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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 2-1: Measurements of optical characteristics —
Fundamental measurements

EOREWORD

LEDY vV OT X

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization/co

mprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promoteintefnational

co-operation on all questions concerning standardization in the electrical and electronic fields. Fo this
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical
Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"
preppration is entrusted to technical committees; any IEC National Committee interested\in the subject d
may [participate in this preparatory work. International, governmental and non-goverpmental organization
with the IEC also participate in this preparation. IEC collaborates closely with the International Organiz
Stanfardization (ISO) in accordance with conditions determined by agreement between the two organiz

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

IEC [Publications have the form of recommendations for international use and are accepted by IEC

end and
Reports,
). Their
ealt with
liaising
ation for
htions.

national
from all

National

Committees in that sense. While all reasonable efforts are madé\to ensure that the technical contenit of IEC

Publ|cations is accurate, IEC cannot be held responsible for 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 their national and regional publications. Any divergence

between

any |EC Publication and the corresponding national of, regional publication shall be clearly indicated in the latter.

IEC jtself does not provide any attestation of conformity. Independent certification bodies provide cgnformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any

services carried out by independent certificatian bodies.
All upers should ensure that they have the latest edition of this publication.

No lifability shall attach to IEC or its directors, employees, servants or agents including individual exp
mempbers of its technical committeesrand IEC National Committees for any personal injury, property da

erts and
mage 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 Pub

Attention is drawn to the"Normative references cited in this publication. Use of the referenced public
indispensable for the correct application of this publication.

Attention is drawn to'the possibility that some of the elements of this IEC Publication may be the subject
rightg. IEC shall fiet\be held responsible for identifying any or all such patent rights.

ications.

btions is

f patent

Interngtional-Standard |IEC 62977-2-1 has been prepared by IEC technical committee 110:
Electrgnic displays.

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

FDIS Report on voting
110/1256/FDIS 110/1275/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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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

This document describes the common optical measurement methods applicable in the field of
electronic display devices, which can overlap with some of the parts of existing documents
developed within TC 110 (IEC 61747-30-1 [1] 1, IEC 62341-6-1, IEC 61988-2-1 [2],
IEC 62715-5-1 [3]), 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 61747-30-1, IEC 62341-6-1, IEC 61988-2-1,
IEC 62715-5-1). The existing documents will be revised in their maintenance time to refer to
this document to the largest extent possible.

All docduments in IEC TC 110 that are concerned with the measurement of optical prepefties of

electronic displays refer to a set of methods and procedures that are similar to each”other, or

someti
them,

mes even identical. This document is intended to identify these methods and-to d
together with suitable precautions and diagnostics, as a reference for forth

scribe
coming

documgnts to make the work of the involved experts more efficient and to,ayvoeid duplicgtion of

efforts

Introdyction of the common optical measurement method (COMM) is@lso related to a st
each kind of optical measurement finds its unambiguous\position for identificgtion of

where

ucture

similar|ties to other methods or for clarification of distinctions®This structural classiiication

togeth¢r with a general taxonomy is supposed to make the-process of document pro

easier, faster and thus more effective.

uction

The ajsove characteristics are summarized in Table 1. The display characteristics that are

addre

Table 1 — Summary of.display characteristics

ed in this part of IEC 62977 are indicatedbyra check mark V in the table.

Location Direction Test pattern, Numination | Tempkrature
Variaples Time electrical driving, es P L. ’
© 0, 9 input signal conditions hurmpidity
Data
samplling Fast Slow Slow V Slow Slow V
condition
Evaluation
Results transitions  |(tefnporal uniformity ¥ | uniformity, \ | static pattern, v darkroom, \ | standard
from one stability ot envirgnment v
characteristic ;
optical state{(uniformity) function (electro- indoor,
t(: atmother optic transfer outdoor
staig function, EOTF)
characteristic values
(e.g. threshold,
saturation)
Evaluatipn turn-on, luminance,
1st orde turnaotf contrast, v
delay chromaticity, v
(latency) .
time periods, threshold, saturation
temporal values, steepness of
modulations transitions, etc.
Evaluation flicker EOTF from which
2nd order prediction, the exponent gamma
moving is evaluated
picture chromaticity/ colour
response gamut area, V
time, etc.
colour gamut
volume,

1 Numbers in square brackets refer to the Bibliography.
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ELECTRONIC DISPLAYS -

Part 2-1: Measurements of optical characteristics —
Fundamental measurements

pds for
These
methods apply to emissive and transmissive direct view displays that render real 2D.\imajges on
a flat panel. This document evaluates the optical characteristics of these displays| under
darkropm conditions. This document applies to the testing of display performance in response
to standard analogue or digital input signals that are not absolute luminance encoded. Thie input
signal |s relative RGB without metadata information that codes for real luminance, colour space
or colgur coordinates. These methods are limited to input signals withdypical OETFs sjuch as
defined in IEC 61966-2-1, ITU BT. Rec. 601, ITU BT. Rec.709, and ITU,BT. Rec.2020. Thee tests
in this document are not approved for use with HDR input signals¢

NOTE A flat panel or flat panel display is a display with a flat surface and minimal depth that emits visible light from
the surfgce. The display is subdivided into an array of electronically driven pixels which can be light valves mddulating
a backlight, or self-luminous. Emissive/transmissive/reflective hybrid displays can be flat panel or flat panel diisplays.

2 Nadrmative references

The following documents are referred to in thetéxt in such a way that some or all of their ¢gontent
constitptes requirements of this document. For'dated references, only the edition cited applies.
For umdated references, the latest edjtion of the referenced document (including any
amendments) applies.

IEC 60050-845, International Electrotechnical Vocabulary — Part 845: Lighting (available at
www.e]ectropedia.org)

IEC 61[966-2-1, Multimedia\Systems and equipment — Colour measurement and management —
Part 241: Colour management — Default RGB colour space — sRGB

IEC 628341-6-1, @rganic light emitting diode (OLED) displays — Part 6-1: Measuring methods of
opticalland electro-optical parameters

IEC TR 62977-2-3, Electronic display devices — Part 2-3: Measurements of optical properties —
Multi-cololir test patterns

ISO 9241-305, Ergonomics of human-system interaction — Part 305: Optical laboratory test
methods for electronic visual displays

ISO 15076-1:2010, Image technology colour management — Architecture, profile format and
data structure — Part 1: Based on ICC.1:2010

ISO/CIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers
ISO/CIE 11664-4, Colorimetry — Part 4: CIE 1976 L*a*b* colour space

CIE 15:2004, Colorimetry, 3 edition
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CIE 168:2005, Criteria for the evaluation of extended-gamut colour encodings
CIE 233:2019, Calibration, characterization and use or array spectroradiometers

ITU-R BT.601, Studio encoding parameters of digital television for standard 4:3 and wide
screen 16:9 aspect ratios

ITU-R BT.709, Parameters values for the HDTV standards for production and international
programme exchange

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

3 Tearms, definitions and abbreviated terms

3.1 FTerms and definitions

For the purposes of this document, the terms and definitions given in)[EC 60050-845 gnd the
following apply.

ISO and IEC maintain terminological databases for use in<standardization at the fo|lowing
addresses:

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

e |SQ Online browsing platform: available at http:Awww.iso.org/obp

3.11
signal|pixel
smallest encoded picture element in the input image

Note 1 tp entry: Signal pixel is defined as thé_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 adigital
RGB input

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

Note 2 tp entry: “\The APL will normally be expressed as a percentage, where a full white screen at maximyim drive
level wopld be-100 % APL.

Note 3 tp ‘entry: The pre-gamma APL is also called gamma-corrected APL in IEC 62087-2 [4]. In addition, it|is noted
that the = -

3.1.3
APL loading
influence of average picture level on display performance, for example luminance

3.1.4

chromaticity difference

geometric distance between two colour coordinates in a CIE chromaticity diagram, usually the
CIE 1976 chromaticity diagram

3.1.5

chromaticity gamut area

colour gamut area

maximum area of chromaticity reproducible by a display
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Note 1 to entry: "Colour gamut area" has been used in textbooks, industry, and the market for a long time. However,
the CIE (eilv.cie.co.at) indicates that the term "colour gamut" should be regarded as a volume in a colour space.
Therefore, a two-dimensional representation should be described as a chromaticity gamut area.

3.1.6

direct view

non-projection display technology where the image rendering surface is viewed directly without
any optical components between the viewer and the surface

3.2 Abbreviated terms

APL average picture level
CAT chromatic adaption transform
CCT correlated colour temperature
CIE Commission Internationale de L’Eclairage (International Commission on
[llumination)
CIELAB CIE 1976 (L*a*b*) colour space
CMY cyan, magenta, and yellow
DUT device under test
EOTH electro-optic transfer function
HDR high dynamic range
LCD liquid crystal display
LED light-emitting diode
LMD light measuring device
OETH opto-electronic transfer function
RGB red, green, and blue
RGBCMY red, green, blue, cyan, magenta, and yellow
SDR standard dynamic range
sRGB a standard RGB colour.space defined in IEC 61966-2-1
SPD spectral power djstribution
UCSs uniform chromaticity scale
4 General

4.1 J‘Ileasured basic quantities

The bdsic‘quantities for luminance and chromaticity can be measured directly, for example with
photometers and colorimeters, or they can be obtained from measured spectra (i.e. the spectral
power distribution (SPD)) by a spectroradiometer. Spectroradiometers are generally more
accurate than photometers or colorimeters, and should be used when higher accuracy is needed.
Photometers and colorimeters allow for fast data acquisition as required for evaluation of optical
transitions (e.g. "switching times"). The acquisition of the spectral power distribution is usually
restricted to steady optical states.

4.2 Electrical driving of the display (depending on the nature of the display)
The electrical driving conditions of the display are as follows:

— driving voltage (waveform), current, frequency, etc.;
— RGB input (analogue, digital);
— test pattern (independent of display electrical interface).
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4.3 Data acquisition timing and display driving
4.3.1 Stationary measurements

After application of a new driving state (test pattern), a delay (wait) period is introduced for the
optical response to settle to a steady state before the measurement is carried out.

4.3.2 Properties of display under test

The physics of the display itself or the signal processing measures can affect the optical
response (image), for example via luminance loading (luminance dependence on APL). The
display to be measured shall be checked for this effect and the test patterns used during the
measupemment procedure shat-bethosemand—apptied—accordingty:

5 Stpndard measuring conditions

5.1 Btandard measuring environmental conditions
Measurements shall be carried out under the standard environmentalconditions:

— tenmperature: 25°C =3 °C,
— relative humidity: 25 % to 85 %,
— atmospheric pressure: 86 kPa to 106 kPa.

