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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 12-1: Metadata for identification of colour gamut (Gamut ID)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61966-12-1 has been prepared by technical area 2: Colour
measurement and management, of IEC technical committee 100: Audio, video and multimedia
systems and equipment.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) ITU-R BT.2020 colour spaces added in Clause 6;
b) ITU-R BT.2100 colour spaces added in Clause 6.

The text of this International Standard is based on the following documents:

CbhV Report on voting
100/3126/CDV 100/3375/RVC

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61966 series, published under the general title Multimedia systems
and equipment — colour measurement and management, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

New technologies in capturing and displaying wide-gamut colour images enable a new market
of wide-gamut video colour content and high dynamic range video content creation. Recent
video standards for wide gamut colour space encoding such as ITU-R BT.2020 (UHDTV) and
IEC 61966-2-4 (xvYCC) were established in order to be able to distribute content with a colour
gamut that is extended with respect to classical colour gamuts such as defined by colorimetry
standards ITU-R BT.601 (standard-definition television) and ITU-R BT.709 (high-definition
television). Recent video standards for high dynamic range (HDR) colour space encoding, such
as ITU-R BT.2100, were established in order to be able to distribute content with a colour gamut
and a dynamic range that are both extended with respect to classical colour encoding, such as
that defined by ITU-R BT.709. With the increasing popularity of wide gamut and high dynamic
range content and displays, the variety of colour gamuts of displays is expected to increase.
This issue can be an obstacle for adopting wide-gamut video colour content in professional
content creation since the compatibility of the content to the employed displays as well as the
compatibility among different displays is not ensured. The term display includes here any video
colour reproduction equipment, such as direct view displays and projectors. Thanks to
improvements of technology, the variety of colour gamut and colour reproduction capacities of
displays increases, while the colour gamut and the colour encoding rules of existing colour
space encoding standards are fixed.

To address this issue,-the tEC-standard-GamutlbD-{({EC-61966-12-1) this document specifies a

colour gamut metadata scheme for video systems including information for colour reproduction.
This metadata can amend a video content or a display. More specifically, improvements can be
achieved if the wide-gamut colour content is created with the knowledge of the display colour
gamut as well as if the colour reproduction in the display is done with the knowledge of the
colour gamut of the pictorial content.

Fhis-standard-enables-video-systems-defining This document permits video systems to define

their own colour gamut. This document defines necessary metadata that allows managing
inhomogeneous video systems with different colour gamuts. This document generalizes existing
colour space encoding standards having a fixed colour gamut.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 12-1: Metadata for identification of colour gamut (Gamut ID)

1 Scope

This part of IEC 61966 defines the colour gamut metadata scheme for video systems and similar
applications.

The metadata can be associated with wide-gamut video colour content or to a piece of
equipment to display the content.

When associated with content, the colour gamut metadata defines the gamut for which the
content was created. It can be used by the display for controlled colour reproduction even if the
display’s colour gamut is different from that of the content.

When associated with a display, the colour gamut metadata defines the display colour gamut.
It can be used during content creation to enable improved colour reproduction.

The colour gamut metadata—may can cover associated colour encoding information, which
includes all information required for a controlled colour reproduction, when such information is
not provided by the colour encoding specification.

The colour gamut metadata scheme provides scalable solutions. For example, more flexible
solutions will be used for the professional use, while much simpler solutions will be used for
consumer use with easier product implementation.

This part of IEC 61966 only defines the colour gamut metadata scheme. Vendor-specific
solutions for creation and end-use of this metadata are allowed.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-845:498%, International electrochnical vocabulary — Chapter 845: Lighting

IEC 61966-2-4:2006, Multimedia systems and equipment — Colour measurement and
management — Part 2-4: Colour management — Extended-gamut YCC colour space for video
applications — xvYCC

ISO 15076-1:20082010, Image technology colour management — Architecture, profile format
and data structure — Part 1: Based on ICC.1:2004-162010

ITU-R BT.709-5:2002, Parameter values for the HDTV standards for production and
international programme exchange Documents

Document Sharing Hub
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CIE 15:2004, Colorimetry

SMPTE 274M:2005, SMPTE Standard for Television - 1920 x 1080 Image Sample Structure,
Digital Representation and Digital Timing Reference Sequences for Multiple Picture Rates

ITU-R BT.2020, Parameter values for ultra-high definition television systems for production and
international programme exchange

ITU-R BT.2100, Image parameter values for high dynamic range television for use in production
and international programme exchange

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-845 and the
following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1
content
video content in production, post-production or consumption

3.1.2
gamut
solid in a colour space

Note 1 to entry: A solid in a colour space, such as specified by ITU-R BT.2100, can contain colours with high
luminance.

3.1.3
gamut boundary description
description of the boundary of a colour gamut

3.1.4
radiometrically-linear colour space coordinates
colour space coordinates that are linear with respect to image radiance

3.2 Abbreviated terms
GBD gamut boundary description
LSB least significant bit
MSB most significant bit
Gl gamut instance
GH gamut hull
GC gamut component
Documents
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4 Overview

This document specifies metadata called "Gamut ID metadata" providing information on an
actual colour gamut.

The Gamut ID metadata contains four parts and its format is summarized in Table 1.

Table 1 — Format of Gamut ID metadata

Byte # Metadata content
hex
0h0000 Header of Gamut ID metadata
ID_G Description of gamut geometry
ID_E Description of colour reproduction

Clause 5 specifies the header of Gamut ID metadata.

Clauses 6 and 7 specify the description of gamut geometry that corresponds to one of three
profiles as listed below:

o full profile;
e medium profile;

e simple profile.

Clause 6 specifies the full profile of the description of gamut geometry. The medium and simple
profiles are specified in Clause 7.

Clause 8 specifies the description of colour reproduction.
Annex A discusses the size of Gamut ID metadata.
Annex B gives background information.

Annex C discusses the use of simple, medium and full profiles.

