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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 2-2: Measurements of optical characteristics —
Ambient performance

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh ce
all national electrotechnical committees (IEC National Committees). The object of IEC_fs\to
interhational co-operation on all questions concerning standardization in the electrical and electronic f

mprising
promote
elds. To

this end and in addition to other activities, IEC publishes International Standards, Technical Specifjcations,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (neferred to

hs “IEC

Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC Nationalk Committee interested

in tHe subject dealt with may participate in this preparatory work. International) governmental a

hd non-

govgrnmental organizations liaising with the IEC also participate in this preparation.'|IEC collaborateq closely
with [the International Organization for Standardization (ISO) in accordance with conditions deternjined by

agrepment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an inte
conslensus of opinion on the relevant subjects since each technical,committee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for internatiehal use and are accepted by IEC

national
from all

National

Compmittees in that sense. While all reasonable efforts are made/to ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible fer the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trangparently to the maximum extent possible in .theif national and regional publications. Any divergence

between any IEC Publication and the corresponding‘national or regional publication shall be clearly ind
the lgtter.

cated in

IEC |tself does not provide any attestation of\conformity. Independent certification bodies provide cgnformity

sment services and, in some areas,.access to IEC marks of conformity. IEC is not responsiblel for any

erts and

members of its technical committees and IEC National Committees for any personal injury, property dafnage or
othef damage of any nature’whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of/the publication, use of, or reliance upon, this IEC Publication or any other IEC

Publ|cations.

Attention is drawn_tonthe Normative references cited in this publication. Use of the referenced public
indispensable fop'the correct application of this publication.

Attefption is dfawn to the possibility that some of the elements of this IEC Publication may be the s
patept rights—~IEC shall not be held responsible for identifying any or all such patent rights.

Interngtiofal Standard IEC 62977-2-2 has been prepared by IEC technical committe
Electronicdisprays:

htions is

bject of

e 110:

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

FDIS Report on voting
110/1213/FDIS 110/1232/RVD

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 62977 series, published under the general title Electronic displays,
can be found on the IEC website.
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Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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 amprded-

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

This document describes the common optical measurement methods applicable in the field of
electronic display devices, which overlap with some of the parts of existing documents
developed inside TC 110 (IEC 61747-6-2 [17]1, IEC 62341-6-2 [18], IEC 61988-2-2 [19],
IEC 62715-5-1 [20], IEC 62679-3-1 [21]), that describe the optical measurement methods of
the individual technologies, such as LCD, OLED, PDP and others. This document on common
optical measurement methods is intended to be used as the reference document in future
documents and in revisions of existing documents (e.g. IEC 61747-6-2 [17], IEC 62341-6-2
[18], IEC 61988-2-2 [19], IEC 62715-5-1 [20], IEC 62679-3-1 [21]). The existing standards
documents will be revised in their maintenance time and they will refer to this document to the
largest extent

All dodquments in IEC TC 110 that are concerned with the measurement of opticalproperties
of eleg¢tronic display devices under ambient illumination refer to a set of -methods and
procedures that are similar to each other, or sometimes even identical. This’ document is
intendid to identify these methods and to describe them, together with suitable precautions
and diagnostics, as a reference for forthcoming documents to make the\work of the involved
expert$ more efficient and to avoid duplication of efforts.

Introdyction of the common optical measurement methods (€COMMs) is also related to a
structure where each kind of optical measurement finds \its” unambiguous positijon for
identification of similarities to other methods or for clarification of distinctions. This structural
classification together with a general taxonomy is supposed to make the procgss of
documgnts production easier, faster and thus more effective.

The abpove characteristics are summarized in Table 1. The display characteristics that are
addressed in this part of IEC 62977 are indicated,by a check mark + in the table.

1 Numbers in square brackets refer to the Bibliography.
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Table 1 — Measurement structure from optical quantities
to evaluation and to results (top down)

Test pattern, Illumination | Temperature
Variables Time Location Direction electrical driving, i perat !
. . conditions humidity
input signal
(x. y) (0, ¢)
Data
sampling Fast Slow Slow Slow Slow V
condition
Evaluation
Results Transitions Temporal Lateral Directional Static pattern, V Darkroom, \ | Standard
from one stability uniformity uniformity —_ environment
optical state | (uniformity) Characteristic Indoor,
to another function (electro-
state (for optic transfer Outdoor
example from function, EOTF)
test-pattern-1 Characteristic
to test- |
attern-2) values (e.g.
P threshold,
saturation)
Evaluption | Turn-on, Luminance, V
1st order turn-off,
delay Contrast,
(latency) chromaticity, v
time periods, Threshold,
temporal .
X saturatiofvatues,
modulations
steepness of
trangitions, etc.
Evaluption | Flicker EQTF from which
2nd ofder prediction, the exponent y is
moving evaluated
picture
response Chromaticity/ colour
time, etc. gamut area,
Colour gamut
volume,
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illumingtion conditions. Standard illumination geometries are specified and the, lreflection

proper
levels
electro
trans
a flat s

2 N

The fo

ies of flat screens are determined under those conditions. Referencel,illum
and spectra are used to estimate the photometric and colorimetric_characteris
nic displays under the same conditions. These methods apply to en]
issive, and reflective displays, or combinations thereof, that render\real 2D ima
creen.

prmative references

lowing documents are referred to in the text in such’a way that some or all q

cited a
any a

IEC 60

IEC 61
- Part

ISO/CIE 11664-1, Colorimetry —Rart 1. CIE standard colorimetric observers

ISO/CIE 11664-4, Colorimetry — Part 4: CIE 1976 L*a*b* colour space

ISO 15

data sfructure — Parit\1: Based on ICC.1:2010

CIE 15

conte:F7 constitutes requirements of this document. Forndated references, only the

plies. For undated references, the latest editién 6f the referenced document (in
endments) applies.

050-845, International Electrotechnical:V'ocabulary (IEV) — Part 845: Lighting

966-2-1, Multimedia systems and\equipment — Colour measurement and manag
2-1: Colour management — Default RGB colour space — sRGB

076-1:2010, Image technology colour management — Architecture, profile form

, Colarimetry

CIE 168, Criteria for the evaluation of extended-gamut colour encoding

ination
tics of
issive,
gjes on

f their
edition
cluding

yement

at and

3 Terms, definitions, abbreviated terms and symbols

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

addres

Ses:

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

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

smallest encoded picture element in the input image

Note 1 to entry: Signal pixel is defined as the unit of signal resolution.

3.1.2

pre-gamma average picture level

average input level of all signal pixels relative to an equivalent white pixel driven by a digital

RGB input

Note 1 to entry: Unless otherwise stated, the pre-gamma average picture level (APL) will simply be referred to as

average[pictare fevel I this document.

Note 2 tp entry: The APL will normally be expressed as a percentage, where a full white screen at maximym drive

level wopld be 100 % APL.

Note 3 fo entry: The pre-gamma APL is also called gamma-corrected APL in IEC 62087-2-[14]. In additjon, it is

noted thpt the tone rendering curve may not have a power law function with a well-defined expohent (gamma).

3.1.3

APL Idading

influence of average picture level on display performance, for example luminance

3.2 Abbreviated terms

APL pre-gamma average picture level

CCT correlated colour temperature

CIE Commission Internationale de L’Eclairage (International Commission| on
[llumination)

CIELAB CIE 1976 (L*a*b*) colour space

DUT device under test

EOTF electro-optic transfer functien

FWHM full-width-at-half-maximum

ILU integrated lighting unit'(e.g. an edge-lit front guide plate)

LCD liquid crystal display

LED light emitting(diode

LMD light measuring device

OLED organic-light emitting diode

RGB redy.green, and blue

SDR standard dynamic range

sRGB L—standard-RGB-coelourspace-defiredint=6-64966-21

3.3 Symbols

A list of symbols used in this document is given in Table 2.
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Table 2 — Summary of symbols

Symbol Units Definition
E Ix illuminance
E()) W-m-2-nm-" spectral irradiance
E 4 (M) W-m-2-nm-" spectral irradiance from a directed light source at normal incidence
R spectral irradiance of a CIE standard illuminant from a directed light
Ecig,air®) Wem™-nm source at normal incidence
Epemi™) W:m-2-nm-"! spectral irradiance from a hemispherical diffuse light source
E 5 Worn-2. nm-1 spectral irradiance of a CIE standard illuminant from a
CIE[hem nemispherical diffuse Ngnht source
Rq luminous reflectance factor for a rendered display colour|Q
RL(A) spectral reflectance factor for a rendered display (colour P
luminous reflectance or diffuse reflectance fora rendered display
Pa colour Q
phH(A) spectral reflectance for a rendered display colour O
Lo cd -m2 darkroom luminance for a renderéd display colour Q
LE(A) W-sr''-m2 nm™’ darkroom spectral radiance/for.a rendered display colour|Q
R S ambient spectral radiance, ineluding reflected and darkroom gmitted
Lo gmp(4) Wesrth-m™:nm light, for a rendered display colour O
I P W-osr'-m2-nm-' reflected spectral rddiance when the reflection coefficients|are
Reri(4) independent’of the rendered display colour Q
- CIE tristimulus.'values of the rendered display colour Q in a
. 2
Xq» Y4, and Zg cd-m™ for Yq darkroom
Xq.ami Y amb, cd-m-2 for Y equivalent CIE_ tristi_mulus values, including reflected and darkroom
andZo b Q,amb emitted light, for a rendered display colour Q
CIE 1931 chromaticity coordinates of the rendered display cdlour Q
x4,y .
Q in a darkroom
equivalent CIE 1931 chromaticity coordinates, including reflgected
*Q,amg' 'Q,amb and darkroom emitted light, for a rendered display colour|Q

4 Standard measuring conditions

4.1 Standard measuring environmental conditions

Measufements.shall be carried out under the following standard environmental conditions:

— temperature:

25°C =3 °C,

Q- 0/

. \ .
— relativerumidity:

— atmospheric pressure:

oL 0/ 4
9 /0 U OV /o,

86 kPa to 106 kPa.

When different environmental conditions are used, they shall be noted in the report.



https://iecnorm.com/api/?name=7f60d2f1fb2a5a16c3306c50a868367d

-12 - IEC 62977-2-2:2020 © |EC 2020

4.2 Viewing direction and light source coordinate system

The viewing direction is the direction under which the observer looks at the point of interest
on the display under test (DUT). During the measurement, the light measuring device (LMD)
simulates the observer, by aiming the LMD at the point of interest on the DUT from the
viewing direction. The viewing direction is defined by two angles: the angle of inclination ¢
(relative to the surface normal of the DUT) and the angle of rotation ¢ (also called azimuth
angle) as illustrated in Figure 1. Although the azimuth angle is measured in the counter-
clockwise direction, it is related to the directions on a clock face as follows: ¢ = 0° is the
3-o'clock direction ("right"), ¢=90° the 12-o'clock direction ("top"), ¢ = 180° the 9-o'clock
direction ("left") and ¢ = 270° the 6-o'clock direction ("bottom"). The same coordinate system
can be used to specify the positioning of the light sources used to represent the ambient
lighting environment.

NOTE [This coordination is defined by the anglei“of inclination and the angle of rotation (azimuth angle)
in a poldr coordinate system.

