IEC TR 62977-1-31:2021-04(en)

IEC TR 62977-1-31

Edition 1.0 2021-04

TECHNICAL
REPORT

N
N
N
&
4
I
A @
%))
4
<L
<&
\4
6\\
Electronic displays — %
Part 1-31: Generic — Practical information QQ e use of light measuring devjces
N\
N

7



https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 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

S HY 1 =
WiZeratiGr

Abouyt the IEC
The [International Electrotechnical Commission (IEC) is the leading global organization that prepares and-publ|shes
Interpational Standards for all electrical, electronic and related technologies.

Abouit IEC publications
The fechnical content of IEC publications is kept under constant review by the IEC. Please make sure that you havg the
lates}| edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform IEC online collection - oc.iee:ch
The advanced search enables to find IEC publications by a Discover our powerful search, ehgine and read freely {ll the
variefy of criteria (reference number, text, technical publications previews. With~a subscription you will always
comnittee, ...). It also gives information on projects, replaced have access to up to date,content tailored to your needs
and withdrawn publications.

. . . . Electropedia - www.electropedia.org

IEC Just Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechnglogy,
Stay Jup to date on all new IEC publications. Just Published  ¢ontaining miore than 22 000 terminological entries in English
detais all new publications released. Available online and  and French{with equivalent terms in 18 additional langupges.
once{a month by email. Also krewn as the International Electrotechnical Vocalulary

(IE\yonline.
IEC Qustomer Service Centre - webstore.iec.ch/csc

If yo wish to give us your feedback on this publication or
need|further assistance, please contact the Customer Service
Centye: 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
https://oc.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

IEC TR 62977-1-31

Edition 1.0 2021-04

TECHNICAL
REPORT

“colour
inside

Electronic displays —
Part 1-31: Generic — Practical information gn-the use of light measuring devijces

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 31.120; 31.260 ISBN 978-2-8322-9716-2

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

-2- IEC TR 62977-1-31:2021 © IEC 2021

CONTENTS

O T T 1 I PP 6
LN I 2 1 1 L O 1 PN 8
1 ST e o] o 1Y OO PRPRN 9
2 NOrMative referENCES .. o 9
3  Terms, definitions, and abbreviated terms ... 9
3.1 Terms and definifioNS .. ..o 9
32 Abbrevistedterms——mom-m—-—-—-—-—-—-—m—o—Do—oDo0o012——220—701D """ """""""""""""""""""""— 10

4 [ General information on LMDs for photometry and colorimetry .............ccooooviio @ 10
4.1 GENEIAl. .. O .10
4.2 Photometry and colorimetry for electronic displays.........c.ccoooviiiiiicc e S, .10
43 LMDs for luminance and chromaticity measurements..................... b 1
4.3.1 Configuration of LMDS .....c.uiiiiiiiii A e .11
4.3.2 INPUt OPLICS OF LIMDS ..uiviiiiecc e e eas .13
4.3.3 Electronic system of LMDS .......coooiiiiiiiniiinn N 13
4.3.4 Calibration of LMDS ....ccuniiiiiiiiiee e S .14
4.3.5 Maintenance of LMDS ........ccooeiiiiiiniiiii s, L .14

4.4 Setup conditions for measurement ... NS .14
4.4.1 LIMDS .o .14
4.4.2 9 I S .14
4.4.3 Environment ... L S 14

5 Influence of LMD properties on luminance.and chromaticity measurements................. .14
5.1 General....cooooiiiiiiii .14
8.2 Repeatability ... .15
5.2.1 LCT=Y a1 Y o PPN .15
5.2.2 Example of the repeatability of an LMD........... .15

8.3 AACCUTACY ettt ettt et et et et et et et et et e e e .16
5.3.1 L T=Y a1 =Y I PN .16
5.3.2 Example of the accuracy of an LMD ... .16
5.3.3 T == YA .16
5.3.4 RaANGE_CNANGE ..o e A7

9.4 LUMINANCE FANGE ..ottt et ettt e A7
8.5 Spectral properties of the spectroradiometer...........c.coooiiiiiii i A7
5.5.1 GBNEIAl e A7
5.5(2 Wavelength accuracy and spectral bandwidth....................oo A7

.6 Spectral properties of the filter-type luminance meter and colorimeter ................ .23
5.6.1 GBNEIAL L. s 23
5.6.2 SPECHral FESPONSIVITY ..uiiiiieii e 23
5.6.3 Methods to reduce the measurement difference................coiil. 25

5.7 Angular response Of LIMDS ......uiuiiiiii e 26
5.7.1 GBNEIAl e 26
5.7.2 Subtended angles .. ..o 26
5.7.3 Consideration of the input optiCs ..o 27

5.8 Measurement field ... ... e 28
5.8.1 GBNEIAL L. s 28
5.8.2 Number of pixels within the measurement field ... 29

5.9 P OlariZatioN ... 29


https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

IEC TR 62977-1-31:2021 © IEC 2021 -3-

5.9.1 GBNEIAL . 29
5.9.2 Polarization dependence of LMDS..........oiiii e 30
5.10  Temporal syNnChronization ....... ... 31
5.10.1 GBNEIAL . 31
5.10.2 Temporal synchronization of the LMD and DUT .........cooiiiiiiiiiiee, 31
6 Influence of LMD properties on measurements of the optical characteristics of
ElECIIONIC QISP IAY S e e 32
6.1 LT =Y o =T - ¥ S 32
6.2 CONTrAST FATIO .. oeui it 32
6.2.1 LY o= = | P S .32
6.2.2 Calculated influence of LMD properties on the contrast ratio
MEASUNEMENES L. et e e .32
q.3 Electro-optical transfer function (EOTF) ......cooviiiiiiiiiiie .35
6.3.1 GeNEral .o e .35
6.3.2 Calculated influence of the LMD properties on the EOTF méasurements ..... .35
q.4 Chromaticity gamut area ..........cooooiiiiiiii W ) .36
6.4.1 L T=Y a1 =Y v PP .36
6.4.2 Calculated influence of LMD properties on the chromaticity gamut area
MEeasUremMents ........coovvveiieniiniiiieneeeeeeeeee s .36
g.5 Viewing direction characteristics .........coooviiii e N .38
6.5.1 General ..o L .38
6.5.2 Calculated influence of the LMD properties on the viewing direction
characteristics measurements ... . .38
6.5.3 Measurement field at an oblique difection...............o .40
q.6 Spatial Uniformity ... e e .41
6.6.1 GeNEral .o R .41
6.6.2 Calculated influence of LMD properties on uniformity and non-uniformity
MEASUIEIMENTS ..ot T ettt e et eaees .41
q.7 ReSPONSE tiMe ..o e .43
6.7.1 LT U= = | .43
6.7.2 Measurement of the response time ..o .43
q.8 o] = PP .46
6.8.1 L= 1Y Y PPN .46
6.8.2 Measurement method of the flicker ... .46
6.8.3 LEOW-pass filter Of LIMDS ... 47
Annlex A (informative) Photometry and colorimetry.........coooiiiiiiiiii e .49
A.1 L= 1= =Y USSP .49
A.2 P O OMEIIY o .49
A3 COIOTMEtTY 49
A.3.1 GBNEIAL L. s 49
A.3.2 Standard colorimetric ObServer ... ... 50
A.3.3 TristimMUIUS ValUES ... e 50
A3.4 Chromaticity diagram and colour SPacCe ..........cc.oviuiiiiiiiiiiieee e 50
Annex B (informative) Method for reducing the measurement difference of
LoT0] o o100 1=] (=1 =P 53
B.1 L= o= ¥ S 53
B.2 Matrix calibration methods for colorimeters ..o, 53
B.2.1 Matrix calibration process 1: RGB calibration................oo 53

B.2.2 Matrix calibration process 2: RGBW calibration ... 54


https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

-4 - IEC TR 62977-1-31:2021 © IEC 2021

Annex C (informative) Input data in Clause 5 and Clause 6, and calculation methods
LTSI T Yo o G TR 56
C.1 L= o= ¥ S 56
C.2 Characteristics Of DUTS ..iiuiiiiii e 56
C.21 Spectral radiances of the DUTS ... 56
C.2.2 Directional characteristic of the DUT .........oiiiiiiii e 57
C.2.3 Temporal modulation characteristics of the DUT ............ooiiiiiiiiin, 57
C.24 EOTF characteristics of the DUT S ..o 57
C.2.5 Uniformity characteristics of the DUTS .........ccooiiiiiiiiiiiicic e, 58
¢.3 Characteristics of the filter-type LMDS ..o B .59
C.3.1 Spectral responsivities of the filter-type LMDS ........c.ccoooiiiiiiii e (N .59
C.3.2 Specifications of filter-type LMDS.........cccooeeiiiiiiiiieeeeeeee S .61
¢.4 Influence of the number of pixels within the measurement field............0............. .63
¢.5 Validity of the viewing direction dependence obtained by a simplified*method.....|.64
Annfex D (informative) Instabilities of DUTs in measurement .............ocoi et M, .66
0.1 GENETAL . i G e .66
0.2 DUT instabilities.......cccovviiiiiiiiieieeieeceeeeeeeee e i .66
(2710 | T o = Yo 2 V28 S .68
Figure 1 — Block diagrams of three types of LMDS ...t .12
Figure 2 — Example of configurations for the input opties and detector................................ 12
Figure 3 — Example of input optics for the luminance meters.............ccoooviiiiiiiiiiiiin e 13
Figure 4 — Block diagram of a typical electronicsystem ..........ccoooiiiiiiiiiiiiiiii e 13
Figure 5 — Examples of the repeatability of\an~LMD as a function of luminance................... .15
Figure 6 — Examples of the accuracy of anh LMD as a function of luminance........................ .16
Figure 7 — Calculated relative luminance difference as a function of wavelength error ........ .19
Figure 8 — Calculated relative luminance difference as a function of spectral bandwidth ..... .20
Figure 9 — Calculated chromaticity differences as a function of wavelength error................ .21
Figure 10 — Calculated chromaticity differences as a function of spectral bandwidth ........... .22
Figyre 11 — Calculatedirelative luminance difference as a function off1' ............................. .24
Figure 12 — Calculated chromaticity differences as a function off1', XYZ oeeeenenenensnnenees .25
Figure 13 — Angular aperture and measurement field angle ..............ccoooiiiiiiiii i .27
Figure 14<—xCalculated relative luminance difference and chromaticity difference as a
fungtion\of the angular @PEITUIE ..o e .27
Figure:15 — Diagram of light rays in object space telecentric and non-telecentric aptical
[0 /== T o PP 28
Figure 16 — Calculated chromaticity difference as a function of the number of pixels ............ 29
Figure 17 — Measured luminance variation as a function of the rotation angle of the
T F= o2 = PP 30
Figure 18 — Calculated relative luminance differences as a function of sampling period ........ 32
Figure 19 — Total measurement times for 0,3 % repeatability (20) in three LMDs .................. 36
Figure 20 — Calculated relative difference, AGAyy, by spectroradiometers ................cooe. 37
Figure 21 — Calculated relative difference, AGAyy, by colorimeters ........c.ooviiiiiii, 38
Figure 22 — Cone of light rays for calculating the tristimulus values measured by an
LMD with the angular aperture, a, and an optical axis at an inclination angle, 0 pmp ------------- 39


https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

IEC TR 62977-1-31:2021 © IEC 2021 -5-

Figure 23 — Calculated luminance and chromaticity dependence as a function of the

inclination angle for the 2°, 6°, and 10° angular apertures...........ccccoviiiiiiiiii i, 40
Figure 24 — Measurement field and test pattern ... 41
Figure 25 — Calculated non-uniformity difference by the filter-type colorimeters .................... 43
Figure 26 — Measurement setups for response time measurements ...............ccccceeviiiiiininnenns. 44
Figure 27 — Response curves measured at different samplingrates............c.ccooeiiiiiinnns 44
Figure 28 — Measured response subjected to various low-pass filterings............cc.ccooeii. 45
Figure 29 — Measured response curves switched from the 10 % to 90 % level ...................... 46
Figure 30 — Schematic measured temporal luminance modulation of the LCD with a

conmon voltage OffSet ..o 47
Figure 31 — Conceptual pseudo-temporal luminance modulation .......................... .l .48
Figyre 32 — Simulated luminance modulations with and without high frequency roise ......... .48
Figure C.1 — Spectral radianCes........ccouiiiiiiii e A e .56
Figure C.2 — Inclination angle dependencCe ..........c.ooouiiiiiiiiiiiiiieeee e e O e e .57
Figyre C.3 — Temporal modulation of the luminance .............ccoooo B, .57
Figure C.4 — EOTF characteristiCs ........ccooviiiiiiii e W .58
Figure C.5 — Spectral responsivity of the colorimeter ............. (i .61
Figure C.6 — Repeatability of three LMD models ..........ccoooe, .8 .62
Figyre C.7 — Three positions of a circular measurement field relative to the RGB

SE I S o O .63
Figure C.8 — Configuration to measure DUT emission by the LMD at the inclination