5 Header of Gamut ID metadata

The Gamut ID metadata starts with the header shown in Table 2.
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Table 2 — Header of Gamut ID metadata

Byte # Size Symbols Description Values
hex Bytes

~
(=]
(3]
E~Y
w
N
o

00 1 N, P R R =reserved = 0b0 (1bit)

ID_PROFILE (2 bits):
0b00: Full profile
0b01: Medium profile
0b10: Simple profile
0b11: Reserved

ID_PRECISION (2 bits):
0b00: 8 bits

0b01: 10 bits

0b10: 12 bits

0b11: Reserved
ID_GBD_SPACE (3bits):
0b000: ITU-R BT.709 RGB

0b001: xvYCC-601
(IEC 61966-2-4 -SD) YCC

0b010: xvYCC-709

(IEC 61966-2-4 -HD) YCC
0b011: XYZ (see below)

0b100: Reserved ITU-R BT.2020
R'G’'B’

0b101: Reserved ITU-R BT.2020
Y'C'3C'y

0b110: Reserved ITU-R BT.2020
Yc'CscClre

0b111: Reserved
ID_GBD_SPACE_EXT

371404d al

NOISIO3dd al

30VdS dgo dal o

01 2 ID_G Byte # of start of the description of gamut [[0h0009;0hFFFF]
geometry

03 2 ID_E Byte # of start of the description of colour |[[0;0hFFFF]
reproduction

e 2 B 0h0000

o7 2 B 0h0000
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Byte # Size Symbols Description Values

hex Bytes

05

1 ID_GBD_SPACE_EXT 0h00: ITU-R BT.2100 R’G’B’ PQ
narrow

0h01: ITU-R BT.2100 R’G’'B’ PQ
full

0h02: ITU-R BT.2100 R’'G'B’
HLG narrow

0h03: ITU-R BT.2100 R’'G’B’
HLG full

0h04: ITU-R BT.2100 Y'C';C'
PQ narrow

0h05: ITU-R BT.2100 Y'C'BC'R
PQ full

0h06: ITU-R BT.2100 Y'C'BC'R
HLG narrow

0h07: ITU-R BT.2100 Y'C'BC'R
HLG full

0h08: ITU-R BT.2100 IC;Cp PQ
narrow

0h09: ITU-R BT.2100 IC:Cp PQ
full

0hOA: ITU-R BT.2100 ICCp HLG
narrow

0hOB: ITU-R BT.2100 ICtCp HLG
full

0hOC — OhFF: reserved

06

3 Reserved. Shall be zero. 0h000000

ID_PROFILE indicates the profile of the Gamut ID metadata and shall be one of

0b00: Full profile,
0b01: Medium profile,
0b11: Simple profile.

ID_GBD_SPACE indicates the colour space and the colour space encoding for colour vertices
in the description of gamut geometry and shall be one of:

0b000: ITU-R BT.709, RGB space, encoding in accordance with SMPTE 274M,
0b001: xvYCC-601, YCbCr space, encoding in accordance with IEC 61966-2-4 — SD,
0b010: xvYCC-709, YCbCr space, encoding in accordance with IEC 61966-2-4 — HD,

0b011: XYZ; encoding shall use the XYZNumber format of ICC profiles specified in
ISO 15076-1:20052010 taking 12 bytes for one XYZ triple.

0b100: ITU-R BT.2020, RGB space, encoding in accordance with ITU-R BT.2020 R', G, B,
O0b101: ITU-R BT.2020, YCbCr space’, encoding in accordance with ITU-R BT.2020 Y, C'g,
Cr

0b110: ITU-R BT.2020, YCbCr space, encoding in accordance with ITU-R BT.2020 Y.’, C'g,
C're:

0b111: colour space and colour space encoding are indicated by ID_GBD_SPACE_EXT.

If ID_GBD_SPACE equals 0b111, ID_GBD_SPACE_EXT indicates the colour space and the
colour space encoding for colour vertices in the description of gamut geometry and shall be one

of:
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e 0hO1:
e 0hO2:
e 0h03:
e 0h04:
e 0hO05:
e 0hOG6:
e 0hO07:
e 0hO08:
e 0h09:
e O0hOA
e 0hOB

- 12 —

ITU-R BT.2100 R’G’B’, PQ format, full range,

ITU-R BT.2100 R’"G’B’, HLG format, narrow range,
ITU-R BT.2100 R’G’B’, HLG format, full range,

ITU-R BT.2100 Y'C’gC’r, PQ format, narrow range,

ITU-R BT.2100 Y’'C’gC’Rr, PQ format, full range,

ITU-R BT.2100 Y’'C’gC’Rr, HLG format, narrow range,

ITU-R BT.2100 Y'C’'gC’g, HLG format, full range,
ITU-R BT.2100 IC+Cp, PQ format, narrow range,

ITU-R BT.2100 IC1Cp, PQ format, full range,

1 ITU-R BT.2100 ICCp, HLG format, narrow range,
:ITU-R BT.2100 IC;Cp, HLG format, full range.

IEC 61966-12-1:2020 RLV © IEC 2020

alb—PRECISION ID_PRECISION, ID_GBD_SPACE and ID_GBD_SPACE_EXT specify, in

accordance with Table 3, the number N of bits that are used per colour channel in order to
define the coordinates of a colour in a colour space.

Table 3 — Bit depth for encoding of a colour space coordinate

ID-GBD-_SPACE | ID PRECISION Bit depth-
0b000-or 0b00 8 bits
0b004-or 0b01 10 bits
0b040 0b10 12 bits
0b114 Reserved
B e s
O 002 e Fosopend
0b104-or
0b140-or
Ob114
ID_GBD_SPACE ID_PRECISION Bit depth N
0b011 Any 32 bits
else 0b00 8 bits
0b01 10 bits
0b10 12 bits
Ob11 Reserved

If ID_GBD_SPACE equals 0b011 for XYZ encoding, bit depth N shall be 32 independent of
ID_PRECISION.

BT.2020 and BT.2100 encodings are defined by the ITU-R for bit depths of 10 or 12, only.

ID_G indicates the offset in bytes from the beginning of Gamut ID metadata to the beginning of

the description of gamut geometry.

If ID_E is different from 0h0000, the Gamut ID metadata contains a description of colour
reproduction and ID_E indicates the offset in bytes from the beginning of Gamut ID metadata
to the beginning of the description of colour reproduction. If ID_E has the value 0h0000, the
Gamut ID metadata does not contain a description of colour reproduction.

Full document details: IEC 61966-12-12020 RLV
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6 Description of gamut geometry (full profile)

6.1 General

In the header of Gamut ID metadata, if ID_PROFILE equals 0b00, the description of gamut
geometry shall correspond to the full profile.

6.2 Gamut geometry

The description of gamut geometry of the Gamut ID metadata describes the boundary of the
actual colour gamut. The description of gamut geometry starts at byte number ID_G.

The description of gamut geometry contains five sets of different elements:

e gamut instances,

e gamut hulls,

e gamut components,
e faces, and

e vertices.

The logical structure of the Gamut ID description of colour gamut is shown in Figure 1.

Gamut
component Faces Verticles
Gamut (GC) (GC) (GC)
Gamut hull VO
instance (GH) GCO > FO

(Gh)

“IEC
Figure 1 — Logical structure of the description of gamut geometry (full profile)

The description of gamut geometry contains one or more gamut boundary descriptions (GBD)
that each describes the boundary of the same actual colour gamut. A GBD contains vertices
and triangular faces. Each face is defined by the indices of three vertices.

