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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LASER DISPLAYS -
Part 6-1: Visualization method of colour gamut intersection

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 62906-6-1 has been prepared by IEC technical committee 110: Electronic displays. It is an
International Standard.

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

Draft Report on voting

110/1751/FDIS 110/1768/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62906 series, published under the general title Laser displays, 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 webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.
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INTRODUCTION

The colour gamut of a display is the range of colour in a perceptually homogeneous 3D colour
space from black at the bottom to white at the top, having protruded curves (or cusps) outward
and enclosed by the 3D envelope of its most saturated colours. When evaluating the range of
hue, it is difficult to inspect colour volumes and to compare chroma at different hue angles and
lightness levels. Viewing the colour space along a single direction can often be misleading
because parts of the gamut volume are almost always obscured from view. A solution to this
problem is the new two-dimensional diagram called “gamut rings.” The gamut ring framework
unwraps the display’s important volumetric information and lays it flat in a two-dimensional
diagram that provides the information needed to describe the maximum colour capability.

The aim is to evaluate the colour gamuts of laser displays, more specifically of front-projection
laser projectors. In order to measure the laser light sources, it is crucial to ensure that accuracy
and precision are observed, and to properly specify the methods. To visualize the gamuts in a
quantitative manner, the latest gamut ring framework is proposed.
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LASER DISPLAYS -

Part 6-1: Visualization method of colour gamut intersection

1 Scope

This part of IEC 62906 specifies a two-dimensional visualization method of the colour gamuts
of a device under test (DUT) and a reference (REF) in the CIE 1976 L*a*b* (CIELAB) colour
space and the intersection between them. This document applies to front projection displays
which use either lasers or laser hybrid, or both light sources. The hybrid light sources can use
both lasers and spontaneous emission-based light sources. Both full-frame projection
technologies and raster-scanning projection displays are included.

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 62906-5-1:2021, Laser displays — Part 5-1: Measurement of optical performance for laser
front projection

3 Terms, definitions, and abbreviated terms
For the purposes of this document, the following terms and definitions apply.

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

e |EC Electropedia: available at https://www.electropedia.org/
e [SO Online browsing platform: available at https://www.iso.org/obp

3.1 Terms and definitions

3.1.1

colour gamut

<electronic displays> three-dimensional range of colours defining the perceived colour
capability of DUT

[SOURCE: IEC 60050-845:2020, 845-32-007, modified — the term has been changed and the
note 1 has been deleted.]

3.1.2
CIELAB gamut rings
two-dimensional quantitative visualization of colour gamut in CIELAB colour space

Note 1 to entry: See Annex A.
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3.1.3

colour gamut boundary

colour gamut envelope

<electronic displays> outer boundary surface of colour gamut (envelope), enclosing all and only
colours reproduceable by DUT

[SOURCE: IEC 60025-845:2020, 845-32-008, modified — the term has been changed.]

3.1.4

CIELAB gamut volume

single value (unit: AE3) quantifying the total integrated volume of colour gamut in CIELAB colour
space

3.1.5
reference colour gamut
REF

user-selected 3D standardized colour gamut space’

Note 1 to entry: The example data are described in Annex B.

3.1.6
colour gamut intersection
proportion or amount of REF colour gamut that can be attained by DUT

Note 1 to entry: The volume of the colour gamut intersection is always less than or equal to the 100 % gamut volume
of the reference.

3.2 Abbreviated terms
CIELAB CIE 1976 L*a*b*

CGV CIELAB gamut volume
DUT device under test

REF reference

RSS root-sum-square

4 Standard measuring equipment

The RGB chromaticities of BT.2020 lie on the CIE 1931 spectral locus, which means that
sufficiently narrow-band light sources are necessary to render BT.2020 colours. The
measurement accuracy and precision of the measuring equipment shall be ensured. Insufficient
spectral sensitivity of a spectroradiometer can result in significant errors when measuring light
with a narrow-band spectral power distribution. (See IEC 62906-5-1, IEC 62906-5-5 [1]2,
IEC 62906-5-6 [2] or IEC 62595-2-4 [3].) Optical measurements of laser sources typically
require spectroradiometers with a <5 nm spectral bandwidth. In situations with a high stray
light illumination, it is also recommended to apply stray light correction on the measured spectra
as explained in IEC TR 62977-1-31 [4], to obtain higher measurement accuracy.