=Y aTo| T YRR .64
Figure C.9 — Inclination angle dependence.galculated by two methods using an LMD

with an angular aperture Of 107 ... ... e .65
Figure D.1 — Changes of luminance and'chromaticity after switching the grey levels........... .66
Figure D.2 — Changes of luminancevafter switching from the black to grey level.................. .67
TabJe 1 — DUT characteristics for the calculations.......... ..o .33
TabJe 2 — Calculated results of the contrast ratio by three LMDs...........ccooiiiiiiiiiiiininn. .34
Tabje 3 — Calculated durations of the EOTF measurements.............cooeiiiiiiiii i .36
Table 4 — Chromaticity gamut area of three DUTS ....c..iiiiiiiiii e .37
Table 5 — Nonuniformity of DUTS ... e .42
TabJe 6 —Rise times calculated from a measured response subjected to various low-

S5 30 11 (Y o L Vo 1= PPN .45
Table/'— Rise times measured by LMDs of various V(1) fidelities .................o.oooveeeiieeienn.... .46
Table C.1 — Measured luminance and chromaticity at the nine positions of DUT-1................ 58
Table C.2 — Measured luminance and chromaticity at the nine positions of DUT-2................. 59
Table C.3 — Specifications of filter-type LMDS ........c.oiiiiiiiiii e 62
Table D.1 — Luminance and chromaticity transition ... 66

Table D.2 — Luminance changes in two measurements ...........ccoviiiiiiiiiiniiiin e 67


https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

-6 - IEC TR 62977-1-31:2021 © IEC 2

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 1-31: Generic —
Practical information on the use of light measuring devices

021

1

M= 3T TS O Q0 —

2)

‘o o

3)

S 100 =

4)

5)

6)
7)

8)

"> TP O3 Z T O

9)

=

IEC
is a

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization,compr
[l national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat]
pb-operation on all questions concerning standardization in the electrical and electronic fields..To this end
addition to other activities, IEC publishes International Standards, Technical Specifications,"Technical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC” Publication(s)”).
reparation is entrusted to technical committees; any IEC National Committee interested\in the subject dealt
ay participate in this preparatory work. International, governmental and non-goverpmental organizations lia|
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement’between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as hearly as possible, an internat
bonsensus of opinion on the relevant subjects since each technical, dommittee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made“to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC Natignal' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their natienal and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

FC itself does not provide any attestation of conformity. Independent certification bodies provide confo
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

Il users should ensure that they have the-latest edition of this publication.

o liability shall attach to IEC or its 'directors, employees, servants or agents including individual expertg
embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to theNormative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn.tothe possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

TR 62977-1-31 has been prepared by IEC technical committee 110: Electronic displayfs.
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Technical Report.
ext or this Technical ReportIs based on the 1ollowing documents:
DTR Report on voting
110/1258/DTR 110/1281A/RVDTR

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

The

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

A list of all parts in the IEC 62977 series, published under the general title Electronic displays,
can be found on the IEC website.

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

th H H <l 4 At bl olat +lo <l 4 H TN
e PCEUITTC UUCTUTITTTTL. AU o UalT, 1T UULUTTITTIU WITT VT

e feconfirmed,
e Wwithdrawn,
e freplaced by a revised edition, or

e amended.

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

Measurements of the optical characteristics of electronic displays are primarily affected by three
factors: measuring procedures, displays (devices under test: DUTs), and light measuring
devices (LMDs), for which there are many international standards supporting consistent and
comparable measurements. Most of them, however, provide only limited information on LMDs,
making it difficult to appropriately select and use the LMD for the measurement objective. The
purpose of this document is to provide best practices and suggestions which are missing in the
standards.

Thid ] W I i YPi ] ent
resylts. It is often impractical and unnecessary to consider the influences of all propertigjs of
LMDs and all characteristics of DUTs as well as their interactions and influences)on|the
megsurement results. Therefore, the multiple interaction effects that exist are beyond the sqope
of this document. Due to the rapid innovation and abundance of LMDs, covering all typels of
LMDs is also outside the objectives of this document.
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1

Thig part of IEC 62977 provides practical information on light measuring devices (luming
meters, colorimeters, and spectroradiometers) with luminance measuring optics for
characterization of electronic displays.

Thefre are no normative references in this document.

3.1

Forthe purposes of this document, the following termsyand definitions apply.

ISOland IEC maintain terminological databases for use in standardization at the folloy
addfesses:

NOTE CIE Electronic international lighting-vocabulary (e-ILV) is also available at http://cie.co.at/e-ilv.

3.1

repeatability

<of
obt

Note| 1 to entry: Repeatability of an LMD is usually expressed numerically by statistical quantities, such as stan
deviation, variance, or coefficient of variation (relative standard deviation) under the specified conditior]
meagurement.

Note|24o’entry: The influence on measurement repeatability caused by fluctuations of the measured light source

by t

ELECTRONIC DISPLAYS -

Part 1-31: Generic -
Practical information on the use of light measuring devices

Scope

Normative references

Terms, definitions, and abbreviated terms

Terms and definitions

SO Online browsing platform: availablevat http://www.iso.org/obp

EC Electropedia: available at https/fwww.electropedia.org/

N

an LMD> closeness ‘of agreement between indications or measured quantity va

nce
the

ving

ues

dined by replicated,measurements over a short period of time using a specific LMD unpder
conditions specified by the LMD manufacturer

dard
s of

and

e measurement procedure is assumed to be negligible when the manufacturer specifies the repeatability

f an

LMD. Manufacturers often specify the type of light source and measurement conditions used for determining the
repeatability of an LMD.

Note 3 to entry: Measurement precision is the closeness of agreement between indications or measured quantity
values obtained by replicate measurements on the same or similar objects under specified conditions. Measurement
repeatability is measurement precision under a set of repeatability conditions of measurement that includes the same
measurement procedures, same operators, same measuring system, same operating conditions, same location, and
replicate measurements on the same or similar objects over a short period of time. Measurement reproducibility is
measurement precision under a set of reproducibility conditions of measurement that includes different locations,

ope

1

rators, measuring systems, and replicate measurements on the same or similar objects [1], [2]1.

Numbers in square brackets refer to the Bibliography.
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3.1.2

accuracy
<of an LMD> difference between a measured quantity value and an accepted reference value
when using a specific LMD under conditions specified by the LMD manufacturer

021

Note 1 to entry: This term is a quantity with a numerical value and is usually expressed as a range specification.

Note 2 to entry: The accepted reference value is a value that serves as an agreed-upon reference for comparison,
and which is derived as:

a) a

theoretical or established value, based on scientific principles;

b)

c) a
€
d) (
P

Note|
the n
Man
accu

Note|
true
of an
somg

3.2

CIE
CM

DUT
EOT
LCO
LEDO
LM
ND

OLH
PW
RGI
RGI
Vsy

4

assigRed-or-certifiedvalte—based-on-exberimentalwork-of-some-Raticonral-ar-interraticonal-oraganizaticn-
I g 4 1) g

consensus or certified value, based on collaborative experimental work under the auspices of a scienti
ngineering group;

hen a), b) and c) are not available) the expectation of the (measurable) quantity, i.e. the mean ‘of‘a spe
opulation of measurements [3].

3 to entry: The influence on measurement accuracy caused by fluctuations of the measured light source af
heasurement procedure is assumed to be negligible when the manufacturer specifies,the accuracy of an
ifacturers often specify the type of light source and other measurement conditionsyused for determinin
racy of an LMD.

4 to entry: Measurement accuracy is the closeness of agreement between a measured quantity value an
huantity value of a measurand [1], [2]. The accuracy of measurement is not 'a quantity value while the accy
LMD is a quantity value; thus, the term "accuracy" conventionally used for the specification of LMDs m
thing different than that used for measurement.

Abbreviated terms
Commission Internationale de I'Eclairage (Intefnational Commission on llluminatid

colour-matching function

device under test

[F  electro-optical transfer function
liquid crystal display
light emitting diode

D light measuring device
neutral density

D organic light emitting diode

M pulse width medulation

B red, green, and blue

BW red, green, blue, and white

hc vertical synchronizing signal

Geéneral information on LMDs for photometry and colorimetry

ic or
ified

d by
LMD.
y the

il the
racy
eans

n)

4.1

General

Clause 4 describes the principles of photometry and colorimetry, configuration, calibration, and
maintenance of LMDs, as well as setup conditions for measurement.

4.2

Photometry and colorimetry for electronic displays

Photometry is the measurement of quantities referring to radiation as evaluated according to a
given spectral luminous efficiency (see IEV 845-25-013). Colorimetry is the measurement of
colour stimuli based on a set of conventions (see IEV 845-25-014). Details on the calculation
formulae and specific conditions applied to electronic display measurement are shown in

Ann

ex A.
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4.3
4.3

LMDs for luminance and chromaticity measurements

A Configuration of LMDs

The configurations of three types of LMDs are described as follows:

1)

2)

3)

Luminance meter

A luminance meter is an instrument for measuring luminance (see IEV 845-25-021). Ab

lock

diagram of the setup of a typical luminance meter is shown in Figure 1a): it consists of input

optics, a detector unit for measuring the luminance, L, and an electronic system.

oxample of the configuration of the input optics and the detector unit is shown in Figure

An
a),

bf the detector. The combination of the spectral characteristics of the filter, input ©ptics,
Hetector approximates the spectral luminous efficiency function, 7(1). A neutral’density (

he optical signal to an electronic one, from which the electronic system calculates
luminance, L, as in [4], indicates it on an instrument display, and/or'sends the result t

bxternal system.
Colorimeter

A\ colorimeter is an instrument for measuring colorimetric quantities, such as the tristim
alues of a colour stimulus (see IEV 845-25-022). A bleck diagram of the most com

uminance. A colorimeter for both luminance and\chromaticity measurements employs|
same type of input optics as the luminance meteér, as described in 4.3.1 1). An exampl

s connected to the detector unit by a‘three-branch optical fibre. The combined spe
Characteristics of those components, approximates the CIE colour-matching funct
CMFs). The electronic system calculates the tristimulus values, X, Y, and Z, where
practically identical to L, (see Annex A).

Spectroradiometer

vavelength intervals aver'a given spectral region (see IEV 845-25-007). A block diagra
he general setup ofia ‘spectroradiometer is shown in Figure 1c). A spectroradiomete
spectral radiance measurements, and luminance and chromaticity calculations thereff
bmploys the same type of input optics as the luminance meter, as described in 4.3.1 1)
bxample of the.configuration of the input optics and the spectrometer is shown in Figure
where thelinput optics is connected to the spectrometer by an optical fibre. The exan

array-detector, where the output of the detector is related to the spectral radiance of
DUT -The obtained spectral radiance, Ly(4), is converted to the luminance, L,, or tristimy

A\ spectroradiometer is-'an instrument for measuring radiometric quantities in nar

where a lens is used for the input optics. The input optics collects the light emitted from| the
DUT and converges it onto the detector. An optical compensation filter is arranged. in front

and
ND)

ilter can be inserted into the optical path, for example when the LMD's dynamic rande is
nsufficient and results in detector saturation. The detector receives the,light and converts

the
b an

Lilus
mon

setup for a colorimeter is shown in Figure 1b): it is congeptually similar to a luminance mgter.
A\ colorimeter has a detector unit for measuring thedristimulus values instead of one forl the

the
le of

he configuration of the input optics and the detector unit is shown in Figure 2b), where| the
jetector unit has three pairs of optical compensation filters and detectors. The input of

tics
ctral
ons
Y is

row
m of
for
om,
An
2¢),
nple

spectrometer consists of an input slit, a grating, for example a concave grating [5], and an

the
lus,

albuace YV V and 7 vcina T\ ar CMFEcs dAata which ara aftan ctarad in laak un tahlac
e SHRg—~4)O4 w—S—aata—wWHHeh—afre—-oHeR-StereaHHh+1ooik—d

uuuuu IS T 3] 9 PtaeTeT
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optics system i A —
for L, optics for X7Z system
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a) Luminance meter b) Colorimeter
Input Spectro Electronic
optics meter system
IEC
c) Spectroradiometer
Figure 1 — Block diagrams of three types of LMDs
x(1), ¥(), 2(2)
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o) s} e
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Input optics Detector unit Input optics Detector uni
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a) Luminance meter b) Colorimeter
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) \}l Fiild

DUT ND filter  Lens stop
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c) Spectroradiometer with spectrometer using grating and array detector

I

Input slit

%rating
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IEC

Figure 2 — Example of configurations for the input optics and detector
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4.3.2

Input optics of LMDs

- 13—

An LMD has an input optics system which collects the light emitted or reflected from a DUT.
There are various types of imaging as well as non-imaging input optics, for example fixed-focus
lens, variable-focus lens, and optical fibre. For luminance measurements, imaging optics is
often used. Figure 3 shows an example of the input optics with an imaging lens, an aperture
stop (aperture), a field stop, and a detector behind the field stop, together with the DUT and
detector. Related optical properties are described in the following sentences. The aperture stop
is an opening that defines the area over which the average optical emission is measured (see
IEV 845-25-086). The entrance pupil is a virtual image of the aperture stop as viewed from the
object space, and its position and size depend on the measurement distance. The angular

apefture 1s the angle subiended by the entrance pupil. The field stop which 1S positioned on
image plane limits the measurement field of the DUT. The measurement field angle is the a

subtended by the measurement field at the entrance pupil.