Higure 1 — Representation of:the viewing direction (direction of measurement)
and coordinate system used for light source configuration

4.3 Standard lighting conditions
4.3.1 General

A light| source is chosen to provide as broad, stable, and smooth a spectrum as possgible in
order {o reliably_measure the spectral reflectance and reflection coefficients of the display
surface specific 1o the geometry of the light source. This document then applies the reflection
coefficlents-to"simulate the display performance under the same geometric conditiong using
an illuminant, that is, a model or measured light source with an illumination level [and/or
spectrym.that could be different from the light source used in the measurement.

An illuminant can be used to represent the use of a display that is viewed indoors (e.g. office),
or in direct daylight (outdoors). These environments generally contain a combination of
directed and uniform hemispherical diffuse light sources. The visual performance of the
display can depend on the type of illumination and measurement geometry. Subclause 4.3
specifies the detailed conditions of the light sources for reflectance measurements under
otherwise darkroom conditions.

A warm-up time can be necessary. The light source signal shall remain stable to within +0,5 %
standard deviation within a single measurement, and %2 % for longer (>30 min)
measurements.
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4.3.2 Standard measuring darkroom conditions

The influence of unwanted background illumination shall be minimized, typically by
illuminating the display in a darkroom. Unwanted background illumination is mainly a
consideration for directed light sources, which is often solved by using light sources with
spectral irradiance values that are substantially larger than the background. The darkroom
spectral radiance contribution from the background illumination, that is, the measured spectral
radiance reflected off the DUT, shall be not more than 1/10t" of the spectral radiance from the
device black state with the illumination source on. If this condition is not satisfied, then
background subtraction is required and it shall be noted in the report. In addition, if the
sensitivity of the LMD is more than 1/100th of the spectral radiance from the device black
state, then the spectral radiance sensitivity limit of the LMD shall be noted in the report.

4.3.3 Standard ambient illumination

The following illumination conditions are specified for the optical measurements”of d|splays
under |ambient illumination. The ambient illumination shall simulate indoor or dutdoor
illumingtion conditions. A combination of a hemispherical diffuse and “directed [source
geomefry is generally used to simulate either ambient indoor illumination or outdoor daylight
illumination under a clear sky [1] ,[2]. Uniform hemispherical diffusecillumination will bg used
to simdyilate the background lighting in a room with the directed light source such as an o¢cluded
luminaife in a room, or the hemispherical skylight incident on the display, with the sun ogcluded.
A dire¢ted light source in a darkroom will simulate the effect\of/directional illumination on a
display| by a luminaire in a room, or from direct sunlight.

The following reference illumination conditions shall be.used to simulate indoor and qutdoor
display viewing environments. Additional conditions.can also be used, depending on the use
case.

a) Indpor room illumination conditions:

e |Uniform hemispherical diffuse illumination — Use a light source closely approximating
CIE Standard llluminant A, CIE Standard llluminant D65, or CIE Standard llluminant
D50 as defined in CIE 15. Forrspectral measurements, a spectrally smooth brogdband
light source (such as an approximation to CIE Standard llluminant A) shall be used. A
measurement of the speciral reflectance factor using a broad light source (stich as
llluminant A) enables the“indoor photopic and colour metrics to be calculated later for
the desired reference. spectra (for example CIE D65 llluminant). The performance
metrics shall be_¢alculated using 300 Ix for an indoor reading environment [3]. The
actual hemispherical diffuse reflectance factor measurement can require |higher
illumination levels for better measurement accuracy. The results are then scaled down
to the required illumination levels.

o |Directional illumination — The same source spectra shall be used as with hemispfherical
diffuseillumination. The indoor room photopic and colour metrics shall be calgulated
usmg d|rect|onal |IIum|nat|on of 200 Ix |nC|dent on the dlsplay surface for an|indoor

factor measurement can require higher illumination levels for better measurement
accuracy. The results are then scaled down to the required illumination levels. The directed
source shall be 45° above the surface normal (65 = 45°) and have an angular subtense
of no more than 5°. The angular subtense is defined as the full angle span of the light
source from the centre of the display’s measurement area.

e Other illumination levels may be used in addition to those defined above for calculating
the ambient contrast ratio under indoor illumination conditions. However,
approximately 60 % of the total illuminance should be hemispherical diffuse, and 40 %
directional illumination. Additional ratios of diffuse to directional illumination may also
be measured.
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b) Daylight illumination conditions:

Uniform hemispherical diffuse illumination — Use a light source closely approximating
skylight with the spectral distribution of CIE Illuminant D75 [4]. Additional CIE daylight
illuminants (such as D65) may also be used, depending on the intended application.
For spectral measurements, the spectral reflectance factor measurements can be
made using a spectrally smooth broadband source (such as an approximation to CIE
Standard llluminant A). Skylight photopic and colour metrics can be calculated later for
the CIE D75 llluminant spectra. The skylight photopic and colour metrics shall be
calculated using 15 000 Ix of hemispherical diffuse illumination (with specular included)
incident on a display surface in a vertical orientation [4],[5]. The actual hemispherical
diffuse reflectance factor measurement may be taken at lower illumination levels. The
results are then scaled up to the required illumination levels

Directional illumination — The directional light source shall approximate ClE\daylight
llluminant D50 [4]. Additional CIE daylight illuminants (such as D65) may also’be used,

measu
tabula

depending on the intended application. A spectrally smooth broadband source (s
an approximation to CIE Standard llluminant A) may be used for the reflectancg
measurement. The sunlight photopic and colour metrics can be galctlated lat
the D50 llluminant spectra. The daylight contrast ratio or colodr shall be calq
using 65 000 Ix for a directed source at an inclination angle of ¢ = 45° to the
surface, and the LMD shall be aligned normal to the display "surface (64 = 0)
The actual reflectance factor measurement may be taken _at lower illumination
The results are then scaled up to the required illumination levels. The contra
and colour are calculated for the scaled-up illuminahce levels. The directed
shall have an angular subtense of approximately 0/5°.

ements, the relative spectral distributions of CIE Illluminants A, D50, D65 an
d in CIE 15 shall be used. Additional CIE daylight illuminants shall be dete

For dLylight photopic and colour metric calculations from spectral reflectance

using the appropriate eigenfunctions, as defined<n CIE 15.

The U
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/ region (< 380 nm) of the light source shall be cut off by a UV blocking filter,
jht source illumination levels are\used, an infrared-blocking filter is recommen
ve device heating.

p is fluorescent light with*a radiance larger than 1/100 that of the DUT blac
ing background reflected light) the spectral reflectance analysis should not be u
5e, the spectrum of the light sources should match the spectrum of the CIE illum
p photometric reflection coefficients shall be measured directly. These coefficie

then include the contribution from the fluorescence. The presence of fluorescence
checkdd by turning-the display off and shining a directional source (with a blue filter)
display| at a 45°%ificlination angle and determining if a glow from the illumination area
observed.
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Standard illumination geometries

General

The measurement geometry can have a significant effect on the measured reflection
properties of a display [6]. Three types of illumination geometries shall be used for
determining the performance of the display. Standard configurations for implementing these
illumination geometries are defined in 4.3.4. Additional illumination geometries may also be
used. The details of the illumination geometry used for a given measurement shall be reported.
Further guidance on the proper implementation of these illumination geometries is given in the
SID Information Display Measurements Standard [1].
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4.3.4.2 Directional illumination

Directional illumination is obtained when a light source produces approximately parallel rays
incident on the DUT. The maximum deviation of the rays from the optical axis depends on the
diameter of both the source and measuring spot. The maximum angle of deviation from the
optical axis is given by

arctan([r,, +r]/|d|)<5° (1)
where rg is the source radius, d is the distance to the measuring spot, and r,g is the
measufi ' ' rati - ' Iniform

to within 5 % ([Lyax = Lmin] / Lmax)- A source of light sufficiently distant from the \DWT can
provide¢ directional illumination (e.g. sun and moon). When simulating outdogr ‘directional
ambient illumination like the sun and moon, the subtense of the source (as obsetved|by the
DUT) ghould be <0,5°.

Directipnal illumination can be realized with at least three different types\of sources when the
source| dimensions are small enough compared to the distance between the source gnd the
measufing spot on the sample. These geometries are depicted in Figure 2:

— flat] Lambertian source, for example the exit port of an integrating sphere (top, with light
soyrce in grey),

— spherical isotropic source (e.g. incandescent bulb inside a diffusing glass-sphere) (middle,
with light source in grey),

— projection system with lenses or mirrors (bottomywith lens on the right).

IEC
Figure 2 — lllustrated examples for directional illumination

Directional illumination is implemented by using a light source with a small diameter
(compared to the distance to the measurement spot) aligned to form an inclination angle 6g
with respect to the surface normal of the DUT. This directed light source produces an
illumination spot on the DUT. The LMD is placed at an inclination angle 6y in the plane of the
incident light, and its measurement field centred within the illumination spot. The light source
and LMD can be adjusted over a range of inclination angles, but the LMD shall remain in the
plane of incidence (i.e. ¢5 = ¢g + 180°). This configuration is shown in Figure 3 (left) with its
representation in a polar coordinate system (right). The measurement field on the DUT is
defined by the DUT area element that is imaged on the detector in the LMD.
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Figure 3 — Example of the measuring'setup using
directional illumination where 05 =40° and ¢ = 30°

The S:Endard conditions are f0g = 45° and 0gx = 0% Alignment accuracy to within £0,4° is
recomimmended to keep alignment-related measurement error within £5 %.

4.3.4.3 Ring light illumination

Ring light illumination can be considered ‘a special case of directional illumination. It prlovides
directignal illumination with rotational symmetry about the display’s surface normal |and is
centred on the measurement spot- Ring light illumination can be realized in the fo[lowing
ways:

— fibgr-optic ring light,
— intggrating sphere with'a ring-shaped aperture (annulus),

— optjcal systems with lenses and mirrors, for example a concave ring mirror.

A ring4shaped dight-source centred about the surface normal of the DUT illuminates the DUT
from ap anglexof inclination 65 + 4 for all azimuthal angles ¢g = 0 to 360°. The LMD is aligned
to form an‘angle 0g < 5 — 4 with respect to the surface normal of the DUT. Figure 4 shows a
side viewl.of the measuring setup (left) and its representation in a polar coordinate $ystem
(right).%mm& The
subtense of the ring light (24 in this case) shall be specified. The source and detector shall be
aligned to the defined geometry to within £3°. The illumination of the measuring spot on the
DUT shall be uniform within 5 %. This setup is used with the light source fixed, and the LMD
can be adjusted within the limits of the ring light opening. The standard conditions are 6z = 0°
and a source inclination angle of g + A4 = 45° + 3°.
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Figure 4 — Example of ring light.illumination
measuring setup where g+ 4= 35¢ 5 and 0 = 20°

It is recommended that the ring light and LMD have an alignment accuracy of £0,7° in order to
keep the alignment-related measurement error- within 5 %. When simulating qutdoor
directignal ambient illumination using the:{ring light, the subtense 24 of the pource
(as observed by the DUT) should be <0,5°. A fiber-optic ring light is recommended in this case.
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i DUT lllumination aperture

(optional)
<t Da —
IEC
Key:
Ring light subtense (ZAS’ K,)
Ring light inclination (45, 4,)
Ring light distance (Cy)
Light raqius (rs)
Ring light width (Dg)
Measurdment field (m,)
llluminafion field (aperture) (D,)
Measurgment field illumination subtense (Ky,c.)
Figure 5 — Detailed<schematic of ring light characteristics
The maximum angle of deviation*from the optical axis is given by:
C C
arctan| = |—-arctan| —— |<5° (2)
7 o m,
22

Thus, fhevfing light diameter (D.) should be at least six times larger than the measufement
field diameter (m,).

