IEC TS 62977-3-1:2019-02(en)

IEC IEC TS 62977-3-1

o
®

Edition 1.0 2019-02

TECHNICAL
SPECIFICATION

O
(19'\
N-

SO L
Qv
<2
&
«°

Eleftronic displays —

Parnt 3-1: Evaluation of optical performanceQQColour difference based viewing
dir¢ction dependence \\§\
Q



https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

Abouf the IEC

The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, pullishes
Internptional Standards for all electrical, electronic and related technologies.

About IEC publications
The tgchnical content of IEC publications is kept under constant review by the IEC. Please makessure’ that you haje the
latest jedition, a corrigendum or an amendment might have been published.

IEC puyiblications search - webstore.iec.ch/advsearchform Electropedia - www.electropédiaZorg
The aflvanced search enables to find IEC publications by a  The world's leading online ‘dictionary on electrotechrology,
variety of criteria (reference number, text, technical  containing more than 22 000 terminological entries in English
comm|ttee,...). It also gives information on projects, replaced  and French, with equivalent terms in 16 additional langpages.
and withdrawn publications. Also known as the(Ihternational Electrotechnical Vocgbulary

(IEV) online.
IEC Juist Published - webstore.iec.ch/justpublished

Stay yp to date on all new IEC publications. Just Published IEC Glossary - std.iec.ch/glossary
detail§ all new publications released. Available online and 67 000 electrotechnical terminology entries in Engligh and

once 3 month by email. French-extracted from the Terms and Definitions clapse of
IEC publications issued since 2002. Some entries havg been
IEC Customer Service Centre - webstore.iec.ch/csc callected from earlier publications of IEC TC 37, 77, 86 and

If you|wish to give us your feedback on this publication or  CISPR.
need further assistance, please contact the Customer Service
Centrg: sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

IEC TS 62977-3-1

Edition 1.0 2019-02

TECHNICAL
SPECIFICATION

“col@ur
inside

Pait 3-1: Evaluation of optical performances -~ Colour difference based viewing

Eleftronic displays —
direction dependence

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 31.120; 21.260 ISBN 978-2-8322-6515-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

-2- IEC TS 62977-3-1:2019 © IEC 2019

CONTENTS

FOREWORD ...ttt et ettt et et e e et et ettt et e et et e et e et e e e et e e e anns 4
1N I 2 1 1 L N 1 ] PN 6
1 1T o 1= S 7
2 NOrMative refErENCES .. e 7
3  Terms, definitions and abbreviated terms ... 7
3.1 =Y a1 =Y PP 7
3.2 Abbreviated terms.......oeuiee it 7
4  [Standard measuring equipment and coordinate system ... O 8
411 Light measuring deviCe ..o D e 8
412 Viewing direction coordinate system ...........coooiiiiiiiiiini B 8
5 [Measuring CoONAitioNS ... ...oeniiii e e 9
51 Standard measuring environmental conditions .............ccooo LS 9
5]2 PoWer sUPPIY oo LT 9
513 Warm-up time ... e 9
54 Standard measuring dark-room conditions .............ooc o e 9
5J5 Standard set-up conditions ... S e 9
5.5.1 General ..o S N e 9
5.5.2 Adjustment of display ......ocouiiiiiiii o T 9
6 [Measurement Methods . ... e ...10
6|1 Measurement ProCEAUIES . ... . i e S e et e e e et e e e e e e e e e e e e e e e e eneenne ...10
62 Test signals (test charts) ... 80 e ... 11
7  [Calculation of chromaticity and colour difference ..o, ...12
8 REPOIING e e ... 15
Anngx A (informative) Perception of-golour difference..........c.coooviiiiiiiii, ...19
Anngx B (informative) Other attentation factors...........coiiiii ...20
B|1 LT 1= - Y P ...20
B|2 Attenuation factorsPropoSEed ......c..ivniiniiiiiii ...20
Anngx C (informative) Other parameters ........c.oooiiiiii i ... 21
Ci1 Measurement of half luminance angle ..o ... 21
Cl2 Measurement of gamma distortion from the viewing directions........................... ...21
Anngx D (infortmative) Translation of RGB input signal to output colours.........................] ...24

Anngx E (informative) Simulation result of chromaticity error versus number of pixels
iN the MEASUIEMENT ArEa .. ie i e et ee e ...28
E1 LT AL =1 PP PT PPN ...28
E.2 Simulation CoONAItiONS ... ..o 28
E.3 SIMUIALION FESUIT ... e 29
BB O g AP Y e e 31
Figure 1 — lllustration of viewing directions G and @...........ccooiiiiiiiiiiiii e 8
Figure 2 — Measuring layout for horizontal viewing direction dependency................cccoeevnane. 10
Figure 3 — Measuring layout for vertical viewing direction dependency..........cccoccovveiiiiniennnen. 11
Figure C.1 — Test pattern for gamma measurement ...........cooooiiiiiiiii e 22

Figure C.2 — Example of linear regression of Iog(ALj) versus Iog(AVj) in normal
Lo 11 /=T o1 1T o T (0 A T PPN 23

