020-

2 ¢olour gamut to Rec. ITU-R BT.709-6 colour gamut.

NQTE In the case of non-backward compatible applications, the CRI SEI message can also be used|to work in

a dolour space other than Y'CbCr.

_________________________________ Y'CbCr 4:2:0
Lnear light | Pre-processing SDR 10 bit
GB4:4:4 | | BT.2020
Br2100 | rg;:reer;se Conv. to Quant ¢4:4 to I > HEVC Main 1p
™| rorore | | Yeoer tobie [  PRA ) 420 I | encoder [ [T
| | | T crisel
ST T T T T T
_________________________________ Y'CbCr 4:2:0
Linear light |Post-processing } SDR 10 bit
RGB 4:4:4 | | BT.2020
BT.2100 eterence onv. to equan nverse 2 < ain
: l;QfEOTF il CR’G’Bt’ il D1?) bitt -~ DRA il t:42:40:4 : ] HEXEclfder” ¢
I [ CRISEL
| y N
______________________ _}__________J |
Figure 10 — Pre-processing (top) and post-processing (down) for conversion from SDR/Rec.
ITU-R BT.2020-2 to HDR/Rec. ITU-R BT.2100-1 with CRI applied in Y'CbCr 4:4:4 dopain

8.3.4 TMI appliedin R'G'B’ 4:4:4 domain

In|the third design/(Figure 11), the TMI SEI message is used to perform the inverse DRA and|it applies

tofa R'G'B’ 4;4%-signal.

Pre-encoding processing (top block-diagram) applies the following successive steps:

a)| .asconversion step from an input linear RGB 4:4:4 representation to a non-linear reprefentation,
noinag tha 1nyuarca vwaforancn DN EAOATE daceribhad 190 cvbholaicn 749 annlind o +ha D G and B
using—the—inverse—referencePQEOTE—deseribed—in—subelause—~7Z4-2—-apphed—ontheR
components separately;

b) a conversion step that converts a floating-point to a fixed-point M-bits full range representation
(typically M being set to 14 or 16 bits), as described in subclause 7.5.2.5 with the bit-depth
parameter b set to M;

¢) adynamic range adaptation (DRA) step applying to the M-bits PQ R'G'B’ 4:4:4 signal to produce an
SDR R'G'B’ 4:4:4 signal (having Rec. ITU-R BT.709-6/Rec. ITU-R BT.2020-2 transfer characteristics
and Rec. ITU-R BT.2020-2 colour primaries);

d) a colour format conversion from non-linear R'G'B’ 4:4:4 signal to Y'CbCr 4:4:4 as described in
subclause 8.2.2.4;
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e) achroma down-conversion that converts data from 4:4:4 to 4:2:0, following a similar process, for
instance as described in subclause 7.5.2.6, resulting in an SDR 4:2:0 Y'CbCr signal;

f) are-quantization to 10 bits.
Post-decoding processing (bottom block-diagram) applies the following steps:

a) a re-quantization to M-bits of the input decoded signal having Rec. ITU-R BT.709-6/Rec. ITU-R
BT.2020-2 transfer characteristics and Rec. ITU-R BT.2020-2 colour primaries;

b) a chroma up-conversion that converts data from Y'CbCr 4:2:0 to Y'CbCr 4:4:4, for instance as
descrjibed in subclause 7.5.5.2;

¢) acoldur representation conversion from Y'CbCr 4:4:4 to R'G'B’ 4:4:4, as described in subclause 8.2.6;

d) an inverse DRA process, converting the SDR R'G'B’ 4:4:4 signal into a PQ M-bits"R‘G'B’ 4:4:4
complatible signal;

e) a corversion component that converts a M-bits fixed-point representation/to”a floating-pojnt
reprgsentation, as described in subclause 7.5.5.3;

f) aconyersion from the input R'G'B’ 4:4:4 to linear RGB 4:4:4, using the reference PQ EOTF described
in sulpclause 7.4.2, applied on the R’, G’ and B’ components separately;

The inverse DRA mapping function is signalled in a TMI SEI message.-The function is modelled using (I'le
of the four model types available for the TMI SEI message, for example the piece-wise linear functign.
One of th¢ pre- or post-LUTs of the CRI SEI message can also be used to model this function.

