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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization*¢omprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promoteinternational
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specificationsy, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC< Bublication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested\in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the)nternational Organization for
Standardization (ISO) in accordance with conditions determined by agreement)betWeen the two organizations.

The formal decisions or agreements of IEC on technical matters express, aS\nearly as possible, an international
consensus of opinion on the relevant subjects since each technical .Committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are ma@le<to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national orregional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of €onformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the\latest edition of this publication.

No liability shall attach to IEC or its~directors, employees, servants or agents including individual experts and
members of its technical committeesand IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the (publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the_Normative references cited in this publication. Use of the referenced publications is
indispensable for the eerrect application of this publication.

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

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC/~TR 62977-1-31 edition 1.1 contains the first edition (2021-04) [documents
110/1258/DTR and 110/1281A/RVDTR] and its amendment 1 (2022-03) [documents
110/1380/DTR and 110/1404A/DVDTR].

modified by amendment 1. Additions are in green text, deletions are in strikethrough red

text. A separate Final version with all changes accepted is available in this publication.
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IEC TR 62977-1-31 has been prepared by IEC technical committee 110: Electronic displays. It
is a Technical Report.

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 detall at www.lec.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 the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under webstore.ie¢.ch
in the data related to the specific publication. At this date, the publication will be

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

e amended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the(correct understanding of its
contents. Users should therefore print this document 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.

This document addresses how the major properties of a typical LMD affect the measurgment
results. It is often impractical and unnecessary to consider the influences of all propertie’s of
LMDs and all characteristics of DUTs as well as their interactions and influences, on the
measurement results. Therefore, the multiple interaction effects that exist are beyond\the scope
of this document. Due to the rapid innovation and abundance of LMDs, covering-all types of
LMDs is also outside the objectives of this document.

INTRODUCTION to Amendment 1

This document provides additional information to IEC TR 62977-1-31:2021 regarding the
influence of spectral stray light and spectral bandwidth of a spectroradiometer on chromaticity
measurements. It is described in Annex E.

This document also provides the corrections of editorial €rrors of IEC TR 62977-1-31:2021. The
corrections are:
— Typos are fixed:

e “fiber” and “x(4), y(4), z(1)” is replaced With “fibre” and “x(1),y(1),z(1)”, respectively in
Figure 2,

e “(%)” in the label of vertical axis isremoved in Figure 9, Figure 10, and Figure 12,
e “0” label of the tick mark of veriical axis is replaced with “1” in Figure C.4.

— The lists for Formula (A.1) andFormula (B.1) are aligned.
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ELECTRONIC DISPLAYS -

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

1 Scope

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

2 Normative references

There are no normative references in this document.

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

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

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

e |SO Online browsing platform: available‘at http://www.iso.org/obp
e |EC Electropedia: available at httpif//www.electropedia.org/

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

3.11

repeatability

<of an LMD> closeness of agreement between indications or measured quantity values
obtained by replicated “measurements over a short period of time using a specific LMD under
conditions specified by the LMD manufacturer

Note 1 to entry: Répeatability of an LMD is usually expressed numerically by statistical quantities, such as standard
deviation, varianee, or coefficient of variation (relative standard deviation) under the specified conditions of
measurement.

Note 2 to entry: The influence on measurement repeatability caused by fluctuations of the measured light source and
by thesmeasurement procedure is assumed to be negligible when the manufacturer specifies the repeatability of 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

IU’JCGth;:;ty ;O IIIUGOUICIIIUIIt 'JIU\.:;O;UII UIIdUI [=] OUt Uf lcpcatab;:;ty \JUIId;t;UIIO Uf IIIcGOUIUIIIUIIt that ;Ilb:uch thc odlllc
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,

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

T 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

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) an assigned or certified value, based on experimental work of some national or international organization;

c) a consensus or certified value, based on collaborative experimental work under the auspices of a scientific or
engineering group;

d) (when a), b) and c) are not available) the expectation of the (measurable) quantity, i.e. the mean.of a specified
population of measurements [3].

Note 3 to entry: The influence on measurement accuracy caused by fluctuations of the measurediight source and by
the measurement procedure is assumed to be negligible when the manufacturer specifies the.accuracy of an LMD.
Manufacturers often specify the type of light source and other measurement conditions used for determining the
accuracy of an LMD.

Note 4 to entry: Measurement accuracy is the closeness of agreement between al'measured quantity value and the
true quantity value of a measurand [1], [2]. The accuracy of measurement is not a’quantity value while the accuracy
of an LMD is a quantity value; thus, the term "accuracy" conventionally used, for the specification of LMDs means
something different than that used for measurement.

3.2 Abbreviated terms

CIE Commission Internationale de I'Eclairage (International Commission on lllumination)
CMF colour-matching function

DUT device under test

EOTF electro-optical transfer function
LCD liquid crystal display

LED light emitting diode

LMD light measuring device

ND neutral density

OLED organic light emitting diode
PWM pulse width modulation

RGB red, green{and blue

RGBW red, green, blue, and white
Vsync vectical synchronizing signal

4 General information on LMDs for photometry and colorimetry

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
Annex A.
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LMDs for luminance and chromaticity measurements

4.3.1 Configuration of LMDs

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

1)

Luminance meter

2)

3)

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

example of the configuration of the input optics and the detector unit is shown in Figure-2a);
where a lens is used for the input optics. The input optics collects the light emitted frem-the
DUT and converges it onto the detector. An optical compensation filter is arranged-in front
of the detector. The combination of the spectral characteristics of the filter, inputOptics, and
detector approximates the spectral luminous efficiency function, 7(1). A neutral density (ND)
filter can be inserted into the optical path, for example when the LMD's dynamic range is
insufficient and results in detector saturation. The detector receives theAight and converts
the optical signal to an electronic one, from which the electronic system calculates the
luminance, L,, as in [4], indicates it on an instrument display, and/or-sends the result to an

external system.
Colorimeter

A colorimeter is an instrument for measuring colorimetric quantities, such as the tristimulus
values of a colour stimulus (see IEV 845-25-022). A block diagram of the most common
setup for a colorimeter is shown in Figure 1b): it is coneeptually similar to a luminance meter.
A colorimeter has a detector unit for measuring the<tristimulus values instead of one for the
luminance. A colorimeter for both luminance and chromaticity measurements employs the
same type of input optics as the luminance meter, as described in 4.3.1 1). An example of
the configuration of the input optics and the‘detector unit is shown in Figure 2b), where the
detector unit has three pairs of optical compensation filters and detectors. The input optics
is connected to the detector unit by a~three-branch optical fibre. The combined spectral
characteristics of those componenfs “approximates the CIE colour-matching functions
(CMFs). The electronic system caleulates the tristimulus values, X, Y, and Z, where Y is
practically identical to L, (see Annex A).

Spectroradiometer

A spectroradiometer isan instrument for measuring radiometric quantities in narrow
wavelength intervals over'a given spectral region (see IEV 845-25-007). A block diagram of
the general setup of~a spectroradiometer is shown in Figure 1¢). A spectroradiometer for
spectral radiance measurements, and luminance and chromaticity calculations therefrom,
employs the same type of input optics as the luminance meter, as described in 4.3.1 1). An
example of thejconfiguration of the input optics and the spectrometer is shown in Figure 2c),
where the input optics is connected to the spectrometer by an optical fibre. The example
spectrometer consists of an input slit, a grating, for example a concave grating [5], and an
array-detector, where the output of the detector is related to the spectral radiance of the
DUYT:-The obtained spectral radiance, L (1), is converted to the luminance, L,, or tristimulus,

values, X, Y, and Z, using V(i) or CMFs data, which are often stored in look-up tables [6],

[7].
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c) Spectroradiometer

Figure 1 — Block diagrams of three types of LMDs
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Figure 2 — Example of configurations for the input optics and detector
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4.3.2 Input optics of LMDs

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

anp (apnrhlrn), a field efnp’ and a detector behind the field efnlr_\’ fngn’rhnr 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
aperture is the angle subtended by the entrance pupil. The field stop which is positioned ph_the
image plane limits the measurement field of the DUT. The measurement field angle is the ahgle
subtended by the measurement field at the entrance pupil.

Aperture
stop ,
Angular ! Field
aperture --I""" stop
A
Measurement
field
v Measurement Detector
field angle
L Lens E
DUT Entrance

pupil IEC

Figure 3 — Example of input optics for the luminance meters

4.3.3 Electronic system of LMDs

An LMD has an electronic system for processing the electronic signal from the detector [8] in
order to deliver the measuredivalues. Among the various types of systems, Figure 4 shows a
typical one consisting of an analogue circuit amplifying the signal from the detector, an A/D
converter converting theyamplified signal into a digital signal, a data processor converting the
digital signal to the measurement value, and a system controller controlling the whole system
including the memeakty, display, and interface of the external devices.

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

IEC

Figure 4 — Block diagram of a typical electronic system
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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,

dneignnd to apprnyimnfn the CIE standard lluminant A1t is sometimes pneeihln touse 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 managedcby
manufacturers to meet their specifications.

4.3.5 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
instructions provided by the manufacturer. Since deterioration caused by @geing is inevitable,
periodic inspections, adjustments, and calibration by the manufacturer are recommended.

4.4 Setup conditions for measurement
4.4.1 LMDs

Most LMDs are unstable immediately after switching the power 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
measurement stability before regular measurements’ is recommended in order to verify the
appropriate warm-up time.

4.4.2 DUTs

Short-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 time
constants. Measured instabilities of,DUTs are exemplified in Annex D. Checking for such DUT
instabilities is recommended in<order to adapt the measurement procedure accordingly. The
combined long-term stability .of the LMD and DUT can be confirmed by comparing the results
measured with the same settings at the beginning and at the end of the measurement session.

4.4.3 Environment
For consistent and comparable measurements, environmental conditions should meet the

requirements,_ of the LMDs and DUTs. Carefully checking the environmental conditions
described inthe respective instruction manuals before measurement is recommended.

5 _Influence of LMD properties on luminance and chromaticity measurements

5.1 General

Clause 5 describes the LMD properties disclosed by the manufacturer or required by the display

measurement standards,and-theirmftoence o thetumimanceandchromaticity Tmeasurememnt
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 Repeatability
5.21 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

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 diven
by the manufacturer, for example the light source, luminance, number of measurements, and
statistical evaluation method used, are often defined by the manufacturer specifically for each
LMD model and often documented in the data sheet. They are often specific.t@ each model
even by the same manufacturer. Checking such conditions is recommended’when comparing
the performance of different models.

In actual measurements, experimentally checking whether the measurement repeatability,
which is affected not only by the repeatability of the LMD but alsothe instabilities of the DUT
and others, meets the requirements of the measurement objectivés‘is recommended, and if not,
improving the measurement system and procedure to meet sueh, requirements is recommended.

NOTE The number of significant digits is determined by the internal numerical calculation, and the rounding strategy
using measurement precision for tristimulus values is shown in A.3.3\The number of digits indicated on the display
and transmitted to the external devices is usually specific to each LMD and is often determined in relation to the
number of significant digits and by considering the repeatabilitysof the LMD.

5.2.2 Example of the repeatability of an LMD

Figure 5 exemplifies the repeatability of @n*LMD for luminance and chromaticity at different
luminance levels for two LMD models by the same manufacturer under the same conditions
specified by the manufacturer. The difference between the two models increases from a
negligible level in the high luminanceé.range to a significant level in the low luminance range.
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IEC IEC
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 manufacturer, for example the light source, luminance, and statistical method used,.are
often defined by the manufacturer specifically for each LMD model and documented in the"data
sheet. They are often specific to each model even for the same manufacturer. Che¢king such
conditions is recommended when comparing the performance of different models. Note that the
definition of accuracy includes systematic errors that remain when the measured value is
obtained by averaging multiple measurements.

5.3.2 Example of the accuracy of an LMD

Figure 6 exemplifies the accuracy of an LMD for luminance, MAZ,, and for chromaticity

coordinates, 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 positive
value only. The difference between the two models increasesifrom a negligible level in the high
luminance range to a significant level in the low luminanege range.

g A &) &
> 100 570,010
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g 2 0,008
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& a 5 0,006
o 106 oo
2 . 0,004 0 O
© ) ‘ ° o o o
& o ' 0,002 o-Hi-o-Hie-llle e o
° 0 0 0
° ) o I 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 10000
Luminance (cd * m2) Luminance (cd * m2)
IEC IEC
a) Luminance, L, b) Chromaticity coordinates, x, y

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

5.3.3 Einearity

Lingarity 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

indnpnndnnfly inthe individual Y, V1 and Z detectors of the r‘nlnrimn’rnr, 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 consideration,
i.e., from low to high luminance, from high to low luminance, or both, to average the two.values
of the same luminance in opposite sequences. This is to minimize total measuremént time or
to achieve higher precision in measurements such as tone-rendering (also known:as electro-
optical transfer function: EOTF), colour gamut volume, and colour accuracy [11]«

5.4 Luminance range

Luminance range is usually specified by LMD manufacturers in terms’ef a lower and an upper
limit 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
within the indicated range are obtainable and do not necessarily meet the specifications. Both
luminance ranges are typically specific to a particular LMD,

Measured values beyond the upper limit of the guaranteed range are likely to be unobtainable
or inaccurate due to saturation or poor linearity of the detector and/or analogue circuit, while
measured values below the lower limit of the guaranteed range are likely to be inaccurate due
to poor repeatability and/or poor linearity. Checking that the operation conditions of the LMD
are properly met for measurement near the lower limit is recommended. For some colorimeters,
the lower luminance limit in chromaticity Ymeasurements is higher than that in luminance
measurements. When measuring below“the guaranteed lower limit, it is helpful to consult with
the manufacturer.