Figure E.1 — Relative spectral radiance (left: LCD, right: OLED) ....c.ooeviiiiiiiiiiiies 28


https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

IEC TS 62977-3-1:2019 © IEC 2019 -3-

Figure E.2 — Measuring area versus DUT pPiXelS......oouiiiiiiiiiii e 29
Figure E.3 — Number of measuring pixels versus chromaticity error ...........c..ccoooiiiiiiinn. 30
Table 1 — Measurement directions for TV in living roOms ..........ccccoiiiiiiiiiiiii i 11
Table 2 — Measurement directions for mobile displays ........cccooiiiiiiiiiii e, 11
Table 3 — Input signal of 4 % window for viewing direction measurements ............................ 12
Table 4 — Attenuation faCtors .. ... e 14
Table 5 — Parametric factors ... ..o 15
Tablge 6 — Example of reporting format ... O ... 16
Table A.1 — Perception of colour difference............oooii i N ...19
Table B.1 — Attenuation factors...........oooi i D ...20
Tablge C.1 — Worked-out example for gamma distortion from viewing direction .,0............... .23
Tablg D.1 — TeSt COIOUIS ..t Nt e e ea e ...24
Table D.2 — RGB translation values for 8-bit colour (BT.2020 colour reference)................| ...25
Table D.3 — RGB translation values for 10-bit colour (BT.2020 colourreference) ..............| ...26
Table D.4 — RGB translation values for 10 bit colour (BT.709 cofour reference) ................. .27
Tablg E.1- DUT’s primary chromaticity and chromaticity areasgamut (% NTSC)................| .28
Tablge E.2 — Number of sub-pixels in the measurement are@l...............coooiiiiiiiiiiiii i, ...29

Table E.3 — Simulation result of chromaticity error (around 100 pixels) ........coooeiiiiiiiniinn ...29



https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

-4 - IEC TS 62977-3-1:2019 © IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 3-1: Evaluation of optical performances — Colour difference based

viewing direction dependence

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comg
all national electrotechnical committees (IEC National Committees). The object of IEC is to\ pf
infernational co-operation on all questions concerning standardization in the electrical and electronic)fiel
th|s end and in addition to other activities, IEC publishes International Standards, Technical -Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred” to as
Pdyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in| the subject dealt with may participate in this preparatory work. International, gevernmental and
gqvernmental organizations liaising with the IEC also participate in this preparation, 1EC" collaborates ¢
with the International Organization for Standardization (ISO) in accordance with+'eonditions determin
adreement between the two organizations.
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2) THe formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interngtional

cgnsensus of opinion on the relevant subjects since each technical committee has representation frd
inferested IEC National Committees.

3) IEIC Publications have the form of recommendations for international'dseé and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made te. ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible for,the)way in which they are used or fg
misinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in theirtnational and regional publications. Any diver
bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

5) IEC itself does not provide any attestation of cenformity. Independent certification bodies provide conf
agsessment services and, in some areas, access’to |IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

6) Al|l users should ensure that they have the-latest edition of this publication.

7) N
members of its technical committees-and IEC National Committees for any personal injury, property dama
other damage of any nature whatsobever, whether direct or indirect, or for costs (including legal feeg
eXpenses arising out of the (puplication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

8) Attention is drawn to thétNormative references cited in this publication. Use of the referenced publicati
inflispensable for the_correct application of this publication.

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

The |main {ask of IEC technical committees is to prepare International Standards.

exceptiopah circumstances, a technical committee may propose the publication of a tech
specjfication when

m all
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liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
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r IEC
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nical

e the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

o the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide

whether they can be transformed into International Standards.

IEC TS IEC 62977-3-1, which is a technical specification, has been prepared by IEC tech
committee 110: Electronic displays.

nical
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The text of this technical specification is based on the following documents:

Draft TS Report on voting
110/1003/DTS 110/1065/RVDTS

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

This[document has been drafted in accordance with the ISOJ/TET Directives, Part 2.

A list of all the parts in the IEC 62977 series, under the general title Electronic displays| can

be fqund on the IEC website.

Future documents in this series will carry the new general title as cited\above. Titlgs of

existing standards in this series will be updated at the time of the next edition.

The pommittee has decided that the contents of this document will. femain unchanged unt|l the

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to

the gpecific document. At this date, the document will be

e reconfirmed,

e Withdrawn,

o replaced by a revised edition, or

e amended.

A billngual version of this publication.may be issued at a later date.
IMAORTANT - The 'colour inside' logo on the cover page of this publication indicqtes
that it contains colours''which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a

col

bur printer.
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INTRODUCTION

This document aims to provide a measurement method that determines the display angular
dependence after colour and white reference adaptation and provides an evaluation of
differences in a uniform colour space.

This document facilitates the cross-industry measurement of the viewing direction
dependence of colour displays. Several studies [6 to 9]1 have indicated that the contrast ratio
(CR > 10:1) is, from a visual quality point of view, not useful to determine the viewing direction
range for matrix displays. When colour differences are included in a viewing direction metric,
the io NSO otric 3 a—vi 356666 is—signifisantly
incrdased [10]. A more recent study [11] revealed that a metric, combining viewing-direftion
related luminance degradation and colour deviation can accurately predict the relative change
in thie visual assessment value. This information is the basis for the determination of the
view|ng direction range, which has relevance from a visual quality point of view.

NOTH “Viewing direction range” is sometimes referred to as “viewing angle”. Although Aechnically incorre¢t, for
legacy reasons the terms is considered equivalent.

1 Numbers in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

IEC TS 62977-3-1:2019 © IEC 2019 -7 -

ELECTRONIC DISPLAYS -

Part 3-1: Evaluation of optical performances — Colour difference based

viewing direction dependence

1 Scope

This

of electronic display devices under dark-room conditions. More specifically, this doecu

focu

This
tech

2 1

The
cont
cited

any amendments) applies.

ISO

ISO

ISO/

CIE

CIE

3

3.1

No t¢rms and-definitions are listed in this document.

Terms, definitions and abbreviated terms

part of IEC 62977 specifies the evaluation method of the viewing direction character,

bes on the evaluation of the viewing direction characteristics based on colour differen

document applies to colour matrix displays, which are based on transmjssive or emi
nologies.