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

5.2 Standard measuring darkroom conditions

The luminance contribution from unwanted background illumination reflected off the test display
shall He less than 1/20 of the display’'s;black state luminance. The reflected background
luminapce can be approximated by turning off the display. When the reflected background
luminapce and total (reflected plus blaek) luminance are greater than the sensitivity limif of the
LMD, then it is possible to calculate the black luminance by subtracting the background
luminapce from the total luminance. If the reflected background luminance or total lumiinance
are sinpilar to the sensitivity limit'of the LMD, this shall be reported. In cases where the display
has a Jery low luminance black state, a stray light elimination tube (according to ISO 9241-305)
should|be used to minimjze'the contribution of the background illumination. This methpd can
be used to estimate the.reflected luminance from the black state luminance.

NOTE Blackout curtains are a solution for reducing the reflection from the DUT.
5.3 Standard’setup conditions

5.3.1 General

Standard setup conditions are given in 5.3. Any deviations from these conditions shall be
reported.

5.3.2  Adjustment of display

The display shall be configured to the specified settings, and the settings recorded 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 resulting 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. The ambient light (or
brightness) control (ABC), which can reduce the display luminance level with dim ambient
illumination, shall be turned off. If that is not possible, it is recommended to set it to turn on no
lower than 300 Ix to minimize the influence of the ABC. The state of the ABC shall be reported.
In addition, if the display has an auto-dimming feature which reduces the display luminance of
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a static image after a prolonged time, then at least an 8 s black frame shall be rendered prior
to rendering and measuring the desired test pattern. The measurements shall be completed
before the dimming feature is triggered. When the display has the option to be set for different
viewing modes, the viewing mode shall be defined by the test specification, and be used with
consistency for all measurements. Additional viewing modes can also be measured. The
viewing mode used during testing shall be reported. The display should be operated in a mode
that does not have overscan.

5.3.3 Starting conditions of measurements

Measurements 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 measurement.
Some dlisplay technologies may need a loop of colour patterns rendered on the screen|during
the wafm-up period. Sufficient warm-up time has been achieved when the luminanceof the test
featurd to be measured varies by less than +3 % over the entire measurement,'period (e.g.
uniformity measurements) for a given display image.

5.3.4 Conditions of measuring equipment
5.3.4.1 General conditions

Optica| properties of displays shall generally be expressed in photometric or colorimetric units
using [the CIE 1931 standard colorimetric 2° observer (according to ISO/CIE 11664-1).
Luminance can be measured by a photometer, and CIE tristimulus values (X, Y, Z) pr CIE
chromaticity coordinates by a colorimeter. A spectroradiometer can also obtain photomet[ic and
colorimetric values through a numerical conversion of the measured spectral radiance dafa (see
for example [5]). The following requirements are given‘or these instruments.

The LNID shall be a luminance meter, colorimetéer, or a spectroradiometer. For DUTs that have
sharp $pectral peak full-width-at-half-maximums (FWHMs) smaller than 20 nm, such ag LCDs
with flyorescent lamp backlights or LEDs withrnarrow-peak phosphors, quantum-dot phogphors,
or narfow-spectrum OLEDs, a spectroradiometer should be used. A filter colorimeter [should
generglly not be used for light sources with sharp spectral peaks. If a colorimeter is ysed, it
shall be calibrated with the measured colorimetry values obtained from a narrow bandwidth
spectrgradiometer. Even with this procedure, the colorimeter will give lower accuracy fesults
than the spectroradiometer. Report the characteristics of the spectroradiometer (as gjven in
CIE 23B) which is used for calibration. For light sources with sharp spectral peaks, the mgximum
bandw|dth of the spectroradiometer shall be < 5 nm. In those cases, the wavelength adcuracy
shall bg within £0,3 nm.(The spectroradiometer shall be capable of measuring spectral radiance
over af least the 380 nm to 780 nm wavelength range, with a maximum bandwidth of 10|nm for
smooth broadbandispectra (i.e. broad spectrum with no sharp spikes).

Care should<be taken to ensure that the LMD has enough sensitivity and dynamic rgnge to
perform the required task. Before measuring the DUT, it is recommended to check the LMD
specification.

The following 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) If the light level of the display is temporally modulated, then the LMD integration time shall
be synchronized with the vertical frame synchronization signal. If the LMD is not capable of
synchronizing, then the LMD integration time shall be at least 200 cycles of the fundamental
Fourier Transform frequency light of the modulated light in order to measure the luminance
to better than 5 %. An initial assessment of the suitability of the LMD for temporally
modulated signals can be made by a repeatability measurement with at least five
measurements.
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d) If LMD measurements are taken for displays with temporal light modulation (including LCD
backlights), the temporal high peak luminance of these displays can cause detector
saturation errors. The accuracy of these measurements can be checked by attenuating the
light with a neutral density filter with known characteristics. If the change in signal amplitude
of the detector is proportional to the transmittance of the neutral density filter, then there
are no detector saturation errors. This method can be used for measuring the time-averaged
screen luminance.

e) If the LMD is to measure a dim measurement area, the LMD field of view should avoid
containing a bright background. If this is not possible, then a frustum or stray light
elimination tube shall be used (according to ISO 9241-305).

Additional best practices for general measurement are given in detail in [6].

In add|tion to LMDs that give a spatially averaged value for the measured quantity oyer the
measufement field under consideration (i.e. spot photometers, see Figure 1), there,is the class
of imapging LMDs which give an array of values (e.g. R, G and B) for each“corresppnding
individpal measurement area on the DUT. These imaging LMDs are not‘addressed [in this
document.

r
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NOTE [The measurement field angle and angular aperture are defined from/to the entrance pupil of the LMD.
Howevef, since the pregis¢ location of the LMD entrance pupil is often not specified by the manufactyrer, the
measurgment distancetis‘typically specified as the distance between the display under test and the front of fhe LMD
optics.

Figure 1 — Layout diagram of measurement setup with terminology

5.3.4.2—Highpixetecotntmatrix-disptays{>-326-pixets240pixels)————

The following applies for high pixel count matrix displays:

a) When measuring matrix displays, the LMDs should be set to a measurement field that
includes more than 500 pixels (according to IEC 62977-3-1:2019, Annex E [7]). A
minimum of 500 pixels is recommended to minimize the influence of an unusually dim or
bright pixel in the measurement area. If smaller measurement areas are necessary,
photometric and colorimetric equivalence to 500 pixels shall be confirmed and noted in
the test report.
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b) For small displays (approximately < 10 inch diagonal), the recommended measuring
distance is between 20 cm to 50 cm. For contact-type and close-up-type LMDs, the
measuring distance specified for the LMD should be used. The suitability of contact-type
LMDs can be confirmed with non-contact LMDs. Caution should be taken that the

luminance and colour of the display are not affected by the contact. For larger d

isplays

(approximately > 10 inch diagonal), follow the manufacturer-recommended viewing
distance. If no recommendation is given, the recommended distance is 3 x V, where V' is
the height of the display's active area, or the shorter dimension of the active area. The

measuring distance shall be noted in the report.

c) The angular aperture shall be less than or equal to 5°, and the measurement-field angle

d)

e)

shall be less than or equal to 2° (Figure 1).

= LAAD 4 n | P b bl . 4 1 b L 1l 1
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or equal to 5° but there is no measurement-field angle requirement, even
measuring field is large.

The display shall be operated at its design frame frequency. When using separate

5.3.4.3 Low pixel count matrix displays (< 320 pixels x 240 pixel§)

The following applies for low pixel count matrix displays:

a)

b)

5.4

Lumina

if the

driving

signal equipment to operate a panel, the drive conditions shall be noted in the report.

When the number of pixels in the measurement field is\l€ss than 500, it shall bg noted

in the report. The angular aperture shall be less:than or equal to 5°, a

used shall be reported.
For small displays, the recommended measuring distance is between 20 cm to

viewing distance. If no recommendation is given, the recommended distance is

area. The measuring distancé.shall be noted in the report.

hd the

measurement-field angle shall be less than or equal t6'2°. The measurement con(ditions

50 cm.

For contact-type and close-up-type LMDs, the measuring distance specified for the LMD
should be used. The suitability of contactstype LMD can be confirmed with non-¢ontact
LMD. Caution should be taken that the*luminance and colour of the display are not
affected by the contact. For larger.displays, follow the manufacturer-recommended

3xV,

where V is the height of the disptay active area, or the shorter dimension of the| active

For segment displays, the.angular aperture shall be less than or equal to 5°, gnd the

measurement-field angle) shall be less than or equal to 2°. All measurements s

within the segment:

or equal ta\5°, but there is no measurement-field angle requirement, even
measuring/field is large.

|_ocation of measurement field

hall be

performed at the centre of a segment with the measurement field completely contained

For LMDs that(use a telecentric optical design, the angular aperture shall be legs than

if the

nce; spectral distribution and/or tristimulus measurements may be taken at geveral

specified locations on the display surface. The common measurement locations are identified
by locations Py to Pg in the active area, as illustrated in Figure 2. The active screen area is

divided into nine equal-sized boxes, with the measurement area centred within each box and
identified by the corresponding numbering shown in Figure 2. Each box is 1/3 the horizontal
size (H) and vertical size (V) of the active area. Centre-screen measurements are taken at

locatio

n Py. Any deviation from the above coordinate system shall be reported.
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Figure 2 — Example of measurement locations with nine-measurement locations
equally spaced in the display active area

5.5 Standard test patterns

Two s¢ts of fundamental test patterns are used in this document, the simple box set gnd the
multi-cplour set.

The sinple box set of test patterns is used for'the simple box measurement methods degcribed
in Clayse 6. The basic box test pattern uses a single-colour rectangular box centred|in the
active prea of the screen. The basic full screen test pattern is also used. These basic patterns
may be used for communication between manufacturers. They may also be usled for
commynication in research and development, quality control, and in-line manufacturing.|These
tests afe described in 6.2.

The sel; of multi-colour test\patterns is used for measurement methods in Clause 7, exdept for
the uniformity measurements in 7.5 and 7.9. The test pattern shall follow the principle of multi-
colour |test patterns described in IEC TR 62977-2-3. As described in IEC TR 62977-2t-3, the
simple| box test patterhns may not adequately represent the display performance for patural
imageg. Therefore, more general multi-colour test patterns are given for that purpose (sge 7.2).
The standard multi-colour test patterns are used for communication between manufacturgrs and
end customers: about the performance of final display products. These test patterns E’e not

normally used for in-line production testing, except for special circumstances. Howevgr, the
opticall performance of the delivered product shall be measured using the multi-colour test
patterns, except for 7.5 and 7.9.

5.6 Viewing direction 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 3. 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").
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NOTE [This coordination is defined by the angle of inclination and the angle of rotation (azimuth angle) in a §pherical

coordingte system.

Figure 3 — Representation of the viewing direction, or direction’of measuremejnt

6 Simple box optical measurement methods

6.1 General

The plirpose of Clause 6 is to describe the basic optical measurement methods that are

applicgble for characterizing displays, including measutements of display panels and m
The regults from these methods can be used to communicate the product performance b
manufacturers. The utility of these methods is given in Annex C.