The dynamic range of an LMD islusually defined as the ratio of the upper and lower limit. It is
a major figure of merit when sglecting LMDs for measurement of the contrast ratio of a DUT.

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
influence of_.the major spectral properties of spectroradiometers on the measured values for the
array spectroradiometers shown in Figure 2c).

5.5.2 Wavelength accuracy and spectral bandwidth
5.5.2.1 General

Wavelength accuracy and spectral bandwidth are two of the major spectral properties of a
speciroradiometer Some wavelength error is inevitable and usually varies by wavelength lfs

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 Annex E [12]. The LMD property for this spectral
stray light is often specified by the manufacturer with evaluation conditions specific to each LMD model.

NOTE 3 The influence of spectral bandwidth on chromaticity measurements of narrow spectral linewidth light‘is
shown in Annex E.

5.5.2.2 Calculation method and DUT/LMD parameters

1) Spectral radiance of DUTs: Calculations are performed for three types of DUFs whose
spectral radiances, Ly (1), of red, green, blue, and white test patterns are shown in C.2.1.

They are taken as the reference spectral radiances, Ly (1)

2) Wavelength error and spectral bandwidth: For simplicity, the wavelength error, 41, is
assumed to be the same over the wavelength range, and six waveléngth errors: £0,2 nm,
+0,5 nm, and £1 nm, are chosen for calculation. The respective measured spectral radiances
are obtained by L (1 — d1) . For simplicity, spectral response to the monochromatic input is
assumed to be Gaussian with a bandwidth, bw, which is the same over the wavelength
range. Five bandwidths: 2 nm, 4 nm, 6 nm, 8 nm, and 10nm are chosen for the calculation.
The respective measured spectral radiances are obtaihed by the convolution of the
reference spectral radiance, L, (1), and the simulated Gaussian spectral responses. The

influence of the wavelength error and spectral bandwidth is calculated independently.

3) Calculation of luminance and chromaticity: The tristimulus values, X, Y, and Z and the
chromaticity, (x, y), are calculated by Formulae'(A.2) to (A.7), while Y is practically identical
to L, (see Annex A). The measured values, L, qeas: *meass @Nd Yneas: @re obtained by
substituting the measured spectral radiance of the DUT in the formulae. Their references,
Ly (et Xrerr @Nd yrgp, are obtained by substituting the reference spectral radiances in the
formulae. The differences of the measured values from the reference values indicate the
influence of the wavelength errorand spectral bandwidth of the spectroradiometer on the
measured values.

5.5.2.3 Calculation results
5.5.2.3.1 Luminance

Figure 7 shows thelcalculated relative luminance difference, AL, 5\ (%), as a function of the
wavelength error, 6/, 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 displayed
colour, where'the 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 different
among.these DUTs.
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Figure 7 — Calculated relative luminance difference as a function of wavelength error

Figure 8 shows the calculated relative luminance difference, AL, ,,,, as a function of the

bandwidth, bw, for the four displayed colours: red, green, blue, and white. As shown, the larger
the bandwidth, the larger the difference, and the difference also depends on the displayed
colour. The difference in red,sgreen, and blue is larger than in white. It depends also on the
spectral radiance of the DUJT¢/the trends of the difference are larger in DUT-3 than in the others.
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Figure 8 — Calculated relative luminance difference as a function of spectral bandwidth

5.5.2.3.2 Chromaticity

Figure 9 shows the calculatedichromaticity coordinate differences, Axg,, Aysy, as a function of
the wavelength error, d1. \Fhe differences depend on the displayed colour and the spectral

radiance of the DUTs.
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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, as a function
of the bandwidth, bw. The differences depend on the displayed colour and the spectral radiance
of the'BUTs.
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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.

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).
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5.6.2 Spectral responsivity
5.6.2.1 General

The major property of filter-type LMDs is their relative spectral responsivity which is expected
to match the spectral luminous efficiency function, V(1), for a luminance meter or the colour-
matching 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
optical elements. Despite the progress of technology, there still remains a mismatch, which
results in differences in the measured luminance and chromaticity from their references given
by the ideal V(1) or CMFs.

In order to quantify the mismatch, the index, f4', is introduced for luminance meters (see C'3.1).
Since f;' is the luminance difference in the measurement of CIE Illuminant A, it is upsuitable to

predict the difference in measured values for DUTs with completely different spectralradiances,
for example LCDs, OLED displays, and laser displays. Subclause 5.6.2 shows:the simulated
luminance differences of DUTs for the different spectral responsivities of filter-type LMDs.

For colorimeters, similar indices, fy' , fy' y, and f;' ,, for CMFs, ¥(4), ¥(4), and Z(4),

respectively, are introduced (see C.3.1). These are the differences’ of X, Y, and Z in the
measurement of CIE llluminant A, and therefore unsuitable to predict the measured difference
for DUTs with completely different spectral radiances. The calculation results of the chromaticity

differences are shown using the average value, f;' xyz: @s adgarameter.

5.6.2.2 Calculation method and DUT/LMD parameters

1) Spectral radiance of DUTs: Calculations are performed for four colours: R, G, B, and W,
displayed on the same three types of DUTs asdescribed in 5.5.2.2.

2) Relative spectral responsivity of LMDs: LMDs with mismatch indices from around 1 to
around 6 for ten LMDs 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 @s CIE illuminant A. The tristimulus values, X, Y, and Z,
and the chromaticity, (x, y), are>calculated by Formulae (A.2) to (A.6); Y is practically
identical to L,, (see Annex A). The measured values are obtained by substituting the relative

spectral responsivity of the ' tMDs in the formulae, and their references are obtained by
substituting the ideal CMFEs. The difference in the measured value from the reference value
indicates the influenceof the spectral properties of filter-type LMDs. The difference is
expressed as AL, g¢for luminance, and Axg; and Ayq; for chromaticity, where AL, g; is a

relative value to the reference.
5.6.2.3 Calculation results
5.6.2.3.1 Luminance

Figure 14/ exemplifies the relative differences, AL, g, of the luminance by simulated
measurements of ten LMDs with different £ 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 Illuminant A. Contrary

to expectations, the differences do not always increase with an increase in f1' and are often

signiticantly ditferent 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 differences,
Axqy and Aygy, 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 differences.
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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 f;" and f;' xyz

are inadequate for predicting differences.

PRERTY T
5.6.3 MEtlIUdS tU IEdUCE tl'e measurement arfrerence

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.

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.
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5.7 Angular response of LMDs
5.71 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

5.7.2 Subtended angles
5.7.2.1 General

The input optics of LMDs have inherent geometrical properties, where the LMD receivesidight
rays emitted from the measurement field to various directions depending on 4he" angle
subtended by the entrance pupil, i.e., the angular aperture, and the angle subtended by the
measurement field, i.e., the measurement field angle, as exemplified in Figure 3. Thus, the LMD
obtains measured values angularly averaged around the optical axis. Even if thé optical axis of
the LMD coincides with the DUT normal, the directional characteristics of thé lspecific DUT also
affect the measured values. The simulated influence of the angular response of an LMD on the
measured values is shown below.

5.7.2.2 Calculation method and DUT/LMD parameters

1) Direction characteristics of the DUT: Figure C.2 exemplifies‘the dependence of luminance
and chromaticity on the inclination angle, 6: L, (6), x(0), and y(¢), where the inclination angle

dependence of the tristimulus values, X(6), Y(@).- and Z(#), is obtained from the
measurements although it is not shown in the figures. For simplicity, these characteristics
are assumed to be the same in any azimuthal langle at any position in the measurement
field. The values of 8 = 0 are taken as the reference values for this calculation.

2) The angular properties of the LMD: Figure 13 conceptually shows the light rays emitted from
the DUT and received by the LMD, shown as a blue line, with the angular aperture, «, and
the measurement field angle, g, bothishewn with a green arrow. For simplicity, the following
assumptions are made in order to €alculate the influence of the angular aperture, a, and the
measurement field angle, f: a) thexmeasured values do not depend on the direction within
the angular aperture or measurgment field angle; b) in the case of the angular aperture, the
light rays are emitted from the.Centre of the measurement field and received by the entrance
pupil; and c) in the case ofithe measurement field angle, the light rays are emitted from the
measurement field andxéceived at the centre of the entrance pupil.

3) Calculation method;The influences of the angular aperture and the measurement field angle
are calculated independently under the conditions described above. For the angular
aperture, the tristimulus values measured by the LMD with the angular aperture, «, are
calculated by.integrating the X(0), Y(9), and Z(6) of light rays below the inclination angles of
o / 2 andever all azimuthal angles, respectively. Based on this, the chromaticity coordinates

are cdlculated by Formulae (A.5) and (A.6). The differences of the measured values from
the teference values, ALV,ang(a) (= AYang(a)), Axang(a), and Ayang(a), where ALv,ang(a) 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 the
measurement field angle, B, is similarly calculated by using g instead of a according to the
simplified conditions described above.
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Figure 13 — Angular aperture and measurement field angle

5.7.2.3 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 difference
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, the
differences of the coordinates increase differently with an incréase in the angular aperture due
to the different characteristics of X(0), Y(6), and Z(6) of the DUT. The calculated differences as
a function of the measurement field angle are not shown_sinc¢e they are identical to the case of
the angular aperture due to the assumption of horizontal'symmetry (see Figure 13) and in-plane
DUT uniformity. Note that measurements by LMDs with small subtended angles are most likely
to be least affected by the direction characteristics ofthe DUTs.
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Figure 14 — Calculated relative luminance difference and chromaticity
difference as a function of the angular aperture

5.7.3 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, Bnite (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.

In the object-space telecentric optical design shown in Figure 15a), the principal rays from'the
off-axis 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 mapufacturer.
Thus, it is enough to confirm only the angular aperture. This optical design is_‘sometimes
employed in order to realize a large measurement field in a short measurementidistance with
the small influence of the direction characteristics of the DUT, although the optics is usually big
and heavy.

Aperture Aperture

N = q..\_:_’fj"_f:_.l gl -

Measurement Field Ve g L I
) Measuge ment ens :
field Lens stop fiold Field

IEC

NOTE 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

Stray light is light that reaches the detector from directions other than the direct path from the
source to the detector, foriexample light scattered from walls, ceilings or optical components
within the measuring system (see |IEV 845-25-116). Note that this stray light is different from
the spectral stray light described in 5.5.2.1. An LMD property for the stray light caused in the
input optics is often-specified by the manufacturer with evaluation conditions specific to each
LMD model. The-stray light originating from outside of the measurement field often affects the
measured values of the luminance and chromaticity, especially in the measurement of a test
pattern ofdark surrounded by bright portions. The influence can be mitigated by using a frustum
or a stray light 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.

5.8.2.2 Calculation method and DUT/LMD parameters
1) The array type and spectral radiance of the DUT: RGB stripe and Type-1 showniin'C.2.1.
2) Measurement field of the LMD: Circular.

3) Calculation method: shown in Clause C.4. Calculations are performedcfor the number of
pixels within the measurement field of around 100, 200, 500, 1 000, 2,000, and 5 000. The
influence on chromaticity due to the variations in the number of suppixXels is expressed as
Axpum @nd Ay um-

5.8.2.3 Calculation results

Figure 16 shows the calculated results of the influence of the yariations in the number of pixels.
The difference of chromaticity coordinates increases with the decreasing number of pixels up
to a level possibly unacceptable for some measurementpurposes.
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Figure’16 — Calculated chromaticity difference as a function of the number of pixels

Fop 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.

5.9.2.2 Evaluation method
The polarization dependence of luminance measurements is evaluated as follows:

1) Setup: A non-polarized light source consisting of a light source and diffusers»is placed on
the optical axis of the LMD. A linear polarizer rotatable around the direction of incidence is
placed in front of the LMD.