Normative references

following documents are referred to in the text in suchra-way that some or all of

applies. For undated references, the latest edition ofcthe referenced document (inclu

11664-1, Colorimetry — Part 1: CIE standard €elorimetric observers

11664-4, Colorimetry — Part 4: CIE 1976-I~a*b* Colour space

CIE 11664-6:2014, Colorimetry — Part 6: CIEDE2000 Colour-difference formula
159, A colour appearance model for colour management systems: CIECAMQ2

168, Criteria for the evaluation of extended-gamut colour encodings

General

ISO

stics
ment
ce.

ESive

their

ent constitutes requirements of this document. For dated references, only the edition

ding

bnd”IEC maintain terminological databases for use in standardization at the follo

wing

addresses:

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

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

3.2 Abbreviated terms

APL average pixel loading

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

CIEDE2000 CIE 2000 delta-E colour difference system

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

CR contrast ratio
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DUT device under test

FWHM full-width-at-half-maximum
LMD light measuring device
LCD liquid crystal display
OLED organic light emitting diode
PDP plasma display panel

4 Standard measuring equipment and coordinate system

4.1 | Light measuring device

The [LMD shall be a luminance meter, colorimeter, or a spectroradiometer. For DUTs
have a sharp spectral peak FWHM (i. e. smaller than 20 nm), such as laser displays, L
with [fluorescent lamp backlights, LEDs with narrow-peak phosphors, quantum-dot phosp
or narrow-spectrum OLEDs, a spectroradiometer should be used. A filtepycolorimeter sh
gendrally not be used for light sources with sharp spectral peaks. Ifothey are used
colofimeter shall be calibrated with a narrow bandwidth spectroradiometer to give the s
results for the specific spectrum. Report the spectroradiometer, characteristics of
spectroradiometer which is used for calibration. For light sources\with sharp spectral pe
the maximum bandwidth of the spectroradiometer shall be ,£ 5 nm. The higher resol
specftrometer produces a more accurate colour measurement,sespecially for lasers sou
The ppectroradiometer shall be capable of measuring spectral radiance over at least the
nm tp 780 nm wavelength range, with a maximum bandwidth of 10 nm for smooth broad
specira (i.e. broad spectrum with no sharp spikes)[1]:

4.2 | Viewing direction coordinate system

The yiewing direction is the direction under which the observer looks at the point of intere
the dgevice under test (DUT). During the measurement, the light-measuring device (L
simulates the observer, by aiming the>IMD at the point of interest on the DUT from
view|ng direction. The viewing direction is defined by two angles: the angle of inclinat

(relative to the surface normal of“the DUT) and the angle of rotation ¢ (also called azi
angle) as illustrated in Figure (¢

that
CDs
hors,
ould

the
ame

the
aks,
ution
rces.
380
band

5t on
MD)

the
on 0

muth

Figure 1 — lllustration of viewing directions 8 and ¢

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 coordinate system is defined by the angle of inclination and the angle of rotation (azimuth angle) in a
polar coordinate system.

5 Measuring conditions

5.1 Standard measuring environmental conditions

Measurements shall be carried out under the standard environmental conditions:

— temperature: 25°C+3 °C
— __relative humidity: 25 % to 85 %,
- atmospheric pressure: 86 kPa to 106 kPa.

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

5.2 | Power supply

A driving power supply and driving signal equipment shall be used.

5.3 | Warm-up time

Measurements shall start after the displays and measuring instrtuments achieve stability.| The
DUT(shall be turned on first and operated for at least 30 min\pfior to the measurement. Jome
display technologies may require a loop of colour patternsyendered on the screen during the
warm-up period. Sufficient warm-up time has been achieved when the luminance of the| test
featyre to be measured varies by less than +3 % ,over the entire measurement period |(e.g.
unifgrmity measurements) for a given display image.

5.4 | Standard measuring dark-room conditions

The |luminance contribution from unwanted background illumination reflected off the| test
displpy shall be less than 1/20 of.the display’s black state luminance. The reflgcted
backlground luminance can often be estimated by turning off the display. When the reflgcted
backiground luminance and total‘(reflected plus black) luminance are greater than| the
sensjtivity of the LMD, then it is;possible to calculate the black luminance by subtracting the
backiground luminance from~the total luminance. If the reflected background luminance| and
total{luminance are similar t0 the sensitivity limit of the LMD, this shall be reported. In cpses
where the display has<a\very low luminance black state, a stray light elimination tube |(see
ISO P241-305 [17]).(should be used to minimize the contribution of the backgrpund
illumjnation [3]. This_method can be used to estimate the reflected luminance from the black
statg luminance:

NOTH Blackout edrtains can be used to reduce the reflection from the DUT.

5.5 | Standard set-up conditions

5.5.1 General

Standard set-up conditions are given below. Any deviations from these conditions shall be
reported.

5.5.2 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, unless stated otherwise. 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 shall be noted in the
report. The ambient light (or brightness) control shall be turned off. If that is not possible, it is
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recommended to set it to turn on no lower than 300 Ix to minimize the influence of the
brightness control. The state of the auto-light control shall be reported. In addition, if the
display exhibits image sticking and/or has an auto-dimming feature which reduces the display
luminance of a static image after a prolonged time, then at least an 8-s black frame shall be
rendered prior 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 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.

6 Measurement methods

6.1 Measurement procedures

1) Render the specified test pattern with the required colour O centred on the display screen.
llow the luminance to stabilize.

lign the optical axis of the LMD in the specified direction relative<to the display sdreen
nd centred on the display screen.