The illuminated area diameter (D,) should be at least 1,5 times larger than the measurement
field diameter (m,).

If the display consists of thick layers (>1 mm) above the reflective surface of the DUT’s
imaging plane, care should be taken to measure the ring light distance (cg) from the farthest
visible layer in the display, not the front surface of the display.

NOTE If the reflected light from the display exhibits an asymmetric scatter pattern (e.g. matrix scatter), then the
ring light source is used for directional illumination measurements [7]. If a directional source is used with
asymmetric scatter, it is possible that the results are not reproducible.
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4.3.4.4 Hemispherical illumination

Hemispherical illumination is omni-directional light that is uniformly incident on a display
surface. It can be used to simulate the diffuse background illumination of indoor environments
or the diffuse illumination of outdoor skylight (with direct sunlight blocked). In the true
hemispherical case, incident light rays of constant luminance are uniformly distributed over all
angles of inclination at the measuring spot. Two possible examples of the measurement
geometry are shown in Figure 6. A good approximation of ideal hemispherical illumination (i.e.
constant luminance from all directions up to 90° inclination) can only be provided by
integrating spheres where the diameter of the measurement port (Figure 6, configuration A) or
the sample port (configuration B) is small compared to the diameter of the sphere. If an
integrating sphere that is at least seven times the physical outer diagonal of the display is

availa
For la
more

standa
diffuse

used when performing hemispherical illumination measurements:

a) Th

sample port of a sampling sphere.

b) Estiablish the required illumination at the measurement spot.,\The colour temperatu

illu
sta

spllere wall adjacent to the sample port (Figure 6,{configuration B). The type
soyrce used, its spectrum, and CCT shall be noted-in_the test report.

Di

Figure

’ )

e displays, a sampling sphere (Figure 6, configuration B) or a hemisphere\wqg
uitable, following the guidance in CIE 38. In all cases, the configuration shall foll

illumination with the specular component included. The following procedure s

b display is placed in the centre of an integrating sphere/hemlisphere, or agai

mination spectra can be measured from the reflected lightvof a white diffuse refle
hdard near the display measurement area (Figure 6,configuration A) or the s

Specular
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integrating sphere (left) or sampling sphere (right)

Hsing an

c) The LMD is aligned to view the centre of the display through a measurement port in the

sphere wall at an inclination angle of 8°

o

Oo

from the display normal. The required LMD

angle of inclination can also be realised by tilting the display within the integrating sphere.
The LMD is focused on the display’s image plane.
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d) The measurement port diameter shall be 20 % to 30 % larger than the effective aperture of
the LMD lens. Care needs to be taken to avoid any direct light from the sources, or any
bright reflections off any surface (other than the screen itself), from hitting the lens of the
LMD in order to minimize the veiling glare contamination of the reflected luminance
measurement. The LMD shall be moved back from the measurement port so that the bright
walls of the sphere are not visible to the LMD. In addition, the sample port diameter will
typically need to be larger than 25 mm in order for the LMD’s measurement field to be
completely contained within the sample port.

e) The measurement port shall be bevelled away from the lens. The small diameter of the
bevel is toward the LMD, and the large diameter on the inside of the sphere.

f) The spectral irradiance or illuminance on the display can be measured using a white
diff ' ' ' i factor
p(4), or the photopically-weighted (or luminous) hemispherical diffuse reflectance-fgctor p.

diffuse illumination in an integrating sphere. When an integrating sphere (configurati
or hemisphere is used, the white diffuse reflectance standard shall be lplaced pn the
display surface. If ¢ is the thickness of the white diffuse reflectance standard, then |jit shall
be |placed on the surface at a distance of 5 x ¢ to 7 x ¢t from the/measurement area to
avqgid shadowing. The white reflectance standard can also be placed adjacent to|and in
thel same plane as the display if the sphere illumination is uniform”over that distan¢e. For
uniform illumination, the integrating sphere should be at least seven times larger than the
physical outer diagonal of the display under test. In the casé’of the sampling sphefre, the
spdctral irradiance can be determined by a measurenient of the interior sphefe wall
adjacent to the sample port [8]. The hemispherical diffuse spectral reflectance fagtor, or
the| luminous hemispherical diffuse reflectance facton,” of the interior sphere wall gan be
determined by comparing the spectral radiance_(er luminance) of the wall with that of a
callbrated white diffuse reflectance standard placed at the sample port (i.e. pya; J Pstq X

(Lofal / Lsta))-

g) If 4 sampling sphere is used, the displayxmeasurement area shall contain more than 500
display pixels. It is recommended thatsthe sampling sphere be at least six times| larger
thah the sample port diameter. If there is a significant distance between the display
em|tting surface and the sample port'entrance, then the size of the sample port may need
to e increased [9].

The sfandard conditions are~0x=8° and a source subtense of 2 x Og 5«2 170[. The
illumingtion of the measuring spot on the DUT shall be uniform to within 5 %.

4.4 Btandard setup.'conditions
4.4.1 General

Standdrd setup_conditions are given below. Any deviations from these conditions shall be
reportgd.

4.4.2 “—Adjustmentof-disptay

The display shall be measured at its factory settings. If other settings are used, they shall be
noted in the test report. These settings shall be held constant for all measurements. It is
important, however, to make sure that not only the adjustments are kept constant, but also
that the nominally steady-state physical quantities remain constant during the measurement.
This is not automatically the case because of, for example, warm-up effects or auto-dimming
features. Any automatic luminance or gain control shall be turned off. Otherwise it should be
noted in the report. This document does not intend to include the effect of the ambient light
(or brightness) control, and this display function shall be turned off. If that is not possible,
then it is recommended that it should be set to turn on no lower than 300 Ix. If the ambient
light control cannot be set, then a constant illumination source of at least 300 Ix should be
mounted on the ambient light senor and should be optically shielded from the test room. The
state of the auto-light control shall be reported. In addition, if the display has an auto-dimming
feature which reduces the display luminance of a static image after a prolonged time, then in
some cases it is effective to render a black frame for at least 8 s prior to rendering and
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measuring the desired test pattern. The measurements shall be completed before the
dimming feature is triggered. It is assumed that the reflection properties of the display screen
are independent of the viewing mode. If that is not the case, then the viewing mode shall be
defined by the test specification and be consistently used for all measurements. The display
should be operated in a mode that does not have overscan.

This document assumes that the reflection properties of the display will be different for each
screen colour or grey level, as is common with reflective displays and some LCDs. If the
reflection properties of the display are independent of the image content, then the display
reflection properties may be measured with a full black screen.

4.4.3 Starting conditions of measurements

Measufements shall be started after the displays and measuring instruments achieve stability.
The DUT shall be turned on first and operated for at least 30 min prior to the measurgment.
Some glisplay technologies may need a loop of colour patterns rendered on the screen|during
the warm-up period. Sufficient warm-up time has been achieved when the luminance| of the
test fe}ture to be measured varies by less than +3 % over the entire megSurement peripd (e.g.
uniformity measurements) for a given display image.

Any aygtomatic luminance or gain control shall be turned off. Othieswise it should be npted in
the report. The ambient light (or brightness) control, which can,reduce the luminancge level
with dim ambient illumination, shall be turned off. If that is not possible, it is recommer]ded to
set it tp turn on no lower than 300 Ix to minimize the influence of the brightness contrpl. The
state of the auto-light control shall be reported. In addition; if the display has an auto-dijmming
featurg which reduces the display luminance of a static image after a prolonged time, then at
least an 8 s black frame shall be rendered prior toxtendering and measuring the desirgd test
patterr]. The measurements shall be completed before the dimming feature is triggered.

4.4.4 General conditions of measuring\equipment

The light reflected from the display active area shall be measured in terms of photomgtric or
colorimetric units using the CIE 1934 (standard colorimetric two-degree observer, as defined in
ISO/CIE 11664-1. Luminance can\be measured by a photometer, and CIE tristimulusjvalues
(X, Y,|2) or CIE chromaticity .coerdinates by a colorimeter. A spectroradiometer can also
obtain [photometric and colorimeétric values through a numerical conversion of the mepsured
spectral radiance data (see for example [10]). Non-contact LMDs should be used without an
integrated illumination source. The following requirements are given for these instrumernts:

be a Ilyminance ineter, colorimeter, or spectroradiometer. For DUTs that have sharp spectral
peak flill-width<at-half-maximums (FWHMs) smaller than 20 nm, such as laser displays| LCDs
with fluoreseent lamp backlights or LEDs with narrow-peak phosphors, quantpm-dot
phosphors,~or narrow-spectrum OLEDs, a spectroradiometer should be used. A filter
colorimeter should generally not be used for light sources with sharp spectral peaks |If they
are used, the colorimeter should be calibrated for the specific spectrum with a narrow
bandwidth spectroradiometer [11]. However, the calibration methods generally assume that
the display exhibits additive colour mixing. For light sources with sharp spectral peaks, the
maximum bandwidth of the spectroradiometer shall be < 5 nm. The higher resolution
spectrometer produces a more accurate colour measurement, especially for laser sources.
The spectroradiometer shall be capable of measuring spectral radiance over at least the 380
nm to 780 nm wavelength range, with a maximum bandwidth of 10 nm for smooth broadband
spectra (i.e. broad spectrum with no sharp spikes).

The stLIndard non-contact measurement equipment setup is shown in Figure 7. The LMD shall

Care shall be taken to ensure that the LMD has enough sensitivity and dynamic range to
perform the required task. If the LMD measures a non-zero value, the measured LMD signal
shall be at least ten times greater than the dark level (i.e. the noise floor with the lens cap on)
of the LMD. If the LMD is not sensitive enough to measure a signal and truncates the readout
to zero, then the measurement is not acceptable and a more sensitive LMD is required.
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The measured LMD signal is no greater than 85 % of the saturation level.

llowing additional best practices shall be followed:

a) The LMD shall be focused on the image plane of the display and generally aligned
perpendicularly to the display surface at the centre of the active display area, unless
stated otherwise.

b) The relative uncertainty and repeatability of all the measuring devices shall be maintained

by following the instrument supplier's recommended calibration schedule.

c) The start and duration of the LMD's temporal integration shall be synchronized with the
optical modulation signal of the DUT. If such a signal is not available, the LMD shall be

syn
caq

fun

lunfjinance to better than 5 %.

d) If
mo

car
cheg

the

nelu

usdgd for measuring the time-averaged screen luminance.

Additignal general measurement best practices are given in detail in [1].

4.5

4.5.1

Acceptance area

Field of view Angular field
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Figure 7 — Layout diagram of measurement setup

Reflection standards

| MD measurements are taken for displays with impulse-driving. or pulse
Hulation methods (including LCD backlights), the high peak luminance of these d

cause detector saturation errors. The accuracy of these meéasurements g¢an be
cked by attenuating the light with a neutral density filter with Known characterigtics. If
change in signal amplitude of the detector is proportional tothe transmittance| of the
tral density filter, then there are no detector saturation (efrors. This method

IEC

hronized with the vertical synchronization of the input video signal. If the LMD is not
able of synchronizing, then the LMD integration time shall be at least 200 cycteg of the

c %
damental Fourier Transform frequency of the modulated light in order to measuyre the

width
splays

can be

General

Calibrated reflection standards can be used to determine the reflection properties of displays.