A gamut component is a group of connex triangular faces. A GC is a part of a boundary
description. A GC is defined by one or more indices of faces.

A gamut hull (GH) is a group of connex gamut components building all together a closed surface. |
This surface is the boundary description of a connex volume in CIEXYZ colour space. Each GH
is defined by one or more indices of GCs. A GH may refer to a single GC. In this case, the GC
must shall be a closed surface boundary description by itself. A GH may refer to a list of GCs, |
in that case all GCs together build a closed surface boundary description of a connex volume.

A gamut instance (Gl) is a group of gamut hulls building all together a valid GBD of the actual |
colour gamut. A Gl is defined by one or more indices of gamut hulls. A Gl may refer to a single
GH; in this case, the single GH describes by itself the actual colour gamut. A Gl may refer to a
list of GHs; in this case, the union of the volumes of the GHs describes the actual colour gamut.

The description of gamut geometry contains one or more different gamut instances. Each Gl is
a complete and valid GBD. Two Gls differ in at least one of the following characterid@cuments
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e Level of detail
- The higher the level, the higher the number of faces.

¢ Non-convex shape
- A Gl may allow or not allow the use of non-convex shapes.

e Percentage of gamut colours
- Gls may contain different percentages of the colours of the actual colour gamut.

A Gl may have additional, optional characteristics:

e Inverted gamut components
- A GC is used as inverted GC if it referenced by one or more GH assuming that its
surface orientation is inverted.

e Indication of gamut ridges
- Vertices may be marked as gamut ridges if they correspond to positions on the surface
of the actual colour gamut having non-continuous surface curvature.

The description of gamut geometry is summarized in Table 4.

Table 4 — Description of gamut geometry

Byte # Description
hex
ID_G Header of description of gamut geometry
ID_GI Gamut instances
ID_GH Gamut hulls
ID_GC Gamut components
ID_F Faces
ID_V Vertices

6.3 Header of description of gamut geometry

The header of the description of gamut geometry follows the header of Gamut ID metadata and
is defined in accordance with Table 5.
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Table 5 — Header of description of gamut geometry

Byte # Size Symbol Description Values decimal
hex bytes

ID_G 2 ID_GI Byte # of start of gamut instances [0;0hFFFF]
ID_G + 02 2 ID_GH Byte # of start of gamut hulls [0;0hFFFF]
ID_G + 04 2 ID_GC Byte # of start of gamut components [0;0hFFFF]
ID_G + 06 2 ID_F Byte # of start of faces [0;0hFFFF]
ID_G + 08 2 ID_V Byte # of start of vertices [0;0hFFFF]
ID_G + 0A 1 Reserved 0
ID_G + 0B 1 Reserved 0
ID_G+0C 1 K Number of levels of detail 1<K<255
ID_G + 0D 2 FAX _ _ _ 1< Fyax < F

Maximum number of faces in lowest level of detail

(F see Table 6)

ID_G + OF 1 P Number of levels of colour population 0<P=<128/K
ID_G + 10 1 209 Double of percentages of gamut colours [0;200]
ID_G + 11 1 204 Double of percentages of gamut colours [0;200]
ID_G + 10 + P-1 1 20p_1 Double of percentages of gamut colours [0;200]
IDG+10+P 1 X Convex or non-convex shape 1=x<2

X = 1: all Gls and all GHs shall be convex

X = 2: Gls and GHs may be convex or non-convex

16-bit integer or address values are encoded into 2 bytes using big endian, i.e. with the MSBs
in the first byte and the LSBs in the second byte.

ID_GI,ID_GH, ID_GC, ID_F and ID_V shall give the offset in bytes from the beginning of gamut
ID metadata to the beginning of gamut instances, gamut hulls, gamut components, faces and
vertices data, respectively.

K indicates the number of levels of details. The Gamut ID metadata contains at least K Gls. If
K =1 there are no different level of details. Each Gl is marked individually with a level of detail
(0,1,..., K— 1), see Table 7.

Fuax shall indicate the maximum number of faces for a Gl having the lowest level of detail
(level 0). See Table 7 for definition of level of details. See Table 13 for the definition of faces.

P indicates the number of alternative Gls populated by different percentages of colours of the
actual colour gamut. If P > 1, there are P alternative Gls describing the same actual colour
gamut but containing different percentages of colours of the actual colour gamut. The Gamut
ID metadata contains at least P Gls. Each Gl is marked individually with a population level
(0,1,..., P — 1), see Table 7.

2Qq...2Q0p_4 are the doubles of the percentages Q... Op_4 of colours associated with the

population levels (0,1,...,P-1). A percentage shall approximately indicate how many percent of
colours (0...100) of the actual colour gamut are contained in the volume described by a GI of
the corresponding population level. As a matter of definition, Og... Op_4 percentaﬁas can be

defined in steps of 0,5 points. ocuments
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X indicates whether the Gamut ID uses only convex shapes (X = 1) or may use convex and non-
convex shapes (X = 2). When X = 1, each Gl shall correspond to a convex shape and each GH
shall correspond to a convex shape. When X = 2, Gls are organized into pairs. Each pair
contains a first Gl (marked as "convex", see Table 7) that corresponds to a convex shape and
which references only GHs that correspond to a convex shape. The second Gl of the pair
(marked as "non convex", see Table 7) may correspond to a non-convex shape and may
reference GHs that correspond to non-convex shapes. The Gamut ID metadata contains at least
X Gls.

6.4 Gamut instances

The description of gamut geometry contains one or more gamut boundary descriptions of the
actual colour gamut. One single GBD is called gamut instance. A user of Gamut ID metadata
may use any one or any number of Gls of Gamut ID metadata. The Gls are defined by a list of
Gls from byte number ID_GI in accordance with Table 6. The order in the list is arbitrary but

fixed.
Table 6 — Gamut Instances
Byte # Size
Symbol Description Values
hex bytes
ID_GI 1 1 Total number of I=XPK
Gamut Instances
ID_GI + 01 6+ Ho Definition of Gl no. 0, |S€& Table 7
ID_GI + 01 6+ Hy see Table 7
Definition of Gl no. 1
ver H,
ID_GI + 01 6+ Hj_4 see Table 7
=2 Definition of GI no. /-1
i=0

I is the number of Gls and shall be equal to the product of X, P and K as defined in Table 5.
The ith GI, i = 0...1 - 1, is defined in accordance with Table 7.
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Table 7 — ith gamut instance

Relative byte # Size
Symbol Description Values
hex bytes
00 1 K, Level of detail of this 0<K;<K-1
Gl
01 2 ol Number of faces used | oG/ < 2' Fax
! by this Gl !
(Fyaxsee Table 5)
03 1 x 7 This Gl defines a 1< x9 < x
convex shape ( x7
= 1) or may define a |(X see Table 5)
non-convex shape
(x=2)
04 1 P; Level of colour 0<P <P-1
population of this Gl !
(P see Table 5)
05 1 H, Number of gamut 1<H <H
hulls referenced by
this Gl (H see Table 8)
06 H, Indices of referenced |[0; H — 1]
GHs S
Shall be valid indices
of GH

K; is the level of detail of the ith GI. The Gl is of lowest level of detail is K; = 0. If X; is larger
than the level of detail K; of a jth Gl of same type (P; = P, X; = Xj) then the ith GI has a higher
level of detail, i.e. a more precise geometric description, than the jth GI.