2)

3)

F
A
A
g
Neasure the tristimulus values Xq, Yq, Zq at the screen centre<
4) Render the specified test pattern with the reference whitepattern centred on the display
g
N
F
R
Y,

creen. Allow the luminance to stabilize.
5)
6)
7)

fleasure the tristimulus values X, Y,,, Z, at the screen(centre.
epeat the measurement for additional colours.

eport the set-up conditions, the test pattern; the colour, and tristimulus values Xqg} Yq,
a Xn» Yn, Z, at the specified colour Q, respectively.

To measure the viewing direction dependency, the centre of the screen is measured from the
horizontal, vertical, or diagonal viewing_directions defined in each measurement methqd or
the felevant specification as shown in(bigure 1. Instead of moving the LMD as indicat¢d in
Figufe 2a) and Figure 3a), the DUT can be tilted vertically or turned horizontally tp be
measgured as shown in Figure 2b)<and Figure 3b). The recommended ranges of the direftion
(6) are shown in Table 1 andiTable 2 for TV in living rooms and for mobile devjces,
respectively. The horizontal-and vertical measuring direction ranges shall be defined by the
supplier in the relevant -specification, and shall be noted in the report. If| the
customer/application redquires additional direction ranges, they shall be applied and notgd in
the report.

Screen

é[ Screen

BN J -
"\./\ 64 \ ,/’YGH

Measuring distance

[
1/

A
\i

IEC IEC

a) Motion of LMD (top view) b) Rotation of display (top view)

Figure 2 — Measuring layout for horizontal viewing direction dependency
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Screen

Screen centre

LMD

- 11 -

Screen

Screen centre

\_
|
L

EC

a) Motion of LMD (side view)

Measuring distance

A

Y

b) Tilt of display (side view)

Figure 3 — Measuring layout for vertical viewing direction‘dependency

Table 1 — Measurement directions for TV in living rooms

IEC

6 (degree) ¢ (degree)
Horizontal 0, +15, +£30, 45, +60 0
ertical 0, £15, £30 20
Diagonal 45 0, 45, 90, 135, 180, 225, 270 and 315
Table 2 - Measurement:directions for mobile displays
6 (degree) ¢ (degree)
Hlorizontal 0, 15, 30, +40,,¥50 0
ertical 0, £15, +30, +40;-+50 90
Diagonal 30 0, 45, 90, 135, 180, 225, 270 and 315
6.2 | Test signals/(test charts)
The fest pattepn of the input video signal supplied to the DUT is a 4 % window area ceftred
on the screen~with one of eleven test colours as described in Table 3The area outside thg 4 %
windpw area.shall be driven to the black level. The minimum DUT luminance with a 100 %
white inputsignal, i.e. R = G = B = 255 for an 8-bit signal, shall be 100 cd/m2. The |area

outs

fewer than 500 pixels, the window shall be chosen to contain at least 500 pixels.

de<the 4 % window area shall be driven to the black level. If the 4 % window contains

For

reference, see Annex E. Optionally, any additional test colours 12 to 15 in Table 3 may be
added.

NOTE The translation of the RGB input signal into output colours is described in Annex D.
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Table 3 — Input signal of 4 % window for viewing direction measurements

Colour 0 8-bit signal level (v) (BT2020 colour reference)
R G B

1 White 242 242 236

2 Grey 121 121 120

3 Black 52 51 51

4 R 146 70 64

5 G 105 144 62

6 B 63 65 143

7 Yellow 220 201 78

8 Magenta 160 97 144

9 Cyan 80 131 162

10 Dark skin 104 83 68

11 Light skin 180 154 133

Other possible selections

12 Blue sky 108 121 152

13 Yellow green 165 184 86

14 Dark grey 83 83 82

15 Light grey 201 200 199
7 Calculation of chromaticity and colour difference
First| it is necessary to adapt all measured tristimulus values to the common reference Wwhite
poin{, D50 (according to CIE 168). The* CAT02 chromatic adaptation transform (see CIE (159,
using the Bradford coefficients) shalbbe used to perform the transformation.
Ther], calculate the CIEDE2Q00 colour difference value between each direction and the
perpendicular value of the.colours Q (with their reference white measurement measured in the

samI direction as the_chromaticity measurement) by first determining the CIELAB {1976
valugs for each of the measurement directions, according to Formulae (1), (2), (3) and (4)), as
descfibed in ISO 11664-4.

For g¢ach colpur O:

L =116x f(Y_}ﬂ_m (1)

Y, )

a*Q =500x f[X—'Qj —f(Y—'Qj (2)

b’y =200x f(&)— f{ﬁ] (3)
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where X', Y'q, Z'q are the D50 adapted tristimulus values of the test colour stimulus based
on the CIE 1931 standard colorimetric system defined in 1ISO 11664-1, and X', Y’,,, Z’, are
the corresponding tristimulus values of the white stimulus. These are measured in the same
direction as the viewing direction; for example, when the viewing direction is 30°, X,,, Y,,, Z,
are measured at 30°.