For eagh measurement method, if the measured white luminance in the centre of the full
or box| test pattern is different by more/dhan 5 % from the centre colour-signal whi
Annex|D) luminance Lggy, o data using the multi-colour test patterns (Figure 10), t
simple|box test results shall not bg, communicated to end customers. Under this conditi

methods in Clause 7 (excluding. the full screen uniformity measurements 7.5 and 7.9)
be use[d for that purpose.

6.2 est patterns

The sinple box set of test patterns is used to estimate the display performance. These p
are mginly used fer:eommunication between manufacturers, in research and developme
in-line manufaeturing testing for simple quality control.

The simplest test pattern is the full screen test pattern. This pattern uses the same col
all addressable pixels.

dules.
tween

screen
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en the
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An alternative box test pattern uses a black background with a relatively small colour area
centred on the display screen. Two different area sizes are possible; a 4 % or a 10 % area box
shall be used. These patterns are illustrated in Figure 4 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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Figure 4 — Example of centre box test patterns using the standard 4 % and
10 % area boxes

6.3 |_uminance
6.3.1 Purpose

This method determines the darkroom luminance of a specified full screen, 4 % area box, or
10 % area box of any specified colour Q in the centre~of the active area of a display. The
standafd full screen, 4 % and 10 % centre box pattern“are specified in 6.2.

6.3.2 Measuring conditions

The following measuring conditions apply:
a) [Apparatus: an LMD that can measudre luminance, a driving power supply, and [driving

signal equipment.

b) |Standard measuring envirenmental conditions; darkroom conditions; standard| setup

conditions.

6.3.3 Measuring method

Measufe the centre luminance of the full screen, 4 % centre box, or 10 % centre box pattern
using the following proeedure:

a) |Displaythe specified test pattern with the required colour Q centred in the measufement
locationP,, (see Figure 2). Allow the luminance to stabilize within the specification of the

LMD, )and ensure the measurement is completed before the display power management
acts’to dim the display.

b) Align the optical axis of the LMD perpendicularly to the display screen and centred on
the location P (see Figure 2).

c) Measure the luminance at the screen centre.
d) Repeat the measurement for additional colours.

e) Report the setup conditions, the test pattern, the colour, and the luminance Lq g, Lq.4 %
or Lq 19 9 for the full screen, 4 % centre box, or 10 % centre box pattern at the specified
colour Q, respectively.
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6.4 Darkroom contrast ratio

6.4.1

Purpose

This method determines the darkroom contrast ratio for a specified full white screen, 4 % area
white box, or 10 % area white box in the centre of the active area of a display. The standard
full screen, 4 % and 10 % centre box pattern are specified in 6.2.

6.4.2
The fol

Measuring conditions

lowing measuring conditions apply:

a)

b)

6.4.3

Measu

a)

Appalﬂtuo: arl L:\VAID that wdll I"I“IUOOL‘IU =um;||a||uc, [} dliv;ny '.IUVVGI Ou'.l'.l:y, alld riVing
signal equipment.
Standard measuring environmental conditions; darkroom conditions; standard| setup
conditions.
Measuring method
Fe the contrast ratio of the full white screen, 4 % centre white box) or 10 % centrg¢ white
box paftern using the following procedure:
Display the specified full white screen, 4 % area white<box, or 10 % area white box
pattern, with white at its maximum input signal level.#Allow the luminance to s{abilize
within the specification of the LMD, and ensure the measurement is completed [before
the display power management acts to dim the display.
Align the optical axis of the LMD perpendicularly to the display screen and cenfred on
the location P (see Figure 2).
Measure the white luminance at screen.céntre. The measured white luminance is written
as Ly s, Lw 4 9, OF Ly 19 ¢, for the fulFwhite screen, 4 % area white box, or 10 o area
white box pattern, respectively.
Render a black full screen test-pattern, with black at the lowest grey level.
Measure the full screen black luminance Ly s.
Calculate the full screen or box darkroom contrast ratio:
L
Full screen darkroom contrast ratio: CRprfs = WFS (1)
FS
0 . L 4%
it % box darkroom contrast ratio: CRpR 49, = (2)
KFS
0 . Lw 10%
10 % box darkroom contrast ratio: CRpR 10, = T (3)
KFS

g) Report the setup conditions, the test pattern, the full screen black luminance Ly gg, the
white luminance (L gs, Ly 49, OF Ly 10%), and the full screen or box darkroom contrast

ratio (CRpr s, CRpRr 4 %, OF CRpR 10 %)- The contrast ratio should be reported
format CR:1, for example 1 000:1.

in the

For displays that can achieve deep blacks, the black luminance can be measurement instrument
limited. The sensitivity limit of the LMD should be investigated and reported in that case.
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6.5 Luminance uniformity
6.5.1 Purpose

The purpose of this method is to spatially sample the luminance of a defined colour Q over the
active area of the display. The luminance is measured with a full screen of a single colour at
the nine measurement locations P,y to P g (Figure 5). The luminance uniformity is measured

for white and the input RGB primary colours. These colours are rendered at their maximum
input command level.
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Figure 5 — Examplée of uniformity measurement locations
with-nine measurement locations

6.5.2 Measuring conditions
The following measuring ¢onditions apply:

a) |Apparatus:«an LMD that can measure luminance, a driving power supply, driving| signal
equipment;~and a means to translate the LMD or display with respect to each other.

b) |Standard” measuring environmental conditions; darkroom conditions; standard| setup
conditions.

c) Wse of a full screen of a single colour measured at the measurement locations shHown in

Figure 5.

6.5.3 Measuring method

Measure the sampled luminance uniformity of a defined colour Q over the active area using the
following procedure:

a) Render a full screen test pattern of a defined colour Q. Allow the luminance to stabilize
within the specification of the LMD, and ensure the measurement is completed before
the display power management acts to dim the display.

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

c) Measure the luminance L, at location Pjq.
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d)

e)

f)

6.6

6.6.1

Translate the LMD (or display) to the other display locations (P to P;g) and measure

the luminance at each location.
Report the results in a similar form to Table 2.

Calculate the percent luminance non-uniformity NU and uniformity U using the following

formulae:
NU = 1009-Zmax ~ Lmin (4)
max
F—=100%—A (5)
where L., is the maximum luminance value measured for the measdred screen
locations, and L,;, is the minimum value.
Report the setup conditions, the percent luminance non-uniformity NUland unifofmity U
for each colour, and the individual measurements as illustrated inATable 2.
Table 2 - Example of luminance of white, red, green, and blue measured
at nine screen locations and the resulting average luminance
Measuring Luminance Luminance Luminance Luminance
point L, for white for red for(green for blue
cd/m?2 cd/m? cd/m? cd/m?
Puo 215 51 140 24
Pus 21 49 135 27
Pu2 208 51 133 24
Pus 207 48 135 25
Pua 205 48 133 24
Pus 210 48 137 25
Pus 195 44 128 23
Pur 204 47 133 24
Pyg 199 45 131 23
Avérage 206 48 134 24
Nonsuniformity 9,3 % 13,7 % 8,6 % 14,8 %
Uniformity 90,7 % 86,3 % 91,4 % 85,2 %

Chromaticity

Purpose

This method determines darkroom chromaticity of a specified full screen, 4 % area box, or 10 %
area box of a specified colour Q in the centre of the active area of a display. The standard full
screen, 4 % and 10 % centre box pattern are specified in 6.2.

6.6.2

Measuring conditions

The following measuring conditions apply:

a) Apparatus: a colour measuring device that can measure the CIE 1931 chromaticity

coordinates, a driving power supply, and driving signal equipment.
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b) Standard measuring environmental conditions; darkroom conditions; standard setup

6.6.3

conditions.

Measuring method

Measure the centre chromaticity of the full screen, 4 % centre box, or 10 % centre box pattern

using t

he following procedure:

a) Render the specified test pattern with the specified colour O centred in measurement
location P (see Figure 2). Allow the luminance to stabilize within the specification of the

LMD, and ensure the measurement is completed before the display power management

6.7
6.7.1
The p

tempeirature (CCT), at the maximum white input signal level. A specified white full scred

area b
standa

6.7.2

The following measuring conditions apply:

a)

b)

6.7.3

Measu
the full

a)

acts to dim the display.

Align the optical axis of the LMD perpendicularly to the display screen and centf
the location P (see Figure 2).

Measure the chromaticity at the screen centre.
Repeat the measurement for additional specified colours.

Report the setup conditions, the test pattern, the colour, and the echromaticity (x,
(x, ¥)Q.4 %> or (x, ¥)q 10 9 for the full screen, 4 % centre box, or/t0 % centre box
at the specified colour Q, respectively.

White chromaticity and correlated colour temperature
Purpose

irpose of this method is to measure the white” chromaticity, and correlated

DX, or 10 % area box will be measured in the“centre of the active area of a displ3
rd full screen, 4 % and 10 % centre boxpattern are specified in 6.2.

Measuring conditions

Apparatus: a colour measuring device that can measure the CIE 1931 chron
coordinates for the CIE_ 1931 2° standard observer, a driving power supply, and
signal equipment.

Standard measudring environmental conditions; darkroom conditions; standard
conditions.

Measuring method

sereen, 4 % centre box, or 10 % centre box pattern with the following procedure

red on

V)a,Fs:
Dattern

colour
n, 4 %
y. The

naticity
driving

setup

re theswhite luminance at the maximum drive level in the centre of the active area using

Render the white pattern and allow the chromaticity values to stabilize within the
specification of the LMD, and ensure the measurement is completed before the display

power management acts to dim the display. The white colour shall be rendered
maximum grey level.

at the

b) Align the optical axis of the LMD perpendicular to the display screen, and centred on

location P (see Figure 2) as well as on the white test pattern.

¢) Measure the white CIE 1931 chromaticity coordinates (x, y) at the centre. If the LMD also
supplies the CCT value, report this value as well. If the LMD does not measure CCT,

d)

then the CCT can be estimated using the methods described in CIE 15.
Report the setup conditions and test results in the test report.
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6.8 Chromaticity non-uniformity

6.8.1

Purpose

The purpose of this method is to spatially sample the chromaticity of a specified colour Q over
the active area of the display. The chromaticity is measured with a full screen of a single colour
at the nine measurement locations P, to Pyg (Figure 5). The chromaticity uniformity is
measured for white and the input RGB primary colours. These colours are rendered at their
maximum input command level.

6.8.2

Measuring conditions

The fo

a)

b)

c)

6.8.3

Spatia
active

lowing measuring conditions apply:

Apparatus: a colour measuring device that can measure the CIE 1931 -6r) CIE

to translate the LMD or display with respect to each other.

Standard measuring environmental conditions; darkroom conditions; standard
conditions.