4.3

Measurement

Angular
aperture

Aperture
stop ,

! Field
--I"~  stop

field

Measurement
field angle

Figure 3 — Example of input optics for the luminance meters

Electronic system of LMDs

:
Lens s

Entrance
pupll

Detector

IEC

the
ngle

An LMD has an electronic system for processing the electronic signal from the detector [$] in

order to deliver the measured:values. Among the various types of systems, Figure 4 shoy
typical one consisting of an“analogue circuit amplifying the signal from the detector, an
conyerter converting theramplified signal into a digital signal, a data processor converting
digital signal to the measurement value, and a system controller controlling the whole syg

including the memary, display, and interface of the external devices.

Vs a
A/D
the
tem

Detect Analogue| A/D Data
etector circuit converter processor
I System controller I
_— \ T~
Memory Display Interface

Figure 4 — Block diagram of a typical electronic system

IEC
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4.3.4 Calibration of LMDs

Luminance meters and colorimeters are usually calibrated to a reference source with a light
source and a plane diffuser, which are traceable to a national standard recognized by a national
authority as the basis for assigning quantity values to other measurement standards [1], [2].
These light sources are often incandescent lamps, for example tungsten-halogen lamps,
designed to approximate the CIE standard llluminant A. It is sometimes possible to use other
types of light sources, for example LEDs, for LMDs specifically designed for display
measurement. For a spectroradiometer, the wavelengths are usually calibrated to a light source
emitting one or more line spectra, and the spectral radiance is calibrated to the reference source
described above [9]. The temporal stability of these light sources is strictly managed by
marjufacturers 1o meet their specifications.

4.3.6 Maintenance of LMDs

The|performance of LMDs depends on ambient conditions, especially temperature’and humidity.
Careful storage, handling, and operation of LMDs are recommended in accordance with
instfuctions provided by the manufacturer. Since deterioration caused by,ageing is inevitgble,
peripdic inspections, adjustments, and calibration by the manufacturer ate,recommended.

4.4| Setup conditions for measurement
4.4 LMDs

Modgt LMDs are unstable immediately after switching thepower on, and they therefore need
some warm-up time to achieve their specified accuracy and repeatability. Most optical
instabilities are due to thermal effects and thus have a long time constant. Checking|the
megsurement stability before regular measuremenis is recommended in order to verify|the
appfopriate warm-up time.

4.4.2 DUTs

Shofrt-term instabilities in the optical output of DUTs are often caused by their electronic system
while long-term instabilities are mostly caused by thermal effects which can have long fime
congtants. Measured instabilities\0fDDUTs are exemplified in Annex D. Checking for such DUT
instabilities is recommended inlerder to adapt the measurement procedure accordingly. [The
conlbined long-term stability~of-the LMD and DUT can be confirmed by comparing the reqults
megsured with the same settings at the beginning and at the end of the measurement sesgion.

4.4.3 Environment

For|consistent.ahd comparable measurements, environmental conditions should meet|the
requlirements<{of' the LMDs and DUTs. Carefully checking the environmental conditlons
desgribed in_the respective instruction manuals before measurement is recommended.

5 |Influence of LMD properties on luminance and chromaticity measurements

U

5.1 General

Clause 5 describes the LMD properties disclosed by the manufacturer or required by the display
measurement standards, and their influence on the luminance and chromaticity measurement
results. This information is helpful for the selection and use of the LMD suitable for the
measurement objectives [10]. Some input data for calculations are shown in Annex C.
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5.2.
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Repeatability

1 General

Repeatability of an LMD as defined in 3.1.1 is one of the dominant performance factors of an
LMD. It is usually given as the relative standard deviation, oy, for luminance, L,, and standard

deviation, ¢, for CIE 1931 chromaticity coordinates, x, y, with a coverage factor, X, i.e., K og

and K o, respectively, where og = ¢/ ZV , ZV is the average luminance, and K = 1 or 2 in most
cases. For both, the smaller the value, the higher the repeatability of the LMD. Those values

are essentially positive.
The|conditions for evaluating the repeatability of an LMD with respect to the specifications,g
by the manufacturer, for example the light source, luminance, number of measurements,

stat
LML

eve

D model and often documented in the data sheet. They are often specific 10 each m

stical evaluation method used, are often defined by the manufacturer specifically for ¢

ven
and
ach
bdel

h by the same manufacturer. Checking such conditions is recommended Wwhen compalring

the performance of different models.
In 3gctual measurements, experimentally checking whether the measlUrement repeatabllity,
whigh is affected not only by the repeatability of the LMD but alsoithe instabilities of the DUT
and|others, meets the requirements of the measurement objectives\is recommended, and if not,
impfoving the measurement system and procedure to meet such.requirements is recommendged.
NOTE The number of significant digits is determined by the internal numerical calculation, and the rounding strgtegy
using measurement precision for tristimulus values is shown in A.3.3. The number of digits indicated on the digplay
and fransmitted to the external devices is usually specific to edch LMD and is often determined in relation t¢ the
number of significant digits and by considering the repeatability/of'the LMD.
5.2.p Example of the repeatability of an LMD
Figure 5 exemplifies the repeatability of an.LMD for luminance and chromaticity at diffefent
luminance levels for two LMD models by.the same manufacturer under the same conditlons
specified by the manufacturer. The.difference between the two models increases frojn a
negligible level in the high luminancerange to a significant level in the low luminance rangg.

g A & A

of 100 < 0,012

$ g [owbA oiwos ]

o o % 0,010 0

gl 10 9 0 2

= S 0,008

3 S

S| 1 ° < 0,006
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3 | o ® 0,004 3T

s 041 \ o OB -] B o

® 0,002 o

2 ' $ilalollo||lle||llo

S o0t > 0,000 o o rt o ol
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TEC

a) Luminance, L, b) Chromaticity coordinates, x, y

Figure 5 — Examples of the repeatability of an LMD as a function of luminance
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5.3 Accuracy
5.3.1 General

Accuracy of an LMD as defined in 3.1.2 is one of the dominant LMD performance factors of an
LMD. It is usually specified as a range: + maximum difference or + standard deviation with a
coverage factor of K, where K is 1 or 2 in most cases. It is usually expressed as a relative value
(%) for luminance and a nonrelative value for the chromaticity coordinates. The smaller the
absolute value, the more accurate the LMD.

The conditions for evaluating the accuracy of an LMD with respect to the specification given by
the |Imanufacturer, for example the light source, luminance, and statistical method used,Lare
often defined by the manufacturer specifically for each LMD model and documented in_the ‘'data
sheget. They are often specific to each model even for the same manufacturer. Checking quch
conditions is recommended when comparing the performance of different models. Note thaf the
defipition of accuracy includes systematic errors that remain when the measured valug is
obtained by averaging multiple measurements.

5.3.R Example of the accuracy of an LMD

Figyre 6 exemplifies the accuracy of an LMD for luminance,{AL,, and for chromatjcity

coofdinates, Ax, Ay, at different luminance levels for two LMD models by the same manufacturer
under the same conditions specified by the manufacturer. Note 'that Figure 6 shows the posjtive
valde only. The difference between the two models increases.from a negligible level in the high
lum{nance range to a significant level in the low luminanceyrange.

S 3V A
3 100 § 0,010
3 oLMD-A OLMD-B ” OLMD-A OLMD-B
g 2 0,008
5 i g
& a 5 0,006
o 106 oo
= 0,004 0 O
© ) ; ° o o o
© 0,002 O-H11-@+ -0 110110
° 0 a 0
° o o 6 o
1 > 0,000 >
0,001 0,01 0,1 1 10 100 1000 10000 0,001 0,01 0.1 1 10 100 1000 1000
Luminance (cd * m2) Luminance (cd * th2)
IEC IEC
a) Luminance, L, b) Chromaticity coordinates, x, y

Figure'6 — Examples of the accuracy of an LMD as a function of luminance

5.3.8 Einearity

Linearity is the degree to which the change in the output quantity of the LMD is proportional to
the change in the input quantity, i.e., the responsivity is constant over a specified range of
inputs [10]. The measured values of L, X, ¥, Z, and L (1) have an inherent linearity error due

to factors mostly in the detector and electronic system. For most LMDs, the linearity is not
specified separately. It is included in the accuracy of an LMD specified over a luminance range.
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5.3.4 Range change

The deviation due to range change is the systematic deviation arising when the LMD is switched
from one range to an adjacent range [10]. The LMD changes the integration time, the amplifier
gain, and/or inserts the neutral density (ND) filter in order to expand the luminance range, which
usually leads to inter-range discontinuities. Note that this range switching error is likely to occur
independently in the individual X, Y, and Z detectors of the colorimeter, and that the range-
switching luminance level is likely to be different between increasing and decreasing luminance.
The errors associated with range change are not necessarily disclosed in the specifications of
LMDs. They are usually included in the accuracy specified over the luminance range.

In actual measurements, fixing the measurement sequence is often taken into considerafion,
i.e.,|]from low to high luminance, from high to low luminance, or both, to average the two lvalues
of the same luminance in opposite sequences. This is to minimize total measurement’timg or
to achieve higher precision in measurements such as tone-rendering (also knowh,_as elegtro-
optital transfer function: EOTF), colour gamut volume, and colour accuracy [11].

5.4 Luminance range

Luminance range is usually specified by LMD manufacturers in termsf'a lower and an upper
limi{ for a guaranteed range and/or an indicated range. All measured values within|the
guaranteed range are guaranteed to meet specifications of the LMD whereas measured values
withlin the indicated range are obtainable and do not necessarily’ meet the specifications. Both
lum{nance ranges are typically specific to a particular LMD.

Megsured values beyond the upper limit of the guarantéed range are likely to be unobtainable
or imaccurate due to saturation or poor linearity ofs/the’ detector and/or analogue circuit, while
megsured values below the lower limit of the guaranteed range are likely to be inaccurate |due
to ploor repeatability and/or poor linearity. Checking that the operation conditions of the {MD
are properly met for measurement near the lower limit is recommended. For some colorimefers,
the |lower luminance limit in chromaticityx- measurements is higher than that in lumingnce
megdsurements. When measuring below.the guaranteed lower limit, it is helpful to consult with
the manufacturer.

The| dynamic range of an LMD .s usually defined as the ratio of the upper and lower limit. (It is
a mpjor figure of merit when.sélecting LMDs for measurement of the contrast ratio of a DU.

5.5 Spectral properties of the spectroradiometer
5.5.1 General

A spectroradiometer measures the spectral radiance of a DUT. Subclause 5.5 addresses|the
inflyence ofithe major spectral properties of spectroradiometers on the measured values for the
array speectroradiometers shown in Figure 2c).

5.5.R Wavelength accuracy and spectral bandwidth

5.5.21 General

Wavelength accuracy and spectral bandwidth are two of the major spectral properties of a
spectroradiometer. Some wavelength error is inevitable and usually varies by wavelength. Its
permissible value is the wavelength accuracy specified by the manufacturer. Spectral bandwidth
characterizes the spectral bandwidth of the measured signal for monochromatic inputs. It
usually varies by wavelength, and its permissible value is specified by the manufacturer. These
spectral properties of the spectroradiometer affect the measured spectral radiance as well as
the luminance and chromaticity calculated therefrom. The influence of these spectral properties
on the measured values also depends on the spectral radiance of DUTs, as shown below by
simulated measurements.
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NOTE 1 In actual LMDs, the spectral properties of the spectroradiometer are not as simple as those in the
calculations, and the DUTs are not only those used in the calculations. The actual results are likely to be different
from the calculations.

NOTE 2 Stray light in a spectral measurement system is light that reaches the detector which is at a wavelength
other than the wavelength intended to be measured (see IEV 845-25-116). This spectral stray light in the array
spectrometer (see 4.3.1) is described in detail in [9] and its influence on the measured values of luminance and
chromaticity can be usually mitigated by various technologies. When spectral stray light affects the measured values
of luminance and chromaticity, spectral stray light correction can be applied. Experimental data demonstrating the
influence of spectral stray light in a specific application are shown in [12]. The LMD property for this spectral stray
light is often specified by the manufacturer with evaluation conditions specific to each LMD model.

5.5.2.2 Calculation method and DUT/LMD parameters

1) PBpectral radiance of DUTs: Calculations are performed for three types of DUTs wHose
spectral radiances, Lg(4), of red, green, blue, and white test patterns are shown_in|C[2.1.

They are taken as the reference spectral radiances, Ly of(4).