4.5.2

Diffuse reflectance standard

Diffuse white reflectance standard samples can be obtained with a diffuse reflectance of 98 %
or more. They are also available in different shades of grey. A luminance Lgy measurement
from such reflectance standards can be used to determine the illuminance E on the standard

for a defined detection geometry and illumination spectra and configuration:

- 7Lstd

Rstd

(3)
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where Rg4 is the calibrated luminous reflectance factor for that measurement configuration.
When the illumination configuration is a uniform hemispherical illumination, then Ry is
equivalent to luminous reflectance pgy. The luminous reflectance value associated with the
standard is only valid for the hemispherical illumination spectra in which it was calibrated. If it
is used with a directed source at any angle, there is no reason to expect that the luminous
reflectance value will be the correct luminous reflectance factor value for that illumination
configuration or spectra.

The terms luminous reflectance and luminous reflectance factor shall be abbreviated to
reflectance and reflectance factor, respectively.

4.6 |ocationsofmeasurementfield

Luminance, spectral distribution and/or tristimulus measurements may be taken-at $everal
specified locations on the display surface. However, only the centre of the-screen is
recomimended in this document.

5 Darkroom luminance and spectra

5.1 General

This method is used to measure the emitted spectra andyluminance from a displgy in a
darkropm rendering a desired colour Q. For a reflective display without an ILU, or ILU |turned
off, thg spectra and luminance will be zero.

5.2 Fest pattern
5.2.1 General

Two sé¢ts of fundamental test patterns arelused in this document: the simple box set/and a
multi-cplour pattern.

5.2.2 Simple box test patterns

The simple box set of test patterns is used to estimate the display performance.|These
patterrfs are mainly used ‘for communication between manufacturers, in researdh and
development, and in-line‘manufacturing testing for simple quality control.

The simplest test pattern is the full screen test pattern. This pattern uses the same cdlour of
the degired coloun.@ for all addressable pixels.

An alt¢rnate box test pattern uses a black background with a relatively small colodr area
centred an the display screen. The centre rectangle can be changed to the desired colour Q to
be me i i ible; 9 9 b used.

These patterns are illustrated in Figure 8 for rectangular display areas. For rectangular active
areas, the dimensions of the box are proportional to the dimensions of the active area. For
example, the dimensions of the 4 % box would be 1/5 of the vertical and horizontal
dimensions of the rectangular active area.
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5.2.3
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Figure 8 — Example of centre box test patterns using
the standard 4 % and 10 % area boxes

Multi-colour test pattern

ers about the performance of final display products. Fhis test pattern is not requ

d end
red for

production testing. However, the optical performmance of the delivered product is

Fed using the multi-colour pattern.

IIti-colour pattern for luminance and specttal’measurements shall use the RGBQ
ttern illustrated in Figure 9. This patternvjis intended for centre measurements
APL loading. Each of the large colouréd.-boxes is uniformly spaced about the hon
d vertical (V) dimensions of the active area on a black background, with ea
and width corresponding to 2/9 of\the dimensions of the active area. Each of the]

MY Wx
under
izontal
ch box
white,
Ximum

een, blue, cyan, magenta, and yellow small box colours are fixed at their mg

eferred signal setting. The centre rectangle can be changed to the desired coloufr to be
red. The small dark grey.rectangles in the surrounding boxes are used to compgensate
APL change in the pattern when the centre box colour changes. The intent is to
maintajn the APL at 25 % for all the centre colour measurements to eliminaje any
rement influence due to APL loading. For the example shown in Figure 9, when the

colour is set to_an 8-bit signal value of (192, 192, 192), the surrounding grey rec
to its complimentary value of (63, 63, 63). When a more saturated colour is me
centre (such-as cyan with (0, 200, 200)), then the surrounding rectangles would
gnal complimentary colour (255, 55, 55). If the display is not sensitive to a few g
in the ! APL value, then the surrounding rectangles can remain at black for all

angles
asured
be set
ercent
centre

The a

ea scaling of the coloured rectangles determines the AFL loading on the displ

y. The

amount of APL loading is input-referred, assuming it is an RGB digital input. The percent APL
is defined as:

N
> PL

APL (%) =100x =
N

(4)

where the summation is over all signal pixels in the input signal, PL; is the normalized signal
pixel level of the ith pixel relative to maximum white level, and N is the total number of signal
pixels. A 100 % APL would be represented by all signal pixels in the input signal at maximum
white level. This would be implemented by setting the red, green, and blue inputs to their
maximum values. A single primary colour (e.g. red) rendered on a full screen would have
1/3 of the APL of a full white screen.
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The centre rectangle can be changed to any desired colour, while¢the. surrounding rectangles rem
br the compensatory boxes.

Figure 9 — Standard medium APL RGBCMYWx test pattern used for
centre luminance and spectra measutrements with 25 % APL

hin fixed

hall be

If the |display active area is not rectangular,cthen the multi-colour test patterns may be
adjusted to fit the format. However, the APLxlevel and uniform proportion of colours s
maintajned.

5.2.4

The following measuring conditions-apply:

a) Ap
dri

b) Standard measuring” environmental conditions; darkroom conditions; standard

con

c) Si
Fig

5.2.5

Measuring conditions

baratus: an LMD that can measure spectral radiance, a driving power suppl
ing signal equipment.

ditions.

ple box test patterns in Figure 8, or standard medium APL loading test patts
re 9.

Measuring method

y, and
setup

Brns in

Measure the darkroom spectral radiance L(4) and luminance L of the desired colour Q in
the centre of the active area using the following procedure:

a) Render the test pattern in Figure 8 or Figure 9 with the desired colour Q in the centre of
the active area. Allow the luminance to stabilize.

b) Align the optical axis of the LMD perpendicularly to the display screen and centred on the
centre of the display.

c) Measure the spectral radiance Lg (1) and luminance Ly of the desired colour Q in the
centre of the display.

d) Repeat the measurement for other desired colours.
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6 Reflection measurements

6.1 General

The purpose of this method is to measure the reflection properties of a display under defined
illumination conditions. If a reflective display is to be measured with the ILU on, then the ILU
will be set to its maximum light level and the display will be treated as an emissive display. If
an emissive/transmissive-reflective hybrid display is to be measured, care shall be taken that
only one mode of operation (emissive/transmissive or reflective) is used for all measurements.
If that is not possible, and the mode can change with the illuminance, then the illuminance
scaling method described in this document is not applicable. The reflectance of an
illuminance-independent hybrid display shall be measured in the same way as for a reflective
display but with the emissive/transmissive function turned off.

The method specifies how to measure the display spectral reflectance factors ahd the
luminous reflectance factors. It is recommended that the spectral reflectance factprs be
measufed. If a luminance meter is used to obtain the luminous reflectance [factors, then the
measufed luminous reflectance factors are only valid for the illumination” spectra used|during
the mdasurement. These reflection factors should not be used for calculating the reflection
properiies from other spectral distributions.

6.2 Measuring conditions
The apparatus shall be as follows:

— adriving power source;
— adriving signal equipment;

— an Jntegrating sphere, sampling sphere, or hemisphere; and

— adjrected light source.

For spectral measurements, a spectroradiometer that can measure luminance and spectral
radian¢e is needed, as well as_@) white diffuse reflectance standard with a |known
hemispherical diffuse spectral reflectance factor and a directed spectral reflectance| factor
calibrafed for the intended méasurement geometry. For photometric measuremgnts, a
detector is required that can measure luminance, and a white diffuse reflectance stangard is
requirgd with a known luminous hemispherical diffuse reflectance factor and a luminous
direct reflectance factor calibrated for the intended measurement geometry and [source
spectra.

One of the simple~box test patterns in Figure 8 shall be used. The pattern used shall be
reportgd.

The illiminance condition shall be as follows:

e For the measurement of the display reflection coefficients, the illumination level of the test
light source shall be appropriate to accurately perform the measurement.

e The standard directed, ring light, or hemispherical illumination conditions shall be used
(see 4.3.4). The illumination spectra should approximate CIE llluminant D50 or D65.
Otherwise, a stable and spectrally smooth broadband visible light source
(e.g. incandescent lamp) shall be used and spectrally corrected later in the analysis. The
illumination/detection geometry used, its spectrum, and the light source CCT shall be
reported.

e Except for the standard ambient illumination conditions, all other conditions are the
standard conditions.


https://iecnorm.com/api/?name=7f60d2f1fb2a5a16c3306c50a868367d

IEC 62977-2-2:2020 © IEC 2020 - 27 -

6.3

Measuring the hemispherical diffuse reflectance

The measurement shall proceed as follows:

a)

b)

c)

d)

e)

g)

h)

Place the display in an integrating sphere or against the sample port of a sampling sphere
(see Figure 6) as indicated in 4.3.4.4. Turn ON the integrating sphere or sampling
sphere's hemispherical diffuse illumination to the desired CCT. Allow the light source to
stabilize.

NOTE 1 A change in sphere illuminance can be monitored by an illuminance detector attached to the sphere.

Set the test input signal to the display to generate a 4 % or a 10 % window of colour Q at
the highest luminance level, or reflectance level for a reflective display, with a black

bagkground-{seetigure-8):

Align the LMD through the measurement port, focused at the centre of the display;|and at
an|[8° to 10° angle to the display surface normal. Turn room lights OFF-(datkroom
cor|ditions). Measure the spectral radiance Lq pemi-on(4) Or luminance Lg)pemi-on|at the
cerltre of the coloured pattern with the hemispherical surround ON.” For spectral
mepsurements, the display luminance Lq hemi-on €an be calculated’using the fo|lowing
relation:

L =683 j LAV (A)dA (5)

where V(1) is the photopic luminous efficiency functionas defined in CIE 15.

NOTE 2 In this document, spectral measurements such as ‘spectral radiance will be specifically identified by
the | spectral radiance's wavelength dependence (e.9. Lgyemion(4)), whereas its photometric equivalent
luminance will have no explicit wavelength dependence (e.g: ’LQ hemi-ON)-

Align the LMD to the centre of the calibrated white diffuse reflectance standafd and
mepsure its spectral radiance Sq pemi-on(4) Or luminance Sq pemi-on With the hemispherical
surfound ON and the display in its colour Q. For the sampling sphere case, Sq penfi-on(4)
or Sq.hemi-on IS the spectral radiance and luminance, respectively, measured frogm the
sphere wall adjacent to the sampleyport.

Turln OFF the integrating sphere or sampling sphere's hemispherical diffuse illumipation.
This can be accomplished by turning OFF the light source. If the sphere light is input by a
portable source (like an “eptical fibre bundle), then the light can be turned QQFF by
disgonnecting or blocking at the light source end so that the interior conditions and
performance of the Sphere are not changed. Skip this step for reflective displays with no
ILY or ILU off.

Mepsure the spectral radiance Sq pemi-orp(4) Or luminance Sq pemi-ofr Of the reflectance
staphdard, or<Sampling sphere wall, with the surround OFF and the display in its|colour
stafe Q. Skip’this step for reflective displays with no ILU or ILU off.

Align/the LMD to the centre of the display. Measure the screen spectral radiance
Lq hemiaee(4) or luminance Lq pemiope in the centre of the display with thejdiffuse
surround OFF. Skip this step for reflective displays with no ILU or ILU off.