1976

chromaticity coordinates, a driving power supply, driving signal equipment, and ajmeans

setup

Use a full screen of a single colour measured at the measurement locations shjown in

Figure 5.
Measuring method

ly sample the chromaticity and calculate the uniformity for a defined colour Q o
Area using the following procedure:

er the

Render a full screen test pattern of a defined colour Q. The display chromaticity [values

shall be stable (within the specification of’the LMD) over the measurement periodg.

Align the optical axis of the LMD perpendicularly to the display screen and cenfred on

location Py (see Figure 5).

Measure the CIE tristimulus values (X, Y, Z), or CIE 1931 chromaticity coordinates
at location Py.

(x, »),

Translate the LMD (or display) to the other display locations (P to P;g) and measure

the chromaticity at eachlocation.

coordinates (u, v’ specified in CIE 15 can be calculated from the CIE tristimulus
or from the)CIE 1931 chromaticity coordinates, measured at the nine locations us
following formulae:

, 4X 4x

~—XF15Y+3Z 3-ZXT12

e 9y B 9y
X+15Y+3Z 3-2x+12y

The chromaticity~values and summary data for each colour shall be recorded, as
illustrated in Table 3. The CIE 1976 UCS (uniform chromaticity scale) chromaticity

alues,
ng the

(6)

(7)

where X, Y, and Z represent the CIE tristimulus values, and x and y represent the CIE

1931 chromaticity coordinates.
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f) For each measurement location Py, and Py, determine the CIE 1976 chromaticity

difference between pairs of measured CIE 1976 UCS chromaticity coordinates (u’, v’)
using the following formula:

(Au'v'),; = \/(ul’ —u )2 + (V; -V )2 (8)

for i, j = 0 to 8, and i # j. The chromaticity non-uniformity is defined as the largest
chromaticity difference (4u’v’),,x between any two measurement locations (i.e. the

maximum value of Formula (8)). The largest colour difference can be narrowed down by
plotting the nine (u’, v’) coordinates rather than calculating all (x’, v’) pairs.

g) |[Report the setup conditions and test results as illustrated in Table 3 in the testrgport.

Table 3 — Example of a white colour measured at nine screen locations
and the resulting chromaticity non-uniformity

Au’y’
Measulling , ,
poinft % i "y Vi Puo Pus Puz Pus Pua Pys Pue Puz Pus
PUO 0,311 | 0,325 | 0,198 | 0,466 | 0,000
PU1 0,330 | 0,320 | 0,214 | 0,466 | 0,016 | 0,000
PUZ 0,307 | 0,323 | 0,196 | 0,464 | 0,003 | 0,018 | 0,000
PU3 0,309 | 0,328 | 0,196 | 0,467 | 0,002 | 0,018 | 0,003.% 0,000
PU4 0,310 | 0,326 | 0,197 | 0,466 | 0,001 | 0,017 | 0,002 | 0,001 | 0,000
PU5 0,303 | 0,319 | 0,195 | 0,461 | 0,006 | 0,020~ 0,003 | 0,006 | 0,005 | 0,000
PUG 0,311 | 0,324 | 0,199 | 0,465 | 0,001 | 0,045 | 0,003 | 0,004 | 0,002 | 0,006 | 0,000
PU7 0,315 | 0,320 | 0,203 | 0,464 | 0,008<y 0,011 | 0,007 | 0,008 | 0,006 | 0,009 | 0,004 | 0,000
Pus 0,314 | 0,327 | 0,199 | 0,467 {0,001 | 0,015 | 0,004 | 0,003 | 0,002 | 0,007 | 0,002 | 0,005 | 0,000

Result:|(4uv’) = 0,020

6.9 Chromaticity/colour gamut area
6.9.1 Purpose

This mlethod estimates the span of colours the display is capable of producing in a datkroom
by repfesenting“the colours in a CIE 1931 and 1976 chromaticity diagram. The coloyrs are
measufed for'a specified full screen, 4 % area box, or 10 % area box in the centre of the active
area of @display. The standard full screen, 4 % and 10 % centre box pattern are specjfied in
6.2.

6.9.2 Measuring conditions
The following measuring conditions apply:

a) Apparatus: a colour measuring device that can measure the CIE 1931 or 1976
chromaticity coordinates, a driving power supply, and driving signal equipment.

b) Standard measuring environmental conditions; darkroom conditions; standard setup
conditions.
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6.9.3 Measuring method
The measurement shall be as follows:

a) Follow the procedure in 6.6 for the specified test pattern to measure the CIE 1931
chromaticity coordinates (x, y) or CIE 1976 chromaticity coordinates (u’, v’) of the red
primary in the centre of the screen with the digital input value as indicated in Table 4.

b) Repeat the chromaticity measurements for the green and blue primary colours as
indicated in Table 4. The cyan, magenta, and yellow colours may also be measured if
specified.

¢) Report the CIE 1931 or CIE 1976 chromaticity coordinates for all the measured colours,
graph the colours in a ClE 1931 or CIE 1976 chromaticity diagram (enn Eigure R), and

report the test pattern used and the display configuration.

Table 4 — Standard digital-equivalent input signals for rendering the white,
primary and secondary colours in test patterns

Colour Q0 Normalized digital signal level
Red input Green input Blue input
Red 1 0 0
Green 0 1 0
Blue 0 0 1
Yellow 1 1 0
Magenta 1 0 1
Cyan 0 1 1
White 1 1 1
Black 0 0 0
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CIE 1931 colour space
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b) CIE 1976 UCS chromaticity diagram

Figure 6 — Examples of a display with colour boundaries represented
by the black triangle in two common chromaticity diagrams
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6.9.4 Chromaticity/colour gamut area in CIE 1931 and CIE 1976 chromaticity diagram

The chromaticity/colour gamut area is an approximation of a display’s colour capability, which
is more accurately quantified by the CIELAB colour gamut volume. The chromaticity/colour
gamut area is expressed as the percent area enclosed by the measured colours relative to the
entire spectrum locus in the CIE 1931 or CIE 1976 UCS chromaticity diagram. The CIE 1931
and 1976 gamut area metrics are applicable when the display is well-behaved (the signal
primaries exhibit additive mixing) [5][8]. The gamut volume is needed when additive colour
mixing cannot be assumed (such as when using 3D look-up tables or more than three unique
temporal/spatial colour sub-pixels). The areal dimension in the u'v’ diagram is only perceptually
uniform and valid when the luminance is constant. The gamut area in the CIE 1931 xy chromaticity
diagram should be used since it is better correlated with the CIELAB colour gamut volume than

the gaputareamthe CHE 976w chromaticity dagram————————————————————————

The cHromaticity values measured at their maximum input signal level, as described in 6.9.3,
shall Qe plotted in the CIE 1931 or CIE 1976 chromaticity diagrams (seenFigure §). The
percerIage of the area enclosed by the RGB triangle in the CIE 1931 chromaticity djagram
relativg to the entire spectrum locus is calculated as:

G4, = 149,6|(xR —xB)(yG —yB)—(xG —xB)(yR — Vs )| (9)

where the subscripts R, G and B refer to the red, green, and blue primaries, respectively. The
CIE 191 chromaticity/colour gamut area for the BT.2020.pfimaries (ITU Rec BT.2020) i§ 63 %.
The ({IE 1931 chromaticity/colour gamut area value’ for sRGB primaries specififed by
IEC 61/966-2-1 would be 34 %. Report the measured:chromaticity values for the RGBS input
colourg, and the CIE 1931 chromaticity diagram gamut area.

Cyan, Imagenta, and yellow colours from Table 4 can also be included for the CIE 1931
chromaticity/colour gamut area calculation-tsing the following formula:

(2 =Xs ) (Vm + 78 ) + (x5 = x5 ) (Vs + ¥c)
GA,, =149,6 X4+ (x; — x5 ) (Ve +¥6 ) + (% —xy ) (Vs + v ) (10)
+(xY _XR)(yY +yR)+(xR _XM)(J/R +y|v|)

where [the subsefipts C, M and Y refer to the cyan, magenta, and yellow secondary cplours,
respectively.

The pearcentage of the area enclosed by the RGB triangle in the CIE 1976 chromaticity djagram

relative-to-the-entire epnr\frllm locus-is—calculated-as-

G =256,1|(u'g—u's ) (vie=v'e) = (t's=u's ) (Ve—V'e)| (11)

where the subscripts R, G and B refer to the red, green, and blue primaries, respectively. The
CIE 1976 chromaticity/colour gamut area for the BT.2020 primaries (ITU Rec BT.2020) would
be 57 %. The CIE 1976 chromaticity/colour gamut area value for sRGB primaries specified by
IEC 61966-2-1 would be 33 %. Report the measured chromaticity values for the RGB input
colours, and the CIE 1976 chromaticity diagram gamut area.
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Cyan, magenta, and yellow colours from Table 4 can also be included for the CIE 1976
chromaticity/colour gamut area calculation using the following formula:

(u'y—u'p)(viy+v's) (uB u' )(v +v'c)

+
GA,, =256,1x|+(u'c—u's)(v'ie+v's)
<)

where
respec

The n(
be rep

6.10

6.10.1
The pu
display
area b
area o

6.2. Iti
pattern

6.10.2
The fo

a)

b)

6.10.3

Measu
the foll

+h b it C. P=N
TS SUUSUTITUTS O, v alt

tively.

mber of measured colours used for the chromaticity/colour gamut area galctlatiog
brted with the area value.

_uminance and colour variation with viewing direction
Purpose

rpose of this method is to measure the variation in chropiaticity and luminance
over a range of vertical and horizontal viewing directions. A specified full screeg
DX, or 10 % area box of a defined colour Q will bedmeasured in the centre of the
a display. The standard full screen, 4 % and 10.% centre box pattern are spec
5 common to measure at least the white colourvariation. Other colours and signal |

Measuring conditions
lowing measuring conditions apply:
Apparatus: an LMD that can;measure luminance and CIE 1931 chromaticity coord

display (see Figure 7-and Figure 8).

Standard measuring environmental conditions; darkroom conditions; standard
conditions.

Measuring*method

re the variation of the display's optical characteristics with the viewing direction
owjng procedure for the display mounted in the vertical plane:

a driving power supply;-driving signal equipment, and a means for rotating the I

lours,

n shall

of the
n, 4%
active
fied in
pading

s are possible. The horizontal 6, and vertical @, inclination angles shall be spégcified.
Other azimuthal angles may also be specified.

inates,
MD or

setup

using

NOTE 1

A similar procedure can be used with the display mounted In the horizontal plane.

a) Render the specified full screen, 4 % area box, or 10 % area box test pattern with the

specified colour O (for example a white at a maximum grey level) in the centre
screen and allow the luminance to stabilize within the specification of the LMD.

of the

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

c)

the white box.