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

3) Calculation: From the maximum and minimum luminance, L, ;a5 and L, .., respectively,

among recorded data, the polarization dependence, ALy b, is‘calculated as [10]:

ALv,pol = (Lv,max _Lv,min) / (Lv,max + Lv,min) (1)

5.9.2.3 Calculation results
The measured luminance as a function of thesrotation angle of polarization is shown in Figure 17,

where each luminance is normalized by th€yaverage luminance. The polarization dependence,
ALy ool is calculated as 0,55 %.
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Figure 1/ — 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
5.10.2.1 General

The influence is minimized by matching the LMD sampling period with the DUT frame ‘period or
its integer multiples, which is called “synchronization”, regardless of the relative ptrase between
them. The synchronization is widely used in electronic display measurement. The influence of
the temporal relation between the DUT modulation and the LMD samplingland the effect of
synchronization is shown by numerical calculation.

5.10.2.2 Calculation method and DUT/LMD parameters

1) Characteristics of the DUT: Frame duty driven at a 60 Hzframe rate, which causes the
temporal luminance modulation shown in Figure C.3. TheCduty cycles are 30 % and 70 %,
and the peak luminance is 500 cd-m~2. Thus, the lumipances averaged during one frame
are equal to 500 x 0,3 = 150 cd-m~2 and 500 x 0,7<2.350 cd-m~2, respectively, which are
taken as the reference luminances.

2) Sampling conditions of the LMD: The sampling, périod varies from 1 ms to 40 ms at 1 ms
intervals plus two integer multiples of the frame periods: 1/60 s and 2/60 s. The relative
phase of the sampling varies from 0 ms to, 19ms at 1 ms intervals of the 1/60 s Vsync period.

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

3) Calculation method: The luminance measured by the LMD is obtained by integrating the
temporal luminance data during-the sampling period while varying both the sampling period
and the relative phase in their respective ranges. The difference, AL, ¢, is the relative

difference of each measured luminance from the reference luminance and is further
normalized by the referefice luminance. Then, for each sampling period, the maximum and
minimum values among those with different delays are selected and plotted as a function of
the sampling period:

5.10.2.3 Calculation results

Figure 18 shows the calculation results in the case of the frame duty cycle of 30 % and 70 %.
For the sampling periods of 1/60 s and 2/60 s which are integer multiples of the frame period
(magentalines), the measured luminance has no difference from the reference value regardless
of the\relative phase. For other sampling periods, the measured luminance has large phase-
dependent differences, especially in cases of short sampling periods. The difference increases
with a decrease in the duty cycle, i.e., luminance.
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Figure 18 — Calculated relative luminance differences as a function of sampling period

No matter what causes the modulation, its influence on the measurement can be minimized by
synchronization between the sampling and modulation periods. Af synchronization is impossible,
applying a sufficiently long sampling period, for example 200 cycles of the dominant modulation,
is recommended. In this case, the error due to the modulation”does not exceed 0,5 %.

The detection analogue circuit is likely to be saturated instantaneously by a temporal high peak
signal even though the output luminance averaged,during sampling is within the upper limit of
the LMD. This can be verified using neutral density-filters, as shown in [13].

6 Influence of LMD properties on.measurements of the optical characteristics
of electronic displays

6.1 General

Various measurements charaecterizing displays are affected by the properties of the LMDs in
use. Clause 6 presents the/dominant LMD properties affecting measurement results for each
measurement. Some input-data for calculations are shown in Annex C.

6.2 Contrast ratio
6.2.1 General

Contrast_tatio, CR, is the ratio of a white luminance to a black luminance [13]. The black
luminance of some displays can be close or even below the lower limit of the luminance range
(see«-5:4) of many LMDs. Therefore, the performance of LMDs in black Iluminance
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 black luminance.

6.2.2.1 General

The contrast ratio is defined as [13]:

CR=Ly, /Ly« (2)
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where
CR is the contrast ratio,
Ly w 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.

Table 1 — DUT characteristics for 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.

2) LMDs: Table C.3 shows the specifications of three models-of filter-type LMDs for luminance
measurement disclosed by the LMD manufacturer, where LMD-1 can measure the lowest
luminance among those models.

3) Calculation method: the maximum and minimum measured values of luminance are
assumed to be different from the reference by as’large as +30 (relative standard deviation),

i.e., a coverage of 99,7 %, for the repeatability of an LMD. The relative standard deviation
disclosed in the specification of LMDs~under specific conditions is used here despite the
difference in conditions.

6.2.2.3 Calculation results

Table 2 shows the calculation results. In the case of DUT-A, the contrast ratio has a deviation
of +1 % and +31 % for LMD-1land LMD-2, respectively. On the other hand, the contrast ratio
cannot be determined fromimeasurements with LMD-3 due to its lower limit (see Table C.3)
being higher than the black'luminance (see Table 1). In the case of DUT-B, the contrast ratio is
calculated by the thre&}xMDs with deviations of 0,4 %, 1,8 %, and 5,3 %, respectively. These
results indicate that the repeatability of an LMD at black luminance significantly affects contrast
ratio measurements.

NOTE The measured values of the black luminance are not guaranteed if they are below the lower limit of the LMD,
particularly due‘to the poor repeatability and/or linearity in that range.

The dynamic range of the LMD is often useful for quickly checking the LMD performance for
contrast ratio measurements. This can be performed by comparing the dynamic ranges of LMDs
and"* the contrast ratios of DUTs. The dynamic ranges of LMD-1, LMD-2, and LMD-3 are
3000 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

DUT-B LMD-2 499,25 500,75 0,294 6 0,305 4 1637 1697
LMD-3 499,24 500,77 0,284 1 0,3159 1578 1755

* Lyw =Lywer x(1£30z )

° Lyy =Ly rer ¥ 1+ 3GR,K)

* CR=CR x(1% \/(36R,W )2 + (SGR-K )2 )

where

or w Or k 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 limit'of LMD-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 of N
measurements improves the measurement repeatability, R, (also denoted as ¢ or og) as follows:

Ry = Rog /NN 3)
where
R, s the repeatability-of average of N measurements,
Rgg is the repeatapbility of a single measurement.

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
repeatability*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 is obtained by solving Formula (3) for N with R, = 0,25 % and Rsy = 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
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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 | MD 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, (n, 0, 0%,%0, n,
0), (0, 0, n), and (n, n, n), respectively, where n:{0,1,...N}, and N is the number of quantization levels. If the EOTF
follows a power law, its exponent is denoted by gamma, (y), and the EOTF is simply referred to as "gamma™.

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.

6.3.2 Calculated influence of the LMD properties on the EOTF measurements

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 twenty-five
example input levels: 0, 3, 5, 10, 12, 16, 20, 31, 46, 61, 76A91, 106, 121, 136, 150, 165,
180, 195, 210, 225, 235, 240, 254, and 255, are applied for white and primary colours
(RGB).

2) LMDs: Table C.3 shows the specifications related to EOTF measurement of three filter-type
LMDs, 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 foreach DUT and the permissible repeatability
are applied to all LMDs, as follows:

Input level range: Figure C.4 shows theluminance of DUT-1 and DUT-2 corresponding to
the twenty-five input levels together with’the lower limits of the luminance range of the three
LMDs. From Figure C.4, the commen 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 12 to
255 for B, excluding LMD-3.

Permissible repeatability: In all luminance measurements, measurement repeatability below
0,3 % (Figure C.6) is onezexample 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
given from Formula«(3) by substituting Rg of a single measurement and R, of 0,3 %. Note

that, for simplicity;the influence of factors other than the LMD on measurement repeatability
is not taken inte~consideration.

The total,. measurement time at each luminance level is calculated as a product of the
measurément time and the number of averages required to reach the permissible
repeatability. The summation of the resulting measurement times over all DUT input levels
gives-the duration to measure the EOTF for each of the colours, R, G, B, and W, excluding
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

axvambplepnarmiccoibhla manaciiramaont ranaqatahilitv, ~f 0 2 0/ Thao tatal maonciiramant timac Af tha
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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.

@ A

€ 10000

£ = LMD-1
é 1.000 e * LMD-2
g § = '. A LMD-3
7]

(]

g 100 N

S

ke’

Y
1 S S

0,1

——e g

0,01 B>
0,001 0,01 0,1 1 10 100 1000

Luminance, (¢d ¢ m-2)

IEC

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

b

NOTE These durations do notinclude waiting times.

2  The minimum input levehis 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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GA,, =149,8|(xz — %5 ) (Vs — Yg) — (¥g — X5 )(Vr = Vg )|

where 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

(4)

1) DUTs: DUT-1, DUT-2, and DUT-3, are used for calculations. Figure C.1 shows the spectral
radiance of their primaries. Table 4 shows the G4,, of each DUT, which is calculated with

the CMFs and taken as the reference value, G4

xy, ref-

Table 4 — Chromaticity gamut area of three DUTs

DUT GAyy res (%)
DUT-1 33,56
DUT-2 47,52
DUT-3 63,76

2) LMDs: Both spectroradiometers and filter-type colorimeters are tsed in the calculations. For

the spectroradiometers, the same parameters as in 5.5.2.2 2),i.e., wavelength errors from
-1,0 nm to 1,0 nm and Gaussian spectral bandwidth profilesywith widths from 0 nm to 10 nm,
are applied. For filter-type colorimeters, the same spectral conditions as in 5.6.2.2 2), i.e.,
ten spectral responsivities characterized by theirf1" z values, are applied.

3) Calculation method: The tristimulus values, X, Y,~and Z, are calculated in the same way as
in5.5.2.2 3) or 5.6.2.2 3) for each DUT to derive ‘ehromaticity, (x, y), and subsequently GAyy
is calculated by Formula (4). The difference, AGAyy, is the relative difference of the
calculated G4,, from the reference value, further normalized by the reference value.

6.4.2.3 Calculation results

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

AGAXy, as a function of wavelength error and spectral bandwidth, respectively. The

magnitude of AGAXy increasés with wavelength error or the bandwidth, with rates depending
on the type of DUT.
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2) Filter-type colorimeter: Figure 21 shows the calculated relative difference, AGAyy, 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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Figure 21 — Calculated relative difference, AGA,,,, by colorimeters

Xy’

As mentioned above, spectroradiometers with reasonably small wavelength errors and spectral
bandwidths allow accurate measurements with errors’roughly predictable from the wavelength
accuracies and spectral bandwidths disclosed \in the LMD specifications. For filter-type
colorimeters, the differences can be reduced by)the methods shown in 5.6.3.

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

repeatability of the measurement is recommended.

6.5 Viewing direction characteristics
6.5.1 General

The viewing direction characteristics of a display are variations in the luminance and
chromaticity of a.display over a range of inclination angles and azimuth angles. The angular
response of an LMD affects the measured values of the luminance and chromaticity, as shown
in 5.7, whichts 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
measred 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, g, 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

nnnlf\ (oo Eioe a1\

argre— St tT1gourC—o7~

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, 0 yp, by the LMD with

the angular aperture, «, are approximated by integrating the X(6), ¥(0), and Z(6) only for_the
rays on the meridional plane (0 yp — @/ 2 = < 0,5, =< O yp + a / 2) (see Figure 22)The

influence of this approximation is confirmed to be negligible (see Clause C)5). The
chromaticity coordinates, x,;,4(0 mp> @), Yang(PLmp, @) » are calculated therefromiby Formula

(A.5) and Formula (A.6). The differences of the measured values from the reference values,
AL, ang(é),_MD, a) (= AYang(ﬁLMD, a)), Axang(HLMD, a), and Ayang(ﬁLMD, a), where AL,
ang(0Lmp: @) is further normalized by the reference value, are calculated’up to o = 10° and
O .mp = 60°. These differences indicate the influence of the angular, aperture of the LMD.

The influence of the measurement field angle on the calculation results is similarly
calculated using g instead of a.

o

Meridional
plane

PBUT

Figure 22 — Cone of light rays for calculating the tristimulus values measured by an
LMD with the-angular aperture, «, and an optical axis at an inclination angle, ¢ yp

6.5.2.2 Calculation results

Figures23 shows the calculation results of the variations of luminance, relative luminance
difference, and chromaticity coordinates as a function of the inclination angle. The values of the
ehromaticity 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

alaain o $ o ndant -tk el ar rhiie Tk Lot Loaiaaon

ff
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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.