FiGI is the number of faces used by the ith Gl. This number should correspond to the number

of faces referenced by those gamut components (see Table 10) that are referenced by those

gamut hulls (see Table 8) that are referenced by the ith GI. The number F,-GI of faces should be

equal or smaller than 2KiFMAx (Fpmax see Table 6).

xF! is an indicator of convex or non-convex shape. If x¢ = 1, the ith Gl defines a convex
shape and each GH referenced by the ith Gl defines a convex shape by itself. If x/ = 2, the

ith Gl may define a convex or a non-convex shape and each of the GHs referenced by the ith
Gl may define a convex or a non-convex shape by itself.

P, is the population level of the ith Gl. The ith Gl shall contain approximately QPz‘ percent of

colours of the actual colour gamut. Different Gls with same population level shall contain
approximately the same percentage of colours of the actual colour gamut. A Gl with population
level P; shall contain at least all colours of another Gl with population level P; if P;>P;, K; =K,

and X; =X

H; is the number of gamut hulls that are referenced by the ith GI. If an ith Gl references one
gamut hull, then H; = 1 and the gamut hull describes the actual colour gamut. If an ith Gl
references more than one gamut hull, then H; > 1 and the union of the volumes of all referenced
gamut hulls describes the actual colour gamut.
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The H; indices of GHs have each one byte.

6.5 Gamut hulls

IEC 61966-12-1:2020 RLV © IEC 2020

The description of gamut geometry contains one or more gamut hulls. Each GH is the closed
surface boundary description defining a connex, closed volume in colour space. A GH may be
referenced by one or more Gls. A Gl may reference one or more GHs. A GH may describe by
itself the actual colour gamut or just a part of it. The GHs are defined by a list of GHs from byte
number ID_GH in accordance with Table 8. The order in the list is arbitrary but fixed.

H is the total number of GHs contained in the Gamut ID metadata. The hith GH, h =0...H -1, is
defined according to Table 9.

Table 8 — Gamut hulls

Full document details: IEC 61966-12-12020 RLV

Byte # Size Symbol Description Values
hex bytes
ID_GH 1 H Total number of 0<H<255
Gamut Hulls

ID_GH + 01 3+ G +a Definition of GH no. 0 |see Table 9
ID_GH + 01 3+C1+c_1 Definition of GH no. 1 |see Table 9
+2+Co +Co
ID_GH + 01 3+ Cy_ 4+ Ch_, ?e;finition of GH no. H|see Table 9

H-2
+ 2 (3+¢,+Cy)

h=0
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Table 9 — ~ith Gamut hull

Relative byte # Size Symbol Description Values
hex bytes

00 1 xOH Indication whether 1< x%H <y
g this GH defines a h

convex shape or any (X see Table 5)
shape (convex or

non-convex) xIM =1: convex

shape

xH =2: convex or
non-convex shape

01 1 c, Number referenced 1sck+§sc
Gamut Components

that are used non- (C see Table 10)
inverted by this GH

02 1 —_— Number of referenced
Ch Gamut Components
that are used inverted
by this GH

03 c, Indices of referenced |[0; C - 1]

Gamut Components .
shall be valid indices

03 + C, - Indices of referenced |of GCs
Ch Gamut Components
used in an inverted
manner

C, + C, is the number of gamut components that are referenced by the Ath GH. If a hth GH
references one GC, then C, + C, = 1 and the GC defines by itself the closed surface of the
GH. If a hith GH references more than one GC, then C, + C, > 1 and all referenced GCs build

together the closed surface of the GH. When a GC is used inverted, the surface normals of the
faces referenced by this GC are used in the inverse sense. For referenced faces, see Table 10.
For surface normals, see 6.7.

6.6 Gamut component
6.6.1 General

The description of gamut geometry contains one or more gamut components that each defines
a connex piece of a boundary description of a surface in CIEXYZ colour space. A GC may be
referenced by one or more GHs. A GH may reference one or more GCs. A GC may be the
boundary description of a closed surface in 3D colour space or a piece of it. The GCs are
defined by a list of GCs from byte number ID_GC in accordance with Table 10. The order in the
list is arbitrary, but fixed.
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Table 10 — Definition of gamut components

Byte # Size Symbol Description Values
hex bytes
ID_GC 1 C Total number of 0=<C<255
Gamut Components
ID_GC + 01 2+ rFold(F)/8—| Definition of GC no. 0 |see Table 11
ID_GC + 01 2+ rF1]d(F)/8—| Definition of GC no. 1 |see Table 11

+02
+ [Folld(F)) 8]

ID_GC + 01 24 rFC_1[d(F)/8—| De;finition of GC no. C |see Table 11
+ -

c-2 )

> 02+[F.[udF))8

c=0

C is the total number of GCs contained in the Gamut ID metadata. In Table 11, r'—| is the

operation that rounds to the next upper integer if the operand is not an integer and ld(‘) is the
logarithm to the base of 2.

The c¢th GC, ¢ = 0...C - 1, is defined in accordance with Table 11.

Table 11 — ¢th gamut component

Relative byte # Size
Symbol Description Values
hex bytes
00 2 F, Number faces 1<F <F
referenced by this GC ¢
(F see Table 13)
02 fp‘ I—[d(F)-i/s—l Indices of referenced |([0; F - 1]
¢ f
aces shall be valid indices
of faces, F see
Table 13

6.6.2 Packing of face indices

The indices of the faces are packed into bytes. Each index of a face takes Id(F) bits. Packing
is organized GC wise, i.e. the first face index of a GC always starts at the beginning of a byte.