Measure the luminance and CIE 1931 chromaticity coordinates at 6, = &, = 0°.

d) Rotate the display or LMD in the horizontal plane (¢ = 0°) at the specified angular
increments (see Figure 7) and measure the luminance and CIE 1931 chromaticity

coordinates at each specified horizontal inclination angle 6.

e) Rotate the display or LMD in the horizontal plane on the opposite side of the surface
normal (¢ = 180°) at the specified angular increments (see Figure 7) and measure the
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luminance and CIE 1931 chromaticity coordinates at each specified horizontal inclination
angle 6.

f) Rotate the display or LMD in the vertical plane (¢ = 90°) at the specified angular
increments (see Figure 8) and measure the luminance and CIE 1931 chromaticity
coordinates at each specified horizontal inclination angle 4.

g) Rotate the display or LMD in the horizontal plane on the opposite side of the surface
normal (¢ = 270°) at the specified angular increments (see Figure 8) and measure the
luminance and CIE 1931 chromaticity coordinates at each specified horizontal inclination

angle 4.

h) Repeat chromaticity measurements at the same viewing directions for all specified
colours to be measured using the full screen, 4 % area box, or 10 % area box test pattern
with the specified colour in the centre. Additional azimuthal angles ¢ may, dlso be
measured and shall be included in the measurement report.

Report/the setup conditions, the luminance and the CIE 1931 chromaticity coordinates at each
of the measured inclination angles for all colours.

NOTE 2| It is noted that the measurement area will increase as the inverse of the cosine of the LMD inglination
angle.

Screen

L

______________________________ d Screen

LMD

Measuring distance

Y

IEC IEC

Figure 7 — Top view example of configurations for measuring luminance and colour
in the horizontal viewing direction
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e
yrind d\s"aﬂc

s . Screen LMD
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1 Screen centre / \ 7

/ \ . Measuring distance . /

IEC IEC

Figure 8 — Side view example of configurations for measuring luminance
and colour in the vertical viewing direction

7 Display multi-colour optical measuring methods

71 General

The pUrpose of Clause 7 is to describe the optical methods that shall be used to meastire the
display| performance of prototypes and final display products (excluding display pangls and
modulgs). The measured results from these miethods are used to communicate the display
performance to customers.

For eagh measurement method, if the measured white luminance in the centre of the full screen
or box|test pattern used from Clausel(6 is within 5 % from the centre colour-signal white (see
Annex([D) luminance Lggy o dataiusing the multi-colour test patterns (Figure 10), then the

display| test methods in Clause 8 can also be used for final display products. In addition,
produgtion line tests can use-the basic test patterns in Clause 6 by correlating these test
methods for a given produet to the results obtained by using the equivalent test methods in
Clausq 7.

7.2 Test patterns

The principle ef.multi-colour test patterns described in [IEC TR 62977-2-3 shall be used tq better
represent the\performance for typical colour images. The multi-colour test pattern for lumlinance
and cdloUr ,measurements shall use the medium APL loading example of the colour t|le test
patterr Hlustrated in l:ignrn 9 _ Coloured ror\fnngnlar hnvnc’ with-2/9 of the dimensions! of the
active area, are centred on the nine active area locations (see Figure 2) on a black background.
The red, green, and blue boxes are driven at the maximum input signal levels for the primary
RGB signal inputs. For example, the red box is driven at its maximum input signal for the red
input, while the green and blue channels are at their minimum signal level. The white boxes are
driven at their maximum signal red, green, and blue inputs.

In practice, many measurements in this document will need to measure a sequence of colour
test patterns, as shown by the example in Figure 10. Each colour tile pattern is identified by the
initials CT (colour tile) and the colour of the centre box. The patterns in Figure 10 are identified
as CTR, CTG, CTB, and CTW when starting from the upper left-hand pattern and viewing each
pattern in sequence in a clockwise direction. For example, CTB has a blue centre box, as shown
in the lower right pattern. As the display renders each of the four test patterns in sequence,
each of the nine standard measurement locations in Figure 2 contain all of the red, green, blue,
and white colours to be measured.
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The nun
for meag

Figure

The CT
respecti

IEC

bering and circles are only provided for descriptive purposes and should not be included in the actug
urements.

9 — Standard medium APL loading version of the colour tile test pattern wit
green, blue, and white boxes used for luminance and/colour measurements

IEC

R, CTG~€TB, and CTW patterns contain boxes of the same size but have red, green, blue, an
ely, lin the centre box.

Figure

| pattern

h red,

d white,

of test patterns used for luminance and colour measurements

uence

The area scaling of the coloured rectangles determines the APL loading on the display. 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

(13)
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where the summation is over all pixels in the active area, PL, is the normalized signal pixel level

of the i-th pixel relative to the maximum white level, and N is the total number of pixels. A 100 %
APL would be represented by all pixels in the active area 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. It is assumed that the red, green, and blue areas correspond to 1/3 of the APL of the
white areas, so the APL for each pattern in Figure 10 is (starting at the upper left-hand corner
and going clockwise) 21,4 %, 21,4 %, 21,4 %, and 24,7 %. The average APL for the four
patterns in Figure 10 is 22,2 %. The slightly larger APL value for the centre white box pattern
is 3,3 % larger than the other three patterns. An example of calculation of the top left pattern in
Figure 10 is given by:

[(7 primary colours x 1/3 of white) + (2 white boxes x 3 / 3 of white)]

x [(2/9)? fractional area of boxes] = 21,4 % APL

In casg¢s where more than the white and RGB input primary colours are.needed for lumlinance
and co¢lour measurements, the medium APL loading RGBCMY box-pattern illustrgted in
Figure|11 shall be used. This pattern is intended for centre luminance@nd colour measurgments
under fonstant APL loading. Each of the large coloured boxes jin.the test pattern are gentred
on the[nine standard active area locations (see Figure 2) on ablack background, with|height
and wigdth corresponding to 2/9 of the dimensions of the activerarea. The centre rectangle is be
changed to the desired colour to be measured. However, most of the colours in the surrounding
eight rectangular patterns shall remain constant at theifmaximum input-referred signal [setting
as defined in Table 4. The small dark grey rectangles in the surrounding boxes are {sed to
compepsate for the APL change in the pattern (if needed) when the centre box colour is changed.
The infent is to maintain the APL at approximately 25 % for all the centre colour measur¢ments
to elim|nate any measurement influence due toAPL loading. If the input RGB signal code|values
of the ¢entre colour are (r, g, b), then the colour of the small grey rectangles in the surrounding
boxes |should be changed to (255 — r, 255™- g, 255 — b) when using 8-bit encoding. kor the
example shown in Figure 11, when the centre colour is set to an 8-bit signal value of (19p, 192,
192), the small compensating rectangles are set to its complementary colour value of (63, 63,
63). When a more saturated colourlis measured in the centre (such as cyan with (0, 200/ 200)),
then the small compensating rectangles would be set to its signal complementary colouf value
of (254, 55, 55). If the display-is not sensitive to a few percent change in the APL valug, then
the smpll compensating regtangles can remain at black for all centre colours.

NOTE [The small compensatory eight grey blocks will maintain the pre-gamma APL, but it may not maintain a
constan{ luminance.
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Figure 11 — Standard medium APL RGBCMY test pattern used for
centre luminance and colour measurements with 25 % APL

e format. However, the APL level and uniform proportion of colours (as illustr
8 to Figure 11) shall be maintained.

_uminance

Purpose

bre, the concept of APL\léading described in IEC TR 62977-2-3 shall be used to

cept for

isplay active area is not rectangular, then the:multi-colour test patterns may be adjusted

ated in

minance measured from:a’ display can be affected by the content being rendered.
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the impact of image content on the measurement. To estimate the luminance that a dejivered
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The pU
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rpose of this method is to measure the individual and average luminance of wh
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additiopal cotours beyond W, R, G, and B can be obtained by measuring only the centre
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d medium MAPL loading patterns (Figure 10) at the nine measurement lo

product would give for typical images, a medium APL multi-colour test pattern ig used.

te and

mary RGB colours in the active area of a display. The luminance is measured with the

cations

2). The colours are rendered at their maximum input command level. The luminance of

pattern shown in Figure 11, using the desired colour in the centre.

box of

7.3.2

The fol

Measuring conditions

lowing measuring conditions apply:

a) Apparatus: an LMD that can measure luminance, a driving power supply, driving signal
equipment, and a means to translate the LMD or display with respect to each other.

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

conditions.

c) Standard medium APL loading test patterns in Figure 10, and common measurement

locations. The luminance shall be measured at the nine display locations for all
the test patterns in sequence.

four of
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Measuring method

Measure the average luminance of white and RGB at their maximum drive input level over the
active area using the following procedure:

a) Render the test pattern with the red box centred in measurement location P, (see

Figure 2). Allow the luminance to stabilize within the specification of the LMD.

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

the location Pj in the centre of the display.

Measure the luminance L at location Py.

Tranclatathao | MD (or dienlaviy taotha athar dicnlayvy lacatinne (D
R Sate+tHe=vro—( O etSpraytothe-ete—atSpray—o6aHeRS—

1o P
Tt©

luminance at each location.

Render the next colour tile pattern with a green centre box (CTG), and repeat s
to d) above.

Repeat luminance measurements at all nine display positions for lall colour
patterns as illustrated in Figure 12 for a total of 36 measurements./The luminance
and summary data shall be recorded, as illustrated in Table 2.

Lw aver LR aver LG,aver @Nd L 4yes fOr white, red, green, and'blue, respectively, in

report. The luminance of colour-signal white, desecribed in Annex D, can |
additional information about the brightness of typical colour images [11].

L

CTW-W1

CTB-B1

Pattern CTW

CTB-G6
CTG-Gt

Pattern CTB

CTG-R6

Pattern CTG

Pattern CTR

Figure 12 — Sequence for measuring luminance at the nine display locations
for all coloured tile patterns

Rg)and-measyre the

eps b)

ed tile
values

Report the setup conditions, individual luminance values,.and the average Iunliqnance

e test
rovide

r'wW-B6

IEC
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7.4 Darkroom contrast ratio
7.4.1 Purpose

The purpose of this method is to measure the darkroom contrast ratio in the centre of the display.
The darkroom contrast ratio can be affected by the content being rendered. Therefore, to
estimate the contrast ratio that a delivered display product would give for typical images, a
medium APL RGBCMY test pattern (Figure 11) is used with a white and black centre box.

7.4.2 Measuring conditions

The following measuring conditions apply:

a) |[Apparatus: an LMD that can measure luminance, a driving power supply, and.|driving
signal equipment.

b) |Standard measuring environmental conditions; darkroom conditions; istahdard| setup
conditions.