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

IEC TR 62977-1-31:2021+AMD1:2022 CSV — 45 —

© IEC 2022
fg A < A
. 400 = 2
- 3
S 350 a 15
= 3
S 300 =
o ~ /
5250 205 /\/\
- > P o
p 200 30 =z 71 > \
- 150 5 —0,5 *
< —ref S \
8’ 100 2° o -1 2°
£ 50[—e6° %—1,5 — 5"
C o o
£, 10 - o -2 10 -
3 0 10 20 30 40 50 60 g 0 10 20 30 40 50 60
Inclination angle, 6 yp (°) E + Inclination angle, 6, yp\(*)
IEC IEC
a) Luminance b) Relative luminance difference
ER =
S032 S 037
& < -ref
20,315 5 0:365
@© ©
= = 0,36
Q [0]
T 031 T 0,355
=l i<l
8 0,305 g 035
(8] o
2 > 0,345
g 02 g 0,34
5 §
£ 0,295 > £ 0335 >
@) 0 10 20 30 40 50 60 o 0 10 20 30 40 50 60
Inclination angle, 6, yp (°) Inclination angle, 6 yp (°)
IEC IEC
c) Chromaticity coordinate, x d) Chromaticity coordinate, y

Figure 23 — Calculated luminance and chromaticity dependence as a function
of the inclination angle)for the 2°, 6°, and 10° angular apertures

6.5.3 Measurement field at"an oblique direction

A measurement field on a:DUT is enlarged when an LMD is aimed at an oblique direction. In
the case of an LMD with-a circular measurement field of diameter, D is aimed at the DUT at an
inclination angle, 6, yp,~and the measurement field of the LMD projected onto the DUT surface

is approximated by.an ellipse with a longer axis of D/ cos(é| yp) and shorter axis of D. Figure 24

shows a DUT with a) a large and b) small test pattern, and the measurement field at an
inclination angle of 0° and ¢\ p. respectively. As is observed, the projected measurement field

exceeds the small test pattern at an inclination angle, 6 ,p. Checking that the projected
measurement field does not exceed the test pattern displayed on the DUT is recommended.
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Figure 24 — Measurement field and test pattern

6.6 Spatial uniformity
6.6.1 General

The spatial uniformity characterizes the in-plane variatiohs of the luminance and chromaticity
of a DUT displaying nominally the same single colour at.all positions. The measured uniformity
values are affected by the properties of the LMDs, Subclause 6.6 shows their influence on the
uniformity 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-
uniformity, NU, and uniformitys\U, are given as [13]:

— (o)
NU = ((Lv,max,NU _Lv,min,NU ) / Lv,max,NU ) 1 00( A)) (5)
U =100(%)- NU (6)
where
Lgvhax.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 r-hrnmn’rir-i’ry difference hetween the twao Inncitinnc is calculated as [1'%]'

(Au'v')ij=\/(u'i—uvj)2+(v',._v'j)2 (7)

where

5

u'p u’, v, andv’;  are the 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 th

ha a [ R1\A - a arn

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 shows
the values of non-uniformity for the RGBW test patterns calculated using Formula (5) and
Formula (7), which are taken as reference values of non-uniformity, NUe; and (Au'v’) gyt

ref:

Table 5 — Non-uniformity of DUTs

NUref (Au v ’)max, ref
DUT
Red Green Blue White Red Green Blue White
DUT-1 13,44 12,17 14,26 11,19 0,000 9 0,000 7 0,004 0 0,003 7
DUT-2 7,23 5,61 5,76 7,36 0,002 0 0,000 8 0,002 0 0,002 7

2) LMDs: The same LMDs with spectral conditions as describéd' in 5.6.2.2 2), i.e., ten spectral
responsivities specified by the f;' xyz Value, are used.

3) Calculation method: For each displayed colour test{pattern, the chromaticity, (x, y), and
luminance, L,, are calculated as described in 5.6.2.2 3), from which the luminance and
chromaticity non-uniformity measured by the colorimeters are calculated by Formula (5) and
Formula (7). The differences, ANU and A(Au’v’),.y are obtained by subtracting the
reference, NU gt OF (Au'v')max, ref, from the measured, NU or (Au'v’)p a4, respectively.

6.6.2.3 Calculation results

Figure 25 shows the calculation results of ANU and A(Au’v’),.x- Since they are calculated as

the differences between two positions, systematic errors due to the spectral properties of the
LMDs are mostly cancelled asjong as they are measured using the same LMD under the same
conditions. Thus, the required spectral accuracy of the LMD is not very high and a filter-type
luminance meter or colorimeter fits well.
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Figure 25 — Calculated non-uniformity difference by the filter-type colorimeters

6.7 Response time
6.7.1 General

The DUT response time'is the time needed to change between the DUT black and white states
or between the statestof any two grey levels [18], i.e., the so-called grey-to-grey response time.
The transition times from dark to bright state and vice versa are called rise and fall time,
respectively, and-are often defined with 10 % and 90 % thresholds. The measured response
time is affected by several LMD properties such as the sampling rate, low-pass filter
characteristics, and spectral responsivity. Subclause 6.7 addresses the influence of those
factors onvthe response time measurements in the case of rise time measurements.

6752 Measurement of the response time

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

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

is used for comparison.

3) 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 the
oscilloscope receiving the outputs of the LMD, or b) where the response is recorded and the
curve displayed by the LMD itself [19], [20]. In subclause 6.7, the measured luminance is
normalized to the steady-state luminance achieved after switching.
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Figure 26 — Measurement setups for response time measurements

6.7.2.2 LMD properties affecting the temporal.,response measurements

6.7.2.2.1 Sampling rate

Figure 27 shows the temporal responses 'of the LCD monitor measured at different sampling
rates and the figure indicates that a sampling rate higher than 1 kHz is preferable for this DUT.
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Figure 27 — Response curves measured at different sampling rates
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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 isdue to the bandwidth limitation of the rligi’rnl filfnre, not to

the DUT itself.

A
120
50 Hz
100 100 Hz
—— 200 Hz
& 80| —— 500 Hz
8 —— 1 000 Hz
S 60
c None
IS
2 40
(]
=
z 20
[0]
@ Sample at 3,3 kHz
O ! l/-""——.
-20 >
2 4 6 8 10 12 14

--+—O

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 circuif of the LMD has a bandwidth limit working as a low-pass filter, the cut-off frequency of

which is much highles'than shown in the table.

6.7.2.2.3 Spectral responsivity

Figure.29a) shows the temporal response curves of the primary, R, G, and B, emissions of the
LCB,'monitor switched from the 10 % to 90 % level and measured by an LMD without a V(1)
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(A) 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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Figure 29 — Measured response curves switched from the 10 % to 90 % level

Table 7 — Rise times measured by LMDs of various™V/(J) 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 after switching.

6.8 Flicker
6.8.1 General

A flicker is a perception of visual unsteadiness induced by a light stimulus the luminance or
spectral distribution of which fluctifates with time, for a static observer in a static environment
(see IEV 845-22-092). Therefore; both the temporal luminance modulation and the temporal
response of the human visuyal'system affect flicker measurement. Subclause 6.8 introduces
various measurement methods of flicker described in international standards. Temporal
luminance modulation (without consideration of the visual frequency response, which is
conventionally called ("contrast flicker", is often measured in the production of LCDs. Subclause
6.8 also addresses(ihis "contrast flicker" and the low-pass characteristics of LMDs that affect
these measurements.

6.8.2 Measurement method of the flicker

Theretare various measurement methods for the flicker of electronic displays and lighting [21].
Among those, the flicker level for LCDs and the flicker modulation amplitude for OLED displays
are“described in IEC standards [18], [22]. Both methods take the known visual frequency
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 tha | NMMD oo ciirac o H IPSTREP-Y L, anaoio hio mont tha raniiiramanta ~f tha oA tmant nranaden
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is recommended.

CF = (Lmax _Lmin)/((Lmax mln)/z) 2( max _Lmin)/(Lmax +Lmin) (8)
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Figure 30 — Schematic measured temporal luminance modulation
of the LCD with a common voltage offset

6.8.3 Low-pass filter of LMDs
6.8.3.1 Aliasing

As conceptually shown in_Figure 31, sampling the luminance modulation of 300 Hz at the rate
of 286 Hz as an example, results in a pseudo-modulation, i.e., aliasing, of 14 Hz which is the
difference between the“original modulation and the sampling frequencies. While the original
300 Hz modulationlis out of the sensitive range of the human visual system, the resultant
pseudo-modulation” frequency of 14 Hz is within this range and significantly affects the
measured flicker values. A low-pass filter eliminates it by supressing the high frequencies to
which the visual system is insensitive.

NOTE \The sensitivity range is referred to in [18] and [22]. However, different ranges in lighting technology are
showniin [23], and further research is expected in display technology.
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6.8.3.2 High frequency noise in contrast flicker measurement,QJ )

N2

Figure 32 conceptually shows the luminance modulations wi
random noise. In the measurement of the contrast flicker,
modulations with noise are larger than those without noi
effective in reducing the noise affecting the contrast fIic@;
high frequency noise. &

and without high frequency
the values obtained from the
this case, a low-pass filter is

easurements by suppressing the

= O
£ \Z
o 101
§ © With noise @ Without noi 'egl
§ O 20 Sample at T o %
© 100,54% L_ﬁ !
= o N\
§ g 5\0‘\
100 Q ! 3 ! % (e
& @ ?Q oé’
N | off | %
. @ o @ © o
99,5 [ ® -~ -
%% R \
\O ‘ o
o5l .
\\ 10 20 30 40 50 60
C) Time (ms)

-

Q-
C)O

IEC

I@é 32 - Simulated luminance modulations with and without high frequency noise

O
3



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

- 54 — IEC TR 62977-1-31:2021+AMD1:2022 CSV
© IEC 2022

Annex A
(informative)

Photometry and colorimetry

A.1 General

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

A.2 Photometry

Radiometry is the measurement of quantities associated with optical radiation (se€ IEV 845-25-
005). Photometry is the measurement of quantities referring to radiation as eyaluated according
to a given spectral luminous efficiency function, as described in 4.2.CUhe pure physical
quantities for which radiation is evaluated in terms of energy are called radiometric quantities.
For each of these there is a corresponding photometric quantity for ‘which the radiation is
evaluated by means of a standard photometric observer [4].

For the evaluation of electronic displays, photometric quantities\are preferred over radiometric
ones because of the concordance with the spectral sensitivity of the human eye. Some standard
spectral sensitivities are defined as CIE standard spectral,luminous efficiency functions [4]. For
the measurement of electronic displays, the spectral laminous efficiency function for photopic
vision, V(1), is usually applied to the light of any wavelength distribution and at any optical power
level.

Luminance, L,, is a photometric quantity widely used in measurements of electronic displays.
It is calculated as:

L= K [L (A)V (A)aN (A1)

L is the luminanceé>(cd-m~2),

Le(7) s the spectral radiance at wavelength 4 (W-sr™!-m~2-nm~1),

K is thesmaximum luminous efficacy = 683 (Im-W~1)—and-integration-is-carried-out-overa
v ogthre oo trern 280 nra e 000 nen DL

Integration is carried out over a wavelength range from 360 nm to 830 nm [4].

A:3 Colorimetry

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, ¥, 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(4), y(4), and z(A), 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 T~ and 4", IT IS often called the 2~ standard colorimetric observer.

A.3.3 Tristimulus values

Tristimulus values are calculated according to Formula (A.2) to Formula (A.4) using the~ClE
1931 CMFs, as described in A.3.2 [25].

X = k[, (D)x(D)dA (A2)
Y =k[ @, (DHF(A)dA (A.3)
Z =k, (MZ(A)dA (A4)

where

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

functions,
N is the colour stimulus function, and
k is the normalizing constant.

The standard method is defined as-a 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
appropriate and when the @ser knows the influence of abridging on the final results. The
practical wavelength range'in display measurements is determined by the specifications of the
spectroradiometers, e.g:/from 380 nm to 780 nm at 1 nm intervals. Note that the related spectral
properties of the spgctroradiometers 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
data in the tables-published in the CIE International Standards on colorimetry. The final results
should be rounded to the number of significant digits indicated by the precision of the
measurements [27].

The wnits (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, Ly(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+Z2) (A.5)
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y=Y/(X+Y+2) (A.6)
z=72/(X+Y+Z)=1-x-y (A7)

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 of the
(x, y) diagram yielding chromaticity differences perceptually more uniform than those in the (x,
y) diagram. The »” and v’ are calculated as [28]:

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

v'=9Y /(X +15Y +327) (A.9)

The chromaticity difference, Au’v’, between two points,in-the UCS diagrams with coordinates,
(u’g, v'g) and (u’q, v’4), is [28]:

Au'v':\/(u'1—u'o)2+(v'1—v'0)2 (A.10)

The UCS diagram is concerned only with the uniformity of Au’v’ in the u’v’ plane at constant
luminance, not with the three-dimensional 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* (CHELAB) colour space is a three-dimensional, approximately uniform
colour space of the rectangular coordinates, L* a* b*, defined by Formulae (1) to (9) in [29].

A.3.44 CIE colour difference formulae

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

colours jn\the CIELAB colour space. This is widely used to quantify the approximate perceived
colour, 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].
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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

=—Backgroumd-fietd: Ymiformm, meutratgrey withr £+—=56

— Viewing mode: Object

— Sample size:

— Sample separation:

— Sample colour difference magnitude:

—  Sample structure:

Greater than 4° subtended field size

Minimum sample separation achieved by placing the sample pair in
direct edge contact

0 CIELAB units to 5 CIELAB units

Homogeneous colour without visually apparent pattern or non=
uniformity
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Annex B
(informative)

Method for reducing the measurement difference of colorimeters

B.1 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
channels, where Formula (B.1) is true. This calibration is performed for four colours:-three
primary colours R, G, and B, plus W. With this method, measurement values with a low madrgin
of error can be obtained over a wide colour range for a given display. Note that thisymethod
does not apply to displays with four or more optical colour channels, often referred-to ‘as multi-
primary or multi-chromatic displays [31].