An example of packing is given for the case of C = 2 gamut components each using Fy = F; = 4
faces from a total of F = 8 faces. Each GC takes [ Nd(F)F./8] = [([1a874)/8] = 2 bytes for the

indices of the faces. The definition of the GCs requires in  total
Cc-1 1

142C+ Y [ld(F)F, /8]=6+ Y [ ([1d(8)]4)/8|=6+2[12/8]=9 bytes. Packing is as shown in
c=0 c=0

Table 12.
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Table 12 — Example for packing of gamut components

Byte # Value
Size
hex binary
7 ‘6 ‘5 ‘4 ‘3 ‘2 ‘1 ‘0
ID_GC 1 0b00000010
ID_GC + 01 1 0 (MSB)
ID_GC + 02 1 0b100 (LSB)
ID_GC + 03 1 1. index 2. index 3. index
MSBs
ID_GC + 04 1 3.1 4. index Unused
LSB
ID_GC + 05 1 0 (MSB)
ID_GC + 06 1 0b100 (LSB)
ID_GC + 07 1 1. index 2. index 3. index
MSBs
ID_GC + 08 1 3.1 4. index Unused
LSB
LSB are the Least Significant Bits;
MSB are the Most Significant Bits.

6.7 Faces
6.7.1 General

The faces are defined by a list of faces from byte number ID_F in accordance with Table 4+413.
The order in the list is arbitrary but fixed.

Table 13 — Definition of faces

Byte #
Size Symbol Description Values
hex
ID_F 2 F Total number of faces |6 < F < 65 535
ID_F+02 [3@151(;/)]/3] 3F indices of vertices [[0;V - 1]
Must Shall be valid
indices of vertices

F is the total number of faces of the description of gamut geometry and shall be at least 6 or
shall equal zero (see Clause 7). For each face, three indices of vertexes are indicated, in total
3F indices.

If a sample face is defined by three indices index of three vertices Vy, V4, V,, respectively, in
CIEXYZ space, the surface normal of the face is defined as follows:

(2=70)x("1 o)

 Pe-nl -l

where

x is the vector cross product,

Documents

Document Sharing Hub

Full document details: IEC 61966-12-12020 RLV


http://www.avadocuments.com/doc/iec-61966-12-1-2020-rlv
http://www.avadocuments.com/doc/iec-61966-12-1-2020-rlv

is the vector length operator, and
v is the surface normal.

6.7.2 Packing of vertex indices
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The indices of the vertices of all faces are packed into bytes. Each index of a face takes ld(V)

bits; for V see Table 15.

An example of packing is given for the case of F = 6 faces and V' = 5 vertices. Each index of a
vertex takes /d(V)=3 bits. All indices take [3F'_ld(V)-l/8—‘ = 7 bytes.

Packing is as shown in Table 14.

Table 14 — Example for packing of faces

Byte #
Size Value
hex
Bits
7 e | s | a [ 3 2] 1] o
ID_F 2 0h0006
ID_F + 02 1 FO index0 [FO indext [Fo index2 MsBs
ID_F + 03 1 FOi.2 |F1index0 F1 index F1i.2 MSB
LSB
ID_F + 04 1 F11.2LSBs  |F2 index0 [F2 index1
ID_F + 05 1 F2 index2 [F3 index0 [F3 indext MSBs
ID_F + 06 1 F3i1 |F3index2 F4 index0 F4 i1 MSB
LSB
ID_F + 07 1 F411LSBs  |F4 index2 [F5 index0
ID_F + 08 1 F5 index [F5 index2 |ob0o
6.8 Vertices
6.8.1 General

The vertices are defined by a list of vertices from byte number ID_V on; see Table 15.

The order in the list is arbitrary, but fixed.

Full document details: IEC 61966-12-12020 RLV
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Table 15 — Vertices

Byte # Size Symbol Description Values
hex

ID_V 2 v Total number of 5< ) <65535
vertices
Number of vertices

ID_V+02 2 R belonging to gamut 0<R=V
ridges
3/ encoded colour Encoded colour space

ID_V+04 [3VN/8] space coordinates X P

L . coordinates

defining ¥ vertices

ID_V+04+ R indices of vertices |[0: V'~ 1]

[37v/8] [’[a(r))e] belonging to gamut  \ust Shall be a valid
ridges indices of vertices

Hereby In Table 15, |_°—| is the operation that rounds to the next upper integer. ¥V is the total

number of vertices of the description of gamut geometry.

The vertices belonging to gamut ridges are a subset of all vertices. Gamut ridges are positions
on the surface of the actual colour gamut having non-continuous surface curvature such as

ridges or summits.

6.8.2

Packing of colour space coordinates for vertices

For 8-bit encoding, the 12 colour space coordinates are directly coded into 12 bytes. For 10-bit
encoding, the vertices are packed in accordance with Table 16. For 12-bit encoding, the vertices

are packed in accordance with Table 17.

Table 16 — Packing of 10-bit colour space coordinates

Full document details: IEC 61966-12-12020 RLV

Relative byte # Size Description
hex bytes
7 6 | s | 4 | 3 | 2 | 1| o
00 1 A_high
01 1 A_low |B_high
02 1 B_low ‘C_high
03 1 C_low D_high
04 1 D_low
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Table 17 — Packing of 12-bit colour space coordinates

Relative byte # Size Description
hex bytes
7 ‘ 6 | 5 | 4 ‘ 3 | 2 | 1 ‘ 0

00 1 A_high
01 1 A_low ‘B_high
02 1 B_low
03 1 C_high
04 1 C_low ‘D_high
05 1 D_low

7 Description of gamut geometry (medium and simple profiles)

7.1 General

This clause specifies the simple and medium profile of the description of gamut geometry. See
Clause 6 for the full profile.

7.2 Medium profile

In the header of Gamut ID metadata, if ID_PROFILE equals 0b01, the description of gamut
geometry shall correspond to the medium profile.

For the description of gamut geometry, the medium profile is identical to the full profile except
for the following specifications.

In the medium profile, the header of the description of gamut geometry is defined in accordance
with Table 5, except:

e the number of levels of colour population shall always be P = 1;

e the number of levels of details shall be K =1 or K = 2.

The Gamut Hulls are defined in accordance with Table 8 except:

e the total number H of Gamut Hulls shall be smaller than or equal to 4.

Each Gamut Hull is defined in accordance with Table 9 except:

e the number of referenced Gamut Components that are used inverted by the #th GH shall
be Eh =0.

The Gamut Components are defined in accordance with Table 10 except:

e the total number C of Gamut Components shall be smaller than or equal to 4.

7.3 Simple profile

If ID_PROFILE (see Table 2) equals 0b10, the description of gamut geometry shall correspond
to the simple profile.

In the simple profile, ID_GBD_SPACE (see Table 2) shall be 0b011.

In the simple profile, the format of the description of gamut geometry is summarized ib'g%lil}%ents
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Table 18 — Description of gamut geometry (simple profile)

Byte # Description
hex
ID_G Header of description of gamut geometry
ID_V Vertices

The header of the description of gamut geometry follows the Gamut ID header and is defined
in accordance with Table 19.