2) Wavelength error and spectral bandwidth: For simplicity, the wavelengthDerror, 44, is
bssumed to be the same over the wavelength range, and six wavelength errors: +0,2 |nm,
0,5 nm, and £1 nm, are chosen for calculation. The respective measured 'spectral radiarjces
are obtained by L (4 — 64) . For simplicity, spectral response to the monochromatic inpgt is

hssumed to be Gaussian with a bandwidth, bw, which is the same” over the wavelength
ange. Five bandwidths: 2 nm, 4 nm, 6 nm, 8 nm, and 10 nm ar€/chosen for the calculafion.
[he respective measured spectral radiances are obtained“by the convolution of|the
eference spectral radiance, Ly (¢(1), and the simulated Gaussian spectral responses. [The

nfluence of the wavelength error and spectral bandwidthnis calculated independently.

3) Calculation of luminance and chromaticity: The tristimulus values, X, Y, and Z and|the
chromaticity, (x, y), are calculated by Formulae (A72)-to (A.7), while Y is practically identical
o L, (see Annex A). The measured values, Iy neas: *meas: @Nd Ymeas: @re obtained by
substituting the measured spectral radiance of*the DUT in the formulae. Their referenges,
Ly, rep Xrefr @nd yiof, are obtained by substituting the reference spectral radiances in|the
ormulae. The differences of the measured values from the reference values indicate|the
nfluence of the wavelength error and\spectral bandwidth of the spectroradiometer on|the
measured values.

5.5.2.3 Calculation results
5.5.2.3.1 Luminance

Figyre 7 shows the calculated relative luminance difference, AL, 5\ (%), as a function of| the

wavielength error, J/.for'the four displayed colours: red, green, blue, and white. As shown/| the
larger the wavelength-error, the larger the difference. The difference depends on the displgdyed
coldur, where thé.difference in red, green, and blue is larger than in white. It also depends$ on
the |spectral radiance of the DUT, however, the trends of the difference are not so diffefent
amqng these DUTSs.
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Figure 7 — Calculated relative luminance difference as a function of wavelength errpr

Figyre 8 shows the calculated relative' luminance difference, AL, ,,,, as a function of|the

banfdwidth, bw, for the four display€d colours: red, green, blue, and white. As shown, the lafger
the |bandwidth, the larger the difference, and the difference also depends on the displdyed
colqur. The difference in red;green, and blue is larger than in white. It depends also on|the
spectral radiance of the DUT;)the trends of the difference are larger in DUT-3 than in the othfers.
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5.5.2.3.2

Figy
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radipnce of the DUTs.

Chromaticity

re 9 shows the calculated.ehromaticity coordinate differences, Axg,, Ayg), as a functio
wavelength error, d1. The differences depend on the displayed colour and the spe

n of

ctral
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Figure 9 — Calculated chromaticity differences as a function of wavelength error

Figure 10 shows the calculated chromaticity coordinate differences, Axy,, Ay, @s a function

of the bandwidth, bw. The differences depend on the displayed colour and the spectral radiance
of the DUTs.
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Figure 10 — Calculated chromaticity differences as a function of spectral bandwidth

These results show that spectroradiometers with reasonably small wavelength error and
spectral bandwidth can perform accurate measurements of luminance and chromaticity of these
DUTs.
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5.6 Spectral properties of the filter-type luminance meter and colorimeter
5.6.1 General

A luminance meter and a colorimeter measure the luminance and chromaticity of a DUT,
respectively. Subclause 5.6 addresses the influence of the spectral properties of these LMDs
on the measured values for the filter-type luminance meters and colorimeters shown in
Figure 2a) and Figure 2b).

5.6.2 Spectral responsivity

5.6.2.1 General

The| major property of filter-type LMDs is their relative spectral responsivity which is‘expec¢ted
to match the spectral luminous efficiency function, V(1), for a luminance meter or-thé colpur-
matrhing functions (CMFs) for a colorimeter. As described in 4.3, the spectral‘responsivities
are |generally a combination of the spectral characteristics of the filters, detectors, and other
optifal elements. Despite the progress of technology, there still remains“a ‘mismatch, which
resylts in differences in the measured luminance and chromaticity from their references glven
by the ideal V(1) or CMFs.

In ofder to quantify the mismatch, the index, f4', is introduced for ldiminance meters (see C.3.1).
Singe f4' is the luminance difference in the measurement of CIE llluminant A, it is unsuitable to
predict the difference in measured values for DUTs with completely different spectral radianges,

for example LCDs, OLED displays, and laser displays. Subclause 5.6.2 shows the simulated
lum|nance differences of DUTs for the different spectralresponsivities of filter-type LMDs.

For|colorimeters, similar indices, fy' , f1' y, and ¥ ,, for CMFs, X(4), ¥(4), and z(4),

respectively, are introduced (see C.3.1). Thése are the differences of X, Y, and Z in|the
megsurement of CIE llluminant A, and therefare unsuitable to predict the measured differdnce
for DUTs with completely different spectral‘tadiances. The calculation results of the chromatjcity
differences are shown using the average value,f1', xyz: @s @ parameter.

5.6.2.2 Calculation method and DUT/LMD parameters

1) PBpectral radiance of DUTs:\€alculations are performed for four colours: R, G, B, and W,
displayed on the same three types of DUTs as described in 5.5.2.2.

2) Relative spectral responsivity of LMDs: LMDs with mismatch indices from around | to
pround 6 for ten LIMDSs are used (see C.3.1).

3) Calculation of luminance and chromaticity: LMDs are assumed to be calibrated to a light
source with the-same distribution as CIE illuminant A. The tristimulus values, X, Y, and Z,
bnd the chromaticity, (x, y), are calculated by Formulae (A.2) to (A.6); Y is practigally
denticalto L, (see Annex A). The measured values are obtained by substituting the relgtive

pectral responsivity of the LMDs in the formulae, and their references are obtained by

substituting the ideal CMFs. The difference in the measured value from the reference value
ndicates the influence of the spectral properties of fil’rnr-fypn LMDs._ The differenck is

expressed as AL, g for luminance, and Axg; and Ayg; for chromaticity, where AL, ¢ is a
relative value to the reference.

5.6.2.3 Calculation results
5.6.2.3.1 Luminance

Figure 11 exemplifies the relative differences, AL, g, of the luminance by simulated
measurements of ten LMDs with different f;" in the four displayed colours: red, green, blue, and

white. The differences depend on the spectral radiance of the DUTs and the displayed colour,
and some of them are several times larger than the £, difference for CIE llluminant A. Contrary

to expectations, the differences do not always increase with an increase in f1' and are often
significantly different even between the values of two LMDs with close f;' values.
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Figure 11 - Calculated relative luminance difference as a function of f;’

5.6.2.3.2 Chromaticity

Figure 12 shows, as an example the similarly calculated chromaticity coordinate differenges,
Axqd and Ayg,, as a function of 7 xyz- The differences also depend on the spectral radiance of
the DUTs and displayed colour. The tendency is similar to that of the luminance difference

Uy
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Figure 12 - Calculated chromaticity differences as a function of f; xyz

These results show possible measurement differences for actual DUTs, where ;" and f;’ xyz
are inadequate for predicting differences.

5.6.3 Methods to reduce the measurement difference

The differences of each measured value from its reference value can be reduced by calibration
with spectroradiometers [13]. In this case, the differences obtained by the calibrated colorimeter
are the same as the differences obtained by the spectroradiometer for the colours shown on a
display with spectral radiances similar to the colour at the calibration.
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There are some methods to reduce the differences of the multiple measurement values from
their references in filter-type LMDs [14], [15], some of which are employed in commercial
products. One method is exemplified in Annex B.

5.7
5.7.

Angular response of LMDs

1 General

Angular response is one of the geometrical properties of LMDs with potential influence on the
measured values. Subclause 5.7 addresses its influence on the luminance and chromaticity
measurements.

5.7.
5.7.
The

rayg emitted from the measurement field to various directions depending on the a

sub

megsurement field, i.e., the measurement field angle, as exemplified in;Figure 3. Thus, the L
obtains measured values angularly averaged around the optical axis._Even if the optical ax

the
affe

medsured values is shown below.

5.7.
1)

2)

] Subtended angles
2.1 General

input optics of LMDs have inherent geometrical properties, where the LMD receives

ended by the entrance pupil, i.e., the angular aperture, and the angle subtended by

| MD coincides with the DUT normal, the directional characteristics of the specific DUT
ct the measured values. The simulated influence of the andular response of an LMD on

.2 Calculation method and DUT/LMD parameters

Direction characteristics of the DUT: Figure C.2)eXxemplifies the dependence of luming
and chromaticity on the inclination angle, 6: Ly(6), x(0), and y(6), where the inclination a

dependence of the tristimulus values, X(¥), Y(0), and Z(0), is obtained from
measurements although it is not shown n’the figures. For simplicity, these characteris
are assumed to be the same in any azimuthal angle at any position in the measuren
field. The values of 8 = 0 are taken as the reference values for this calculation.

he DUT and received by the LMD, shown as a blue line, with the angular aperture, «,
he measurement field angle;, both shown with a green arrow. For simplicity, the folloy
bssumptions are made jn‘arder to calculate the influence of the angular aperture, o, and
measurement field angle; f: a) the measured values do not depend on the direction w
he angular aperture‘oer measurement field angle; b) in the case of the angular aperture,
light rays are emitted from the centre of the measurement field and received by the entrg
bupil; and c) inlthe case of the measurement field angle, the light rays are emitted from
measurement\field and received at the centre of the entrance pupil.

Calculatiofimethod: The influences of the angular aperture and the measurement field a
bre calculated independently under the conditions described above. For the ang
hperture, the tristimulus values measured by the LMD with the angular aperture, a,
calCulated by integrating the X(0), Y(0), and Z(#) of light rays below the inclination angle

ight
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he angular properties of the LMD Figure 13 conceptually shows the light rays emitted from
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a / 2 and over all azimuthal angles, respectively. Based on this, the chromaticity coordinates

are calculated by Formulae (A.5) and (A.6). The differences of the measured values from
the reference values, ALy ang(a) (= AYang(a)), Axgng(a), and Ayang(@), where ALy ang(@) is
relative to L,(0), indicate the influence of the angular aperture of the LMD. The differences

are calculated up to a of 30°. For the measurement field angle, the influence of
measurement field angle, g, is similarly calculated by using g instead of a according to
simplified conditions described above.

the
the
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5.7..3 Calculation results
Figure 14 shows the calculated differences of the luminance (%) and of the chromaticity from
the respective reference as a function of the angular aperture. The relative luminance differg

nce

increases with an increase in the angular aperture since the L, (0) of the DUT decreases more
rapidly than the near Lambertian source used to calibrate the LMD, As for the chromaticity,

diffd
to th

rences of the coordinates increase differently with an incréase in the angular aperture
e different characteristics of X(60), Y(#), and Z(#) of the DYF. The calculated difference

the
due
5 as

a fupction of the measurement field angle are not shown since they are identical to the casle of

the

hngular aperture due to the assumption of horizontal,symmetry (see Figure 13) and in-p

DUT uniformity. Note that measurements by LMDs with small subtended angles are most li
to be least affected by the direction characteristics“of the DUTs.
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Figure T4 — Calculated relative luminance difference and chromaticity
difference as a function of the angular aperture

Consideration of the input optics

Figure 15 shows the light rays emitted from the DUT and received by the LMD of example optics:
an object-space telecentric optical design in Figure 15a) and a non-telecentric optical design in
Figure 15b).
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In Figure 15b), the angular aperture increases with a decrease in the measurement distance.
The maximum possible angular aperture can be estimated from the lens diameter and the
measurement distance if the angular aperture is not disclosed in the specifications of the LMD
as is often the case. The measurement field angle at a finite distance, SBnite (8 in Figure 13b)),

is usually smaller than that at an infinite distance, g, thus, the measurement field angle is
sufficient to check p;,; which is usually disclosed by the manufacturer.

NOTE The measurement field angle at an infinite distance, ,;, can be calculated as 2-arctan (d / 2f), where d is
the diameter of the field stop and f'is the focal length of the input optics.

_ . . . N : . the
xis object points are parallel to the optical axis in the object space, and the measurement
field angle is zero. The angular aperture is then usually fixed and disclosed by the manUfactyrer.
Thug, it is enough to confirm only the angular aperture. This optical design is-semetifnes
employed in order to realize a large measurement field in a short measurement)distance with
the pmall influence of the direction characteristics of the DUT, although the optic§’is usually| big
and|heavy.

Aperture

e qstjp] X stop |

Measurement u Field - Lens I

) Measurgpmernt ;
field Lens stop o~ Field
IEC stop IEC
NOJTE Principal rays are shown by dashed lines
a) Object-space telecentric optics b) Non-telecentric optics

Figure 15 — Diagram of light rays in object space telecentric
and ‘non-telecentric optical design

Strgy light is light that reaches the detector from directions other than the direct path from|the
soufce to the detector, for.example light scattered from walls, ceilings or optical compongnts
within the measuring_system (see |IEV 845-25-116). Note that this stray light is different from
the jspectral stray light'described in 5.5.2.1. An LMD property for the stray light caused in[the
inpyt optics is often-specified by the manufacturer with evaluation conditions specific to gach
LMD model. Thesstray light originating from outside of the measurement field often affects| the
megsured valtes of the luminance and chromaticity, especially in the measurement of a [test
pattern of dark surrounded by bright portions. The influence can be mitigated by using a frugtum
or a stray jlight eliminating tube [16], and/or possibly redesigning the test pattern.