Calculate the hemispherical diffuse spectral reflectance pp(1), or luminous hemispherical
diffuse reflectance pqg, of the colour Q display pattern for the measured
illumination/detection geometry.

For spectral measurements, the following relation is used:

[ Lo vemson () "L arvore (2] ]
[ Saremon (4) =S pamsore (2] ]

where pg4(4) is the known hemispherical spectral reflectance for the white diffuse
reflectance standard, or sampling sphere wall, in the same geometry. For reflective
displays with no ILU or ILU off, the terms Lq pemi-orr(4) @and Sq hemi-orr(4) Will be zero.
The luminous hemispherical diffuse reflectance pq of a display rendering colour QO under

PolA)= P, (A)

(6)
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the desired hemispherical diffuse illumination spectra is determined using the spectral
reflectance factor pq(4) in the following formula:

[ Pa(AIEqe ()P (2)dA

@ [Ece()V(A)dA

Yo, (7)

where Eqg(4) is the relative spectral distribution of the desired illumination. The spectral
distributions of CIE llluminants A, D65, D50 and D75 tabulated in CIE 15 shall be used. If
additional daylight illuminants are desired, the following relation from CIE 15 shall be used:

Ece (A)=Ey(A)+M,E, (A)+M,E, () (8)

where the Ejy, E4, and E, eigenfunctions are tabulated in CIE 15, and 47, and M, are
eigenvalues defined in the same document. For example, M and My7are given in Table 3
for [the case of D50, D65, and D75.

Tgble 3 — Eigenvalues M, and M, for CIE daylight llluminants D50, D65, and Df5

For

For
zer
0
diff]
me
her

Correlated colour temperature
Eigenvalues 5000 K 6 500 K 7 500 K
M, -1,040 1 -0,296\34 0,143 58
M, 0,366 66 0,688 32 -0,759 93

luminance measurements, the photometric equivalent of Formula (6) is used:

I:LQ, hemi-ON 'LQ, hemi-OFF:I

std -
[SQ, hemi-ON SQ, hemi-OFF]

P, =R

reflective displays with.io ILU or ILU off, the terms Lq phemi-orr @Nd Sq hemi-OFF
p. However, the hemispherical diffuse reflectance pq of the display with a screen
and the white diffuse reflectance standard pgiy, shall only be used for hemisp
use light sources-with the same geometry and spectral distribution as that used
hsurement. Therefore, any ambient contrast ratio or colour calculation usi

Fo

To
be

ap

hisphericat)diffuse reflectance py that was determined by the photometric mef
mula (9) is*only valid for light sources with similar spectra and geometry.

9)

will be
colour
herical
in this
ng the
hod in

ensure. measurement integrity, the reflected component of the sphere illuminatio
dehgreater than the display emission (i.e. Lq hemi-on(4) >> Lq hemi-orf(4))- Th

n shall
same

i) Report the CCT of the display test illumination, pq, the detector parameters (incident angle,
measurement field angle, and distance to sample) and illumination source geometry used

int

6.4

he measurements in the test report.

Measuring the reflectance factor for a directed light source

The measuring method shall be as follows:

a) Mount the display and directed light source according to the guidance provided in 4.3.4.2
or4.3.4.3.

b) Set the test input signal to the display to generate a 4 % or a 10 % window of colour Q at
the highest luminance level, or reflectance level for a reflective display, with a black
background (see Figure 8).
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c)

d)

e)

g)

h)

Measure the spectral radiance Lg(4), or luminance Lq, at the centre of the colour pattern
under darkroom conditions (and direct light source OFF). For spectral measurements, the
display luminance Ly can be calculated using Formula (5). Skip this step for reflective
displays with no ILU or ILU off.

Position the directed light source as specified in 4.3.4.2 or 4.3.4.3. In general, the discrete
directed source geometry shall be used. If the display exhibits strong matrix (asymmetric)
scatter, then a ring light is recommended [7]. Turn ON the light source at the desired CCT,
and wait for the light source to stabilize. Adjust the source intensity so that the light
reflected off the display produces a strong signal at the LMD. Confirm that no fluorescence
is present.

Measure the spectral radiance Lq 4(4) or the luminance Lgq 4 from the centre of the
diSJidy VVitil tilc UI;IUL;tUuI SUUTLE ;“ulll;lldt;ull ON FUI bpcbtldi nredsurcllicIigs, the
lunfinance Lq 4i from the display with directed illumination can be calculated| using
Formula (5).

To|ensure measurement integrity, the display ambient spectral radiance with djrected
soyrce ON shall be much greater than the display spectral radiance’in a darkroom
(i.ef Lq gir(1) >> Lq (4)). The same applies for the photometric equivalents.

Remove the display and place the white diffuse reflectance-'standard in the|l same
mepsurement plane as the LMD.

Mepsure the spectral radiance Sy (4) or luminance Sy;, from\the calibrated white diffuse
refllectance standard. For spectral measurements, the spegtral irradiance Ey;(1) jon the
white diffuse reflectance standard (and consequently the“display) can be determiphed by
usipg the following formula:

E(A) = %(j)) (10)

with E(1) = Eg;(4), L(4) = S4;(4), and where R(1) = Rq4(4) is the known spectral reflgctance
facfor for the white diffuse reflectanceStandard in the same geometry.
The illuminance E,, can be obtaingd from the spectral irradiance E(1) by:

E, = 683jE(;t)V(A)dA (11)
A

where for the dirgcted source case, the display illuminance Ey, = Ey, is obtained from
E(A) = E4;(1). Far“photometric measurements, an analogous relation to Formula (11) is
usgd to calculate the illuminance E;,.

Calculate the spectral reflectance factor, Ry(4), or luminous reflectance factor, Rq) of the
colpur display pattern with the directed illumination for the measured illumination/detection
gegmetry.

For-spectratmeasurements,thespectrat Teftectance factor R (%) s determimedusing the
following formula:

Logr (A)—Lg(A) — R, (A) Laogir () —La (4) (12)

Ry (A)=x = So (ﬂ,)

Edir (/’L)
For reflective displays with no ILU or ILU off, Ln(4) will be zero. The following formula shall
be used to calculate the luminous reflectance factor Rq for a colour QO display pattern
under directed illumination having the desired spectral distribution:
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| Ra(A)Ecie (A)V (A )d A

Ry =
| Ecie (W (2)d 2

(13)

where Eqg(4) is the relative spectral distribution for the desired CIE illumination spectra.
The CIE 15 tabulated data for CIE illuminants shall be used for Esg(4). If additional
illuminants are desired, they shall use the expression given in Formula (7).

For photometric measurements, an analogous relation to Formula (12) is used:

Toar —La
= g —Qdr_Q 14
Rq = (14)

dir

For reflective displays with no ILU or ILU off, Lg will be zero.

The luminous reflectance factor in Formula (14) shall only be uséd "to calculgte the
ampient contrast of the same source spectra and geometry as that used |in the
mepsurement.

i) Report the CCT of the test illumination, the detector parameters (incident [angle,
mepsurement field angle, distance to sample), illuminatiofizsource parameters (ipcident
angle, angular subtense, distance to sample, beam divergence) used in the measur¢ments,
and Rq in the test report.

7 Ambient optical performance

71 General

The optical characteristics of a display under indoor and outdoor illumination conditigns are
deternJ’ined using the reflection coefficients from Clause 6 and the darkroom measufement
methods from Clause 5.

7.2 Ambient contrast ratio
7.2.1 General

The p:l;rpose of this method is to determine the ambient contrast ratio of a display| under
defined indoor or daylight illumination conditions.

NOTE |f a display.exhibits significant photoluminescence, then the ambient contrast ratio calculation is oply valid
for the spme illumination spectra and geometry used to measure the reflection coefficients.

7.2.2 Measuring conditions

The illuminance conditions shall be as follows:

— The standard ambient illumination conditions for an indoor room and clear sky daylight
shall be used. Additional illumination conditions may also be used, depending on the
application.

— Except for the standard ambient illumination conditions, all other conditions are the
standard conditions.

7.2.3 Measuring method

The ambient contrast ratio is determined from darkroom luminance measurements from
Clause 5 and reflection measurements of the display under hemispherical diffuse and directed
source illumination conditions. The measuring method for the hemispherical diffuse
reflectance and directed reflectance factor of the display for the required illumination spectra
is defined in Clause 4. These reflection parameters are used to calculate the combined
(emitted and reflected) luminance of a display at the required illuminance levels. The screen
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is set to the colours white (Q = W) then black (Q = K), and the emitted and reflected luminance
components are measured for each screen colour W and K. The ambient contrast ratio is the
ratio of the combined white luminance (Ly 5ynp) to the combined black screen luminance

(LK,amb)'

The darkroom black and white luminance (L and Lyy) values are measured following the
method described in Clause 5. For reflective displays with no ILU or ILU off, L and L,y will be
zero. Calculate the indoor room (sometimes called brightroom) or daylight contrast ratio using
the following formula:

(L - PuEcie nomi - Ry Ege g COS O A
W
ACR = LW,amb — L 7T 7T J (15)
Ly ambp [LK 4 PrEcie nemi 4 Ry Ecig gir €08 Og j
T T

where [the reference parameters are Egg hemi = 60 Ix, 05 = 45°, and Egjg 4i,cos(s) = 40 Ix for
a TV Vfewing room; Egig pemi = 300 Ix, 05 = 45°, and Eg g 4i;,c0s0 5200 Ix for an offige; and
Ecig hdmi = 19 000 Ix, 65 = 45°, and Eg g 4i,cosfg = 65 000 Ix for the outdoor daylight cpntrast
ratio. The hemispherical diffuse reflectance coefficients p\, andpy for the display with & white
or blagk pattern, respectively, are calculated from Formula (%) using CIE Standard llluminant
A, CIE|Standard llluminant D65, or CIE llluminant D50 spectrum for indoor illumination/ or the
CIE Illyminant D75 spectrum for daylight illumination. Ihe directed source reflectanceg factor
coefficlents Ry and Ry for the display with a white” or black pattern, respectively, are
calculdted from Formula (13) using the same CIE Standard llluminant A, CIE Standard
[llumingnt D65, or CIE Standard Illluminant D65 spectrum for indoor illumination, and the CIE
[lluminpgnt D50 spectrum for daylight illumination?’If additional geometries or illuminancq levels
are used, they shall be noted in the test report. All values used to calculate the ambient
contrasgt ratio shall be recorded in the test-report.

7.3 Ambient display colour
7.3.1 General

The pdrpose of this method-is to measure the ambient colour of a display under defined
indoor|(sometimes called.brightroom) or outdoor daylight illumination conditions.

NOTE |f a display exhibits significant photoluminescence, then the ambient display colour calculation is oply valid
for the spme illumination“spectra and geometry used to measure the reflection coefficients.

7.3.2 Measuring conditions

The iIIL||minance conditions shall be as follows:

— The standard ambient illumination conditions for an indoor room and clear sky daylight
shall be used. Additional illumination conditions may also be used, depending on the
application.

— Except for the standard ambient illumination conditions, all other conditions are the
standard conditions.