Table 19 — Header of description of gamut geometry (simple profile)

Byte # Size
Symbol Description Values
hex bytes
ID_G 2 ID_V Bite‘# of start of ID. G +04
vertices
ID_G + 02 1 Reserved 0
ID_G + 03 1 Reserved 0

The vertices are defined by a list of vertices from byte number ID_V on. In the simple profile,
ID_V equals ID_G + 0h04. There are V = 5 vertices, one each for white, black, red, green and
blue, respectively, in accordance with Table 20:

Table 20 — Definition of vertices (simple profile)

Byte #
Size Symbol Description Values
hex

ID_V 2 14 Total number of Shall be 5
vertices

ID_V+02 2 R Shall be zero 0

ID_V+04 [3VN/8] 3V encoded colour Encoded colour space
space coordinates coordinates
defining V vertices

Hereby is (‘—l , the operation that rounds to the next upper integer.

An example for the description of gamut geometry using the simple profile is given in Annex D.

8 Description of colour reproduction

If the ID_E field in the header of the Gamut ID metadata is not 0h0000, the description of colour
reproduction shall follow from byte number ID_E on. The description of colour reproduction
determines the link between encoded colour space coordinates and radiometrically-linear
CIEXYZ colour space coordinates, as defined in CIE 15, of reproduced colours. When using the
description of colour reproduction, the image state of the encoded colour space coordinates
shall be output-referred as defined in ISO 22028-1.
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The header of the description of colour reproduction shall be in accordance with Table 21.
Gamut ID metadata may contain O distinct colour reproduction models E; to Ep-q. With
increasing index, the colour reproduction profiles shall have increasing precision and usually
have increasing memory footprint. £y should have lowest precision and smallest memory

footprint.
Table 21 — Header of description of colour reproduction
Byte # Size Symbol Description Values decimal
hex bytes
ID_E 1 Q Number of levels of detail (number of 1<0<255
colour reproduction profiles)
ID_E + 01 SE, E, First colour reproduction profile
ID_E + 01+ SEq_4 EQ_1 QOth colour reproduction profile
Zq:1...Q71 SE,

Each Gamut ID colour reproduction model shall be binary encoded using the ICC profile format
| specified in ISO 15076-1:200862010, except that only the following tags are required:

o profileDescriptionTag;

e copyrightTag;

o mediaWhitePointTag;

e chromaticAdaptationTag — when the colour space indicated by ID_GBD_SPACE assumes
adaptation to a white with a chromaticity different from that of CIE llluminant D50;

e At least one of the following tag groups:
— N-Component LUT-based display profiles tags: AtoB1Tag and BtoA1Tag;

— three-component  matrix-based display  profile tags: redMatrixColumnTag,
greenMatrixColumnTag, blueMatrixColumnTag, redTRCTag, greenTRCTag,
blueTRCTag.

A Gamut ID colour reproduction model shall not contain one of the following tags from
ISO 15076-1:20052010:

e outputResponseTag.
A Gamut ID colour reproduction model shall have the following characteristics:

o the rendering intent indicated in the ICC profile header shall be either the ICC-absolute
colorimetric intent or the media-relative colorimetric intent;

o the Profile Connection Space (PCS) shall be XYZData;

o if the colour space indicated by ID_GBD_SPACE assumes adaptation to a white with a
chromaticity different from that of D50, the ICC chromaticAdaptationTag should contain a
linearized Bradford transform in accordance with ISO 15076-1:20052010, Annex E as the
chromatic adaptation transform (CAT) that transforms CIEXYZ colour space coordinates
under the native illumination and with the native adopted white into PCS CIEXYZ colour
space coordinates that are adapted to the D50 PCS adopted white.

NOTE The mediaWhitePointTag provides the media white point tristimulus values after chromatic adaptation to the

PCS D50 adopted white. All PCS XYZ colour space coordinates, including the mediaWhitePointTag values, are
adapted to this white point.
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If any of the following ICC profile tags are present in a colour reproduction model, they shall

not be used to obtain gamut information:

Full document details: IEC 61966-12-12020 RLV

gamutTag,
AtoB0Tag,
BtoAOTag,
AtoB2Tag,
BtoA2Tag,
DtoB0Tag,
BtoDO0Tag,
DtoB2Tag,
BtoD2Tag.
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Annex A
(informative)

Size of Gamut ID metadata

This annex gives information on the size of the following Gamut ID metadata parts:

e the header of Gamut ID metadata;

e the description of gamut geometry.

The size of the header of Gamut ID metadata is 9 bytes.

For medium and full profiles, the size in bytes of the description of gamut geometry is referred
to as-GSIZE S and is given by

SG=26+P+6I+EH+2C+Y H;+> (C,+C, )+ > [F.ld(F)/8]
1 H C

+3FT1d(v)1/81+[3vN /81+[Rl1d(V)1/8]
where

is the number of gamut instances;
is the number of gamut hulls;

1
H
C is the number of gamut components;
F is the number of faces;

14

is the number of vertices;
H; is the number of GH used by the ith GI;

C,, is the number of GC used by the ith GH;
Cy, is the number of inverted GC used by the ith GH;

F . is the number of faces used by the cth GC;

N is the number of bits per colour channel;
R is the number of vertices belonging to gamut ridges.

For the simple profile, GSIZE S is 77.
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Annex B
(informative)

Motivation and requirements

B.1 History

In 2006, the IEC published the International Standard IEC 61966-2-4. It defines a wide-gamut
colour space encoding and is referenced in HDMI 1.3 [1]1 and in other documents. At the same
time, a gamut metadata packet was adopted for HDMI 1.3 describing the video content colour
gamut.

This document specifies an extended, generalized and scalable gamut metadata format.

B.2 Motivation

In order to allow correct colorimetric colour reproduction of video content by a video sink, three
conditions have to be satisfied.

1) The encoding of colours of the content has to be correctly understood by the display.

2) Differences between content and sink colour gamuts have to be identified and processed in
a controlled manner.

3) Differences between display viewing conditions and reference viewing conditions have to
be compensated for.

The Gamut ID metadata focuses on the second condition. However, in order to satisfy the
second condition, the first and third conditions need to be addressed as well.

A typical example of differences in gamuts is content colours out of the sink gamut. Out-of-
gamut colours are usually processed by gamut mapping algorithms. Out-of-gamut colours can
never be correctly reproduced, it is a question of colour appearance and artistic intent to know
by which valid colour an out-of-gamut colour is to be replaced.