B.2 Matrix calibration methods for colorimeters

B.2.1 Matrix calibration process 1: RGB calibration

Assuming a display with RGB optical colour channels whose _spectral radiance of an arbitrary
colour, Q, mostly W, is expressed as Formula (B.1):

Le,Q )= kRLe,R (A)+ kGLe,G (r)+ kBLe,B 9] (B.1)

where

Lo q(A), Lg R(A), Lg, g(4), @and Ly g(4) arecthe spectral radiances of colours Q, R, G, and B,
respectively,

Q-RGrand-Brand kg, kg, and kg “.are the independent coefficients of colours, R, G, and B,
respectively.

For this DUT, the tristimulus \alues measured by an LMD are expressed independently of the
spectral responsivities of the“LMD:

X, Xq Xq Xy [Xg Xo Xg [ ke
Yo |=he| Yo |+ho| Yo |+hs| Yo |=| X Yo X || kg (B.2)
Zq Zq Z, Zy | | Za Zs Zy || Ky

where

Xa Yo Zq, Xr YR Zgr, Xg Y. Zg, and Xg, Y, 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
reference LMD are also expressed as:
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X'y X'y X'q X [ XXX ke
Y'o |=ke| YR |*ha| Y's |+hg| Y |=| Y Y's Y || ke (B.3)
Z', Z' Z's 7| 1222 Z% || ks

Xa Yaq Zq Xr YR Zr X' Y'g 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.

Therefore, the coefficients, kg, kg, and kg, are obtained as:

-1

kR X'RX'GX'B X'Q
ko |=| YR Y6 Y'g Yy (B.4)
kB Z'RZ'GZ'B Z'Q

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

1

Xo | [Xe X X [ XXX, T [Xy
Yo |=| Ya Ys Yo || YRV Y| |V, (B.5)
Zo | | Za Zs Zs || 28 Z's Z' | | Z'4

For displays with the tristimulus values of/R; G, and B close to each other, using Xg, Yr, Zg, Xg,
Ys, Zg, and Xg, Y, Zg of the specifiedreference display (gold standard), which can be obtained

before 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 X,

YR ZRr X'g Y'g Z'g, X'g, Yip, Z'g, and X', Y'q, Z'q. This method is widely used to reduce
measurement time.

B.2.2 Matrix calibration process 2: RGBW calibration

The tristimulus Yalues of W are obtained by Formula (B.5) are assumed to have some errors
even though calibrated R, G, and B measurements have no errors. Since the smaller error in W
is preferable;the single-point white calibration is further performed after RGB calibration to
reduce the-error of W.

The)calibration coefficients for the single-point white calibration are simple ratios of the X, ¥, Z
values:

k\{1 = X\I\M /X\I\I (B.6)
kyy =Yoq [ Yy (B.7)
kyy=Zyi ! Zy (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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-1

Xeol Tk 0 O0Xy] [hy O O [ XeXoXs[X'X'c X' TXY
Yoo |=| O ky, O || %, |=| 0 ky, O Y ¥, ¥ |l¥voyeyy]| (v, | (B9
Zao | 10 0 kpllZw] |0 0 kpl|ZeZaZe || 29202 ] | Z'

where X'y, 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.21 Spectral radiances of the DUTs

Figure C.1 shows the spectral radiance, L (1), 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 based
on single 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 three types.
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Figure C.1 — Spectral radiances
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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c.2.3 Temporal modulation characteristics of the DUT

A
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‘.E 400
300
200
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Luminance (cd

-100

-€— O

C.2.4 EOTE cl teristi f the DUT

10 20 30 40
Time (ms)
IEC

NOTE Magenta lines show the frame period.

a) Frame duty cycle of 30 %

Figure C.3 shows the temporal modulation characteristics for DUT\calculations [32]. The refresh
rate of the DUT is 60 Hz, so the period of the Vsync signal is4/60 s. The DUT is a duty-driven
LCD, whose peak luminance is 500 cd-m~2 and the frame-duty cycles are 30 % and 70 %, in
which the averaged luminances become 150 cd-m~2 and350 cd-m~2, respectively.

NOTE The PWM frequency in an actual display is higher and the PWM signal is not necessarily synchronized with
the LMD. Thus, in a simulated waveform, the PWM frequency\is not considered. For measurement of some displays,
the PWM signal is likely to be taken into consideration.

A
600
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&
£ 400
§ 300
®
2 200
2
‘€ 100
35
-0
-100 [
0 10 20 30 40
+ Time (ms)
IEC

b) Frame duty cycle of 70 %

Figure C.3 — Temporal modulation of the luminance

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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C.2.5

a) DUT-1
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Figure C.4 — EOTF characteristics

Uniformity characteristics of the DUTs

Table C.1 and Table C.2 show the luminance and chromaticityycoordinates of red, green, blue,
and white, at nine different positions P, to Pg, defined-asin [13], of DUT-1 and DUT-2,

respectively. These values are measured by a spectroradiometer.

Table C.1 — Measured luminance and chromaticity at the nine positions of DUT-1

Colour Item 0 P, P, Py P, P Pg P, Py
L
V_2 110,2 108,2 107:6 104,0 110,2 108,8 120,1 119,8 119,8
(cd-m™)
Red
u’ 0,444 9 | 0,444 8 [ 04441 | 0,4442 | 0,4449 | 0,4447 | 0,444 4 | 0,444 1 | 0,444 1
v’ 0,521 6 | 0,521.9/) 0,5220 | 0,5215 | 0,5216 | 0,5214 | 0,5214 | 0,5215 | 0,521 5
L
V_2 419,2 375,8 375,1 369,6 391,6 382,6 420,7 418,5 418,5
(cd-m™2)
Green
u’ 0,123.471 0,1236 | 0,1237 | 0,1235 | 0,1233 | 0,1230 | 0,1235 | 0,123 3 | 0,123 3
v’ 0564 0 | 0,564 0 | 0,5642 | 0,564 2 | 0,5639 | 0,564 1 | 0,563 8 | 0,563 9 | 0,563 9
L
v 45,3 40,3 39,8 39,6 42,2 41,8 46,2 45,5 45,5
(cd'm;2)
Blue
) 0,1834 | 0,183 4 | 0,183 4 | 0,183 1 | 0,1828 | 0,183 4 | 0,1828 | 0,183 4 | 0,183 4
v’ 0,146 9 | 0,146 6 | 0,146 6 | 0,148 2 | 0,147 9 | 0,146 8 | 0,148 0 | 0,146 6 | 0,146 6
L
vV 590,5 525,9 526,8 525,1 546,3 540,0 591,3 589,3 589,3
(cd-m~2)
White
u’ 0,1952 | 0,1949 | 0,1953 | 0,1954 | 0,1948 | 0,1951 | 0,1953 | 0,1953 | 0,195 3
v’ 0,456 4 | 0,458 3 | 0,4586 | 0,4590 | 0,4560 | 0,4553 | 0,456 0 | 0,4555 | 0,455 5
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Table C.2 — Measured luminance and chromaticity at the nine positions of DUT-2

Colour Item P, P, P, P, P, Py Pg P, Py
L,(cd'm™2)| 1253 | 123,6 | 1226 | 119,9 | 123,6 | 120,8 | 129,2 | 128,7 | 1252
Red w 0,4799 | 0,4803 | 0,4793 | 0,478 8 | 0,480 6 | 0,479 4 | 0,4807 | 0,4794 | 0,478 7
v’ 0,527 9 | 0,527 8 | 0,527 9 | 0,528 0 | 0,527 8 | 0,527 9 | 0,527 7 | 0,527 9 | 0,528 0
L,(cd'm™2)| 349,7 | 342,2 | 3414 | 3434 | 3456 | 3452 | 361,7 | 360,0 | 356,6
Green w 0,0936 | 0,0930 | 0,0929 | 0,0930 | 0,0937 | 0,0937 | 0,0937 | 0,093 6 | 0,093-7
v’ 0,578 1 | 0,578 0 | 0,578 1 | 0,578 2 | 0,578 0 | 0,578 2 | 0,578 1 | 0,578 2 | 0,578 3

L,(cd'm™2)| 35,1 34,8 34,6 34,0 34,7 33,9 36,0 36,0 35,1
Blue w 0,167 1 | 0,167 9 | 0,167 3 | 0,167 1 | 0,167 4 | 0,166 9 | 0,167 7 | 0,167-2 | 0,167 0
v’ 0,1396 | 0,1381 | 0,139 1 | 0,1394 | 0,1390 | 0,1398 | 0,138 5 | 051392 | 0,139 5
L,(cd'm™2)| 4057 | 3981 | 390,9 | 399,2 | 402,4 | 403,1 | 42109 4192 | 417,7
White w 0,194 5 | 0,194 8 | 0,194 0 | 0,193 1 | 0,194 8 | 0,193 7 | 0,194 7 | 0,194 4 | 0,193 8
v’ 0,458 9 | 0,457 2 | 0,458 2 | 0,459 2 | 0,458 3 | 0,459,5 {0,458 3 | 0,458 8 | 0,459 2

C.3 Characteristics of the filter-type LMDs

C.3.1

Spectral responsivities of the filter-type-LMDs

Ten measured spectral responsivities of different\filter-type LMDs are used for the calculation
of luminance and chromaticity measurements.(Three of the spectral responsivities are shown
as examples in Figure C.5 together with_the CIE 1931 colour-matching functions and the
spectral luminous efficiency function. The,;spectral mismatch for these functions is indicated by
the mismatch indices given below.

The mismatch index, f;’, represents the mismatch of the relative spectral responsivity of the
luminance meter to the spectral tuminous efficiency function, ¥(1), as defined by Formula (C.1)
and Formula (C.2), where the' lower and upper integration limits are 380 nm and 780 nm,
respectively [10].

£ = s =v|das[vada (C.1)
A
S (D) =5 (D[ S\ (DY (D) A] [ Sy (25 (Ad A (C.2)
A A
Where
V(A) is the spectral luminous efficiency function,
o*rel(;L) ;O thc II\JIIIIG:;LUGl OVUU{IG: IGDHUIID;V;ty,
srel(A)  is the relative spectral responsivity,

Sal4)

is the spectral distribution function of CIE Standard Illuminant A.



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

- 66 — IEC TR 62977-1-31:2021+AMD1:2022 CSV
© IEC 2022
The mismatch indices, f;' X, 1, y, and f1, ;> represent the mismatches of the relative spectral

responsivities of the individual colorimetric channels of the colorimeter to the respective CIE
colour-matching functions as defined by Formula (C.3) and Formula (C.4) [33]. As these are
analogues of /4, the integration limits are 380 nm and 780 nm. Since V(1) is identical to ¥(4), f;'

is identical to f' .

1= ][5, =t,(0)|dai 1, (2)d ©3
A A
Sie(A) =5 (;")ISA (/1)2(/1)61% /J-SA (D)s ;e (AD)d A (C.4)
A A
where
fi is the mismatch indices where j = 1, 2, 3 for 1" . fy' y. f1', ,, fespectively,
E(i): is the CMFs where j = 1, 2, 3 for X(1) (1), ¥(4), Z(A), respectively,

s;" rel)  is the normalized spectral responsivities where j ¥4, 2, 3 for x, y, z, respectively,
S;. rel(4) is the relative spectral responsivities whereg =1, 2, 3 for x, y, z, respectively,

Sa(4) is the spectral distribution function of CIE,Standard llluminant A.

The average value of f}' ,, f1' ,, and fy , is reptesented as f;' ,,, as shown in Formula (C.5):

il on= A S [+ i)/ 3 (C.5)

The mismatch indices,f1', of thetén spectral responsivities used for the calculation vary from
around 1 % to 6 %. Their mistatch indices, f;’ xyz» also vary from around 1 % to 6 %. Some
spectral responsivities are given as examples together with the CMFs in Figure C.5.