——————————————————————————————————— = Y'CbCr4:2:0

i
Linear light | Pre-processing | SDR 10 bit
RGB 4:4:4 | verse | BT.2020
BT.2100 Quant. Conv. t 44:4 R t t > i
H| reference || M bit | DRA - YO'EZC N 4.2.00 | 5| e;lgznit 0 | HEVC Main 10 -
| PQEOTF 3 2 T ] encoder
TMI SEI
v - - _ r e P — - - -
- .
___________________________________ Y'CbCr 4:2:0
Linear light [ Post-processing SDR 10 bit
RGB 4:4:4 || | BT.2020
BT.2100 || Reference Dequant. Inversé Conv. to 4:2:0 Requantto [ HEVC Main 10
hl I PQEOTF ¢ M bit ¢ DRA R'G'B to 4:4:4 M bit : | decoder
| | :_TMI SEI
e i ____________________ 4

Figure|11 — Pre-processing (top) and post-processing (down) for conversion from SDR/Rec
ITU-R BT.2020-2 to'HDR/Rec. ITU-R BT.2100-1 with TMI applied in RGB 4:4:4 domain

8.3.5 Derivation of DRA functions

In the threé€xamples presented in subclauses 8.3.2, 8.3.3 and 8.3.4, the DRA functions can be derivied
from the dlldl_ybib of mputHDR bigual PTOpETtiES; withrthe—=imrof PT Uduuiug am SBR—approximmation.
Parameters of DRA can be generally derived from the HDR graded signal by using an HDR-to-SDR
conversion algorithm, or directly from a graded SDR signal in case an SDR master is provided as input

to the encoding system. Examples of automatic derivation algorithms can be found in Reference [20].

It is expected to generate at least one CRI or TMI SEI message per scene. In scenes with large temporal
changes, it can be preferable to guarantee smooth SDR rendering to generate several CRI or TMI SEI
messages per scene (up to one per picture). At least, one CRI or TMI SEI message is expected to be
conveyed with each RAPAU.
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8.3.6 Settings with colour remapping information SEI message

For the adaptive bitstream SDR backward compatibility use case described in subclause 8.3, with the
implementation shown in Figure 9, the inverse DRA functions are coded using the three Pre-LUTs of a
CRI SEI message. The conversion process directly applies to the decoded Y'CbCr 4:2:0 signal (Figure 9),
and the three-by-three matrix and the Post-LUTs are not activated. The SDR-to-HDR conversion
achieved at post-processing stage applies to each luma sample Y'spr and each chroma samples Uspr and
Vspr as per Formulae (65) to (67):

Uppg =PreLUT; [Ugpp | (66)
Vipr =PreLUT; [ Vspg | 67)
When the conversion process applies to the decoded Y'CbCr 4:2:0 ,sigimal upsampled| to 4:4:4
(ihplementation shown in Figure 10), the full CRI model, made of the three'Pre-LUTs, the int¢grmediate
thfee-by-three matrix, and the three Post-LUTs, can be activated. The/SDR-to-HDR conversior] achieved
atpost-processing stage applies to each luma and chroma samples Y/spr, Uspr and Vspr as per[Formulae
(68) to (70):
[Y; | | PreLUTy[Y'spR ]
Uy |=| PreLUT; [ Ugpg | (68)
| Vy | | PreLUT, [ Vgpg |
Y, ] Y
Uy [=M3y3| Uy (69)
V2 | Vi
[Y'yupr | [ PostLUT,[Y,]
| Vipr PostLUT, [V, ]
Taple 11 indicates suggested parameters settings of HEVC Main 10 bitstreams to properily render
the decoded videp ‘on displays compatible with SDR/Rec. ITU-R BT.2020-2 representation (psing VUI
information) and'to conduct the HDR reconstruction to PQ10 compatible representation (pusing CRI
information):
Table-£1*— Suggested settings for HEVC encoding of Y'CbCr 4:2:0 10-bits signal with bitstream
SDR compatibility using CRI
Syntax element Location Suggested value in HEVC
general_profile_space profile_tier_level() 0
general_profile_idc profile_tier_level() 2 (Main 10)
vui_parameters_present_flag seq_parameter_set_rbsp() 1
video_signal_type_present_flag vui_parameters( ) 1
video_full_range_flag vui_parameters( ) 0 (narrow range)
colour_description_present_flag vui_parameters( ) 1
colour brimaries vui_parameters() 1 (Rec. ITU-R BT.709-6) or 9 (Rec. ITU-R
-p -b BT.2020-2) depending on SDR target
transfer_characteristics vui_parameters( ) 14 (SDR OETF)
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