5.8 Measurement field
5.8.1 General

The measurement field determined by the optics (see 4.3.2) is one of the geometrical properties
of LMDs. In the measurement of a matrix display, the measured values can be affected by the
size of the measurement field, especially in small measurement fields. Subclause 5.8 addresses
the influence of the measurement field on the chromaticity measurements.
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5.8.2 Number of pixels within the measurement field

5.8.2.1 General

Tristimulus values measured by LMDs are values spatially averaged over the measurement
field. In the case of a display where each pixel consists of subpixels, the measured values are
the sum of the contributions from all subpixels within the measurement field. Since it is difficult
to identify the measured subpixels and align the measurement field at the subpixel level, the
number of RGB subpixels inevitably fluctuates depending on alignment, thus, spatial variations
of the alignment cause a difference of the measured tristimulus values and the chromaticity
coordinates derived therefrom.

5.8..2 Calculation method and DUT/LMD parameters

1) [The array type and spectral radiance of the DUT: RGB stripe and Type-1 shown in C.2|1.

2) Measurement field of the LMD: Circular.

3) Calculation method: shown in Clause C.4. Calculations are performedsfor'the numbdr of
pixels within the measurement field of around 100, 200, 500, 1 000, 27000, and 5 000. [The
nfluence on chromaticity due to the variations in the number of subpixels is expressed as
AXnum and Aypum-

5.8..3 Calculation results

Figyre 16 shows the calculated results of the influence of théeariations in the number of pixels.

The| difference of chromaticity coordinates increases with-the decreasing number of pixel$ up

to a|level possibly unacceptable for some measurement purposes.
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Figare16 — Calculated chromaticity difference as a function of the number of pixels

For the small measurement field, confirming that the number of pixels within the measurement
field exceeds 500 is recommended because this condition is often required by the measurement
standards. The maximum difference of the values can be examined by repeated measurements
while moving the LMD in small steps using a precise mechanical linear stage.

5.9 Polarization

5.9.1 General

The optical emission of electronic displays is often polarized. Although LMDs are usually
designed to be polarization insensitive, the output of an LMD is likely to be affected by the
polarization state of the measured light. Subclause 5.9 addresses the polarization dependence
of luminance measurements.
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5.9.2 Polarization dependence of LMDs
5.9.21 General

The spectroradiometers shown in Figure 2c) using diffraction gratings are intrinsically
polarization sensitive, however, the effect is usually mitigated by various technologies. The
filter-type luminance meters and colorimeters shown in Figure 2a) and b) are usually less
polarization sensitive. The polarization dependences of LMDs are given in their specifications
mostly as a "polarization error" of the luminance or spectral radiance under specific evaluation
conditions usually detailed in the data sheet.

5.9..2 Evaluation method
The| polarization dependence of luminance measurements is evaluated as follows:

1) Betup: A non-polarized light source consisting of a light source and diffusersis placed on
fhe optical axis of the LMD. A linear polarizer rotatable around the direction of incidende is
placed in front of the LMD.

2) Measurement: The luminance is repeatedly measured and recorded while rotating|the
bolarizer.

3) Calculation: From the maximum and minimum luminance, L
bmong recorded data, the polarization dependence, AL

vimax and Lv,min’ respectively,

v,polt is calculated as [10]:

ALv,pol = (L

v,max

Lv,min) / (Lv,max + Lv,min) (1 )

5.9.R.3 Calculation results

Thelmeasured luminance as a function of the retation angle of polarization is shown in Figur¢ 17,
where each luminance is normalized by thélaverage luminance. The polarization dependence,
ALy| pol» is calculated as 0,55 %.
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Figure 17 — Measured luminance variation as a function
of the rotation angle of the polarizer

The polarization dependence is not as large as shown above when measuring DUTs emitting
circularly or elliptically polarized light. The polarization dependence in electronic display
measurements can be checked by measuring repeatedly while rotating the LMD or DUT around
the optical axis of the LMD between measurements. It is preferable to measure at the same
relative rotation angle between the LMD and DUT for the same measurement condition.
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5.10 Temporal synchronization

5.10.1 General

The light level of electronic displays can be modulated due to some integrated technologies, for
example frame duty driving and a pulse-width modulated LED backlight. On the other hand, an
LMD measures the light temporally averaged during a sampling period. Subclause 5.10
addresses the influence of the temporal relation between the DUT modulation and the LMD
sampling.

5.10.2 Temporal synchronization of the LMD and DUT

5.1(
The
its i
then

the
syn

5.1(
1)

2)

3)

5.1(

Figy
For

.2.1 General

influence is minimized by matching the LMD sampling period with the DUT frame'perio
nteger multiples, which is called “synchronization”, regardless of the relative phase betw
n. The synchronization is widely used in electronic display measurement.The influenc
temporal relation between the DUT modulation and the LMD sampling, and the effeqd
Chronization is shown by numerical calculation.

.2.2 Calculation method and DUT/LMD parameters

Characteristics of the DUT: Frame duty driven at a 60 Hz frame rate, which causes
femporal luminance modulation shown in Figure C.3. The duty cycles are 30 % and 7(
and the peak luminance is 500 cd-m~2. Thus, the luminarices averaged during one fr
are equal to 500 x 0,3 = 150 cd-m~2 and 500 x 0,7 =350 cd-m~2, respectively, which
faken as the reference luminances.

Sampling conditions of the LMD: The samplingperiod varies from 1 ms to 40 ms at 1
ntervals plus two integer multiples of the frame periods: 1/60 s and 2/60 s. The reld
bhase of the sampling varies from 0 ms to 19\ms at 1 ms intervals of the 1/60 s Vsync per

NOTE Some DUTs have a built-in frame buffer, which allows a different read-out rate from the write rate, V
n this case, the optical frame rate measured.in advance can replace the Vsync.

Calculation method: The luminance measured by the LMD is obtained by integrating
emporal luminance data duringthe sampling period while varying both the sampling pe
and the relative phase in their'respective ranges. The difference, AL, s . is the rels

Jifference of each measured luminance from the reference luminance and is fur
normalized by the reference luminance. Then, for each sampling period, the maximum
minimum values among those with different delays are selected and plotted as a functio
he sampling period:

.2.3 Calculation results

re 18 shows the calculation results in the case of the frame duty cycle of 30 % and 7

of the telative phase. For other sampling periods, the measured luminance has large ph

(magenta lines), the measured luminance has no difference from the reference value regard|ess
se-
dependent differences, especially in cases of short sampling periods. The difference increases

with
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%.

the sampling periods of 1/60 s and 2/60 s which are integer multiples of the frame pefriod

a decrease in the duty cycle, i.e., luminance.
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The|detection analogue circuit is likely to be saturated instantaneously by a temporal high ¢
signal even though the output luminance averagediduring sampling is within the upper lim
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megsurement. Some input-data for calculations are shown in Annex C.
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Conftrast_ratio, CR, is the ratio of a white luminance to a black luminance [13]. The b
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gure 18 — Calculated relative luminance differences as a function-of sampling peri
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matter what causes the modulation, its influence on the measdrement can be minimize

| MD. This can be verified using neutral density. filters, as shown in [13].

Influence of LMD properties on mieasurements of the optical characteristic
of electronic displays

General

ous measurements charactérizing displays are affected by the properties of the LMD
Clause 6 presents the.dominant LMD properties affecting measurement results for €

Contrast ratio

1 General

od

i by

Chronization between the sampling and modulation periods. Af synchronization is impossible,
app|ying a sufficiently long sampling period, for example 200 ¢yctes of the dominant modulat
is rgcommended. In this case, the error due to the modulation"does not exceed 0,5 %.

ion,

eak
it of

tS

S in
ach

nance of some displays can be close or even below the lower limit of the luminance r:

(seg “\54) of many LMDs. Therefore, the performance of LMDs in black Ilumin
measurements can differ significantly among different models. Subclause 6.2 addresses the
influence of repeatability and the lower limit of the luminance range of LMDs on measurements

of b

6.2.
6.2.
The

lack luminance.

2 Calculated influence of LMD properties on the contrast ratio measurements
21 General

contrast ratio is defined as [13]:

CR=Ly /Ly

ack
nge
nce

)
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re
is the contrast ratio,

Ly  is the white luminance (white at the maximum input signal level),

Ly g is the black luminance (black at the minimum input signal level).

6.2.2.2 Calculation method and DUT/LMD parameters

1) DUTs: Table 1 shows the characteristics of DUT-A and DUT-B with contrast ratios of 26 666
and 1 667, respectively. These values are taken as reference values.

2)

3)

6.2.

Tab
of #
can
bein
caldg
resy
ratidg

NOT
parti

The

Table 1 — DUT characteristics tor the calculations

DUT Ly w, res (€d'm™2) | Ly o ¢ (ed-m~?) CR, o
DUT-A 400 0,015 26 666
DUT-B 500 0,300 1667

Lv, W, ref IS the reference white luminance,
Lv, K, ref IS the reference black luminance,

CR,; is the reference contrast ratio.

| MDs: Table C.3 shows the specifications of three models '0f filter-type LMDs for luminag
measurement disclosed by the LMD manufacturer, where LMD-1 can measure the loy
uminance among those models.

Calculation method: the maximum and minimum measured values of luminance
hssumed to be different from the reference by.as large as 3oy (relative standard deviati

.e., a coverage of 99,7 %, for the repeatability of an LMD. The relative standard devig
Hisclosed in the specification of LMDs under specific conditions is used here despite
Jifference in conditions.

2.3 Calculation results

e 2 shows the calculation results. In the case of DUT-A, the contrast ratio has a devia
1 % and £31 % for LMD-<1{and LMD-2, respectively. On the other hand, the contrast 1
hot be determined from_measurements with LMD-3 due to its lower limit (see Table

g higher than the black luminance (see Table 1). In the case of DUT-B, the contrast rat
ulated by the thre€:LMDs with deviations of 0,4 %, 1,8 %, and 5,3 %, respectively. Th

measurements:

F The méasured values of the black luminance are not guaranteed if they are below the lower limit of the
Cularly dueto the poor repeatability and/or linearity in that range.

dynamic range of the LMD is often useful for quickly checking the LMD performancd

nce
vest

are
on),
tion
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tion
atio
C.3)
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ese

Its indicate that-the repeatability of an LMD at black luminance significantly affects confrast

LMD,

for

Ds

con

r $ ot ey Heara-ant Thi - arfarma-ad-lbas nA-B +h Arra-anaie—rana £1
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and the contrast ratios of DUTs. The dynamic ranges of LMD-1, LMD-2, and LMD-3 are
3 000 000, 200 000, and 10 000, respectively, therefore, the dynamic range of LMD-3 is not
sufficient to measure DUT-A which has a contrast ratio of 26 666.
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Table 2 — Calculated results of the contrast ratio by three LMDs

DUT LMD Ly, w (cd-m™2) 2 Ly g (cd'm2)® CR®©
Min. Max. Min. Max. Min. Max.
LMD-1 399,40 400,60 0,014 8 0,015 2 26 384 26 950
DUT-A LMD-2 399,40 400,60 0,010 3 0,0197 18 267 35067
LMD-3 399,39 400,62 N/A ¢ N/A d N/A d N/A d
LMD-1 499,25 500,75 0,298 9 0,301 1 1660 1673
QuT=B tEvtb=2 469725 560775 672946 06,3054 +637 697
LMD-3 499,24 500,77 0,284 1 0,3159 1578 1)757%

® | Lvw = Lyw et X 1+ 3GR,W)

° Ly =Ly et ¥ (= SGR,K)

* | CR = CRy % (1% (30w ) +(30rx))

where

Crw Ork are the relative standard deviation of the measured luminance at‘the white luminance and the black
luminance, respectively.

4 |The black luminance of DUT-A (see Table 1) is below the lower limif'\0fALMD-3 (see Table C.3), therefore, [the
black luminance and contrast ratio cannot be determined.