¢) |Standard medium APL RGBCMY test pattern (Figure 11) measured 'in the centre
7.4.3 Measuring method
Measufe the centre darkroom contrast ratio using the following grocedure:

a) |Measure the white luminance Ly at the centre of thg“display with a centre whjte box

(see Figure 11). The white box shall be rendered-at.the maximum grey level.

b) |Render the colour test pattern following Figurend 1 with a black centre box at the[lowest
grey level. Measure the black luminance Lig\at the centre of the active area (Ipcation

Py). If the black luminance value is limjted by the sensitivity of the LMD, it shall be
reported as such.

c) |Calculate the darkroom contrast ratio in the centre location (Py) using the fo|lowing
formula:

_Lwo
Leo

d) |[Report the setup conditions and test results in the test report.

CRor

(14)

For displays that canrachieve deep blacks, the black luminance can be measurement instfument
limited] The sensitivity limit of the LMD would be investigated and reported in that case.

7.5 | uminance uniformity

The spatiallv-sampledluminance-uniformity of 3 defined colour-Q is-defined-in 6.5
Y g Y

7.6 Chromaticity, tristimulus values, and spectra
7.6.1 Purpose

The purpose of this method is to measure the chromaticity or tristimulus values of a specified
colour Q and spectral radiance (if required). The specified colour is input-referred, and colour
is measured in the centre of the active area of a display. The colour is measured with the
medium APL loading test pattern shown in Figure 11. This method applies to displays with RGB
inputs.
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7.6.2 Measuring conditions
The following measuring conditions apply:

a) Apparatus: a colour measuring device that can measure the CIE 1931 chromaticity,
tristimulus values, and spectra (if required), a driving power supply, and driving signal
equipment.

b) Standard measuring environmental conditions; darkroom conditions; standard setup
conditions.

¢) Use the medium APL loading RGBCMY test pattern (see Figure 11).
7.6.3 _Measuring method

Measufe the specified colour at the centre of the active area using the following procedtre:

a) [Render the medium APL loading RGBCMY pattern (see Figure 11) with the specified
colour Q at the centre of the active area and allow the luminance to stabilize within the
specification of the LMD. The outer box colours are held constant at'the values specified
in Table 4.

b) |Align the optical axis of the LMD perpendicular to the display, screen and centre it on
location P, (see Figure 2).

c) [Measure the CIE 1931 chromaticity (x, y) or tristimulus values, and spectral radiance at
the screen centre. If stray light is affecting the measurement of very dim colgurs, a
frustum or stray light elimination tube shall be used/(according to ISO 9241-305)

d) [If other signal levels or colours are to be measuréed, render the desired signal Igvel or
colour in the centre box (while maintaining the colours for the outer boxes) and measure
the centre chromaticity, tristimulus values,“and spectral radiance (if required) usjng the
same measurement procedure.

e) |[Report the setup conditions, CIE 1931 chromaticity coordinates (x, y) or trisfimulus
values, and spectral radiance (if reguired) in the test report.

7.7 White chromaticity and correlated colour temperature
7.71 Purpose

The plrpose of this method is to measure the white chromaticity, and correlated |colour
temperature (CCT), at thesmaximum white input signal level in the centre of the active area of
a displlay. The colour-is-measured with the standard medium APL loading RGBCMY pattern
shown(|in Figure 11

7.7.2 Measuring conditions

The following measuring conditions apply:
a) Apparatus: a colour measuring device that can measure the chromaticity

coordinates for the CIE 1931 2° standard observer, a driving power supply, and driving
signal equipment.

b) Standard measuring environmental conditions; darkroom conditions; standard setup
conditions.

c) Standard medium APL loading RGBCMY pattern (see Figure 11).
7.7.3 Measuring method

Measure the white luminance at the maximum drive level in the centre of the active area using
the following procedure:

a) Render the standard medium APL RGBCMY pattern with the white box in the centre on
the display and allow the luminance to stabilize within the specification of the LMD. The
white box shall be rendered at the maximum grey level.
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b) Align the optical axis of the LMD perpendicular to the display screen, and centred on
location P (see Figure 2) as well as on the white box.

¢) Measure the white CIE 1931 chromaticity coordinates (x, y) at the centre of the white
box. If the LMD also supplies the CCT value, report this value as well. If the LMD does
not measure CCT, then the CCT shall be estimated using the methods specified in
CIE 15.

d) Report the setup conditions and test results in the test report.
7.8 Chromaticity/colour gamut area

7.8.1 Purpose

The ps.i‘rpose of this method is to measure the colours produced by the individual RGB"igputs in
the centre of the display’s active area, and to use these colours to approximate thedisplay’s
colour [rendering capability via the chromaticity diagram. The colours are measured with the
standafd medium APL loading RGBCMY test pattern shown in Figure 11. All colodrs are
measured at their maximum signal levels. When Ly 5, is not within 5 % of Logy (Anmex D),

the colpur capability is better represented by the colour gamut volume method in Clause 8.

7.8.2 Measuring conditions
The following measuring conditions apply:
a) |[Apparatus: a colour measuring device that can, measure the CIE 1931 of 1976

chromaticity coordinates, a driving power supply$ and driving signal equipment.

b) |Standard measuring environmental conditians; darkroom conditions; standard| setup
conditions.

c) [Standard medium APL loading RGBCMX.4ést pattern (see Figure 11).
7.8.3 Measuring method

Measufe the chromaticity/colour gamut at the centre of the active area using the fol|lowing
procedure:

a) |Follow the test procedurevin 7.6 using a red centre box for the test pattern in Figure 11
to measure the CIE-1931 chromaticity coordinates (x, y) or CIE 1976 chromaticity
coordinates (u’, v3.at a maximum red input signal (see Table 4).

b) |Repeat the chromaticity measurements for the green and blue primary colours as
indicated in Table 4.

c) |Report the’€IE 1931 or CIE 1976 chromaticity coordinates for all the measured cplours,
graph the/colours in a CIE 1931 or CIE 1976 chromaticity diagram (see Figure 6), and
report\the test pattern used and the display configuration.

7.8.4 Chromaticity/colour gamut area in CIE 1931 and CIE 1976 chromaticity diagram

The chromaticity/colour gamut area is an approximation of a display’s colour capability, which
is more accurately quantified by the CIELAB colour gamut volume. The chromaticity/colour
gamut area is expressed as the percent area enclosed by the measured colour gamut relative
to the entire spectrum locus in the CIE 1931 or CIE 1976 UCS chromaticity diagram. The
CIE 1931 and 1976 gamut area metrics are applicable when the display is well-behaved (the
signal primaries exhibit additive mixing) [5][8]. The gamut volume is needed when additive
colour mixing cannot be assumed (such as when using 3D look-up tables or more than three
unique temporal/spatial colour sub-pixels). The areal dimension in the u'v’' diagram is only
perceptually uniform and valid when the luminance is constant. The chromaticity/colour gamut area
in the CIE 1931 xy chromaticity diagram should be used since it is better correlated with the
CIELAB colour gamut volume than the gamut area in the CIE 1976 u'v' chromaticity diagram.
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As described in 7.8.3, the colour gamut is defined by the chromaticity coordinates rendered
when a maximum signal is sequentially applied to the RGB signal inputs. Figure 6 illustrates an
example where the same RGB primaries are plotted in the CIE 1931 and CIE 1976 chromaticity
diagrams. The percent of area 4, enclosed by the RGB triangle in the CIE 1976 chromaticity
diagram relative to the entire spectrum locus is calculated using Formula (9). If it is desired to
also include the cyan, magenta, and yellow colours from Table 4 for the CIE 1976
chromaticity/colour gamut area 4, calculation, Formula (10) can be used.

The percent of area 4,, enclosed by the RGB triangle in the CIE 1931 chromaticity diagram

relative to the entire spectrum locus is calculated using Formula (11). If it is desired to also
include the cyan, magenta, and yellow colours from Table 4 for the CIE 1931 chromaticity/colour
gamut mmmummn,_Formwa (T2)ycan be Used.

The nymber of measured colours used for the chromaticity/colour gamut area calc¢utation shall
be repprted with the area value.

7.9 Chromaticity non-uniformity

The splatially sampled chromaticity non-uniformity of a defined colour-@’is defined in 6.9.

7.10 |uminance and colour variation with viewing direction
7.10.1| Purpose

The pyrpose of this method is to measure the variation“in chromaticity and luminance| of the
display over a range of vertical and horizontal viewing directions. In general, the display is
measufed in the centre using the medium APL loading RGBCMY test pattern in Figure {1 with
a whitg box in the centre. Other colours and signal loading patterns are possible. The horjizontal
6y and vertical @, inclination angles shall bevspecified. Other azimuthal angles may glso be

specifigd.

7.10.2| Measuring conditions

The following measuring condijtions apply:
a) |[Apparatus: an LMD that can measure luminance and CIE 1931 chromaticity coordjnates,

a driving power supply, driving signal equipment, and a means for rotating the LMD or
display (see Figure 7 and Figure 8).

b) |Standard measuring environmental conditions; darkroom conditions; standard| setup
conditions¢

7.10.3| Measuring method

Measufenthe variation of the display's optical characteristics with the viewing direction using
the following procedure for the display mounted in the vertical plane:

NOTE A similar procedure can be used with the display mounted in the horizontal plane.

a) Render the medium APL RGBCMY test pattern in Figure 11 with the white box at a
maximum grey level in the centre of the screen and allow the luminance to stabilize
within the specification of the LMD.

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

c) Measure the luminance and CIE 1931 chromaticity coordinates at 6 = 6, = 0°.

d) Rotate the display or LMD in the horizontal plane (¢ = 0°) at the specified angular
increments (see Figure 7) and measure the luminance and CIE 1931 chromaticity
coordinates at each specified horizontal inclination angle 6.
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Rotate the display or LMD in the horizontal plane on the opposite side of the surface
normal (¢ = 180°) at the specified angular increments (see Figure 7) and measure the
luminance and CIE 1931 chromaticity coordinates at each specified horizontal inclination
angle 6.

Rotate the display or LMD in the vertical plane (¢ = 90°) at the specified angular
increments (see Figure 8) and measure the luminance and CIE 1931 chromaticity
coordinates at each specified horizontal inclination angle 4.

Rotate the display or LMD in the horizontal plane on the opposite side of the surface
normal (¢ = 270°) at the specified angular increments (see Figure 8) and measure the
luminance and CIE 1931 chromaticity coordinates at each specified horizontal inclination

8 ClI

8.1

anala A
aHg+e

ava

Repeat chromaticity measurements at the same viewing directions for all|specified
colour to be measured using the medium APL test pattern in Figure 11 withthe specified
colour in the centre. Additional azimuthal angles ¢ may also be measured-and shall be
included in the measurement report.

Report the setup conditions, the luminance and the CIE 1931 chrfomaticity coordinates
at each of the measured inclination angles for all colours.