7.3.3 Measuring method

The chromaticity of a display under hemispherical diffuse and directed (including the ring type)
illumination conditions is a combination of the display’s intrinsic light emission and reflected
ambient light. The ambient chromaticity of a display at a given colour state (e.g. white, black,
red, green, or blue screen) under illumination conditions is determined by its equivalent
display ambient tristimulus values. These values can be -calculated from darkroom
measurements at the desired colour state and reflection measurements of the display under
hemispherical diffuse and directed source illumination conditions at that colour. The
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measuring methods for the hemispherical diffuse spectral reflectance and directed spectral
reflectance factor of the display are described in Clause 4. The method for measuring the
darkroom spectral radiance Ln(4) at the centre and perpendicular to the display for the
desired colour state Q is described in Clause 5. For reflective displays with no ILU or ILU off,
Lq(2) will be zero. The total ambient spectral radiance Lq 5mp(4) measured by a detector
perpendicular to the display, with reflections from the hemispherical diffuse and directed
sources included, will be:

AE N R, (ADE, (A [7)
LQ,amb(/’i‘):LQ(/l)_'_pQ( ) jZI-E,heml( )+ a(A) CIE,dlr( ) cos Oy (16)

T

where [Eq g hemi(4) @nd Egg 4i(4) are the irradiance spectra for the standard hemispherical
diffusel and directed sources, respectively. The relative irradiance spectra of)“Standard
Mlumingnt A, CIE Standard llluminant D65, or CIE Illuminant D50 for indoor ,illumination are
tabulafed in CIE 15. The relative irradiance spectra of CIE llluminants D75 and/D50 are used
for daylight illumination, where CIE Illuminant D75 is also tabulated in CEA15YE|E hemil4) @nd
Ecie qil(4) are obtained by multiplying the relative spectra by an appfopriate constapt that
would [produce the reference illumination levels when integrated using Formula (13). The
reference levels are Eq|g hemi = 60 IX, 65 = 45°, and Eg g 4i;,c080'540 Ix for a TV Viewing
room; | Egig hemi = 300 Ix, 05 =45°, and Egg 4;coss =200 )Ix for an office; and
EGIE hdmi = 19 000 Ix, 65 = 45°, and E¢ g 4ic0S0s = 65 000 Ix forioutdoor daylight. If additional
geomefries, spectra, or illuminance levels are used, they shalkbe noted in the test report. The
effectiye ambient tristimulus values for the display under these illumination conditions afe:

X amy =683 Lo gipl )% (4 )d 2 (47)
A

YQ,amb Ve 683'[ LQamb(i))_)(ﬂ')d/l (18)
A

Zoams =683 Lo g (4)2(2)d (19)
A

where |x (1), ErrorkBookmark not defined. y (1), and z (1) are the colour matching functions
(see CJE 15).

If the feflection coefficients are constant for all colours, then the ambient tristimulus |values
can be nvprncenr’l as:

Xgamy = Xg +683 Ly (D (A)d A (20)
A

Yoamp = Yo + 683_[LRef| (Ay(A)dA (1)
A

ZQ,amb = ZQ + GSBJ LReﬂ (/1)3(/1)6’1/1 (22)
2
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where Xq, Yo, and Zq are the darkroom tristimulus values for a measured display colour 0,
and Lref(4) is the display colour-independent reflected spectral radiance:

P(A)Eceremi  R(A)EqE 4,COSO
LReﬂ(/l)z ( )ﬂ-CIE,h + ( ) CI;,d S.

(23)

However, this simplification shall not be used for displays where surface reflection
characteristics change with the displayed colour (e.g. reflective displays and some LCD
displays).

The ddrkroom tristimulus values can be calculated from the measured darkroom luminahce Lq
and CIE 1931 chromaticity coordinates (xq, yq) of each colour Q using the following formulae:

L
XQ=XQ d (24)
Ya
Y, =1L, (25)
1-xq — Vg ) 4
Q=( Q Q) Q) (26)
Ya

The ambient 1931 CIE chromaticity coordinates“for the display at the desired colour gtate Q
under the standard illumination conditions are:

X X XQ, amb (27)
Q,ampy— 7
XQ,amb + YQ,amb + ZQ,amb
_ YQ, amb
yQ,amb - (28)

XQ,amb + YQ,amb + ZQ,amb

Report| the ffective tristimulus values and CIE 1931 chromaticity coordinates for the display
colour| Q7,the CIE illuminants and illuminance values used in the calculations, apd the
measufing” conditions. If additional geometries or illuminance levels are used, they shall be
noted in the test report. All values used to calculate the ambient colour shall be recorded in
the test report.

7.4 Ambient colour gamut volume
7.4.1 General

The purpose of this method is to measure the ambient colour gamut CIELAB volume of a
display under defined ambient illumination conditions. The method uses the procedure
described in 7.3 to obtain the ambient tristimulus values for the necessary colours under the
standard indoor or outdoor illumination environment. This method applies to static images
when the eye is adapted to the displayed images, where the background light is not
considered. For the purposes of metrology, it is assumed that the observer is fully adapted to
the display white. The white used with a particular pattern may not be the peak white.
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CIELAB defines a homogeneous human perceptual colour space. It uses three axes, one that
describes lightness, and two that together map hue and chroma. CIELAB colour volume is
only one of many attributes of the total display colour performance. The human visual system
adapts to the brightness and colour of the illuminant, as all colours are ratios in a tristimulus
system. This adaption affects the volume, as all colours are relative to the illuminant. To
understand the volume of colour, the illuminant should be defined. To measure the display
gamut volume with ambient reflections, the peak luminance with ambient reflections is
assumed to be the illuminant, as all input plus reflected colours are ratios of that for any
display in an ambient environment. Since the darkroom white of the display (in combination
with the ambient reflections) affects the colour gamut volume value, it is necessary to perform
a chromatic adaption to a common white point in order to have a common basis for
determining the gamut volume (see CIE 168).

This method is limited to input signals with typical OETFs such as IEC 61966-2:+1,| ITU-R
BT.601-7 [22], ITU-R BT.709-6 [23], and ITU-R BT.2020-2 [24]. This method is limited fo SDR
signal |nputs.

CIELAB volume can be measured in any display mode. However, even,in\the presencg¢ of an
SDR input signal, if a display’s output response is customized to enhance highlights {(“HDR-
like”), |ICIELAB colour gamut volume could be impacted. In that case, manufacturefs may
specifyf which modes will match the behaviour of the SDR input signal, provided that al|l other
measufements are carried out in that mode. A new metric may<be"developed to cover display
modes|wherein the display output does not match the behaviéur of the SDR input signal.

CIELAB colour gamut volume is not a visualization of<«alour gamut and does not defjne the
coverage to a standard. Two displays with the same_gamut volume can cover different flegions
of colour space and appear different.

NOTE |f a display exhibits significant photoluminescence;, then the ambient colour gamut volume calculation is
only valid for the same illumination spectra and geometry used to measure the reflection coefficients.

7.4.2 Measuring conditions

The iIIIminance conditions shall bg as follows:

— The¢ standard ambient illumination conditions for an indoor room and clear sky daylight
shgll be used. Additional fillumination conditions may also be used, depending pn the
application.

— Exgept for the standard ambient illumination conditions, all other conditions gre the
stapdard conditions”
7.4.3 Measuring method

The measurement of the ambient colour gamut CIELAB volume at the centre of the|active
area uphder standard indoor or outdoor illumination conditions is determined by the fo[lowing
procedute:

a) The RGBCMYWx test pattern (Figure 9) shall be used to measure the desired centre box
colours. The ftristimulus, or luminance and chromaticity, shall be measured following the
procedure in 7.3.

b) The colour gamut volume calculation requires that many colours be measured in order to
accurately determine the CIELAB colour gamut volume. A greater number of sampled
colours will result in a more accurate determination of the gamut volume. When colours
are measured, it is recommended that these colours use sets of measured colours chosen
based on equally spaced surface colours in the RGB colour space. For example, a set of
98 RGB surface colours representing a 5 x 5 grid of equally spaced surface colours
(tabulated in Table A.1) can be used to calculate the CIELAB gamut volume and be
reported as CIELAB Volume {98}. Depending on the complexity of the gamut surface,
more accurate results can be obtained by interpolating to 602 points from 98 by curve
fitting. It is recommended to use a set of 602 colours (reported as CIELAB Volume {602}),
representing a 11 x 11 grid of equally spaced surface colours (see Table A.2), which is
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c)

d)

e)

g)

h)

estimated to be within 2 % of the true volume. The CIELAB gamut volume shall be
reported with the corresponding number of measured colours. Additional colours sets can
also be used depending on the required level of accuracy.

If the display surface reflection changes with the rendered colours, then Formulae (17) to
(19) shall be used. If the display surface reflections do no change with the rendered colour,
then the simplified Formulae (20) to (22) can be used. In the latter case, the reflection
coefficients only need to be measured once. Otherwise, the reflection coefficients need to
be measured for every colour.

Once all of the colours are measured, the ambient tristimulus values of the maximum
luminance white colour (Xy amh: Yw amh @Nd Zw amp) are identified. It is necessary to
adapt all the measured tristimulus values to the common reference white point, D50
(ac uujillg to—€HE 168) Tre—chromatic au'aptatiuu trarrsform (fu“uvvilly SO—15676=+1 using
the| Bradford coefficients in Annex B) is used to perform the transformation. The-chrnomatic
adgptation transform is determined from the measured tristimulus values (Xy(gmb, 'w.amb
and Zy smp) and is used to transform the rest of the measured colours, represerfted by
(X, Yp, Zp). This method is consistent with the ICC colour management system.

The chromatically adapted ambient tristimulus values shall be transfoermed into the| three-
dimensional CIELAB colour space (defined by ISO/CIE 11664-4). The CIELAB L*, ¢*, and
b* yalues for each colour P are calculated from the transformed ambient tristimulus |values
usipg the following formulae:

L' =116x f (Y, / Yps, ) — 16 (29)
a :500><[f(XP /XDSO)_f(YP /YDSO)] (30)
b’ zzoox[f(YP/YDSO)_f(ZP /ZDSO)] (31)
where
1" t>(6/29)°
I l(§)2t+—16 otherwise 52)
3 6 116

Ea¢h colour point-can be plotted on the L*, a*, and »* axis of the CIELAB colour spgce. An
exgmple of the-colour data in the CIELAB uniform colour space is given in Figure 10|

Calculate-the colour gamut volume corresponding to the possible range of ambient display

colpurs._as represented in the CIELAB colour space. See Annex B for a detailed
dedcription of the analysis recommended for calculating the colour gamut volume] Other
gamu arati y 3] in_Speciiic applications when the architecture of

the display and the method results in a measurement that is within 2 % of the method
described in Annex B. For example, a display that exhibits additivity and a known tone
response curve could use the eight-point method with interpolation (see for example
IEC 62341-6-1 [15]).

Report the ambient colour gamut CIELAB volume, the number of boundary colours used,
the test pattern used, and the measurement conditions. The colour gamut volume of an
ideal sRGB display (IEC 61966-2-1) with D65 white point and zero black level is
8,32 x 10% (see the CIE 168 method using the Bradford chromatic adaptation transforms).
CIE 168 also provides a method for calculating the amount of overlap between the
measured colours and a specified colour space.