6.2.2.4 Averaging to improve repeatability

The| measurement repeatability for the luminance and tristimulus values can be improved by
averaging a set of measurement results with'random variations. In such a case, averaging pf N
megsurements improves the measurement repeatability, R, (also denoted as ¢ or og) as follows:

Ravr = ngl / \ N (3)

where

R, Iis the repeatability.of average of N measurements,

R is the repeatability of a single measurement.

sgl
To evaluate the influence of the repeatability of an LMD, the repeatability of an LMD is assumed
to be the dominant factor affecting the measurement repeatability. Therefore, the measurement
repeatabilityy due to improvement of the repeatability of the LMD can be predicted by Formula
(3).[In,the case of measuring the black luminance of DUT-B by LMD-3, the measurement
repeatability becomes equivalent to that of LMD-1 by averaging 196 measurements. This
number 1s obtained by solving Formula (3) for N With R, = 0,25 % and Rgg = 3,5 %, Which are
the repeatability of LMD-1 and LMD-3, respectively (see Figure C.6). On the other hand, the
measurement time increases from 200 ms to around 40 s (39,2 s = 200 ms x 196). Note that
Formula (3) is true only for random variations in the measurements. For example, long-term
instability can put a limit on achievable repeatability improvement.
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6.3 Electro-optical transfer function (EOTF)
6.3.1 General

The EOTF of electronic displays is the relationship between the input electrical signal level and
the luminance output. Since an EOTF measurement covers luminances ranging from the black
state to the state corresponding to maximum input, an LMD needs to have a luminance range
wide enough to cover them, preferably during a short measurement time. Subclause 6.3 shows
the calculation results for the relationship between repeatability and measurement time in EOTF
measurements.

NOTE 1 The EOTF, sometimes called a tone-rendering curve, is measured for the (r, g, b) inputs, (», 0, 0), (0, =,
0), (9, 0, n), and (n, n, n), respectively, where n:{0,1,...N}, and N is the number of quantization levels. If the"HOTF
folloyvs a power law, its exponent is denoted by gamma, (y), and the EOTF is simply referred to as "gamma"s

NOTE 2 The EOTF can be optionally measured for secondaries CMY given by RGB inputs (0, n, n), (n, 0, n)] and
(n, n) 0), respectively.

6.3.p2 Calculated influence of the LMD properties on the EOTF meastrements

6.3.2.1 Calculation method and DUT/LMD parameters

1) DUTs: The EOTF characteristics of two DUTs are shown in Figure C.4, where twentyifive
example input levels: 0, 3, 5, 10, 12, 16, 20, 31, 46, 61, 76,791, 106, 121, 136, 150, 165,
180, 195, 210, 225, 235, 240, 254, and 255, are applied for white and primary colgurs
RGB).

2) LMDs: Table C.3 shows the specifications related to EOTF measurement of three filter-{ype
| MDs, which differ from each other.

3) Calculation method: To compare the influence<of the above-described three LMDs on| the
EOTF measurement, the input level range forieach DUT and the permissible repeatability
pre applied to all LMDs, as follows:

nput level range: Figure C.4 shows the{luminance of DUT-1 and DUT-2 corresponding to
he twenty-five input levels together with the lower limits of the luminance range of the three
| MDs. From Figure C.4, the common permissible range is from 0 to 255 for DUT-1.[For
DUT-2, it is from 1 to 255 for W, from 16 to 255 for R, from 10 to 255 for G, and from 1]2 to
P55 for B, excluding LMD-3.

Permissible repeatability:-ln all luminance measurements, measurement repeatability beglow
D,3 % (Figure C.6) is one example of the conditions to satisfy. If the repeatability of an LMD
exceeds 0,3 %, the condition is satisfied by averaging at least N measurements, where [N is
piven from Formulaw(3) by substituting Rsg of a single measurement and R, of 0,3 %. Note

hat, for simplicity;-the influence of factors other than the LMD on measurement repeatalbility
s not taken into-Consideration.

[he total <measurement time at each luminance level is calculated as a product of|the
measurement time and the number of averages required to reach the permisdible
epeatability. The summation of the resulting measurement times over all DUT input lepels
jives-the duration to measure the EOTF for each of the colours, R, G, B, and W, excluging
ANy ‘waiting time to cope with signalling latency and DUT output stabilization

6.3.2.2 Calculation results

Figure 19 shows the total measurement time as a function of the white luminance for the
example permissible measurement repeatability of 0,3 %. The total measurement times of the
three LMDs are short and do not differ from each other at high luminances, whereas they
increase and differ significantly at lower luminances.

NOTE 1 The gaps in the total times at specific luminance levels seen in Figure 19 are caused by the stepped
differences of repeatability disclosed in the LMD specifications. See Figure C.6.

Table 3 shows the calculated durations of EOTF measurement by three LMDs for R, G, B, W,
and their total. As shown in Table 3, the duration of an EOTF measurement largely depends on
the properties of the LMDs.
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NOTE 2 For EOTF measurement, filter-type LMDs are often used instead of spectroradiometers because of the
large amount of time they take for measurement.
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Figure 19 — Total measurement times for 0,3 % repeatability (2¢) in three LMDs

Table 3 — Calculated durations of the EOTF measurements

Duration of an EOTF measurement (s)
DUT LMD

Red Green Blue White Total

LMD-1 2 2 3 2 9

DUT-1 2 LMD-2 46 35 57 34 172
LMD-3 90 58 111 55 314

LMD-1 12 23 34 25 94
DUT-2° LMD-2 111 798 1556 553 3018
LMD-3 N/A N/A N/A N/A N/A

NO[TE These durations do not inClude waiting times.

@ [The minimum input levekis 0 for all displayed colour.

The minimum input level is 16, 10, 12, and 1, for red, green, blue, and white, respectively.

6.4 Chromaticity gamut area

6.4.1 General

The chromaticity gamut area estimates the range of chromaticity which the display is capable
of producing in CIE 1931 chromaticity diagrams. Subclause 6.4 shows how the spectral
properties of LMDs affect the measured chromaticity gamut area calculated using the CIE 1931
(x, ¥) chromaticity coordinates.

6.4.2 Calculated influence of LMD properties on the chromaticity gamut area
measurements

6.4.2.1 General

The chromaticity gamut area is expressed as the percentage of the area enclosed by the RGB
triangle relative to the entire spectrum locus in the CIE 1931 chromaticity diagram. The
chromaticity gamut area is calculated as [13]:
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ere the subscripts R, G and B refer to the red, green, and blue primaries, respectively.

6.4.2.2 Calculation method and DUT/LMD parameters
1) DUTs: DUT-1, DUT-2, and DUT-3, are used for calculations. Figure C.1 shows the spectral

2)

3)

6.4.

1)

-+-1,5 !

10,5 a

Relative difference, AGA><y (%)

U MNoputo A

radiance of their primaries. Table 4 shows the G4,, of each DUT, which is calculated

the CMFs and taken as the reference value, G4, (ef-

with

Table 4 — Chromaticity gamut area of three DUTs

DUT GA (%)

xy, ref
DUT-1 33,56
DUT-2 47,52

DUT-3 63,76

| MDs: Both spectroradiometers and filter-type colorimeters areused in the calculations
he spectroradiometers, the same parameters as in 5.5.2.2 2),%.e., wavelength errors

bre applied. For filter-type colorimeters, the same spectral’conditions as in 5.6.2.2 2),
en spectral responsivities characterized by theirf1', xyz values, are applied.

falculated G4, from the reference value cfurther normalized by the reference value.

2.3 Calculation results

AGAXy, as a function of wavelength error and spectral bandwidth, respectively.
magnitude of AGAy, increases with wavelength error or the bandwidth, with rates depen
pn the type of DUT.

A

-
|

1,5

-
(9]

1 4 {

-

0,5

o
4]

©
0
0

e3)
00

o
&
£ -

oo

0 DUT-1 oDUTA

ODUT-2

é

Rdlative difference, AGAXy (%)
1
- o

JFor
from

-1,0 nm to 1,0 nm and Gaussian spectral bandwidth profiles\with widths from 0 nm to 10 |nm,

i.e.,

Calculation method: The tristimulus values, X, Y,<and Z, are calculated in the same way as
n 5.5.2.2 3) or 5.6.2.2 3) for each DUT to derivechromaticity, (x, y), and subsequently GAyy

s calculated by Formula (4). The difference, AGAyy, is the relative difference of|the

Spectroradiometer: Figure 20a) -and Figure 20b) show the calculated relative difference,

The
ding
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a) Wavelength error b) Bandwidth

Figure 20 — Calculated relative difference, AG4,,, by spectroradiometers
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Filter-type colorimeter: Figure 21 shows the calculated relative difference, AGAXy, as a
function of f;" xyz- 1here is no clear correlation between AG4,, andf1'7 xyz- As described in
5.6, f1'7 xyz is defined with respect to CIE Illuminant A, and thus, unsuitable to predict
measurement differences for these DUTs with spectral radiances completely different from
CIE llluminant A.
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Mismatch index, f1' xz:(%)
: IEC
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Figure 21 — Calculated relative difference, AGA,,, by colorimeters

Xy’

As mentioned above, spectroradiometers with reasonably small wavelength errors and spe¢tral
banpwidths allow accurate measurements with errors roughly predictable from the wavelength

acc

coldrimeters, the differences can be reduced by-the methods shown in 5.6.3.

iracies and spectral bandwidths disclosgdin the LMD specifications. For filter-type

The| chromaticity gamut area is sometimes measured not only at high luminance but alsp at
lower luminance [17]. When measuring GAXy at low luminance, checking the accuracy [and

repeatability of the measurement issrecommended.

6.5

6.5.1 General

Viewing direction characteristics

The| viewing direction characteristics of a display are variations in the luminance jand
chrgmaticity of a _display over a range of inclination angles and azimuth angles. The anglular
response of an‘tMD affects the measured values of the luminance and chromaticity, as shpwn

in5

7, which-is(the measurement in the normal direction to the surface of the DUT. The angular

response also’ affects the measured values of the luminance and chromaticity at various viewing
directions;> Subclause 6.5 shows the influence of the angular properties of LMDs on|the

megslred viewing direction characteristics of the luminance and chromaticity.

6.5.

2 Calculated influence of the LMD properties on the viewing direction
characteristics measurements

6.5.2.1 Calculation method and DUT/LMD parameters

1)

DUTs: DUT characteristics are simplified as described in 5.7.2.2: The dependence of the
luminance and chromaticity on the inclination angle, ¢: L,(6), x(0), and y(6), is shown in

Figure C.2, where the inclination angle dependence of the tristimulus values, X(6), Y(#), and
Z(0), is obtained from the measurements although the measurements are not shown in the
figures. For simplicity, these characteristics are assumed to be independent of the azimuthal
angle at any position in the measurement field, and are taken as the reference values.
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2) LMDs: The LMD properties are simplified according to 5.7.2.2, i.e., the LMD with the angular
aperture, «, is assumed to receive light rays which diverge from the centre of the
measurement field and enter the entrance pupil of the LMD. The LMD with the measurement
field angle, B, is assumed to receive light rays which are emitted from the measurement field
and converge at the centre of the entrance pupil. For simplicity, the measured values are
assumed not to depend on the direction within the angular aperture or measurement field
angle (see Figure 13).

3) Calculation method: The influences of the angular aperture and the measurement field angle
are calculated, respectively. For the angular aperture, the tristimulus values, X,,4(0 yp, @),

Yang(OLmp: @), @and Z,,4(0 yp, @), measured at the inclination angle, 6 yp, by the LMD with

6.5.

-

he angular aperture, a, are approximated Dy integrating the X(4d), Y(d), and Z(d) only fof

calculated using g instead of a.

OLfp

o

Meridional
plane

DUT

IEC

LMD with the angular aperture, a, and an optical axis at an inclination angle, 6, yg

2.2 Calculation results

Figyre.23 shows the calculation results of the variations of luminance, relative luming

igure 22 — Cone’ of light rays for calculating the tristimulus values measured by an

the

ays on the meridional plane (6 yp — a/ 2 = < b5y =< 0 yp * a / 2) (see Figure 22).[The

nfluence of this approximation is confirmed to be negligible (see Clause (C:5). [The
chromaticity coordinates, x;n4(0) mp> @): Yang(fLmp» @) » are calculated therefrom.by Formula

A.5) and Formula (A.6). The differences of the measured values from the reference valles,
AL, ang(eLMD’ a) (= AYang(eLMD’ a)), Axang(eLMDﬂ a), and Ayang(eLMD’ a), where AL,
ang(fLmp» @) is further normalized by the reference value, are calculated up to a = 10° |and
.mp = 60°. These differences indicate the influence of the angular aperture of the LMD.
Fhe influence of the measurement field angle on the calculation results is similarly

nce

difference, and chromaticity coordinates as a function of the inclination angle. The values of the
chromaticity coordinates weakly oscillate and the amplitudes of the oscillations decrease with
an increase in the angular aperture. These chromaticity oscillations can be observed as
periodical chromaticity changes when changing the inclination angle gradually. The variations
in luminance are not so dependent on the angular aperture. The relative luminance differences
which also oscillate in the figure are difficult to observe visually. The calculated dependence on
the measurement field angle is identical to Figure 23, where the horizontal axes are replaced
with the measurement field angle because the DUT characteristics and LMD properties are
omnidirectional and spatially indifferent, as described in 6.5.2.1. Therefore, an LMD with small
angular response can be used for more accurate measurement of chromaticity changes by the
viewing direction.
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Figure 23 — Calculated luminan¢e and chromaticity dependence as a function
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3 Measurement field af'an oblique direction

easurement field on a BUT is enlarged when an LMD is aimed at an oblique direction

nation angle, 6, \yp,~and the measurement field of the LMD projected onto the DUT sur
pproximated bylan ellipse with a longer axis of D / cos(d| yp) and shorter axis of D. Figur¢

vs a DUT with a) a large and b) small test pattern, and the measurement field a
nation angle of 0° and 0| p, respectively. As is observed, the projected measurement

beds the“small test pattern at an inclination angle, 6, p. Checking that the proje
surenmient field does not exceed the test pattern displayed on the DUT is recommendeqd

. In

case of an LMD with.a circular measurement field of diameter, D is aimed at the DUT 4t an

ace
p 24
an
ield
cted
.
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Figure 24 — Measurement field and test pattern

6.6 | Spatial uniformity
6.6.11 General

The| spatial uniformity characterizes the in-plane variatiohs of the luminance and chromatjcity
of a|DUT displaying nominally the same single colour-at.all positions. The measured uniformity
valyes are affected by the properties of the LMDs.<Subclause 6.6 shows their influence on| the
unifprmity measurements for filter-type colorimeters.