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

IEC TR 62977-1-31:2021+AMD1:2022 CSV - 67 —

© IEC 2022
> >
£ A =\
[7] [7]
c 2 S 2
S — S
g 18 %(A) g 18 x(A)
= 1,6 ¥(A) 5 18 : ¥(A)
514 —2(A) 514 — %)
31,2 N 312 N
I Sy rel(A) o | ) S rel(4)
o 1 o 1 {
N Ty el Nos 3 Oy el
E 0.6 SZ*,reI(M E 06 Sz*,rel(k)
£ 0 £ 0
204 Z 04— =
0,2 0,2 j/ AN
0 - _— 1 0 ~ .
380 430 480 530 580 630 680 730 780 380 430 480 530 580 630 680 730 780
Wavelength (nm) Wavelength (pm)
IEC IEC
b ~ ’ ~
a) fi, xyz=1 b) fi,xyz=3
>
g A
22
o
g 18 N (%)
S 18 y(2)
g 1,4 — Z()
o 1,2 *
g 1 S rel(A)
ﬁ 0.8 - y*,rel(l)
g 06 5greléh)
s 1
Z 04 \ ;
0,2 %<
0

Lo
380 430 480 530 580 680, 680 730 780

Wavelength (nm)
IEC

ey, xyz= S

Figure C.5 — Spectral responsivity of the colorimeter

C.3.2 Specifications of filter-type LMDs

Table C.3 shows the specifications of three models of filter-type LMDs.
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Colorimeter model

LMD-1

LMD-2

LMD-3

Luminance range (cd-m~2)

0,001 = L, <3000

0,015= L,<3000

0,3< L, <3000

Dynamic range 3 000 000 200 000 10 000
7 %
N/A N/A
(0,001 = L, <0,01)
1% 1% + 0,003 cd-m™2
N/A

Repeatability of luminance

(2 op)

(0,01< L,<0,1)

(0,015< L, <0,3)

0,25 %
(0,1<L,<1,0)

0,2 % + 0,003 cd-m™2
(0,3<L,<3,0)

0,2 % + 0,01%¢d-m2
(0,3\4y< 3,0)

0,1%
(1,0 < L, < 3 000)

0,1 % + 0,003 cd-m~2
(3,0 < L, < 3 000)

0,15%'+ 0,01 cd-m™2
(3,0 < L, < 3 000)

Measurement time (ms)

1000 250

0,001 = L, <0,15 0,015= L, <0,3 NIA
v v

200 200 200

(0,15 < L, <2,0)

(0,39, < 6,0)

(0,3< L, <10)

50
(20<L,)

50
(6,0< L,

50
(10= L)

Figure C.6 graphically shows the luminance repgatability of the LMDs in Table C.3, where the
magenta line shows the example condition.6f the calculations in 6.3.
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Figure C.6 — Repeatability of three LMD models
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C.4 Influence of the number of pixels within the measurement field

Clause C.4 introduces the method for estimating the influence of the number of pixels within a
circular measurement field in 5.8. Figure C.7 schematically depicts the measurement field
(yellow circle) on a screen of the RGB stripe display. For simplicity, each stripe consists of
multiple RGB subpixels arranged vertically with an aperture ratio of 100 %. For example, in the

case of the circular measurement tield with a diameter equal to the width of seven stripes (two
pixels plus one subpixel), the measurement field can be positioned at three different locations
with respect to the RGB stripes, in which the number of RGB stripes within the circle is: a) R:
G: B=3:2:2,b)2: 3: 2, and c) 2: 2: 3, respectively. The maximum relative changes in the
number of subpixels are assumed to be represented by the changes related to these three
positions.

The area of each stripe within the circle is calculated by Formula (C.6), assuming that'the circle
radius is 1 and the stripe pitch is p:

2[ " JA (C.6)
np

where the integration range is n-p to (n+1)p, n = -3,5, -2,5, -1,5,7-0,5, 0,5, 1,5, and 2,5.

The total areas of the RGB subpixels are calculated as the@um of the areas of the RGB stripes
calculated above, respectively. The spectral radiance ofd¢he measurement field is calculated as
the sum of the spectral radiances of the RGB primaries ef DUT-1 in C.2.1 multiplied by the RGB
total areas, respectively. The tristimulus values aré calculated by substituting the calculated
spectral radiance into Formula (A.2) to Formula/(A.4). The chromaticity coordinates are
calculated by Formula (A.5) and Formula (A.6). The influence of the pixel number on
chromaticity is shown by the differences, 4x 4, and 4y, between the maximum and minimum

values of x and y among the three positiong, respectively. This method is applicable to actual
displays with far more subpixels.

A a8
\

i _ -
IEC IEC IEC

d) R:G:B=3:2:2 b) R:G:B=2:3:2 c) R:G:B=2:2:3

Figure C.7 — Three positions of a circular measurement field relative to the RGB stripes

For a rectangular measurement field, the calculation method and results are conceptually

pu | HN P 241 . <l + ' + +lo afl £ 4l | £ + l LAAD H
UTOoUITUTU 111 lu'fj LLLEA"4AA% A~ U Tolnmmatc Ul 1miTuciioe Ul Ure 1TTUrimTvTT Ul |JI/\CIO. LiIvViJo WILIT d
rectangular measurement field are rare except for imaging LMDs, which are beyond the scope
of this document.
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C.5 \Validity of the viewing direction dependence obtained by a simplified
method

Clause C.5 addresses the error in the viewing direction dependence of the chromaticity obtained
in 6.5 due to the simplifications introduced therein. Since the error is likely to be more significant
with an increase in the angular aperture, the errors with a 10° angular aperture, the largest of

the conditions in 6.5.2.1, are evaluated.

Figure C.8a) schematically shows the geometry for measuring the emission of the DUT by the
LMD toward the direction in the reference plane which includes both the normal of the DUT
surface and the optical axis of the LMD. The LMD has an angular aperture, o, of 10° and'is
oriented with an inclination angle, 8, \yp, with respect to the DUT normal. The circle, S, presents

o

a solid angle fitting the angular aperture, a, within which eighty-one points P(m, n) (#,)n = -5°,
-4°, ..., 4°, 5°) are evenly distributed with an angular interval, Aa, of 1°, _as\'shown in
Figure C.8b). As Figure C.8a) suggests, the inclination angle, 8(m, n), of the light ray passing
the point, P(m, n), is given by:

cos(0(m,n)) = cos(m - Aa)cos(6,y, +1-Aa) (C.7)

The ftristimulus values measured by the LMD with an angular aperture, «, of 10° are
approximated by the sum of the respective tristimulus values, X(0(m, n)), Y(6(m, n)), and
Z(0(m, n)), of the light rays passing the eighty-one points;\(P(m, n). The tristimulus values for
each ray are calculated based on the inclination angle~dependence of the DUT shown in
Figure C.2. The tristimulus values measured by the LMD are obtained at inclination angles 0°
to 60° by 5° intervals, 40° to 60° by 2° intervals, and 0° to 5° by 1° intervals, from which the
chromaticity coordinates are obtained.

Normal Viewing
S direction
S S rTCED
Reference o\ eo-®
plane o000
Viewing /0000
direction [ .:‘ P ’
a n 0° {-‘I-.—.-.- =
Welelet
Ne-eee
$8-¢-¢
BAS
Surface of DUT L e o s
: m
IEC IEC
a) _dnclination angle 0(m, n) of the ray passing P(m, b) Points P(m, n), shown as black dots, evenly
n)-in circle S representing the angular aperture distributed within the circle S

Figure C.8 — Configuration to measure DUT emission

neale—_»0
——————————————————————————by-the-LMB-at-the-inelination-angle; fyp

Figure C.9 shows the calculated chromaticity values obtained above in addition to the values
by the simplified method described in 6.5 together with the reference values shown in 6.5.2.1.
These calculated values are not significantly different from each other; thus, the calculation
results in 6.5 clearly show how the angular aperture of the LMD affects the measurement of the
viewing direction characteristics of the DUT.
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Annex D
(informative)

Instabilities of DUTs in measurement

D.1 General

Annex D presents the measured examples of DUT optical instabilities after switching DUT input
levels.

D.2 DUT instabilities
1) Short-term stability after switching grey levels

Figure D.1 exemplifies changes of the luminance and chromaticity shortly “after switching
between two different grey levels. These are measured by an LMD whose short-term instability
is negligible compared to these changes. The measured changes indicate that the luminance
and chromaticity are stabilized at around ¢ = 1 000 ms, i.e., about t =°520 ms after switching.
Table D.1 shows around 16 % overshoot in luminance just after switching.

& A A =
€ =
. 0,325 2
38 2%0 S
3 £
- 032 o
g 200 <
§ (&
= - 0,315
3 150
+ 0,31
100
- 0,305
50 L 03
0 0,295 —
0 500 1000 1500
Time (ms)
IEC
Figure D.1 — Changes of luminance and
chromaticity after switching the grey levels
Table D.1 — Luminance and chromaticity transition
Time Luminance Chromaticity
(ms) L, (cd-m'z) x y
0 20 0,303 0,314
480 186 0,298 0,313
1000 160 0,298 0,311
Difference? 16,2 % 0,000 0,002
a8 Difference between values sampled at 480 ms and 1 000 ms. Luminance
difference is relative to the value at 1 000 ms.
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2) Long-term stability after switching from black to grey level

Figure D.2 exemplifies the long-term changes of the luminance after switching from a black
level to a grey level. These are measured by an LMD whose long-term instability is confirmed
to be negligible compared to these changes before measurement. The DUT is switched from
the black to grey level at around ¢ = 20 s, and this set of measurements is repeated two times.

The relative luminance aradually decreased after switchina. Table D 2 shows the relative
~J J ~J

luminance at ¢ = 20 s (just after switching) and at ¢ = 500 s.

A
8 105
c
©
£
E 100 — =
p R
=
ks
D 9%

90

85 l qst ond ]‘ ’

l Sampling interval is’5 s. ]
80 >
0 100 200 300 400 500 600

Time (s)
IEC

Figure D.2 — Changes of luminance after'switching from the black to grey level

Table D.2 — LuminanCechanges in two measurements

Relative luminance (%)
Time (s)
1st 2nd
0 0 0

20 100 100

500 98,9 99,1
Difference? 1,1 0,9

a8 Difference between relative luminance values sampled at 20 s and 500 s.
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Annex E
(informative)

Influence of spectral stray light and spectral bandwidth on chromaticity
measurements of narrow spectral linewidth light

NS

N

E.1 General S

O

Annex E provides the example data of spectral stray light such as measured spectral p WQ’
distributions and calculated CIE 1931 chromaticities without and with spectral strayl/ ht
correction. It also provides information on the influence of spectral bandwidth on the measured

chromaticity. 0
S
N
Qv

E.2.1 Measurement method and conditions ,\q/

E.2 Example experimental data on spectral stray light

The spectral irradiance of a retinal scanning projection display is méasured by an integrating
sphere and spectroradiometer LMD. The details of measurements are described in [12].

NOTE The data are from an irradiance measurement. However, the @ction method is also valid for radiance
measurements. The data demonstrate the influence of stray light of, ectrometer, which is installed in an LMD
such as a spectroradiometer (see 4.3.1 3)), on the measured spec)« wer distribution.

E.2.2 Measurement and calculation data C)

Figure E.1a), Figure E.1b), and Figure E.1c) \ow the relative spectral irradiances of the
display outputs at full-screen single-colour input’'R, G, and B, respectively. The relative spectral
irradiances are measured by the integr sphere and spectroradiometer LMD without and
with the spectral stray light correction. Affer the correction, the magnitude of the spectral stray
light caused by the LMD decreases@‘n about 1:100 — 1:1 000 to 1:1 000 — 1:10 000 of the
primary colour output peak irradia&c .

They are caused by the DUT, i.e., r diodes biased around the threshold current for high-speed modulation. These

NOTE Small spectral irradiancej&a}mary colour outputs, for which there is no input signal, are also observed.
observed spectral irradiances a& ot caused by the LMD.

calculated as descriped in Annex A. The differences between the chromaticities obtained
without and wit rection are shown in Table E.1. The effect of the correction of stray light is
significantly dependent on the wavelength being measured, with the largest difference for green
producing 2 5 and -0,016 2 in Ax and Ay, respectively, in this experiment. Note that the
influenc @t e spectral stray light on the calculated chromaticities usually depends on the LMD
perft@ ce and DUT characteristics.