FLAB colour gamut volume

Purpose

The purpose of this method is to measure the CIELABcelour gamut volume of a display in the

centre
The m
to cust
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CIELA
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is only
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of its active area to determine its perceived colour capability under darkroom condlitions.
pasured results from these methods are used to communicate the display performance
pmers. The colours are measured with the,standard medium APL loading RGBCMY test
shown in Figure 11, with the various spécified colours interchanged in the centfe box.
tion to the normal direction, the colour gamut volume may also be measured in other
directions. This method is not intended to be used for every display on the production
t rather on a sampled basis to-represent the colour capability of the delivered pfoduct.
r to determine the CIELAB colour gamut volume, CIE 168 recommends that the|colour
chromatically adapted to @;common D50 white point. The standard Bradford chromatic
ion transform (ISO 1507621) is commonly used to convert the measured colourg to the
n D50 white point reference. For the purposes of metrology, it shall be assumed that the
er is fully adapted 4o'the display white. The white used with a particular pattern npay not
peak white.

B defines a homogeneous human perceptual colour space. It uses three axes, ope that
es lightness, and two that together map hue and chroma. CIELAB colour gamut yolume
one ofs\many attributes of total display colour performance. The human visual gystem
to, the brightness of the illuminant as all colours are ratios in a tristimulus system. To

undersltand the volume of colour, the illuminant shall be defined.

CIELAB colour gamut volume can be measured in any display mode. However, even in the

presen

ce of an SDR input signal, if a display’s output response is customized to enhance

highlights ("HDR-like"), CIELAB colour gamut volume could be impacted. Manufacturers may
specify which modes will match the behaviour of the SDR input signal. A new metric may be
developed to cover display modes wherein the display output does not match the behaviour of

the SD

R input signal.

CIELAB colour gamut volume is not a visualization of colour gamut and does not define the

covera
of colo

ge to a standard. Two displays with the same gamut volume can cover different regions
ur space and appear different. The colour gamut rings method in Annex E describes a

valuable visualization of the display colour capability. The gamut rings are a 2D area projection

that is

directly correlated to the gamut volume.
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This method is limited to input signals with typical OETFs such as IEC 61966-2-1, ITU BT.
Rec.601, ITU BT. Rec.709, and ITU BT. Rec.2020. This method is limited to SDR signal inputs.

8.2
The fol

Measuring conditions

lowing measuring conditions apply:

a) Apparatus: an LMD that can measure the luminance and CIE 1931 chromaticity

coordinates (or tristimulus values directly), a driving power supply, and driving
equipment.

signal

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

conditions

c)

8.3

An acd
the bo

unifornmy three-dimensional colour space. Colour volume combined with.the location of the

gamut
colour
colour

be det¢rmined using the following procedure:

a)

Standard medium APL loading RGBCMY test pattern (see Figure 11 and its expld
for the small compensating rectangles in 7.2).

Measuring method

urate representation of the display’s colour range or size can beobtained by s
indary colours of the display, and measuring the volume of the gamut in a perc

see Annex E) describes the full colour capability. CIE 168 recommends that the G
space be used for this purpose. This method measures.the colour gamut volums
gamut boundary of a display under darkroom conditions. This colour gamut volum

The medium APL RGBCMY test pattern (Figure?1) shall be used to measure the g
centre box colours. The tristimulus, or luminance and chromaticity, shall be me
following the procedure in 7.6. If it can be demonstrated that a full screen or cen
pattern (see 6.2) gives a CIELAB coloutzgamut volume that agrees within 2 %
value using the pattern in Figure 11, then the full screen and box pattern may b
for the same display product.

The colour gamut volume calculation requires that many colours be measured i
to accurately determine the GIELAB colour gamut volume. A greater number of s
colours will result in a more/accurate determination of the gamut volume. When ¢
are measured, it is recemmended that these colours use sets of measured ¢
chosen based on equally/spaced surface colours in the RGB colour space. For ex
a set of 98 RGB surface colours represent a 5 x 5 grid of equally spaced surface ¢
(tabulated in Anpex*A, Table A.1) can be used to calculate the CIELAB colour
volume and be reported as CIELAB Volume{98}. Depending on the complexity
gamut surface,a more accurate result can be obtained by interpolating to 602
from 98 by curve fitting. It is recommended to use a set of 602 colours (repo
CIELAB Volume{602}), representing a 11 x 11 grid of equally spaced surface cold
Annex-A, Table A.2), which is estimated to be within 2 % of the true volume. The C
colour gamut volume shall be reported with the corresponding number of me
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celours. Additional colours set depend on the required level of accuracy.

If the tristimulus values of the colours are not measured directly, they can be dete
from the measured luminance and CIE 1931 chromaticity coordinates of each
using Formulae (15) to (17):

X, = Xala
Ya
Zy = (1-xq-va)Lq

Ya

rmined
colour

(15)
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where Lq is the luminance of the colour Q.

d) Once all of the colours are measured, it is necessary to adapt all the measured
tristimulus values to the common reference white point, D50 (according to CIE 168). The
chromatic adaptation transform (see ISO 15076-1, using the Bradford coefficients in
Annex B) is used to perform the transformation. To perform this transform, the measured
tristimulus values (X, Y\y, Zyy) are obtained from the signal levels 255, 255, 255 (for 8-

bit encoding), the source white point of the chromatic adaptation transform. All of the
resulting colours are defined as (Xp, Yp, Zp). This method is consistent with the ICC

colour management system.

It is theoretically possible to use tristimulus values that would produce large negative
tristimulus values after chromatic adapm’rinn However such measured values would be
unlikely for real displays. In any case, if the values of (X,/Xps5q), (Yp/Ypsg). of {Z}/Zps0)

are more negative than -(24 / 116)3, then the L*a*b* calculation will not be\valid. The
example code in Annex B traps this exception.

e) |After chromatic adaptation, the tristimulus values are transformed info the
three-dimensional CIELAB colour space (according to ISO/CIE 11664-4). The GIELAB
L*, a*, and b* values for each colour P are calculated from theransformed tris{imulus
values using the following formulae:

L =116xf (% /Y,)-16 (18)
a" =500% f(Xp | Xpgo )<L (B / Vo) ] (19)
b" =200x| f (Y Moee) = [ (2o / Zogo) | (20)
where
" t>(6/29)°
= 21
/o (%)t+i otherwise @
108" 29

f) |Each colour point can be plotted on the L*, a*, and b* axis of the CIELAB colour [space.
An example:of the colour data in the CIELAB uniform colour space is given in Figure 13.

g) [Calculateythe colour gamut volume corresponding to the possible range of display
colours~as represented in the CIELAB colour space. See Annex B for a detailed
description of the analysis recommended for calculating the colour gamut volume} Other
gamut calculation methods may be used in specific applications when the archijecture
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 8 point method with interpolation (see for example
IEC 62341-6-1).

h) Report the colour gamut volume with the number of boundary colours used (see the
example in Table 5), the test pattern used, and the measurement conditions. The colour
gamut volume of an ideal sRGB display with zero black level is 8,32 x 105 AE3 (see the
CIE 168 method using Bradford chromatic adaptation transforms). The recommended
calculation method in Annex B, using an 11 x 11 equally-spaced grid of sampled colours,
gives a value for sRGB of CIELAB Volume{602} = 8,31 x 10° AE 3.

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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.. CIELAB colour space

as represented by the CIELAB colo ce

X

Table 5 — Example of report format for CQIQB gamut volume
Q

Figure 13 — Example of range in colours produced gg(abgiven display

v
Measurement parameter CIELAg\Qour gamut volume (AE3)
CIELAB gamut volume{602} O 831000
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Annex A
(normative)

RGB boundary colours for CIELAB colour 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 sampling the colour

range {hrough a careful selection of colours that will accurately reflect the shape of the G
gamutvolume. A good way to do that is to mainly consider the colours at the outer.boun
of that{gamut volume. Once the colour gamut is well defined, then the internal volume

accura

Colour
space
colourg

ely calculated.

5 shall be specified in the input-referred RGB colour space. The axes of the RGB
correspond to the digital levels at the RGB inputs of the display,. [Dshall be assum
on the surface of the RGB cube map to colours on the CIELAB leolour gamut sur,

is expected that a higher sampling of these RGB colours will yield a better estimation

CIELA

B gamut.

The sq
standa

acing of the inputs values in Table A.1 and Tablg A2 are optimized for convel
d dynamic range (SDR) tone curves. They wilk function well for display electr

transfer functions (EOTFs) approximating anything from a linear response to gamma 4
example, sRGB and Rec 709 would be completely.compatible with this range. Displa

extre

A.2

An est
set of 9
on eag
digital

EOTFs would require a different sampling-of colours to fairly present the tone g

Equally-spaced 98 boundary colours on the RGB cube

mate of the CIELAB colour gamut volume for a given display can be made by
8 RGB boundary colours. The 98 colours are derived from the uniform grid of 5 x 5
h outer face of the RGB.¢colour cube. These colours are specified as 8-bit equ
RGB input levels as shown in Table A.1. The equally spaced 8-bit code valu

obtaingd using 0, Int[255 A4]; Int[255 / 2], Int[255 x (3 / 4)], and 255, where the Int[] f

retains
using U
bit cod

the truncated integéer value. Colour coding with higher bit depths can also be d
niform spacing with the 5 x 5 grid of boundary colours. For example, equally spaq
5 values are Gbtained using 0, Int[4 095 / 4], Int[4 095 / 2], Int[4 095 x (3 / 4)], and

An exgmple CIELAB colour gamut volume calculation method is given in Annex B.
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Table A.1 — Equally-spaced 98 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 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 req
of the

uniform grid of 11 x 11 points on each face of the RGB colour cube. The colours are sp

as 8-b|t equivalent digital RGB input levels,as' shown in Table A.2. The equally space
code palues are obtained using 0, JAnf[255/10], Int[255x (2/10)], Int[255 x (3
Int[259 x (4 / 10)], Int[255 x (5 / 10)], Int[255 x (6 / 10)], Int[255 x (7 / 10)], Int[255 x (8
Int[259 x (9 / 10)], and 255, where theInt[] function retains the truncated integer value.
coding|with higher bit depths can-also be done using uniform spacing with the 11 x 11
boundary colours. An example CIELAB colour gamut volume calculation method is g
Annex|B.