6.6.2 Calculated influence of LMD propérties on uniformity and non-uniformity
measurements

6.6.2.1 General

From the luminance values sampled at nine positions, P; (i = 0 to 8), the luminance non-
unifprmity, NU, and uniformity,\t/, are given as [13]:

NU = ((Lv,max,Nu ~ L, minnu ) /'Ly maxNu ) -100(%) ®)
U =100(%) - NU 6)
where
Ly max,NU is the maximum luminance value measured at the nine positions,
Ly min.NU is the minimum luminance value measured at the nine positions.

The chromaticity difference between the two positions is calculated as [13]:

(Au'v'), :\/(“'i_“'./)2+(vvt_v'/)2 (7

where

u'p u’, v, andv’;  arethe CIE 1976 chromaticity coordinates, u’, v', measured at the positions
P, and Pj(i,j=0to8and i #]J).
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Positional chromaticity non-uniformity, (Au’v’),ax is defined as the largest chromaticity
difference between any two measurement positions, i.e., the maximum value of Formula (7)[13].

6.6.

2.2 Calculation method and DUT/LMD parameters

1) DUTs: DUT-1 and DUT-2 (see C.2.1) are used for the calculations. Table C.1 shows the
values of the luminance and chromaticity of the nine positions for the RGBW test patterns
calculated from the measured spectral radiance and CIE CMFs as described in 5.6.2.2 3),

where the input levels for the RGBW test patterns are the maximum levels. Table 5 sh
the values of non-uniformity for the RGBW test patterns calculated using Formula (5)
Formula (7), which are taken as reference values of non-uniformity, NU . and (Au’v’)

ows
and

ax,

r-ef.

Table 5 — Non-uniformity of DUTs

NUref (Au v ’)max, ref,

uT

Red

Green

Blue

White

Red

Green

Blue

Whit

Dy

T-1 13,44

12,17

14,26

11,19

0,000 9

0,000 7

0,004 0

0,003

DU

T-2 7,23

5,61

5,76

7,36

0,002 0

0,000 8

0,002 0

0,002

2)

3)

6.6.

Figy
the

LM
con
lum

| MDs: The same LMDs with spectral conditions as described’in 5.6.2.2 2), i.e., ten spe
esponsivities specified by the ;' xyz Value, are used.

Calculation method: For each displayed colour test pattern, the chromaticity, (x, ),
uminance, L,, are calculated as described in 5.612.2 3), from which the luminance
chromaticity non-uniformity measured by the colorimeters are calculated by Formula (5)
-ormula (7). The differences, ANU and A(Au’v’),.x, are obtained by subtracting
eference, NU,g¢ OF (Au'v')mayx, refs from themeasured, NU or (Au'v’)p a4, respectively.

2.3 Calculation results

re 25 shows the calculation results of ANU and A(Au'v’),.«- Since they are calculate

differences between two pasitions, systematic errors due to the spectral properties of
Ds are mostly cancelled aslohg as they are measured using the same LMD under the s
ditions. Thus, the required spectral accuracy of the LMD is not very high and a filter-
nance meter or colarimeter fits well.
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Figure 25 — Calculated non-uniformity difference by the filter-type colorimeters

Response time

1 General

0
Mismatch index, f3'yy, + Mismatch index, /iy,

y

IEC

The|DUT response time:is the time needed to change between the DUT black and white states

or between the states-of any two grey levels [18], i.e., the so-called grey-to-grey response t
The| transition times’ from dark to bright state and vice versa are called rise and fall t
respectively, and*are often defined with 10 % and 90 % thresholds. The measured respcl
timg is affected by several LMD properties such as the sampling rate, low-pass

cha
fact

6.7.

6.7.
1)

racteristics, and spectral responsivity. Subclause 6.7 addresses the influence of th
brs. on)the response time measurements in the case of rise time measurements.

2 Measurement of the response time

2.1 Measurement methods and DUT/LMD parameters
DUTs: An LCD monitor (not shown in C.2.1) and DUT-2 (shown in C.2.1) are used.

me.
me,
nse
ilter
ose

2) LMDs: A luminance meter is used for measuring the luminance as a function of time and the
response time is derived from the 10 % to 90 % thresholds of this function. A colorimeter

3)

can also be used since the output of its Y channel is equal to L,,. An LMD without a V(1) f
is used for comparison.

ilter

Setup: The temporal response is usually measured by either of the two measurement setups

shown in Figure 26: a) where the response is recorded and the curve displayed by
oscilloscope receiving the outputs of the LMD, or b) where the response is recorded and
curve displayed by the LMD itself [19], [20]. In subclause 6.7, the measured luminanc
normalized to the steady-state luminance achieved after switching.

the
the
e is
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6.7.2.2
6.7.2.2.1

Figure 27 shows the temporal responses, of the LCD monitor measured at different samp
ratels and the figure indicates that a sampling rate higher than 1 kHz is preferable for this D

a) LMD plus oscilloscope

LMD with
built-in function

Display EC

b) LMD with a built-in function for temporal response measurements

Figure 26 — Measurement setups for response time measurements

LMD properties affecting the temporal-response measurements
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6.7

.2.2.2 Low-pass characteristics

Figure 28 shows the response of DUT-2, the raw data of which, labelled "none", is subjected to
several digital low-pass filterings with different cut-off frequencies. Table 6 shows the
relationship between the cut-off frequency of the digital low-pass filter and the 10 % to 90 %
rise time. As is observed, the higher the cut-off frequency, the higher the accuracy in response
and rise time. Note that the ringing is due to the bandwidth limitation of the digital filters, not to

the DUT itself.
A
120
50 Hz
100 100 Hz
——— 200 Hz
& 80| —— 500 Hz
3 ~—— 1000 Hz
S 60
c None
E
= 40
o
=
©
2 20
Sample at 3,3 kHz
O ! l/-""——.
-20 =
0 2 4 6 8 10 12 14
+ Time (ms)
IEC
Figure 28 — Measured response subjected to various low-pass filterings
Table 6 — Rise times calculated from a measured response
subjected to various low-pass filterings
Cut-off frequency (Hz) 50 100 200 500 1 000 none
Rise time (ms) 7,50 4,73 2,25 0,93 0,52 0,30
a8 |The electronic circuit of'the LMD has a bandwidth limit working as a low-pass filter, the cut-off frequency of
which is much higher than shown in the table.
6.7.2.2.3 Spectral responsivity
Figyre 29a) shows the temporal response curves of the primary, R, G, and B, emissions of| the
LCDmonitor switched from the 10 % to 90 % level and measured by an LMD without a

V(Z)

filter which can measure the relative light intensity. Figure 29b) shows the temporal response
curves of the simultaneous RGB (grey) emission switched from the 10 % grey to 90 % grey
level measured by LMDs with different levels of the spectral match: without a V(1) filter and with
V(4) filters of 10 % f1' and of 1 % f1'. Table 7 shows the rise times derived therefrom, which
indicate that the luminance meter with a V(4) filter (or the Y channel of the colorimeter) even of
10 %f1' is appropriate for response time measurement in this case.
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a) R, G, and B by LMD without V(1) b) Grey by LMDs of various V(¥)fidelities

Figure 29 — Measured response curves switched from the 10 %\to 90 % level

Table 7 — Rise times measured by LMDs of various J4/) fidelities

1y (%) 1 10 none

Rise time (ms) 2 3,0 3,0 2,3

a

Time between the 10 % to 90 % threshold of-the 10 % grey to 90 % grey level
change is normalized to the steady-state afterswitching.

Flicker

1 General

nance modulation_‘without consideration of the visual frequency response, whic

also addresses_this "contrast flicker" and the low-pass characteristics of LMDs that a
e measurements.

.2 Measurement method of the flicker

are described in IEC standards [18], [22]. Both methods take the known visual frequ

cker is a perception of visual unsteadiness induced by a light stimulus the luminancg or
ctral distribution of which fluctuates with time, for a static observer in a static environment
IEV 845-22-092). Therefore, both the temporal luminance modulation and the tempjoral
onse of the human visual system affect flicker measurement. Subclause 6.8 introdyces
bus measurement methods of flicker described in international standards. Temporal

s

Ventionally called "contrast flicker", is often measured in the production of LCDs. Subclduse

{fect

redare various measurement methods for the flicker of electronic displays and lighting [[21].

lays

ency

response into account; thus, LMDs are required to have low-pass characteristics simulating the
visual frequency response as well as a sampling rate high enough to measure the temporal
luminance modulation. These requirements depend on the DUT which specifically generates
the temporal luminance modulation. Both methods need discrete Fourier transformation, that is,
they take a rather long measurement time.
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For LCDs, one of the temporal luminance modulations is caused by a common voltage offset
which is adjusted to minimize modulation in manufacturing. In this adjustment procedure, the
contrast flicker, CF, is widely used, being quickly obtainable by Formula (8) directly from the
temporal luminance modulation, as conceptually shown in Figure 30. Since the modulation
frequency caused by a common voltage offset is half of the frame rate, LMDs for CF
measurements usually have the frequency range including the modulation. Moreover, checking
that the LMD measures it quickly enough to meet the requirements of the adjustment procedure
is recommended.

6.8.
6.8.
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Figure 30 — Schematic measured temporal luminance modulation
of the LCD with.a common voltage offset

3 Low-pass filter of LMDs
3.1 Aliasing

onceptually shown in.Figure 31, sampling the luminance modulation of 300 Hz at the
86 Hz as an example, results in a pseudo-modulation, i.e., aliasing, of 14 Hz which is
rence between_the'original modulation and the sampling frequencies. While the orid

do-modulation® frequency of 14 Hz is within this range and significantly affects
sured flicker values. A low-pass filter eliminates it by supressing the high frequencie
h the visual system is insensitive.

F. “The sensitivity range is referred to in [18] and [22]. However, different ranges in lighting technolog

(8)

rate
the
inal

Hz modulation_is out of the sensitive range of the human visual system, the resultant

the
s to

are

sho

nin [23] and further research is expected in display technology
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6.8.3.2 High frequency noise in contrast flicker measurementfoq’

Figyre 32 conceptually shows the luminance modulations with&and without high frequgncy
random noise. In the measurement of the contrast flicker, 1€)the values obtained from|the
modulations with noise are larger than those without noi this case, a low-pass filtgr is
effective in reducing the noise affecting the contrast fIické\measurements by suppressing| the
high frequency noise.
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Annex A
(informative)

Photometry and colorimetry

General

Annex A presents the photometric and colorimetric calculations commonly used in display
measurement standards.

A.2

Radiometry is the measurement of quantities associated with optical radiation (see IEV 845}

005
to 4
qua
For
eva

For
one
spe
the

vision, V(1), is usually applied to the light of any wavelength distribution and at any optical pd

levd

Luni
It is

whe

A3

Photometry

. Photometry is the measurement of quantities referring to radiation as eyaluated accor
given spectral luminous efficiency function, as described in 4.24 The pure phys
htities for which radiation is evaluated in terms of energy are called.radiometric quanti
each of these there is a corresponding photometric quantity for, which the radiatio
uated by means of a standard photometric observer [4].

the evaluation of electronic displays, photometric quantities_are preferred over radiomsg
5 because of the concordance with the spectral sensitivity.of the human eye. Some stang
Ctral sensitivities are defined as CIE standard spectralduminous efficiency functions [4].
measurement of electronic displays, the spectral lauminous efficiency function for phot

inance, L,, is a photometric quantity widely used in measurements of electronic displ
calculated as:

L, =K, [ L (2)V (1)

re

is the luminane&:(cd-m~2),
) is the spectral radiance at wavelength 1 (W-sr™":m=2:nm~1),
is the-maximum luminous efficacy = 683 (Im-W~1), and integration is carried out ov

wavelength range from 360 nm to 830 nm [4].

Colorimetry

25-
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For
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A1)

A.3.