NOTE While not covered in this document, the Boolean intersection of two gamut volume hulls can be calculated.
This intersected volume can be defined as the percentage of the measured gamut volume that is contained within a
specified reference volume. An example calculation can be found in CIE 168, but uses an older chromatic
adaptation transform and different colour sampling than recommended in this document.
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Annex A
(normative)

RGB boundary colours for CIELAB gamut volume measurements

A1

General

The CIELAB colour gamut volume for a given display is determined by measuring the range of
colours that the display is capable of producing. Since full colour displays can commonly
produce millions of colours, it is necessary to increase the test efficiency by sampli

colour
CIELA
bound
volume

Colour
colour
assum
gamut
estima

The sg
standa
transf
Displa

the tone curve.

A.2

An est
set of
points
equiva
values

where

Colour

gamut volume. A good way to do that is to mainly consider the colours atth
ries of that gamut volume. Once the colour gamut is well defined, then(the i
can be accurately calculated.

5 shall be specified in the input-referred RGB colour space. The “axes of th
space correspond to the digital levels at the RGB inputs of the display. It s
bd that colours on the surface of the RGB cube map to colours,.on the CIELAB
surface. It is expected that a higher sampling of these RGBYcolours will yield a
lion of the CIELAB gamut.

acing of the inputs values in Table A.1 and Table A.2 are optimized for conve
d dynamic range (SDR) tone curves. They willfunction well for display electr
r functions (EOTFs) approximating anything 4fom a linear response to gamn
s with extreme EOTFs would require a different sampling of colours to fairly

Equally-spaced 98 boundary colours on the RGB cube

mate of the CIELAB colour gamut volume for a given display can be made by
08 RGB boundary colours.. The 98 colours are derived from the uniform grid o

ent digital RGB input(levels as shown in Table A.1. The equally spaced 8-b
are obtained using

0,.Int[255 / 4], Int[255 / 2], Int[255 x (3 / 4)], and 255
the Int[]function retains the truncated integer value.

coding with higher bit depths can also be done by using uniform spacing with th

ng the
of the
outer
nternal

p RGB
nall be
colour
better

ntional
p-optic
a 4,0.
resent

sing a
5x5

on each outer face of the'RGB colour cube. These colours are specified as 8-bit

t code

(A1)

p 5 x5

grid of

bewndary colours. For example, equally spaced 12-bit code values are obtained

ising

0, Int[4 095 / 4], Int[4 095 / 2], Int[4 095 x (3 / 4)], and 4 095

An example CIELAB gamut volume calculation method is given in Annex B.

(A.2)
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Table A.1 — Equally-spaced 98 RGB boundary colours used for CIELAB
gamut volume measurements

Digital 8-bit equivalent RGB input signal level
Colour number
R G B
1 0 0 0
2 0 0 63
3 0 0 127
4 0 0 191
5 0 0 255
6 0 63 0
7 0 63 63
8 0 63 127
9 0 63 191
10 0 63 255
11 0 127 0
12 0 127 63
13 0 127 127
14 0 127 191
15 0 127 255
16 0 191 0
17 0 191 63
18 0 191 127
19 0 191 191
20 0 191 255
21 0 255 0
22 0 255 63
23 0 255 127
24 0 255 191
25 0 255 255
26 63 0 0
27 63 0 63
28 63 0 127
29 63 0 191
30 g3 0 255
31 63 63 0
32 63 63 255
33 63 127 0
34 63 127 255
35 63 191 0
36 63 191 255
37 63 255 0
38 63 255 63
39 63 255 127
40 63 255 191
41 63 255 255
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
42 127 0 0
43 127 0 63
44 127 0 127
45 127 0 191
46 127 0 255
47 127 63 0
48 127 63 255
49 127 127 0
50 127 127 255
51 127 191 0
52 127 191 255
53 127 255 0
54 127 255 63
55 127 255 127
56 127 255 191
57 127 255 255
58 191 0 0
59 191 0 63
60 191 0 127
61 191 0 191
62 191 0 255
63 191 63 0
64 191 63 255
65 191 127 0
66 191 127 255
67 191 191 0
68 191 191 255
69 191 255 0
70 191 255 63
71 191 255 127
72 191 255 191
73 191 255 255
74 255 0 0
75 255 0 63
76 255 0 127
77 255 0 191
78 255 0 255
79 255 63 0
80 255 63 63
81 255 63 127
82 255 63 191
83 255 63 255
84 255 127 0
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A3

It is r¢commended that a set of 602 RGB boundary colours be used to get an ag

estima
from th
specifi
spaceq

where

Colour
grid of

Digital 8-bit equivalent RGB input signal level
Colour number

R G B

85 255 127 63
86 255 127 127
87 255 127 191
88 255 127 255

89 255 191 0
90 255 191 63
91 255 191 127
92 255 191 191
93 255 191 255

94 255 255 0
95 255 255 63
96 255 255 127
97 255 255 191
98 255 255 255

Recommended 602 boundary colours on the. RGB cube

fe of the CIELAB colour gamut volume of a\given display. The 602 colours are ¢
e uniform grid of 11 x 11 points on eachi4¥ace of the RGB colour cube. The colo

bd as 8-bit equivalent digital RGB input levels as shown in Table A.2. The
8-bit code values are obtained using

0, Int[255 / 101, Mt[255 x (2 / 10)], Int[255 x (3 / 10)],
Int[255 x (4 / 10)], IAt[255 x (5 / 10)], Int[255 x (6 / 10)], Int[255 x (7 / 10)],

Int[255 x (8 / 10)], Int[255 x (9 / 10)], and 255,
the Int[] funetion retains the truncated integer value.

coding with higher bit depths can also be done using uniform spacing with the 1
beundary colours. An example CIELAB gamut volume calculation method is g

curate
erived
Irs are
equally

(A.3)

1 x 11
ven in

0

Annex

D.
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Table A.2 - Recommended RGB boundary colours used for CIELAB
colour gamut volume measurements

Digital 8-bit equivalent RGB input signal level
Colour number
R G B
1 0 0 0
2 0 0 25
3 0 0 51
4 0 0 76
5 0 0 102
B Q Q 127
7 0 0 153
8 0 0 178
9 0 0 204
10 0 0 229
11 0 0 255
12 0 25 0
13 0 25 25
14 0 25 51
15 0 25 76
16 0 25 102
17 0 25 127
18 0 25 153
19 0 25 178
20 0 25 204
21 0 25 229
22 0 25 255
23 0 51 0
24 0 51 25
25 0 51 51
26 0 51 76
27 0 51 102
28 0 51 127
29 0 51 153
30 0 51 178
31 0 51 204
32 0 51 229
33 0 51 255
34 0 76 0
35 0 76 25
36 0 76 51
37 0 76 76
38 0 76 102
39 0 76 127
40 0 76 153
41 0 76 178
42 0 76 204
43 0 76 229
44 0 76 255
45 0 102 0
46 0 102 25
47 0 102 51
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
48 0 102 76
49 0 102 102
50 0 102 127
51 0 102 153
52 0 102 178
53 0 102 204
54 0 102 229
55 0 102 255
56 0 127 0
57 0 127 25
58 0 127 51
59 0 127 76
60 0 127 102
61 0 127 127
62 0 127 153
63 0 127 178
64 0 127 204
65 0 127 229
66 0 127 255
67 0 153 0
68 0 153 25
69 0 153 51
70 0 153 76
71 0 153 102
72 0 153 127
73 0 153 153
74 0 153 178
75 0 153 204
76 0 153 229
77 0 153 255
78 0 178 0
79 0 178 25
80 0 178 51
81 0 178 76
82 0 178 102
83 0 178 127
o4 U 7o 1095
85 0 178 178
86 0 178 204
87 0 178 229
88 0 178 255
89 0 204 0
90 0 204 25
91 0 204 51
92 0 204 76
93 0 204 102
94 0 204 127
95 0 204 153
96 0 204 178
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
97 0 204 204
98 0 204 229
99 0 204 255
100 0 229 0
101 0 229 25
102 0 229 51
103 0 229 76
104 0 229 102
105 0 229 127
106 0 229 153
107 0 229 178
108 0 229 204
109 0 229 229
110 0 229 255
111 0 255 0
112 0 255 25
113 0 255 51
114 0 255 76
115 0 255 102
116 0 255 127
117 0 255 153
118 0 255 178
119 0 255 204
120 0 255 229
121 0 255 255
122 25 0 0
123 25 0 25
124 25 0 51
125 25 0 76
126 25 0 102
127 25 0 127
128 25 0 153
129 25 0 178
130 25 0 204
131 25 0 229
132 25 0 255
K 5] ol U U
134 51 0 25
135 51 0 51
136 51 0 76
137 51 0 102
138 51 0 127
139 51 0 153
140 51 0 178
141 51 0 204
142 51 0 229
143 51 0 255
144 76 0 0
145 76 0 25
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
146 76 0 51
147 76 0 76
148 76 0 102
149 76 0 127
150 76 0 153
151 76 0 178
152 76 0 204
153 76 0 229
154 76 0 255
155 102 0 0
156 102 0 25
157 102 0 51
158 102 0 14
159 102 0 102
160 102 0 127
161 102 0 153
162 102 0 178
163 102 0 204
164 102 0 229
165 102 0 255
166 127 0 0
167 127 0 25
168 127 0 51
169 127 0 76
170 127 0 102
171 127 0 127
172 127 0 153
173 127 0 178
174 127 0 204
175 127 0 229
176 127 0 255
77 153 0 0
178 153 0 25
179 153 0 51
180 153 0 76
181 153 0 102
|k P4 1095 U 17
183 153 0 153
184 153 0 178
185 153 0 204
186 153 0 229
187 153 0 255
188 178 0 0
189 178 0 25
190 178 0 51
191 178 0 76
192 178 0 102
193 178 0 127
194 178 0 153



https://iecnorm.com/api/?name=7f60d2f1fb2a5a16c3306c50a868367d

IEC 62977-2-2:2020 © IEC 2020

— 45—

Digital 8-bit equivalent RGB input signal level
Colour number
R G B
195 178 0 178
196 178 0 204
197 178 0 229
198 178 0 255
199 204 0 0
200 204 0 25
201 204 0 51
202 204 0 76
203 204 0 102
204 204 0 127
205 204 0 153
206 204 0 178
207 204 0 204
208 204 0 229
209 204 0 255
210 229 0 0
211 229 0 25
212 229 0 51
213 229 0 76
214 229 0 102
215 229 0 127
216 229 0 153
217 229 0 178
218 229 0 204
219 229 0 229
220 229 0 255
221 255 0 0
222 255 0 25
223 255 0 51
224 255 0 76
225 255 0 102
226 255 0 127
227 255 0 153
228 255 0 178
229 255 0 204
230 255 0 229
Zo| P4ele] U £09
232 25 25 0
233 25 51 0
234 25 76 0
235 25 102 0
236 25 127 0
237 25 153 0
238 25 178 0
239 25 204 0
240 25 229 0
241 25 255 0
242 51 25 0
243 51 51 0
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Colour number