- 46 - IEC 62977-2-1:2021 © |IEC 2021
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

ommended that a set of 602 RGB boundary celours be used to get an accurate es
CIELAB colour gamut volume of a given display. The 602 colours are derived fr

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

Digital 8-bit equivalent RGB input signal level

Colgur-number
G B
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
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 54 178
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
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
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
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
84 0 178 153
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
97 0 204 204
98 0 204 229
99 0 204 255
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
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
133 51 0 0
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
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
143 51 0 255
144 76 0 0
145 76 0 25
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 76
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
174 127 0 127
172 127 0 153
173 127 0 178
174 127 0 204
175 127 0 229
176 127 0 255
177 153 0 0
178 153 0 25
179 153 0 51
180 153 0 76
181 153 0 102
182 153 0 127
183 153 0 153
184 153 0 178
185 153 0 204
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
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
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
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Colour number

Digital 8-bit equivalent RGB input signal level

R G B
229 255 0 204
230 255 0 229
231 255 0 255
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
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 51 0
264 102 76 0
265 102 102 0
266 102 127 0
267 102 153 0
268 102 178 0
269 102 204 0
270 102 229 0
271 102 255 0
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
272 127 25 0
273 127 51 0
274 127 76 0
275 127 102 0
276 127 127 0
277 127 153 0
278 127 178 0
279 127 204 0
280 127 229 0
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
288 153 178 0
289 153 204 0
290 153 229 0
291 153 255 0
292 178 25 0
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
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
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
329 255 204 0
330 255 229 0
331 255 255 0
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
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 76
355 255 76 102
356 255 76 127
357 255 76 153
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
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
378 255 127 178
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
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
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
401 255 178 255
402 255 204 25
403 255 204 51
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
427 255 255 153
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
440 25 255 229
441 25 255 255
442 51 255 25
443 51 255 51
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
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
476 127 255 127
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
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Digital 8-bit equivalent RGB input signal level
Colour number

R G B
487 153 255 153
488 153 255 178
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
525 25 102 255
526 25 127 255
527 25 153 255
528 25 178 255
529 25 204 255
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
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
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
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Digital 8-bit equivalent RGB input signal level
Colour number
R G B
573 153 178 255
574 153 204 255
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
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
6041 229 204 255
602 229 229 255
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B.1

Annex B
(informative)

Calculation method for CIELAB gamut volume

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

The c4
numbe
for giv
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colour
points
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the tot

Althou
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as exp

Procedure for calculating the colour gamut volume

of colours that adequately sample the entire range of colours that a display can p
n setup conditions. Since the shape of the CIELAB colour gamut volume can be co
sier to define the colours to be sampled by specifying them in¢the input-referre
space. Once the colours are specified on the RGB cube, then,a tessellation o
s used to determine their corresponding CIELAB values. These triangles on the G

bl volume.

ph this procedure is robust, it typically requifes a very large number of
rements in order to accurately determine the CIELAB colour gamut volume. The 1
pled colours can be substantially reduced by:¢choosing only the RGB boundary c
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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 colour gamut volume calculation will depend strongly on the number
of sampled colours, and the complexity of the surface shape. An irregular-shaped CIELAB
colour gamut volume 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 colour 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 8-
point method with interpolation (see for example IEC 62341-6-1).

B.4 [RGB cube surface subdivision method for CIELAB colour gamut volume

B.4.1 General

calculation

There pre several possible algorithms that can be used to calculate the CIELAB colour|gamut
volumg. One algorithm that is recommended is described in Clause Bi4.' This algorithm uses

equally-spaced RGB colours on the surface of the cube in RGB colourspace.

B.4.2 Assumption

It is aspumed that colours on the surface of the RGB cube map to colours on the CIELAB|colour

gamut [surface.

B.4.3 Uniform RGB grid algorithm

This algorithm accepts a uniform grid of RGB celour space coordinates that lie on each face of
the REB cube and their corresponding measured tristimulus values. The measured trisfimulus
values|are chromatically adapted to a D50 white point. A triangular tessellation is detefmined
on the[RGB coordinates, and their corresponding measured CIELAB values are derived and
converted to cylindrical coordinates.using chroma (C*) and hue angle (k*), where C* =| (a*2 +
b*2) ~[0,5 and h* = atan2(b*,a*)with atan2 representing the 2-argument arctangent math
function spanning the range -z'<vatan2(b*,a*) < n, where a* and b* can be any real number.
The vglume of the tessellated/CIELAB gamut is computed via numerical integration|in the

cylindr|cal coordinates of lightness (L*), chroma (C*), and hue angle (4 %).

a)

b)

The cTculation algorithim is as follows:

The¢ specified/sampled colours and measured tristimulus values are read from a dgta text
file|in the CGAT,17 format. [9]

ThL measured XYZ tristimulus values for signal white (Rax; Grmax: Bmax) are found in the
t

datgxl¥"the measured white point is not equal to D50, the program computes a chromatic
adaptation transform (CAT) from the measured white to CIE llluminant D50. This computed
CAT is then applied to all of the tristimulus values in the measured dataset.
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

Mgqapt that depends on the measured white (Xyy, Yy, Z\y) and the reference D50 white (Xpgp,
¥Ybs0: Zpso):

Xp X

YP :I:Madapt:l Y (B'1)

Z V4

p
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where M, q,pt is determined by:

_& - ;
p
[Madapt]:[MBFD]il 0 7/7P 0 |[Mgeo) (B.2)
0 0 3
i B ]

—

with the Bradford matrix given by:

08951 0,266 4 -0,1614
[Mgep]=|-0,750 21,7135 0,036 7 (8.3)
0,038 9 -0,0685 1,029 6

and the cone response coefficients determined by:

P X
V= [MBFD] Xy (B.4)
I3 D Zw
Pp_ _Xoso
¥ :[MBFD] Yoso (B.5)
ﬁp_ | Zbso

c) The D50 relative tristimulus-data is then transformed into the CIE L*a*b* 1976 coloun space
follpwing ISO/CIE 11664-4.

d) Tegsellation in the-RGB colour space:

Eag¢h input signaksample value exists in a linear grid on the surface plane of each face of
thel RGB cube-(see Figure B.2). The tessellation analysis however is assisted |in this
imglementation by the uniform colour sampling of the RGB input signal colour spacg. This
allqws the~ proper tessellation ordering of the measured samples to be known. The

tespellated triangles in the CIELAB colour space are identified through their correspondence
to therinput RGB code values. This eliminates any need for complex error-prone algirithms

to determine the surface boundary and tessellate the result.
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IEC

Figure B.2 — Example of tessellation using*a 5 x 5 grid
of surface colours on the RGB.cube

e) ldentify the corresponding tessellated triangles in the'CIELAB colour space. Plot the GIELAB
garut.

f) Fonthe gamut volume calculation, an intermediary form of the gamut is built by consjdering
the| cylindrical coordinates of lightness L#;Hue A*, and chroma C*. Determine a [grid of
vedtors, uniformly spaced in lightness L*and hue i *, emanating from the L* axis at cgnstant
L* |nto the direction of 4*. The aim is.to ¢alculate the numerical integration of the volume in
slides from L* =0 to L* = 100 typically*in steps of dL* = 1. It is recommended to use at least
10Q steps in L* and 360 steps in.#%. To that end the vectors should be defined at the mid-
poihts of these slices, so for dLf¥=1 and L*= 0,5, 1,5, 2,5, ... 99,5.

g) Forl each vector, use the ‘Moller—Trumbore ray-triangle intersection algorithm [10] to
determine with which N surface triangles this vector will intersect and estimate the ¢hroma
C*(L*, h*, n) and orientation d(L* h* n) (inward or outward facing) of each nfF1...N
intgrsection. Each vector can have 0 or more intersections.

h) Th¢ gamut volume~contribution, V(L* h*), for each vector is computed by summing the
volime contribution from each calculated intersection. Every intersection where the gurface
origntation is\outward adds to the volume and every intersection where it is inward subtracts.
For the case of no intersections, the contributed volume is 0.

i) The totaFnumerically integrated gamut volume is calculated by summing all of V(L* [h*).
I

This algorithm is implemented using the example Matlab2 and Octave program below. The main
program is called "Gamut_Volume_D50".

2 Matlab is the trade name of a product supplied by MathWorks®. Octave is free software licensed under the GNU
General Public License.

This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.


https://www.gnu.org/software/octave/license.html
https://www.gnu.org/software/octave/license.html
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B.4.4

This example uses a smaller number of measured colours to demonstrate how to run the
program. In practice, measuring a small number of colours has the potential for larger errors.

A simple text file with a 3 x 3 grid of sampled coordinates on the RGB cube faces is used to
demonstrate the execution of the Matlab program (see Table B.1). The text file is called "sRGB
3 x 3.txt", and can reside in the same folder as the main program. The main program
"Gamut_Volume_D50" automatically imports the RGB data which defines the input colour,

Software example execution

together with the corresponding measured XYZ tristimulus values.

Table B.1 — Example data format used for CIELAB

colour gamut volume measurements
CGATS |17
FORMAT VERSION 1.0
[ignoge any additional header lines or lines after "end data")
KEYWORD SamplelID
NUMBER OF FIELDS 7
BEGIN |DATA FORMAT
Sampl4ID RGB R RGB G RGB_B XYZ X XYLZNE XYZ 7
END DATA FORMAT
BEGIN |DATA
1 d 0 0 0 0 0
2 a 0 128 0.047197412 0.018878965 0.248573037
3 d 0 255 0.1805 050722 0.950633333
4 a 128 0 0.093505787 0.187011574 0.031168596
5 d 128 128 0.140703199 0.205890539 0.279741632
6 a 128 255 0.27400578%. 0.259211574 0.981801929
7 q 255 0 0.3576 0.7152 0.1192
8 a 255 128 0.40479%412 0.734078965 0.367773037
9 q 255 255 0.538% 0.7874 1.069833333
10 128 0 0 0.N07812787 0.055590968 0.005053724
11 128 0 128 0.155010199 0.074469933 0.253626761
12 128 0 255 0.288312787 0.127790968 0.955687058
13 128 128 0 0.201318574 0.242602542 0.03622232
14 128 128 255 0.381818574 0.314802542 0.986855653
15 128 255 0 0.465412787 0.770790968 0.124253724
16 128 255 128 0.512610199 0.789669933 0.372826761
17 128 255 €255 0.645912787 0.842990968 1.074887058
18 455 0 0 0.412315152 0.2126 0.019327273
19 455 _0O 128 0.459512564 0.231478965 0.267900309
20 455, \.0 255 0.592815152 0.2848 0.969960606
21 455<128 0 0.505820938 0.399611574 0.050495868
22 joje] 120 120 U.0035ULSS0 U.2a1049U057 U.2Z22U00JUO0
23 255 128 255 0.686320938 0.471811574 1.001129202
24 255 255 0 0.769915152 0.9278 0.138527273
25 255 255 128 0.817112564 0.946678965 0.387100309
26 255 255 255 0.950415152 1 1.089160606

END DATA
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During the execution of the program, the RGB data is tessellated (see Figure B.3).
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Figure B.3 — Example of tessellation for the RGB{ using a 3 x 3 grid

O
The trgnsformation of the RGB cube tessellation into the&LAB colour space for the tris{imulus
colourg given in the data file is shown in Figure B.4. Q

»

Figure B.4 — Example of tessellation for the CIELAB gamut volume using a 3 x 3 grid

The program results in the value 7,79 x 10° for the data given in the example of data shown in
Table B.1.
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