X

The CIE 1931 chrom;t’i“&y (x, y) of spectral power distributions for R, G, and B input signals is

3



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

IEC TR 62977-1-31:2021+AMD1:2022 CSV - 75 —

© |IEC 2022
Q Q
o A e A
3 100 3 100
E E
= = — With stray light il
'(—E ol T With stray light correction '(_E 10-1 fth stray light correction
° 3 Without stray light ti
g)_ Without stray light correction g)_ thout stray fight correction
-2 L -2 F
e 10 e 10
kS | k<
S 3 [\ ] [\
U U
o\
\
104} / 104} /
\ J \
\ . [
105 bl Y 10 ! v\” m
i ' Y r i | 190
| -| i WA
106 ‘ s s s » 106 N N L L TS
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
IEC IEC
a) Red b) Green
Q
L |
3 100
el
o
% 101 — With stray light correction
g f'\\ Without stray light correction
Q [
@ 102 | In
[ J
2 [ |
g “
2 103 \ ’
/ X
104 L / \ b:
105} \o \ \
‘Hh' v I
i gk
o5 . O L
400 450 500 550 600 650 700
Wavelength (nm)
IEC
¢) Blue

Figure E.1 — Measured relative spectral irradiance for each primary input signal

Table E.1 — Calgulated CIE 1931 chromaticity differences between
measurements without and with spectral stray light correction

Without correction minus with
Primary correction
colour
Ax Ay
Red -0,002 1 0,001 4
Green 0,002 5 -0,016 2
Blue 0,000 8 0,000 6
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E.2.3 Calculation of chromaticity with increasing background level

The background level of spectral power distribution can have a significant influence on the
measured chromaticity of saturated colours. The influence of the background is simulated in
Figure E.2. In this simulation, the CIE 1931 chromaticity is calculated from synthetic spectra
created at 1 nm increments. The spectra for each wavelength on the spectrum locus are

renresented by a normalized sianal at that wavelenath —and thev assume a line-shapne with a
Ll J ~J ~J 7 J L

0 nm spectral bandwidth such as a Dirac delta function. The chromaticity of each spectrum is A
calculated as the background level is increased, reducing the signal-to-noise between peak and %
background. No matter what causes the background level, for example stray light or higli/C)
electronic noise, reducing the background level will allow for more accurate measurement
saturated colours. For the stray light, spectral stray light correction can help to redu e
background level. It is clear from Figure E.2 why the primary green colour has the mos&b, efit
from the low background level. @O

v
'\X
A Qq/

.
.

y-chromaticity

460 nm>.3 000:1
\1&?’ 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
C) x-chromaticity

\J

@ . IEC

Figure E-2 — Calculated CIE 1931 chromaticities of simulated monochromatic spectra
wi%\various wavelengths with increasing background levels (signal-to-noise ratios)
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E.3 Influence of spectral bandwidth
E.3.1 Calculation of chromaticity with increasing spectral bandwidth

The boundary of the spectrum locus in the chromaticity diagram is determined by the
monochromatic wavelengths of light in the visible region. These are ideal narrow spectral

TMewIdth IIgNt SoUrces, which In praclice can be realized by lasers. HOWever, the measurement
of their spectra, and subsequently their chromaticity, will depend on the spectral bandwidth of %A
the spectroradiometer used to measure the light. Figure E.3 illustrates how the chromaticity of
each monochromatic wavelength on the spectrum locus will become less saturated wi
increasing spectral bandwidth. The general trend for a large spectral range is show@ﬂ
Figure E.3a), and a higher resolution plot for the green region is shown in Figure E.3b he
calculation was performed by using a synthetic spectrum at 1 nm increments, where-each
wavelength was represented by a single normalized peak with a Gaussian sp%@ profile.
Chromaticity values were calculated from the synthetic spectra with incre spectral
bandwidth, which was defined as the full-width-at-half-maximum (FWHM) of¢the Gaussian
profile. Note that the bandwidth of actual spectroradiometers is usually at 5st about 10 nm.
Figure E.3 demonstrates the influence of the chromaticity calcula for the various
monochromatic wavelengths, with the green colours exhibiting the est influence from
spectral bandwidth [12].

,\/

E.3.2 Additional information on spectral properties of s;(\:troradlometers

As shown in Formula (A.2) to Formula (A.4), in calcula@ ristimulus values, the spectral
distribution is weighted by the colour-matching functi MFs) at each wavelength. This
subsequently influences the chromaticity results (see PQ ula (A.5) and Formula (A.6)). As the
LMD Gaussian profile and bandwidth broaden b d the or|g|nal DUT linewidth, there is
greater overlap of the measured LMD spectra wi e CMFs. This LMD measurement artefact
suggests that the DUT contained a broader ra ée f wavelengths than were actually in the true
DUT spectra. Therefore, the calculated chr city values can include inevitable errors when
using LMDs with large spectral bandmdth&so from this point of view, the spectral bandwidth
of actual spectroradiometers is usuall< igned to have little influence on the calculation of
tristimulus and chromaticity values

The major spectral properties w#’affect the chromaticity measurements by spectroradiometer
are the wavelength accuracy ndwidth as shown in 5.5. The influence of wavelength error

and bandwidth on chromati measurements of narrow spectral linewidth light is calculated
under specific conditions e\w\d the results show that the influence depends on wavelength [35].
xO

oF
C)\\O

D
\<</C)
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Figure E.3 — Calculated CIE 1931 chromaticities of simulated monochromatic
spectra for various wavelengths,with increasing spectral bandwidths
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Part 1-31: Generic -
Practical information on the use of light measuring devices

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization*comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promaoteinternational
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specificationsy, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC< Bublication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested\in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the)nternational Organization for
Standardization (ISO) in accordance with conditions determined by agreementybetween the two organizations.

The formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an international
consensus of opinion on the relevant subjects since each technical .Committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are ma@le<to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for, the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national orregional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of €onformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the\latest edition of this publication.

No liability shall attach to IEC or its~directors, employees, servants or agents including individual experts and
members of its technical committeesand IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the (publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the_Normative references cited in this publication. Use of the referenced publications is
indispensable for thecorrect application of this publication.

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

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC/~TR 62977-1-31 edition 1.1 contains the first edition (2021-04) [documents
110/1258/DTR and 110/1281A/RVDTR] and its amendment 1 (2022-03) [documents
110/1380/DTR and 110/1404A/DVDTR].

1. A separate Redline version with all changes highlighted is available in this publication.
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IEC TR 62977-1-31 has been prepared by IEC technical committee 110: Electronic displays. It
is a Technical Report.

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 detall at www.lec.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 the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under webstore.ie¢.ch
in the data related to the specific publication. At this date, the publication will be

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

e amended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the(correct understanding of its
contents. Users should therefore print this document 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.

This document addresses how the major properties of a typical LMD affect the measurgment
results. It is often impractical and unnecessary to consider the influences of all properties of
LMDs and all characteristics of DUTs as well as their interactions and influences, on the
measurement results. Therefore, the multiple interaction effects that exist are beyond\the scope
of this document. Due to the rapid innovation and abundance of LMDs, covering-all types of
LMDs is also outside the objectives of this document.

INTRODUCTION to Amendment 1

This document provides additional information to IEC TR 62977-1-31:2021 regarding the
influence of spectral stray light and spectral bandwidth of a spectroradiometer on chromaticity
measurements. It is described in Annex E.

This document also provides the corrections of editorial €rrors of IEC TR 62977-1-31:2021. The
corrections are:
— Typos are fixed:

o “fiber” and “x(4), y(1), z(1)” is replaced ‘with “fibre” and “x(1),y(4),z(1)", respectively in
Figure 2,

e “(%)” in the label of vertical axis is.removed in Figure 9, Figure 10, and Figure 12,
o “0” label of the tick mark of vertical axis is replaced with “1” in Figure C.4.
— The lists for Formula (A.1) andFormula (B.1) are aligned.



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

- 10 - IEC TR 62977-1-31:2021+AMD1:2022 CSV
© IEC 2022

ELECTRONIC DISPLAYS -

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

1 Scope

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

2 Normative references

There are no normative references in this document.

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

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

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

e |SO Online browsing platform: available‘at http://www.iso.org/obp
e |EC Electropedia: available at httpii//www.electropedia.org/

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

3.11

repeatability

<of an LMD> closeness of agreement between indications or measured quantity values
obtained by replicated “measurements over a short period of time using a specific LMD under
conditions specified by the LMD manufacturer

Note 1 to entry: Répeatability of an LMD is usually expressed numerically by statistical quantities, such as standard
deviation, varianee, or coefficient of variation (relative standard deviation) under the specified conditions of
measurement.

Note 2 to entry: The influence on measurement repeatability caused by fluctuations of the measured light source and
by thesmeasurement procedure is assumed to be negligible when the manufacturer specifies the repeatability of 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

IU}JCGth;:;ty ;O IIIUGOUICIIIUIIt 'JIU\.:;O;UII UIIdUI [=] OUt Uf lcpcatab;:;ty \.’Ulld;t;ullo Uf IIIcGQUIGIIIGIIt that ;Ilb:udCQ thc <dlllc
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,

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

T 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

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) an assigned or certified value, based on experimental work of some national or international organization;

c) a consensus or certified value, based on collaborative experimental work under the auspices of a scientific or
engineering group;

d) (when a), b) and c) are not available) the expectation of the (measurable) quantity, i.e. the mean.of a specified
population of measurements [3].

Note 3 to entry: The influence on measurement accuracy caused by fluctuations of the measurediight source and by
the measurement procedure is assumed to be negligible when the manufacturer specifies the.accuracy of an LMD.
Manufacturers often specify the type of light source and other measurement conditions used for determining the
accuracy of an LMD.

Note 4 to entry: Measurement accuracy is the closeness of agreement between al'measured quantity value and the
true quantity value of a measurand [1], [2]. The accuracy of measurement is not a’quantity value while the accuracy
of an LMD is a quantity value; thus, the term "accuracy" conventionally used\ for the specification of LMDs means
something different than that used for measurement.

3.2 Abbreviated terms

CIE Commission Internationale de I'Eclairage (International Commission on lllumination)
CMF colour-matching function

DUT device under test

EOTF electro-optical transfer function
LCD liquid crystal display

LED light emitting diode

LMD light measuring device

ND neutral density

OLED organic light emitting diode
PWM pulse width modulation

RGB red, green{and blue

RGBW red, green, blue, and white
Vsync vectical synchronizing signal

4 General information on LMDs for photometry and colorimetry

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
Annex A.
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LMDs for luminance and chromaticity measurements

4.3.1 Configuration of LMDs

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

1)

Luminance meter

2)

3)

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

example of the configuration of the input optics and the detector unit is shown in Figure-2a);
where a lens is used for the input optics. The input optics collects the light emitted frem-the
DUT and converges it onto the detector. An optical compensation filter is arranged-in front
of the detector. The combination of the spectral characteristics of the filter, inputOptics, and
detector approximates the spectral luminous efficiency function, 7(1). A neutral density (ND)
filter can be inserted into the optical path, for example when the LMD's dynamic range is
insufficient and results in detector saturation. The detector receives theAight and converts
the optical signal to an electronic one, from which the electronic system calculates the
luminance, L,, as in [4], indicates it on an instrument display, and/or-sends the result to an

external system.
Colorimeter

A colorimeter is an instrument for measuring colorimetric quantities, such as the tristimulus
values of a colour stimulus (see IEV 845-25-022). A block diagram of the most common
setup for a colorimeter is shown in Figure 1b): it is coneeptually similar to a luminance meter.
A colorimeter has a detector unit for measuring the<tristimulus values instead of one for the
luminance. A colorimeter for both luminance and chromaticity measurements employs the
same type of input optics as the luminance meter, as described in 4.3.1 1). An example of
the configuration of the input optics and the‘detector unit is shown in Figure 2b), where the
detector unit has three pairs of optical compensation filters and detectors. The input optics
is connected to the detector unit by a~three-branch optical fibre. The combined spectral
characteristics of those componenis “approximates the CIE colour-matching functions
(CMFs). The electronic system caleulates the tristimulus values, X, Y, and Z, where Y is
practically identical to L, (see Annex A).

Spectroradiometer

A spectroradiometer isan instrument for measuring radiometric quantities in narrow
wavelength intervals over'a given spectral region (see IEV 845-25-007). A block diagram of
the general setup of~a spectroradiometer is shown in Figure 1¢). A spectroradiometer for
spectral radiance measurements, and luminance and chromaticity calculations therefrom,
employs the same type of input optics as the luminance meter, as described in 4.3.1 1). An
example of thejconfiguration of the input optics and the spectrometer is shown in Figure 2c),
where the input optics is connected to the spectrometer by an optical fibre. The example
spectrometer consists of an input slit, a grating, for example a concave grating [5], and an
array-detector, where the output of the detector is related to the spectral radiance of the
DUYT:-The obtained spectral radiance, L (1), is converted to the luminance, L,, or tristimulus,

values, X, Y, and Z, using V(i) or CMFs data, which are often stored in look-up tables [6],

[7].
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c) Spectroradiometer with spectrometer using grating and array detector

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



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

- 14 — IEC TR 62977-1-31:2021+AMD1:2022 CSV
© IEC 2022

4.3.2 Input optics of LMDs

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

anp (apnrhlrn), a field efnp’ and a detector behind the field efnlr_\’ fngn’rhnr 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
aperture is the angle subtended by the entrance pupil. The field stop which is positioned ph_the
image plane limits the measurement field of the DUT. The measurement field angle is the ahgle
subtended by the measurement field at the entrance pupil.

Aperture
stop ,
Angular ! Field
aperture --I""" stop
A
Measurement
field
v Measurement Detector
field angle
L Lens E
DUT Entrance

pupil IEC

Figure 3 — Example of input optics for the luminance meters

4.3.3 Electronic system of LMDs

An LMD has an electronic system for processing the electronic signal from the detector [8] in
order to deliver the measuredivalues. Among the various types of systems, Figure 4 shows a
typical one consisting of an analogue circuit amplifying the signal from the detector, an A/D
converter converting theyamplified signal into a digital signal, a data processor converting the
digital signal to the measurement value, and a system controller controlling the whole system
including the memeakty, display, and interface of the external devices.