The main motivation for the Gamut ID standard is to offer a unified format in order to define the
gamut of the video content that will be gamut mapped by the video sink [2].

A second motivation for the Gamut ID standard is to offer a unified format in order to define the
gamut of the video sink in the case that gamut mapping is not applied by the display, but
elsewhere.

If the video sink does not know the actual colour gamut of the video content, it needs to map
all incoming colours in some way into the sink’s gamut. In order to keep image details, a video
sink may use some kind of gamut mapping that is more sophisticated than just gamut clipping.
The possible colours are defined by the employed colour space encoding and colour
reproduction rules (for example SMPTE S274M). We call these possible colours the colour
encoding gamut. The content gamut is always identical or smaller than the colour encoding
gamut. If there is no description of the actual colour gamut of the content, gamut mapping will
use this colour encoding gamut as the content gamut. Gamut mapping will then not be well-
adapted to the content and may cause loss or over-shooting of contrast and saturation. As an
example, such a result is least acceptable when the actual content gamut is close to the sink
gamut, but the encoding gamut is larger than the sink gamut. The Gamut ID metadata solves
this problem by associating a description of the actual content gamut to the content.

1 Numbers in square brackets refer to the Bibliography. Documents
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B.3 Scope of Gamut ID metadata

Figure B.1 shows the scope of the Gamut ID metadata. The metadata is usually associated with
video content and/or with video equipment. It contains metadata describing the colour gamut of
the video content or the colour gamut of the video equipment and associated colour
reproduction information. The video content may be a single frame, a series of frames, just a
visible object, or any other pictorial content. The equipment can be a video source (camera,
set-top box) or a video sink (display, printer).

This document specifies the format of the Gamut ID metadata. The Gamut ID metadata can be
associated with content or with a display. The standard is open to any method that generates
the Gamut ID metadata. Metadata generation is an open field for the content creator to add
value to the content, or for the equipment manufacturer to add value to the equipment, or for
the service provider to add value to the service. The Gamut ID metadata standard may be used
in a variety of ways, for example to facilitate gamut mapping. This is an open field for content
creators, equipment manufacturers and service providers to create added value. Gamut
mapping is a well-known topic in the scientific literature [3] and a survey of methods was
prepared by the CIE [4].

Gamut
mapping

Gamut ID
generation

<+ Gamut ID
generation

0.5 0.95 45

0.5 095 458

IEC

Figure B.1 — Scope of Gamut ID — Generation and use of metadata are not specified

B.4 Requirements

First, the description of an actual colour gamut in the framework of this document should use

| encoded colour space coordinates with an output referred image state [5]. Second, the Gamut
ID metadata should support scalability and complexity reduction for implementation with lower
computational complexity. Furthermore, the Gamut ID metadata has to consider the physical
features of colour spaces and needs to support creative processes in content production in
order to enable high-quality applications.

The requirements for the Gamut ID metadata include:

e Addressing colour reproduction

— Use a colour encoding with an output-referred image state interpretation provided for
gamut description

e Scalability
— Allow different levels of gamut precision
— Allow different levels of precision of colour reproduction Documents
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e Low computational complexity
— Support existing graphics standards
— Allow simple gamut geometry using convex shapes
— Allow gamut decomposition into sub-gamut modules
e Small memory footprint
— Allow multiple re-use of sub-gamut modules
e Physics-based
— Consider gamut ridges due to colorant channels
e Creative

— Consider importance and population of colours in gamuts

These requirements are not met by the HDMI 1.3 gamut metadata packet [1].

B.5 Structure

The description of gamut geometry in the Gamut ID metadata makes use of gamut boundary
descriptions (GBD). A GBD describes the two-dimensional bounding surface of an actual three-
dimensional colour gamut in a colour space. A GBD is based on an indexed face set. Faces are
triangular surface elements. Figure B.2 shows an example of a gamut that could be contained
in the Gamut ID description of gamut geometry.

YA

[> Facet

® \Vertex

X ‘/’ Surface normal

IEC

Figure B.2 — Example of a description of gamut geometry in CIEXYZ
colour space consisting of a set of triangular faces

The description of gamut geometry corresponding to the sample gamut shown in Figure B.2
contains a set of vertices (Vy, V¢, V,, V3, ...). Each vertex is defined by three colour-space

coordinates in accordance with a chosen colour space and a chosen rule for colour encoding.
Colour space coordinates have to be in an output-referred image state. The link between the
encoded colour space coordinates and reproduced, radiometrically-linear CIEXYZ colour space
coordinates depends on the adopted rule for colour reproduction. Gamut ID data may contain
an optional, explicit, ICC-like description of colour reproduction.

The description of gamut geometry corresponding to the sample gamut shown in Figure B.2
also contains a set of faces (Fy, Fy, Iy, F3, ...). Let Fy being the sample face shown in Figure B.2.

Face F is defined by three indices 0,1,2 of its three vertices V7, V4, V5 A set of such faces is

called indexed face set. The surface normal of a face always points outside the gamut.
According to the order of indices 0, 1, 2, the surface normal of F is defined as follows:
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L, V2=No)x (=)
V2= Vol e[r1 Vol

where

x is the vector cross product,
|-| is the vector length operator, and

v is the surface normal.

The description of gamut geometry is organized in a hierarchical manner such as shown in
Figure 1. The description of gamut geometry contains a set of each of the following elements:

e Vertices: each defined by its three colour coordinates;

e Faces: each defined by exactly three indices of three corresponding vertices of the set of
vertices;

e Gamut components: each being a connex 3D surface, each defined by a list of at least one
face;

e Gamut hulls: each being the closed surface of a connex volume in colour space, each
defined by a list of at least one gamut component;

e Gamut instance: each being a valid gamut boundary description each defined by a list of
at least one gamut hull.

Table B.1 shows how the hierarchical structure of the Gamut ID metadata satisfies the
mentioned requirements.
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Table B.1 — Requirements and Gamut ID features

Requirement

Gamut ID feature

Advantage

Addressing colour reproduction:

Use colour encoding based on
output-referred image state for gamut
description

The Gamut ID contains an optional
description of colour reproduction
assuming output-referred image state

Gamut ID metadata can be used to
enhance colour reproduction
accuracy

Scalability:

Allow different levels of precision for
gamut description

A Gamut ID may contain K levels of
detail. It therefore may contain K
different, alternative gamut
instances.

The video sink can choose the level
of detail according to its capabilities.

Scalability:
Allow different levels of precision for
colour reproduction

A Gamut ID may contain Q levels of
detail for the description of colour
reproduction.

The video sink can choose the level
of detail according to its capabilities.

Low computational complexity:

Allow simple geometry using convex
shapes

A Gamut ID allows for geometry with
convex and/or non-convex shapes. It
may contain more than one,
alternative gamut instances, at least
one using only convex shapes.