Therefore:

It if t>(6/29)°
S = (4)

(23—9)2 t+-2  otherwise

d|—~
b
&

Thergafter, calculate CIE DE2000 according to Formulae (5) through (21), as describgd in
ISO [11664-6:

Calcplation of Cj, h’;
Cra= (@) +(5) ©

Cap = (C1*,ab + C;,ab)/2 (6)

(7)

ai' =(1+ G)ai* (8)

G'=(@")? + () 9)

o 0 fh*=q'=0
h'= tan_1(b|*,ai ) otherwise (10)
Calcplation of AL',AC',AH":
AL'= Ly~ I (11)
AC'=Cy -G (12)
0 C,'C,'=0
' h,'—h' C'C,'#0  |h'—h|<180°
A= (h,'=h')=360 C,'C,'#0 (h,'—h')>180’ (13)
2 1 1 2 2 1

(h'=h")+360 C,'C,'#0 (h,'=h")<~180
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AH'=2 c1'c2'sin(%j

Calculation of the CIEDE2000 colour difference AE,,:

L'=(1p-13)/2
;|_/ﬂv yallAWE)
N M1 Y2
% |+ |<180°  Ci'Cp'#0  C4'Cy'#0
- w |yl | >180° (by'+1p ') <360° Cy'Cpr% 0
h1+1’l22—360 |h,|'+h2'|>1800 (h1|+h2|)23600 C1'C2'¢0
h’1’+h2' C1‘C2‘:O

T =1-0,17cos(h'-30°)+0,24cos(2h") +0,32¢0s(3h'+ 6°) -0, 2c0s(4h - 63°)
O i 2
20 = 30exp (ﬂ}
25

7
\/c'7+257

1‘2_ % % * o * %
AEyy = AEy(Ly,a,,b,5 Ly, ay,b,)

> [ AC 2 AC'
+ +R;
kCSC kCSC

ALV

} ( kL SL

AH'

2
+
] (kHSH

Jo)

where S|, S¢, Sy, Rt are the attenuation factors as shown in Table 4:

Table 4 — Attenuation factors

s, S¢ Sy R;

1+0,045C",, 1+0,015C",, T -sin(280)R

— 2
0,015(L'—5o)
1+ — -
\/20+(L'—50)

NOTE Annex B includes examples of other attenuation factors. However, the attenuation factors
listed in Table 4 are those used in this document.
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(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)
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Determine the parametric factors for the measurement types &k, kc and ky for the
measurement desired, according to Table 5.

Table 5 — Parametric factors

easurement type k

Reference 1 1 1

Any
diffe
calct
aver

NOTH
NOTH

NOTH
of 0t

NOTH
until ]

8 |

The
the n
show

Sinc
view

requ

The

ence AEyy"-2. In this analysis, the AEy,"2 values at each viewing direction are)us
late the colour difference relative to the normal incidence (perpendicular) values.
hge of AE(,'+2 of eleven colours Q shall be calculated.

1 The perception of colour difference is described in Annex A.
2 Other parameters are shown in Annex C.

3 The CIEDE2000 formula is intended to be applied to objects with a sample Colour-difference mag
5 CIELAB units (ISO/CIE 11664-6:2014, Clause 4). Caution is therefore used-if these values are excee

4 Presently, there are no established parametric factors for displaysmeasurement. In the interim p|
hore decisive experimental results are available, the choice of 1, 1, Nis/fegarded as the best solution.

Reporting

colour difference between the chromaticity of\the normal direction and the chromatic
neasured direction, CIEDE2000, shall be reported. An example of the reporting form
n in Table 6. For possible selection of colour Q, refer to Table 3.

ng direction (since luminance narmalization is done at the measurement direction)
red to also report the luminance change with the viewing direction.

raw tristimulus values X;¥:and Z of each direction may also be reported.

hitude
ded.

eriod,

ty of
at is

e the CIEDE2000 colour differenceswill understate the actual luminance change with the

it is
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Table 6 — Example of reporting format

Colour difference in horizontal direction

Horizontal ¢ -60 | 45 | -30 | -15 0 +15 | +30 | +45 | +60
Colour 0
White 0 0 0 0 0 0 0 0 0
Grey 0
Black 0
R 0
G 0
B 0
Yellow 0
Magenta 0
Cyan 0
Dark skin 0
Light skin 0
Average X
Luminance change in horizontal direction
orizontal ¢ -60 -45 -30 -15 0 +15 +30 +45 +60
Colour Q0
White 100 %
Grey 100 %
Black 100 %
R 100 %
G 100 %
B 100 %
Yellow 100 %
Magenta 100 %
Cyan 100 %
Dark skin 100 %
Light skin 100 %
Average 100 %
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Colour difference in vertical direction
Vertical 6 -30 -15 0 +15 | +30
Colour Q0
White 0 0 0 0 0
Grey 0
Black 0
R 0
G 0
B 0
Yellow 0
Magenta 0
Cyan 0
Dark skin 0
Light skin 0
Average -
nance change in vertical direction
Vertical 6 -30 -19 0 +15 | +30
Colour 0
White 100 %
Grey 100 %
Black 100 %
R 100 %
G 100 %
B 100 %
Yellow 100 %
Magenta 100 %
Cyan 100 %
Dark skin 100 %
CrghtsKim 00 %
Average 100 %
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Colour difference in diagonal direction at § = 45°

Lum

IEC TS 62977-3-1:2019 © IEC 2019

Diagonal ¢

Colour Q0

45

White

Grey

Black

R

bDblo|oOo| O

G

B

Yellow

Magenta

Cyan

Dark skin

Light skin

Average

oOj]ojlo|o|lo|o|O| O

nance change in diagonal direction at § = 45°
Diagonal ¢ 0 45
Colour @
White 100 %
Grey 100 %
Black 100 %
R 100 %
G 100 %
B 100 %
Yellow 100 %
Magenta 100 %
Cyan 100 %
Dark skin 100 %
Light skin 100 %
Average 100 %

Records of the measurement shall
measurement conditions and include the following information:

be made to describe deviations from the standard

— selected standard measuring system and its related conditions,

— driving signals (waveforms, voltage and frequency).
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Annex A
(informative)

Perception of colour difference

An example of the rating of the perception of colour difference is shown in Table A.1.