1 General

Colorimetry is the measurement of colour stimuli based on a set of conventions, as described
in 4.2. The CIE colour-matching functions (CMFs) used in colorimetry are derived from
psychovisual experiments, and are used to calculate the tristimulus values, X, Y, and Z, from
measured spectra.
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A.3.2 Standard colorimetric observer

Although CIE introduces several colorimetric observers, display measurement standards
commonly recommend calculating the tristimulus values, X, Y, and Z, based on the colour-
matching functions, x(1), y(1), and z(A1), of the CIE 1931 standard colorimetric observer

[24]. As it correlates to the visual perception of colour in the field subtended by the angle
between around 1° and 4°, it is often called the 2° standard colorimetric observer.

A.3.3 Tristimulus values

Tristiruus—vatues—are—calewatod—according—to—Formula—{A2)to—Formula—-{A-4usingthe-CIE
193[1 CMFs, as described in A.3.2 [25].
X =k[ @, (DX(A)dA A.2)
A
Y = k[ (DF(A)dA A-3)
A
Z =k[ o (DZ(A)dA A.4)
A

where

x(4), y(1),and z(1) are the CIE 1931 standard colorimetric observer’s colour-matching

functions,
(4 is the colour stimulus function, and
k is the normaljzing constant.

The|standard method is defined as@ summation at 1 nm intervals over a wavelength range from
360|nm to 830 nm. Alternative.abridged methods are defined for larger intervals (up to 5|nm)
and| narrower ranges (380 nm(to 780 nm). The abridged methods should be used only when
applopriate and when the( user knows the influence of abridging on the final results. [The
pragtical wavelength range in display measurements is determined by the specifications of| the
spectroradiometers, e.g:y from 380 nm to 780 nm at 1 nm intervals. Note that the related spectral
properties of the spectroradiometers are described in [26] and [27]. It is recommended that all
numerical calculations are carried out using the full number of significant digits provided by| the
datg in the tableés*published in the CIE International Standards on colorimetry. The final reqults
shopld be rotinded to the number of significant digits indicated by the precision of|the
megsurements [27].

The|units (normalization) of the tristimulus values are set by the constant, k. For the value [of Y
identical to the luminance, L,, the constant, k£, and the colour stimulus function, ¢,(4), are

identical to the maximum luminous efficacy, K,, and the spectral radiance, L (1), in Formula
(A.1), respectively [27].

A.3.4 Chromaticity diagram and colour space
A.3.4.1 CIE 1931 chromaticity diagram: CIE (x, y) chromaticity diagram
The chromaticity of a displayed colour is given by the two-dimensional rectangular coordinates

(x, y) that are defined as [25]:

x=X/(X+Y+2) (A.5)
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y=Y/(X+Y+2Z) (A.6)

z=Z/(X+Y+Z)=1-x-y (A7)

Because of the relation x + y + z = 1, it suffices to quote x, y only. The diagram using the
chromaticity coordinates x, y, is referred to as the CIE 1931 chromaticity diagram or the CIE
(x, y) chromaticity diagram. The physically allowed range of the x, y values is limited by the x, y
values for monochromatic radiation in a wavelength range from 360 nm to 830 nm according to
Formula (A.2) to Formula (A.4).

A.3]4.2 CIE 1976 uniform chromaticity scale (UCS) diagram

The| CIE 1976 uniform chromaticity scale (UCS) diagram is a projective transformation off the
(x, )} diagram yielding chromaticity differences perceptually more uniform than those in the (x,
y) dlagram. The »” and v’ are calculated as [28]:

u'=4X/(X+15Y+32) A.8)

v'=9Y /(X +15Y +32) A.9)

The| chromaticity difference, Au’v’, between two points,intthe UCS diagrams with coordindtes,
(u’pl v'g) @and (u’4, v’q), is [28]:

Au'v'=Ju' =i + (' —v'y)? (A.10)

The| UCS diagram is concerned only with*the uniformity of Au’v’ in the u’v’ plane at consftant
lum|nance, not with the three-dimensijonal uniformity including the luminance factor as a third
axis.

A.3/4.3 CIE 1976 L*a*b*.colour space: CIELAB colour space

The| CIE 1976 L*a*b* (CIELAB) colour space is a three-dimensional, approximately uniform
colqur space of the re¢tangular coordinates, L* a* b*, defined by Formulae (1) to (9) in [2P].

A.3/4.4 CIE ¢olour difference formulae

The|CIELAB ¢olour difference, AE*ab (Formula (19) in [29]), gives the Euclidean distance of|two

coldurs jin‘the CIELAB colour space. This is widely used to quantify the approximate perce|ved
coldur/difference between two objects viewed in the specified surroundings by an observer
photopically adapted to a field of chromaticity not too different from average daylight. This is
also used for the evaluation of perceived colour differences produced by self-luminous displays.
The CIEDE2000 colour-difference formula corrects for non-uniformity of the CIELAB colour
space for colour differences under the specific reference conditions described in the Note below
[30].



https://iecnorm.com/api/?name=7d238b0c6aced92dd80ac7a7b5e24a5b

- 52 - IEC TR 62977-1-31:2021 © IEC 2021

NOTE The reference conditions for CIEDE2000 are as follows:

—  lllumination: Source simulating the spectral relative irradiance of CIE standard
illuminant D65

—  llluminance: 1 000 Ix

— Observer: Normal colour vision

— Background field: Uniform, neutral grey with L* = 50

— Viewing mode: Object

— Sample size: Greater than 4° subtended field size

— Sample separation: Minimum sample separation achieved by placing the sample pair in

direct edge contact
— Bample colour difference magnitude: 0 CIELAB units to 5 CIELAB units

— [Bample structure: Homogeneous colour without visually apparent pattern or non-
uniformity
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Annex B
(informative)

Method for reducing the measurement difference of colorimeters

General

Annex B presents an example matrix calibration method for a colorimeter in order to reduce the
measurement difference (see 5.6). This method is effective for displays with three optical colour

cha
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B.2

Ass
cold

whe

Q, A

For
spe
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ary colours R, G, and B, plus W. With this method, measurement values with a lowm
rror can be obtained over a wide colour range for a given display. Note that this)mef
5 not apply to displays with four or more optical colour channels, often referred to’as m
ary or multi-chromatic displays [31].

Matrix calibration methods for colorimeters

1 Matrix calibration process 1: RGB calibration

Lming a display with RGB optical colour channels whose spectral radiance of an arbit
ur, Q, mostly W, is expressed as Formula (B.1):

Le,Q OL) = kRLe,R O") + kGLe,G (7“) + kBLe,B O")

re

(1), Le R(A), Lg g(4), and Ly g(4) are the spectral radiances of colours,

, G, and B, and kg, kg, and kg are the independent coefficients of colours, R, G, an
respectively.

this DUT, the tristimulus values measured by an LMD are expressed independently of]
ctral responsivities of the\LMD:

XQ XR XG XB XRXGXB kR

Yo |=ke| Yo |+ho| Yo |+hs| Yo |=| Yo Yo Y5 || kg

Z, Zq Zs Zo | | Za Zs Zg || Ky
re

nnels, where Formula (B.1) Is true. This calibration is performed for four colours:, three

rgin
hod
ulti-

rary

B.1)

the

B.2)

Xo Yo Zq. Xr. YR Zr. XG. Yo, Zg, and Xg, Yg, Zg are the tristimulus values of the respective
colours, Q, R, G, and B.

Therefore, using the tristimulus values of R, G, and B measured by a reference LMD, for
example a reference colorimeter or spectroradiometer, and the given coefficients, kg, kg, and

kg, the tristimulus values of Q measured by the reference LMD can be obtained by Formula
(B.2).

The coefficients, kg, kg, and kg, can be obtained by the following procedure. The tristimulus
values measured by an arbitrary LMD having different spectral responsivities from those of the

refe

rence LMD are also expressed as:
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X', X'y X's XU (X X' X [ ke
Y'o |=ke| Yo |*ho| Y's |+hs| Y |=| YR Y Y5 || ko (B.3)
Z'Q Z'R Z'G Z'B Z'R Z'G Z'B kB

where

X'qYq Zq XR YR Z'rR X'g Y Z'g, and X'g, Y'g, Z'g are the tristimulus values of the
respective colours, Q, R, G, and B, measured by the arbitrary LMD.

Thel'efore, the coefficients, kg, kg, and kg, are obtained as:

k] TX XX XYy
ks |=| YR Y's Y5 Y, B.4)
k| (22252 |2y

As a result, the expected tristimulus values of colour, Q, if measured by the reference LMD|are
givgn by substituting Formula (B.4) into Formula (B.2):

-1

Xo| [XeXo X [ X e XX T XYy
Yo |=| Y Yo Yo || YRS Y| | Yy B.5)
Zo | | Za Zo Zg || Z's 2 | | Z'4

Fordisplays with the tristimulus values of R, G, and B close to each other, using Xg, Yg, Zg.|XG,
Ya Eg, and X, Y, Zg of the specified teference display (gold standard), which can be obtalned

befgre and recorded, instead of those of the arbitrary displays in Formula (B.5), the approximate
tristimulus values of Q of the arbitrary displays are obtainable with only measurements of ("5,

YRIZR X'g Y'g Z'g X'g, ¥/ Z'g, and X', Y'q, Z'q. This method is widely used to redquce
megsurement time.

B.2)2 Matrix calibration process 2: RGBW calibration

The| tristimulus values of W are obtained by Formula (B.5) are assumed to have some erfors
evep though calibrated R, G, and B measurements have no errors. Since the smaller error in W
is preferable,Jthe single-point white calibration is further performed after RGB calibratiop to
redyce the.error of W.

Theleatibration-coefficientsforthesingle-point-white-ealibration—are—simpleratios—ef-the XY, 7
values

kyy = Xy /XW (B.6)

kyy = Yyr 1 Ty (B.7)

kz1 =Zy, /ZW (B.8)

where Xy, Y\, and Z,y are the tristimulus values of W obtained by Formula (B.5), while Xy,
Y1, and Zy,, are the tristimulus values of W measured by the reference LMD. The tristimulus
values after single-point white calibration, Xy, Yy, and Zy,, are obtained as:
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Xl Tk 0 07Xy [y O O XaXoXa [X ' X's XS] X,
Yoo |=| 0 ky O Y, |=| 0 ky O Yoy, v, ||yeysyy| |y, | B9
Zao | 10 0 KpullZy!| |0 0 kpyl|lZa2Zez || 20262 |2

where X"\, Yy, and Z'\y are the tristimulus values of W measured by the arbitrary LMD. This

means that the tristimulus values of W obtained by the RGBW calibration method using the
arbitrary LMD are corrected to be identical to those measured by the reference LMD.
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Annex C
(informative)

Input data in Clause 5 and Clause 6,
and calculation methods in 5.8 and 6.5

C.1 General
Annex C presents the methods and data used for the calculations in this document.
C.2| Characteristics of DUTs
C.2{1 Spectral radiances of the DUTs
Figyre C.1 shows the spectral radiance, L (4), of three DUTs used for the calculations in|this
document. DUT-1, DUT-2, and DUT-3 are an LCD, an OLED display, and-a laser display bgsed
on gingle mode lasers, respectively. The spectral radiances of DUT-1 and’'DUT-2 are measured,
whereas that of DUT-3 is artificial. The white point is D75 for all thfee types.
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Figure C.1 — Spectral radiances
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C.2.2 Directional characteristic of the DUT

Figure C.2 shows the measured inclination angle dependence of the Iuminance and
chromaticity of DUT-2.
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Figure C.2 — Inclination angle dependence
C.2{3 Temporal modulation characteristics of the DUT
Figure C.3 shows the temporal modulation characteristics for DUT calculations [32]. The reffesh
ratel of the DUT is 60 Hz, so the period of the Vsyn¢/signal is 1/60 s. The DUT is a duty-dr|ven
LCD, whose peak luminance is 500 cd-m~2 and-the frame duty cycles are 30 % and 70 %, in
whi¢h the averaged luminances become 150 cd*m~2 and 350 cd-m~2, respectively.
NOTE The PWM frequency in an actual display is\higher and the PWM signal is not necessarily synchronized| with
the UMD. Thus, in a simulated waveform, the PWIW frequency is not considered. For measurement of some dispfays,
the HWM signal is likely to be taken into consideration.
A A
500 600
E hoo , £ 400
3 boo ] 8 300
Py [ Q
e poo % 200
©
£ foo g 100
2 0 - 0
- - -100 >
00 0 10 20 30 407 0 10 20 30 40
+ Time (ms) + Time [ms)
IEC IEC

NOTE Magenta lines show the frame period.

a) Frame duty cycle of 30 %

b) Frame duty cycle of 70 %

Figure C.3 — Temporal modulation of the luminance

C.24 EOTF characteristics of the DUTs

Figure C.4 shows the EOTF characteristics of the DUTs. The RGB input level is from 0 to 255.
These values of luminance are measured by a spectroradiometer. The lower limits of the
luminance ranges of the three filter-type LMDs in 6.2 and 6.3 and the spectroradiometer are

also shown by horizontal lines.
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