Digital 8-bit equivalent RGB input signal level

R G B
244 51 76 0
245 51 102 0
246 51 127 0
247 51 153 0
248 51 178 0
249 51 204 0
250 51 229 0
251 51 255 0
252 76 25 0
253 76 51 0
254 76 76 0
255 76 102 0
256 76 127 0
257 76 153 0
258 76 178 0
259 76 204 0
260 76 229 0
261 76 255 0
262 102 25 0
263 102 54 0
264 102 76 0
265 102 102 0
266 102 127 0
267 102 1563 0
268 102 178 0
269 102 204 0
270 102 229 0
271 102 255 0
272 127 25 0
273 127 51 0
274 127 76 0
275 127 102 0
276 127 127 0
277 127 1563 0
278 127 178 0
279 127 204 0
280 27 229 Y
281 127 255 0
282 153 25 0
283 153 51 0
284 153 76 0
285 153 102 0
286 153 127 0
287 153 153 0
288 1563 178 0
289 1563 204 0
290 1563 229 0
291 1563 255 0
292 178 25 0



https://iecnorm.com/api/?name=7f60d2f1fb2a5a16c3306c50a868367d

IEC 62977-2-2:2020 © IEC 2020

—47 -

Digital 8-bit equivalent RGB input signal level
Colour number
R G B
293 178 51 0
294 178 76 0
295 178 102 0
296 178 127 0
297 178 153 0
298 178 178 0
299 178 204 0
300 178 229 0
301 178 255 0
302 204 25 0
303 204 51 0
304 204 76 0
305 204 102 0
306 204 127 0
307 204 153 0
308 204 178 0
309 204 204 0
310 204 229 0
311 204 255 0
312 229 25 0
313 229 51 0
314 229 76 0
315 229 102 0
316 229 127 0
317 229 153 0
318 229 178 0
319 229 204 0
320 229 229 0
321 229 255 0
322 255 25 0
323 255 51 0
324 255 76 0
325 255 102 0
326 255 127 0
327 255 153 0
328 255 178 0
3249 P4ele] U4 U
330 255 229 0
331 255 255
332 255 25 25
333 255 25 51
334 255 25 76
335 255 25 102
336 255 25 127
337 255 25 153
338 255 25 178
339 255 25 204
340 255 25 229
341 255 25 255
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B

342 255 51 25
343 255 51 51
344 255 51 76
345 255 51 102
346 255 51 127
347 255 51 153
348 255 51 178
349 255 51 204
350 255 51 229
351 255 51 255
352 255 76 25
353 255 76 51
354 255 76 %
355 255 76 102
356 255 76 127
357 255 76 153
358 255 76 178
359 255 76 204
360 255 76 229
361 255 76 255
362 255 102 25
363 255 102 51
364 255 102 76
365 255 102 102
366 255 102 127
367 255 102 153
368 255 102 178
369 255 102 204
370 255 102 229
371 255 102 255
372 255 127 25
373 255 127 51
374 255 127 76
375 255 127 102
376 255 127 127
377 255 127 153
X&) P4ele] 17 7o
379 255 127 204
380 255 127 229
381 255 127 255
382 255 153 25
383 255 153 51
384 255 153 76
385 255 153 102
386 255 153 127
387 255 153 153
388 255 153 178
389 255 153 204
390 255 153 229
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
391 255 153 255
392 255 178 25
393 255 178 51
394 255 178 76
395 255 178 102
396 255 178 127
397 255 178 153
398 255 178 178
399 255 178 204
400 255 178 229
401 255 178 255
402 255 204 25
403 255 204 Yl
404 255 204 76
405 255 204 102
406 255 204 127
407 255 204 153
408 255 204 178
409 255 204, 204
410 255 204 229
411 255 204 255
412 255 229 25
413 255 229 51
414 255 229 76
415 255 229 102
416 255 229 127
417 255 229 153
418 255 229 178
419 255 229 204
420 255 229 229
421 255 229 255
422 255 255 25
423 255 255 51
424 255 255 76
425 255 255 102
426 255 255 127
az/ P4ele] £09 1095
428 255 255 178
429 255 255 204
430 255 255 229
431 255 255 255
432 25 255 25
433 25 255 51
434 25 255 76
435 25 255 102
436 25 255 127
437 25 255 153
438 25 255 178
439 25 255 204
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
440 25 255 229
441 25 255 255
442 51 255 25
443 51 255 51
444 51 255 76
445 51 255 102
446 51 255 127
447 51 255 153
448 51 255 178
449 51 255 204
450 51 255 229
451 51 255 255
452 76 255 25
453 76 255 51
454 76 255 76
455 76 255 102
456 76 255 127
457 76 255 153
458 76 255 178
459 76 255 204
460 76 255 229
461 76 255 255
462 102 255 25
463 102 255 51
464 102 255 76
465 102 255 102
466 102 255 127
467 102 255 153
468 102 255 178
469 102 255 204
470 102 255 229
471 102 255 255
472 127 255 25
473 127 255 51
474 127 255 76
475 127 255 102
470 17 £09 17
477 127 255 153
478 127 255 178
479 127 255 204
480 127 255 229
481 127 255 255
482 153 255 25
483 153 255 51
484 153 255 76
485 153 255 102
486 153 255 127
487 153 255 153
488 153 255 178
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
489 153 255 204
490 153 255 229
491 153 255 255
492 178 255 25
493 178 255 51
494 178 255 76
495 178 255 102
496 178 255 127
497 178 255 153
498 178 255 178
499 178 255 204
500 178 255 229
501 178 255 255
502 204 255 25
503 204 255 51
504 204 255 76
505 204 255 102
506 204 255 127
507 204 255 153
508 204 255 178
509 204 255 204
510 204 255 229
511 204 255 255
512 229 255 25
513 229 255 51
514 229 255 76
515 229 255 102
516 229 255 127
517 229 255 153
518 229 255 178
519 229 255 204
520 229 255 229
521 229 255 255
522 25 25 255
523 25 51 255
524 25 76 255
L0 4o 1UZ £09
526 25 127 255
527 25 153 255
528 25 178 255
529 25 204 255
530 25 229 255
531 51 25 255
532 51 51 255
533 51 76 255
534 51 102 255
535 51 127 255
536 51 153 255
537 51 178 255
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B

538 51 204 255
539 51 229 255
540 76 25 255
541 76 51 255
542 76 76 255
543 76 102 255
544 76 127 255
545 76 153 255
546 76 178 255
547 76 204 255
548 76 229 255
549 102 25 255
550 102 51 255
551 102 76 255
552 102 102 255
553 102 127 255
554 102 153 255
555 102 178 255
556 102 204, 255
557 102 229 255
558 127 25 255
559 127 51 255
560 127 76 255
561 127 102 255
562 127 127 255
563 127 153 255
564 127 178 255
565 127 204 255
566 127 229 255
567 153 25 255
568 153 51 255
569 153 76 255
570 153 102 255
571 153 127 255
572 153 153 255
573 153 178 255
or4 1095 U4 £09
575 153 229 255
576 178 25 255
577 178 51 255
578 178 76 255
579 178 102 255
580 178 127 255
581 178 153 255
582 178 178 255
583 178 204 255
584 178 229 255
585 204 25 255
586 204 51 255
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B

587 204 76 255
588 204 102 255
589 204 127 255
590 204 153 255
591 204 178 255
592 204 204 255
593 204 229 255
594 229 25 255
595 229 51 255
596 229 76 255
597 229 102 255
598 229 127 255
599 229 153 255
600 229 178 255
601 229 204 255
602 229 229 255
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Annex B
(informative)

Calculation method for CIELAB gamut volume

B.1 Purpose

The purpose of this method is to describe a procedure to calculate the colour gamut volume of
measured colours from a display in the three-dimensional CIELAB colour space.

B.2 |Procedure for calculating the colour gamut volume

The c3glculation of the CIELAB colour gamut volume is implemented by measuring a large
numbefr of colours on the gamut boundary defining the range of colours that“a display can
produge for given setup conditions. Since the shape of the CIELAB volume can be complex, it
is easier to define the colours to be sampled by specifying them in the input-referred RGB
colour |space. Once the colours are specified on the RGB cube, then a tessellation of those
points |is used to determine their corresponding CIELAB valuesiOThese triangles pn the
CIELAB gamut boundary are the base of the volume elements, which are then summed up to
calculdgte the total volume.

Although this procedure is robust, it typically requirés a very large number of |colour
measufements in order to accurately determine thes/CIELAB volume (see for example
CIE 168). The number of sampled colours can be substantially reduced by choosing ohly the
RGB bjoundary colours, as explained in Annex A¢An example of flowchart for this progess is

given ip Figure B.1.
‘ Start )

Y
| Select RGB boundary colours |

Y

Render RGB boundary colours
on display, measure XYZ
tristimulus values

\
Use chromatic adaptation to
convert the measured XYZ data
to D50 white point

Determine tessellation in RGB
colour space

Y
Transform RGB tessellation to
CIELAB colour space

Y
Calculate volume in CIELAB
colour space

A

End
IEC

Figure B.1 — Analysis flow chart for calculating the CIELAB gamut volume
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Number of sampled colours

The quality of the CIELAB gamut volume calculation will depend strongly on the number of
sampled colours, and the complexity of the surface shape. An irregular-shaped CIELAB gamut
will require a higher number of sampled colours. Since the gamut shape is not always known
a priori, a conservative approach is to use the recommended 602 RGB boundary colours
specified in Annex A. If the gamut surfaces are smooth, then a reasonable estimate of the
CIELAB gamut volume can be obtained by fewer sampled points. For example, a display that
exhibits additivity and a known tone response curve could use the eight-point method with
interpolation (see for example IEC 62341-6-1 [15]).

B.4
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This a
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nually-spaced RGB colours on the surface of the cube in the RGB colour space.

RGB cube surface subdivision method for CIELAB gamut volume
calculation

General

are several possible algorithms that can be used to calculatg”the CIELAB
. One such algorithm that is recommended is described in Cladse B.4. This alg

Assumption

sumed that colours on the surface of the RGB cube’ map to colours on the (
gamut surface.

Uniform RGB grid algorithm

gorithm accepts a uniform grid of RGB/c6lour space coordinates that lie on eaq
RGB cube and their corresponding~measured tristimulus values. The me

tristi

C* = (4

lus values are chromatically adapted to a D50 white point. A triangular tesselld

and converted to cylindrical.coordinates using chroma (C*) and hue angle (4 %),
*2 + p*2) A 0,5 and h* =-atah2(b* a*) with atan2 representing the two-arg

arctan
real rf
integration in the cylindrical coordinates of lightness (L*), chroma (C*), and hue (4*).

The céallculation algorithm is as follows:

1) Th
file

ent math function spanning the range -z< atan2(b*,a*) < r, where b*/a* can

gamut
orithm

IELAB

h face
asured
tion is

m
detern];ined on the RGB coordinates, anhd their corresponding measured CIELAB values are
derive

where
ument
be any

mber. The volume of_the tessellated CIELAB gamut is computed via numerical

b specified)sampled colours and measured tristimulus values are read from a d3
in the CGAT,17 format [12].

2) Th

compute

e measured XYZ tristimulus values for signal white (R,,,x, Gmax: Bmax) are found

ta text

in the
omatic

adf,the measured white point is not equal to D50, the program computes a chi

d CAT is then applied to all of the tristimulus values in the measured dat

This
aset.

ISO 15076-1:2010, Annex E, describes the CAT02 chromatic adaptation transform using

the Bradford coefficients.

The chromatic adaptation is implemented as a

linear

transformation of the measured tristimulus values (X, Y, Z) in the adapted colour (Xp, Yp,
Zp) using a matrix Myq, that depends on the measured white (X, Yy, Zy) and the
reference D50 white (Xp50,Yps0, Zps0):

X, X

KD = I:Madapt] Y
Z, Z

(B.1)
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