5 Standard measuring conditions

The measuring conditions described in IEC 62906-5-1 shall be adhered to, depending on the
type of the laser displays. Regarding the colour sampling of the colour gamut boundary and test
patterns, the 602 colour samples defined in IEC 62906-5-1 shall be used.

1 Such as Rec. ITU-R BT.2020, DCI-P3, SMPTE EG 432-1:2010 [5], Rec. ITU-R BT.709, or any colour spaces that
will be standardized in the future.

2 Numbers in square brackets refer to the Bibliography. Documents
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6 Gamut rings

To quantitatively visualize colour gamut in two dimensions, gamut rings are used [6],[8].
Figure 1 shows the gamut rings of the BT.2020 colour gamut in the CIELAB colour space. The
colour gamut is segmented into a 10-interval lightness scale, and gamut rings are composed of
10 rings, delineated with constant L* loci. Each ring corresponds to the colour gamut within a
given L* range with the hue angles fully preserved. The gamut ring diagram has two axes of
the root-sum-square (RSS) of CIELAB a* (a*rgg) and RSS of CIELAB b* (b*grgg). The a*grgg

and b*grgg axes represent the CIELAB green-red (¢*) and blue-yellow (b*) hue directions,

respectively. The area of each gamut ring represents the volume of the corresponding AL* slice.
The total gamut ring area enclosed within the L*100 outline represents the full CIELAB gamut
volume (CGV) of the DUT.

The calculation of the gamut rings requires the CIELAB gamut volume contribution, V(L*, &), of
the gamut resolved by lightness, L*, ranging from 0,5 to 99,5 in intervals of 1, and of hue angle,
h, ranging from 0° to 359° at intervals of 1°. Each volume contribution will equal the CIELAB
gamut volume contained within half the interval of the given L* value and half the interval of the
given & value, thus 7(9,5, 30) will equal the integrated CIELAB gamut volume between an L* of
9 and 10 and % of 29,5° and 30,5°. Annex A provides a detailed method and code for performing
this calculation derived from methods provided in IEC 62906-5-1:2021, Annex B.

The RSS chroma is calculated from the volume data using:

360

Crss (L%, h)=\/—LZV(l—O,5, h) (1)
=1

V(4

The Cartesian coordinates a*rgg(L*, #) and b*rgg(L*, h) of C*'rgg(L*, k) are defined as
C*rss(L*, h) cos(h) and C*rgg(L*, h) sin(h), respectively. The rings are tinted to aid
interpretation of the colours.

NOTE Modes with custom highlight enhancement can impact CIELAB colour gamut volume.

1000 - 1

500 -

b*rss
o

—500 -

-1 000 -500 0 500 1000

a*Rss .
Figure 1 — Gamut rings of BT.2020 colour gamut Documents
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7 Algorithm for gamut ring intersection

Figure 2 shows the boundary of the colour gamut of a laser display and Figure 3 shows its
gamut rings, with the dotted line denoting the outline of the BT.2020 gamut rings (L* = 100 ring).
The differences of the hue angles of the RGB primaries between the DUT and REF (indicated
by arrows) can cause a noticeable difference in gamut shape, resulting in a small gamut ring
intersection.

IEC

Figure 2 — CIELAB colour gamut of a laser display

1000 [ DUT mode: 1
DUT white (X, Y, Z) = (1 008,9377; 1 046,294 9; 863,302 8)

500 -

b*rss
o

-500

Vout = 722 391 e\

Vegr = 1 853 165

Vout /! Vrer = 0,389 8

~1000 Vpurnrer /! Vrer = 0,389 8 ]

-1 000 -500 0 500 1000
a*Rss

NOTE Hue angles of the RGB primaries for DUT and REF are indicated by long arrows and short arrows,
respectively, describing the angular deviations from the target. This figure was created by the gamut rings viewer
app provided in IEC 62977-3-5 [8].

Figure 3 — Gamut rings of the laser display with dotted line denoting the outline of
the BT.2020 gamut rings (L* = 100 ring)
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