Table A.1 — Perception of colour difference

K AJ L AT I D F'H £ 1 RH T4 D £ BB
L\“min\n] l_\‘.zmax\n} T oTOUUPTUITUT oUTUUT UTITeTeITo T c.l IU.I TIarnroT
indicator

1 0,0 0,5 Hardly 5

2 0,5 1,5 Slight 5_(@_0’5)

3 1,5 3,0 Noticeable 4_(@_1,5)/1’5

4 3,0 6,0 Appreciable 3_(@_3)/3

5 6,0 12,0 Much 2—(AE’—6)/6

6 12,0 24,0 Very much 1_(@_12)/1:

7 24,0 oo Strongly 0
NOTH Table A.1 provides an indication of the perceived colour difference for various ranges of AE,; and AE(, .
It als¢ provides a numerical “performance indicator” providing a subjective rating of the perceived differerjce
from @ ("strongly visible") to 5 (“hardly visible”). Since theJAE,, values are (by design) similar to AE,, he
table [s applicable to both.



https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

- 20 - IEC TS 62977-3-1:2019 © IEC 2019

Annex B
(informative)

Other attenuation factors

B.1 General

Regarding calculation of AE*, other weighting factors have been proposed. In Annex B, these
factors are listed, but in this document, only the unmodified CIE 2000 AE, is used.

B.2 | Attenuation factors proposed
Somp examples of proposed attenuation factors are shown in Table B.1.

Table B.1 — Attenuation factors

Mepsurement type A\ Se Sy R,
CIE — 2 1+0,045 C’,, 1+@0,015 C',, T -sin(2A0)R
0,015(L'—5o)
[ S -
— 2
20+(L'—50)
DW paper [9] 0,42 1,55 1,03 -sin(2A0)R

Formula (B.1), for an adjusted value for the S; weighting function, is also referenced in [18].

i . 4 oxp| [ln(c* +x) —/1]2
2072

3¢ N 270 (C" +x)

B.1)

CIE |proposes a set‘of attenuation factors that work well in side-by-side comparison] For
“merory colour”,@nother set can be more appropriate. The user may choose one of the ¢ther
parameters, but the parameter used will be reported.
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CcA

Annex C
(informative)

Other parameters

Measurement of half luminance angle

The measurement of the half luminance angle can be performed as follows:

1)
2)
3)

4)

5)

C.2| Measurement of gamma distortion from the viewing directions

The |measurement of gamma distortion from the viewing directions can be performe
folloys:

A

t

Measure the centre luminance (Ly) perpendicular to the display surface (8 = 0%)¢ S
The measurement area shall cover at least 500 pixels.
1
t

F.
i

ake luminance (Ly ,) measurements as the LMD steps through the various directio
ne horizontal (¢ = 0°, ¢ = 180°) and vertical (¢ = 90°, ¢ = 270) viewingplanes.

ecord the change in luminance from the perpendicular direction. Mhe luminance ch
i$ defined in terms of the luminance ratio:

L
LRy, =—%
@ LO

Tlhe half luminance direction can be defined as the,direction at which the luminance
(LR), calculated using Formula (C.1), equals 50%!

Determine the half Iuminance direction . in® each of the four viewing direc
(p=0°, g =180°, ¢ =90°, ¢ =270).

Apply the required inputisignal(s) using an APL fixed pattern to the DUT. Examples of
fixed pattern images are shown in Figure C.1.

Measure the centre: luminance (Lj) for the specified grey levels perpendicular tg
isplay surface (6= 0°, ¢ = 0°). The measurement area shall cover at least 500 pixels.

d

Tlake luminanee measurements (LM) of each specified grey level, as the LMD s
through the‘various directions in the horizontal (¢ = 0°, ¢ = 180°) and vertical (¢ = 909
0) viewing planes.

alculate each gamma values from the measured directions.

s in

ange

C.1)

ratio

tions

d as

luminance increase over black

ALj=Lj—Ix j=2.3,.,M, (C.2)
where Ly = L4 = black
2) For each levelj > 1,
AVi=Vi—W, j=23,..M, (C.3)

where Vi is the grey level.

3) Calculate Iog(ALJ-) for each grey pattern (j > 1).


https://iecnorm.com/api/?name=5f98414c925dc5b2362001a794e2f465

- 22 - IEC TS 62977-3-1:2019 © IEC 2019

4) Calculate Iog(AVJ-) for each grey level (j > 1).

5) Create a log-log plot between the log of the net luminance and the log of the net grey

level differences (or signal level differences).

6) Perform a linear regression of Iog(ALj) versus Iog(AVj) for j = 2,3,..., M, and record

the correlation coefficient (see Figure C.2).

e) Determine the gamma distortion values as shown in Formula (C.4) in each of the
viewing directions (¢ = 0°, ¢ = 180°, ¢ = 90°, ¢ = 270°).

| |
Gog, (%) =—"1x100(%)
Y

o <

ifferent directional angles. The directional gamma distortion ratio is the\maximum o
st of values.

f) Report the measured data (see Table C.1 for an example).