The video sink may choose the Gl
using only convex shapes in order
speed up geometrical operations.

Low computational complexity:

Support of existing graphics
standards

The Gamut ID is based on an
indexed face set.

Accelerated operations in OpenGL
and graphics hardware

Low computational complexity:

Allow gamut decomposition into sub-
gamut modules

The Gamut ID may contain modular
Gls, each of those defined by one or
more gamut hulls, the union of the
volumes of these GHs is then the
volume of the GI.

The video is able to handle non-
convex gamuts while speeding up
geometrical operations using convex
GHs.

Small memory footprint:
Allow multiple re-use of sub-gamut
modules

The Gamut ID may contain modular
GHs defined by one or more gamut
components; all these GCs together
build a GH. A GC may be used by
more than one GH.

Parts of gamut shape that are
common to different Gls are defined
only one time; memory footprint is
reduced.

Physics-based:

Consider gamut ridges due to
colorant channels

A vertex may contain a flag indicating
that it represents a summit or a ridge
with non-continuous gamut surface
curvature.

The video sink is able to avoid
smoothing at ridges and summits
when manipulating gamuts.

Creative:

Consider colour population

A Gamut ID may contain P > 1
alternative Gamut Instances each
describing alternative gamuts
containing different percentages of
colours of the actual colour gamut.

The video sink can differentiate
between frequent colours and rare
colours.

B.6 Specific features

An example for the physics-based requirement to consider gamut ridges in the description of
gamut geometry due to colorant channels is shown in Figure B.3. Vertices belonging to a gamut
ridge or a gamut summit are marked as such. Ridges can be lines on the gamut surface linking
two or more summits of a gamut. Summits can be primary colours, secondary colours, black
point, or white point, for example.
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@Vertices belonging to
ridges and summits

IEC
Figure B.3 — Example of a gamut with identified ridge due to colorant channels

An example of a description of gamut geometry that decomposes the colour gamut into modules
is shown in Figure B.4. The colour gamut is the union of the volumes of all gamut hulls. In this
example, both two gamut hulls are convex while the overall gamut is not convex. When using
this description of gamut geometry, geometrical operations such as line-gamut intersection can
make use of simple geometry with convex hulls.

IEC
Figure B.4 — Example of a non-convex gamut with two convex Gamut Hulls

An example of a gamut hull using a gamut component in an inverted way is explained in the
following. GCs are normally defined in a way that the surface normals of the faces go into
outside direction of the gamut. If a GC is used inverted, the surface normals are supposed to

| go into the inside direction of the gamut. By this procedure, a single GC can be used by two
GHs and defines the separating face between the GHs. In the first GH, the GC is used non-
inverted, and in the second GH, the GC is used inverted.
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Annex C
(informative)

Use of profiles

C.1  Gamut ID profiles

The description of gamut geometry corresponds to one of three profiles:

o full profile;
e medium profile;

e simple profile.

The profiles are summarized in Table C.1.

Table C.1 — Profiles for the description of gamut geometry

Feature of the description Gamut ID Gamut ID Gamut ID
of gamut geometry simple profile medium profile full profile

ID_PROFILE in Gamut ID 0b10 0b01 0b00
header

5 predefined vertices in
Colour vertices known order:

white, black, red, green, any any

blue
Colour faces not allowed
Number of gamut not allowed <4
components
Number of gamut hulls not allowed <4 any
Number of gamut instances [not allowed <2
Levels of detail not allowed <2
Non-convex shape not allowed allowed
Indication of gamut ridges |not allowed allowed

allowed

Percentage of gamut not allowed not allowed
colours
Inverted gamut components |not allowed not allowed

C.2 Medium profile

The medium profile has the following limitations with respect to the full profile:

e the description of gamut geometry shall not use percentage of gamut colours;
e the description of gamut geometry shall not use inverted gamut components;
e the number of gamut components shall not be larger than four;

e the number of gamut hulls shall not be larger than four;

e the number of gamut instances shall not be larger than two;

e the number of levels of details shall not be larger than two.
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C.3 Simple profile

The simple profile has the following limitations with respect to the full profile:

o the description of colour consists of 5 vertices for white, black, red, green, blue,respectively;
and thus V' =5 (see Table 15);

e there is no description of colour reproduction;

e thereisnoGl,I=K=P=0,X=1andID_GI equals O0h0000 (see Table 5);

e thereis no GH, # = 0 and ID_GH equals 0h0000 (see Table 5);

e thereisno GC, C =0 and ID_GC equals 0h0000 (see Table 5);

e there are no faces, F = 0 and ID_F equals 0h0000 (see Table 5);

e colour space is XYZ and ID_GBD_SPACE equals 0b011 (see Table 2).

An example is given in Annex D.
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Annex D
(informative)

Example of Gamut ID metadata in simple profile

This annex provides an example of Gamut ID metadata using the simple profile. In this example,
the Gamut ID metadata describes the actual colour gamut of a video content that is prepared
for projection in accordance with the nominal image parameters of the digital cinema system
specification [6] in Table D.1:

Table D.1 — Colour gamut for digital cinema

Colour CIE x CIEy CIE X CIEY CIEZ
white 0,314 0,351 42,940 48,000 45,812
black 0,314 0,351 0,021 0,024 0,023
red 0,680 0,320 21,463 10,100 0,000
green 0,265 0,690 13,288 34,600 2,257
blue 0,150 0,060 8,275 3,310 43,582

The Gamut ID metadata contains one single Gamut Boundary Description describing an actual
colour gamut that is defined by five colour vertices: white, black, red, green and blue, in
accordance with Table D.1.

The Gamut ID metadata starts with the header in accordance with Table D.2.

Table D.2 — Example for the header

Byte # Size Symbols Description Values
hex bytes
7/6|5 4 3 2 1 0
00 1 N, P 0|1 |0 |0 0 0 1 1
o |6 '6
@
|_U ;8 o
R Y m |U
Q 0 %)
= 2 <
o
m > %
01 1 ID_G Byte # of start of the description of 0h0O
gamut geometry
02 1 0h09
03 1 ID_E Byte # of start of the description of 0h00
colour reproduction
04 1 0h00
05 1 Reserved. Shall be zero. 0h0O
06 1 0h00
07 1 Reserved. Shall be zero. 0h0O
08 1 0h00

ID_PROFILE is set to 0b10 (simple profile). ID_PRECISISON is set to 0b00. ID_GBD_SPACE
is set to 0b011 (XYZ). ID_G equals 0h009. In this example, ID_E is set to 0h0000 and the
Gamut ID metadata does not contain a description of colour reproduction.
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