NOTH Some EOTF distortions include a deviation from a power law and hence ‘the exponent (gamma) canf
defingd.

a) 9-grey-level APL fixed pattern

b) 33-grey-level APL fixed pattern

Figure C.1 — Test pattern for gamma measurement

four

C.4)

Vhere / is the reference gamma value and / are the gamma values measured fron the

this

ot be

1gC
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< A
3 A
2 3
y=2,29x - 2,75
25 F——-
R?=0,999 9
2
1,5 /’/
1 //
0,5
0 =
1 1,5 2 2,5 3

log (i)
IEC

Figure C.2 — Example of linear regression of Iog(ALj) versus Iog(AVj) in normal
direction (0°)

Table C.1 — Worked-out example for gamma distortion from viewing direction

Reporting +— Sample data
Grey-scale luminance and.gamma values at various angles
Level Grey level, Grey scale from different angles (¢q) *
designation Vj Normal, L. Left, ¢, Right, ¢ Up, q Down, g,
i
0° -20° 20° 20° -20°
White (9) 255 555,7 181,2 180,3 160,8 164,7
Level 8 224 415,5 131,9 133,8 117,6 125,3
Level 7 192 293,6 102,7 105,8 93,9 101,3
Level 6 160 194,9 78,3 82,2 73,6 80
Level 5 128 115,1 54,7 58,7 53,8 58,2
Level4 96 60,83 37,24 40,23 38,12 40,83
Level 3 64 23,53 22,47 24,14 24 25,06
Level 2 32 4,488 8,75 9,535 9,918 10,03
Black (1) 0 0,031 0,058 0,056 0,073 0,067
Gammas: 2,29 1,4 1,36 1,28 1,30
GDR,i (%) 38,86 40,61 441 43,23
Gor = maX(GDR,i) (%) 441
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Annex D
(informative)

Translation of RGB input signal to output colours

Tables D.1, D.2, D.3 and D.4 show examples of test colours and can be used for the
translation of test colours.

Table D.1 — Test colours

Index No. |Macbeth No. X Y z * Y

0,002 + 0,002 0,002 + 0,002 +'0,002

10 #1 Dark skin 0,107 9 0,097 0 0,060 6 0,410 4 0,362 9
11 #2 Light skin 0,381 2 0,355 8 0,259 2 0,382\6 0,357 2
12 #3 Blue sky 0,178 6 0,190 8 0,345 2 00249 9 0,267 0
#4 Foliage 0,101 0 0,129 8 0,066 9 07339 3 0,436 0

11 #8 Purplish blue 0,134 2 0,117 6 0,372)3 0,215 0 0,188 4
8 #9 Moderate red 0,284 5 0,192 2 0,137 5 0,463 2 0,312 9
10 #10 Purple 0086 8 0,065 2 0,146 9 0,290 4 0,218 1
13 #11 Yellow green 0,332 0 0,436 6 0,111 9 0,377 1 0,495 9
#12 Orange yellow 0,461 7 0,431 2 0,084 0 0,472 6 0,441 4

6 #13 D blue 0,084 0 0,062 2 0,300 0 0,188 2 0,139 4
5 #14 D green 0,145:Q 0,235 8 0,095 1 0,304 7 0,495 5
4 #15 D red 0,204 7 0,118 2 0,052 0 0,542 3 0,317 8
7 #16 D yellow 0,560 5 0,596 4 0,095 6 0,447 5 0,476 2
8 #17 Magenta 0,294 2 0,192 7 0,302 9 0,372 5 0,244 0
9 #18 D cydn 0,144 7 0,198 7 0,395 2 0,195 9 0,269 0
1 #19 White 0,839 8 0,887 6 0,923 5 0,316 8 0,334 8
15 #21 Grey36 0,362 0 0,310 0 0,316 0
2 #22 Grey19 0,193 1 0,203 1 0,221 6 0,312 6 0,328 7
14 #23 Grey10 0,087 8 0,092 6 0,102 4 0,310 4 0,327 4
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Table D.2 — RGB translation values for 8-bit colour (BT.2020 colour reference)

Colour 8 bits SMPTE-303M
x y  |R_linear(%)|G_linear(%)|B_linear(%) (D65)

R' G' B’ X Y VA
Dark skin 0,4104 | 0,362 9 13,85 8,46 5,49 104 83 68 10,97 | 9,70 6,06
Light skin 0,382 6 | 0,357 2 46,22 32,51 23,57 180 154 133 | 38,12 | 35,58 | 25,92
Blue sky 0,2499 | 0,267 0 15,13 19,48 32,02 108 121 152 | 17,86 | 19,08 | 34,52
Foliage 0,3393 | 0,436 0 11,03 14,35 5,93 94 106 71 10,10 [ 12,98 | 6,69
Blue flower 0,2704 | 0,255 2 24,19 22,90 42,11 134 130 172 | 25,83 | 24,38 | 45,32
pluish green U,Z263 5 U,560 0 27,10 406,995 40,69 147 To4 170 31,27 | 42,73 [B4,69
Orange 0,508 7 | 0,409 1 50,67 23,18 4,94 187 131 65 36,46 | 29»32.1|5,89
Purple blue 0,2150 | 0,188 4 9,42 10,65 34,81 87 92 158 | 13,42-\11)76 37,23
Moderate red 0,4632 | 0,312 9 38,52 12,32 12,63 165 98 100 | 2845 19,22 13,75
Purple 0,2904 | 0,218 1 8,86 4,98 13,71 85 65 104 8,68 6,52 [|14,69
Yellow green 0,377 1 | 0,4959 38,63 48,62 9,26 165 184 86 33,20 | 43,66 [|11,19
Drange yellow 0,472 6 | 0,441 4 61,79 39,05 6,88 205 166 76 46,17 | 43,12 ||8,40
Blue 0,188 2 | 0,139 4 4,61 4,93 28,15 63 65 143 8,40 6,22 (30,00
Green 0,3047 | 0,4955 14,10 28,60 8,21 105 144 82 14,50 | 23,58 ||9,51
Red 0,542 3 | 0,317 8 29,10 5,74 4,75 146 70 64 20,17 | 11,82 []5,20
Yellow 0,447 5 | 0,476 2 72,58 59,19 7,44 220 201 78 56,05 | 59,64 []9,56
Magenta 0,3725 | 0,244 0 35,98 12,01 28,23 160 97 144 | 29,42 | 19,27 |B0,29
Cyan 0,1959 | 0,269 0 7,76 23,10 36,64 80 131 162 | 14,47 | 19,87 [[39,52
White 0,316 8 | 0,334 8 89,20 88,95 84,69 242 242 236 |83,98|88,76 (P2,35
Neutral 8 0,3146 | 0,331 4 59,06 58,90 57,70 201 200 199 | 55,88 | 58,87 62,87
Neutral 6.5 0,3138 | 0,331 0 35,51 35,55 34,98 159 159 158 | 33,67 | 35,51 (38,11
Neutral 5 0,3132 | 0,330 3 19,27 19,338 19,12 121 121 120 18,3 19,3 |R0,83
Neutral 3.5 0,3131 | 0,330 5 8,38 8541 8,32 83 83 82 7,96 8,4 9,06
Black 0,314 4 | 0,327 8 2,99 2,93 2,96 52 51 51 2,83 2,95 3,22

Tranglation to 8-bit RGB input sighals can be taken from Table D.2 but the translation
leavg more room for error (e.g. gamma correction). It is preferred to verify the target colo
measgurement.

In Table D.3 and Table.D.4, the corresponding values for 10-bit BT.2020 and 10-bit BT|
can be found.

can
ir by

.709
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Table D.3 — RGB translation values for 10-bit colour (BT.2020 colour reference)

Colour Gamma corrected SMPTE-303M
x y  |R_linear(%)|G_linear(%)|B_linear(%)| (v = 2,2, 10 bits) (D65)
R' G' B’ X Y VA
Dark skin 0,4104 | 0,362 9 13,85 8,46 5,49 416 333 273 | 10,97 | 9,70 6,06
Light skin 0,3826 | 0,357 2 46,22 32,51 23,57 720 614 530 | 38,12 | 35,58 | 25,92
Blue sky 0,2499 | 0,267 0 15,13 19,48 32,02 434 486 610 | 17,86 | 19,08 | 34,52
Foliage 0,3393 | 0,436 0 11,03 14,35 5,93 376 423 283 | 10,10 | 12,98 | 6,69
Blue flower 02704 Q0255 2 24 19 2290 42 11 537 524 890 25 83 | 24 38 5y32
Bluish green 0,2635 | 0,3600 27,16 48,93 40,83 566 739 681 | 31,27 | 42,73'\|44,69
Orange 0,508 7 | 0,4091 50,67 23,18 4,94 751 526 261 | 36,46 |29,32 [|5,89
Purple blue 0,2150 | 0,188 4 9,42 10,65 34,81 350 370 633 | 13,42 |I41,76 ||37,23
Moderate red 0,4632 | 0,312 9 38,52 12,32 12,63 663 395 399 (28445 |19,22 [13,75
Purple 0,2904 | 0,218 1 8,86 4,98 13,71 340 262 415 8,68 6,52 [[14,69
[Yellow green 0,377 1 0,495 9 38,63 48,62 9,26 664 737 347 | 33,20 | 43,66 ([11,19
Drange yellow 0,4726 | 0,441 4 61,79 39,05 6,88 822 667 303 | 46,17 | 43,12 |]8,40
Blue 0,1882 | 0,139 4 4,61 4,93 28,15 253 260 575 8,40 6,22 (30,00
Green 0,3047 | 0,4955 14,10 28,60 8,21 420 579 328 | 14,50 | 23,58 |]|9,51
Red 0,5423 | 0,317 8 29,10 5,74 4,75 584 279 256 |20,17 | 11,82 [|5,20
Yellow 0,447 5 | 0,476 2 72,58 59,19 7,44 884 806 314 | 56,05 | 59,64 ||9,56
Magenta 0,3725 | 0,244 0 35,98 12,01 28,23 643 390 576 |29,42| 19,27 (30,29
Cyan 0,1959 | 0,269 0 7,76 23,10 36,64 320 525 648 | 14,47 | 19,87 ||39,52
White 0,316 8 | 0,334 8 89,20 88,95 84,69 971 970 949 | 83,98 |88,76 ([92,35
Neutral 8 0,3146 | 0,3314 59,06 58,90 57,70 805 804 797 | 55,88 | 58,87 (162,87
Neutral 6.5 0,3138 | 0,331 0 35,51 35,65 34,98 639 639 635 | 33,67 | 35,51 (38,11
Neutral 5 0,3132 | 0,330 3 19,27 19,33 19,12 484 485 482 18,3 19,3 |]20,83
Neutral 3.5 0,313 1 0,330 5 8,38 8,41 8,32 331 332 330 7,96 8,4 9,06
Black 0,314 4 | 0,327 8 2,99 2,93 2,96 208 206 206 2,83 2,95 3,22
X R [M] RGB (BT.2020) — XYZ
Y [=[M]| G|, where 0,636 958 | 0,144 617 0,168 881
7 B 0,262 700 | 0,677 998 0,059 302
. 0,000 000 | 0,028 073 1,060 985
R [X] [M]"' XYZ — RGB (BT.2020)
G|=[M]"| ¥ |, where 1,716 651 | -0,355 671 | -0,253 366
-0,666 684 | 1,616 481 0,015 769
B Z 0,017 640 | -0,042771 | 0,942 103
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