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

IEC

Figure 4 — Block diagram of a typical electronic system
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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,

dneignnd to apprnyimnfn the ClIE standard lHluminant At is sometimes pneeihln touse 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 managedcby
manufacturers to meet their specifications.

4.3.5 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
instructions provided by the manufacturer. Since deterioration caused by @geing is inevitable,
periodic inspections, adjustments, and calibration by the manufacturer are recommended.

4.4 Setup conditions for measurement
4.4.1 LMDs

Most LMDs are unstable immediately after switching the power 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
measurement stability before regular measurements’ is recommended in order to verify the
appropriate warm-up time.

4.4.2 DUTs

Short-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 time
constants. Measured instabilities of)DUTs are exemplified in Annex D. Checking for such DUT
instabilities is recommended in<order to adapt the measurement procedure accordingly. The
combined long-term stability .gf the LMD and DUT can be confirmed by comparing the results
measured with the same settings at the beginning and at the end of the measurement session.

4.4.3 Environment
For consistent and comparable measurements, environmental conditions should meet the

requirements, of the LMDs and DUTs. Carefully checking the environmental conditions
described inthe respective instruction manuals before measurement is recommended.

5 _Influence of LMD properties on luminance and chromaticity measurements

5.1 General

Clause 5 describes the LMD properties disclosed by the manufacturer or required by the display

measurement standards,and-theirmftoence o thetumimanceandchromaticity Tmeasurememnt
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 Repeatability
5.21 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

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 given
by the manufacturer, for example the light source, luminance, number of measurements, and
statistical evaluation method used, are often defined by the manufacturer specifically for each
LMD model and often documented in the data sheet. They are often specific.t@ each model
even by the same manufacturer. Checking such conditions is recommended’when comparing
the performance of different models.

In actual measurements, experimentally checking whether the méasurement repeatability,
which is affected not only by the repeatability of the LMD but alsothe instabilities of the DUT
and others, meets the requirements of the measurement objectivés‘is recommended, and if not,
improving the measurement system and procedure to meet sueh,requirements is recommended.

NOTE The number of significant digits is determined by the internal numerical calculation, and the rounding strategy
using measurement precision for tristimulus values is shown in A.3.3\The number of digits indicated on the display
and transmitted to the external devices is usually specific to each LMD and is often determined in relation to the
number of significant digits and by considering the repeatabilitysof the LMD.

5.2.2 Example of the repeatability of an LMD

Figure 5 exemplifies the repeatability of @n*LMD for luminance and chromaticity at different
luminance levels for two LMD models by the same manufacturer under the same conditions
specified by the manufacturer. The difference between the two models increases from a
negligible level in the high luminance.range to a significant level in the low luminance range.
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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 manufacturer, for example the light source, luminance, and statistical method used,.are
often defined by the manufacturer specifically for each LMD model and documented in the"data
sheet. They are often specific to each model even for the same manufacturer. Che¢king such
conditions is recommended when comparing the performance of different models. Note that the
definition of accuracy includes systematic errors that remain when the measured value is
obtained by averaging multiple measurements.

5.3.2 Example of the accuracy of an LMD

Figure 6 exemplifies the accuracy of an LMD for luminance, MAZ,, and for chromaticity

coordinates, 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 positive
value only. The difference between the two models increasesifrom a negligible level in the high
luminance range to a significant level in the low luminanege range.
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Figure.6 — Examples of the accuracy of an LMD as a function of luminance

5.3.3 Einearity

Lingarity 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

indnpnndnnfly inthe individual Y, V1 and Z detectors of the r‘nlnrimn’rnr, 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 consideration,
i.e., from low to high luminance, from high to low luminance, or both, to average the two.values
of the same luminance in opposite sequences. This is to minimize total measuremént time or
to achieve higher precision in measurements such as tone-rendering (also known:as electro-
optical transfer function: EOTF), colour gamut volume, and colour accuracy [11]«

5.4 Luminance range

Luminance range is usually specified by LMD manufacturers in terms’ef a lower and an upper
limit 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
within the indicated range are obtainable and do not necessarily meet the specifications. Both
luminance ranges are typically specific to a particular LMD.

Measured values beyond the upper limit of the guaranteed range are likely to be unobtainable
or inaccurate due to saturation or poor linearity of the detector and/or analogue circuit, while
measured values below the lower limit of the guaranteed range are likely to be inaccurate due
to poor repeatability and/or poor linearity. Checking that the operation conditions of the LMD
are properly met for measurement near the lower limit is recommended. For some colorimeters,
the lower luminance limit in chromaticity Yymeasurements is higher than that in luminance
measurements. When measuring below“the guaranteed lower limit, it is helpful to consult with
the manufacturer.

The dynamic range of an LMD is{usually defined as the ratio of the upper and lower limit. It is
a major figure of merit when sglecting LMDs for measurement of the contrast ratio of a DUT.

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
influence of the major spectral properties of spectroradiometers on the measured values for the
array spectroradiometers shown in Figure 2c).

5.5,2 Wavelength accuracy and spectral bandwidth
5.5.2.1 General

Wavelength accuracy and spectral bandwidth are two of the major spectral properties of a
speciroradiometer Some is i i i

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 Annex E [12]. The LMD property for this spectral
stray light is often specified by the manufacturer with evaluation conditions specific to each LMD model.

NOTE 3 The influence of spectral bandwidth on chromaticity measurements of narrow spectral linewidth light'is
shown in Annex E.

5.5.2.2 Calculation method and DUT/LMD parameters

1) Spectral radiance of DUTs: Calculations are performed for three types of DUFs whose
spectral radiances, Ly (1), of red, green, blue, and white test patterns are shown in C.2.1.

They are taken as the reference spectral radiances, Ly (1)

2) Wavelength error and spectral bandwidth: For simplicity, the wavelength error, 41, is
assumed to be the same over the wavelength range, and six waveléngth errors: £0,2 nm,
+0,5 nm, and £1 nm, are chosen for calculation. The respective measured spectral radiances
are obtained by L (1 — d1) . For simplicity, spectral response to the monochromatic input is
assumed to be Gaussian with a bandwidth, bw, which is the same over the wavelength
range. Five bandwidths: 2 nm, 4 nm, 6 nm, 8 nm, and 10nm are chosen for the calculation.
The respective measured spectral radiances are obtaihed by the convolution of the
reference spectral radiance, L, (1), and the simulated Gaussian spectral responses. The

influence of the wavelength error and spectral bandwidth is calculated independently.

3) Calculation of luminance and chromaticity: The tristimulus values, X, Y, and Z and the
chromaticity, (x, y), are calculated by Formulae'(A.2) to (A.7), while Y is practically identical
to L, (see Annex A). The measured values, L, qeas: *meass @Nd Yneas: @re obtained by
substituting the measured spectral radiance of the DUT in the formulae. Their references,
Ly (et Xrerr @Nd yrgp, are obtained by substituting the reference spectral radiances in the
formulae. The differences of the measured values from the reference values indicate the
influence of the wavelength errorand spectral bandwidth of the spectroradiometer on the
measured values.

5.5.2.3 Calculation results
5.5.2.3.1 Luminance

Figure 7 shows thelcalculated relative luminance difference, AL, 5\ (%), as a function of the

wavelength error, 6/, 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 displayed
colour, where'the 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 different
among.these DUTs.
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Figure 7 — Calculated relative luminance difference as a function of wavelength error

Figure 8 shows the calculated relative luminance difference, AL, ,,,, as a function of the

bandwidth, bw, for the four displayed colours: red, green, blue, and white. As shown, the larger
the bandwidth, the larger the difference, and the difference also depends on the displayed
colour. The difference in red,sgreen, and blue is larger than in white. It depends also on the
spectral radiance of the DUJT¢/the trends of the difference are larger in DUT-3 than in the others.
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Figure 8 — Calculated relative luminance difference as a function of spectral bandwidth

5.5.2.3.2 Chromaticity

Figure 9 shows the calculatedichromaticity coordinate differences, Axg,, Aysy, as a function of

the wavelength error, d1. \Fhe differences depend on the displayed colour and the spectral
radiance of the DUTs.
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Figure 9 — Calculated chromaticity

f) DUT-3 (chromaticity coordinate, y)

differences as a function of wavelength error

Figure 10,shows the calculated chromaticity coordinate differences, Axy,, Ay, as a function
of the bandwidth, bw. The differences depend on the displayed colour and the spectral radiance
of the'BUTs.
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Figure'10 — Calculated chromaticity differences as a function of spectral bandwidth

f) DUT-3 (chromaticity coordinate, y)

These“results show that spectroradiometers with reasonably small wavelength error and
spectral bandwidth can perform accurate measurements of luminance and chromaticity of these

DUTs.

5.6

5.6.1

General

Spectral properties of the filter-type luminance meter and colorimeter

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).
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5.6.2 Spectral responsivity
5.6.2.1 General

The major property of filter-type LMDs is their relative spectral responsivity which is expected
to match the spectral luminous efficiency function, V(4), for a luminance meter or the colour-
matching 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
optical elements. Despite the progress of technology, there still remains a mismatch, which
results in differences in the measured luminance and chromaticity from their references given
by the ideal V(1) or CMFs.

In order to quantify the mismatch, the index, f4', is introduced for luminance meters (see C'3.1).
Since f;' is the luminance difference in the measurement of CIE Illuminant A, it is ugsuitable to

predict the difference in measured values for DUTs with completely different spectralradiances,
for example LCDs, OLED displays, and laser displays. Subclause 5.6.2 shows:the simulated
luminance differences of DUTs for the different spectral responsivities of filter-type LMDs.

For colorimeters, similar indices, fy' , f1' y, and fy ,, for CMFs, X(4), ¥(4), and z(41),

respectively, are introduced (see C.3.1). These are the differences’ of X, Y, and Z in the
measurement of CIE llluminant A, and therefore unsuitable to predict the measured difference
for DUTs with completely different spectral radiances. The calculation results of the chromaticity
differences are shown using the average value,f1', xyz: @s @ parameter.

5.6.2.2 Calculation method and DUT/LMD parameters

1) Spectral radiance of DUTs: Calculations are pefformed 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 1 to
around 6 for ten LMDs are used (see C.3¢1).

3) Calculation of luminance and chromaticeity: LMDs are assumed to be calibrated to a light
source with the same distribution @s CIE illuminant A. The tristimulus values, X, Y, and Z,
and the chromaticity, (x, y), are’calculated by Formulae (A.2) to (A.6); Y is practically
identical to L,, (see Annex A). The measured values are obtained by substituting the relative

spectral responsivity of the ' kMDs in the formulae, and their references are obtained by
substituting the ideal CMFEs. The difference in the measured value from the reference value
indicates the influence“of the spectral properties of filter-type LMDs. The difference 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 14/ 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 f; difference for CIE Illuminant A. Contrary

to expectations, the differences do not always increase with an increase in f;' and are often

signiticantly ditferent 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 differences,

Axqy and Aygy, 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 differences.
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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 f;" and f;' xyz

are inadequate for predicting differences.

PRERTY T
5.6.3 Metllods tU IEdUCE tl'e measurement aifrerence

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.

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.
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5.7 Angular response of LMDs
5.71 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

5.7.2 Subtended angles
5.7.2.1 General

The input optics of LMDs have inherent geometrical properties, where the LMD receivesidight
rays emitted from the measurement field to various directions depending on 4he" angle
subtended by the entrance pupil, i.e., the angular aperture, and the angle subtended by the
measurement field, i.e., the measurement field angle, as exemplified in Figure 3. Thus, the LMD
obtains measured values angularly averaged around the optical axis. Even if thé optical axis of
the LMD coincides with the DUT normal, the directional characteristics of thé lspecific DUT also
affect the measured values. The simulated influence of the angular response of an LMD on the
measured values is shown below.

5.7.2.2 Calculation method and DUT/LMD parameters

1) Direction characteristics of the DUT: Figure C.2 exemplifies‘the dependence of luminance
and chromaticity on the inclination angle, 6: L, (6), x(0), and y(¢), where the inclination angle

dependence of the tristimulus values, X(6), Y(@).- and Z(#), is obtained from the
measurements although it is not shown in the figures. For simplicity, these characteristics
are assumed to be the same in any azimuthal langle at any position in the measurement
field. The values of 8 = 0 are taken as the reference values for this calculation.

2) The angular properties of the LMD: Figure 13 conceptually shows the light rays emitted from
the DUT and received by the LMD, shown as a blue line, with the angular aperture, «, and
the measurement field angle, g, bothishewn with a green arrow. For simplicity, the following
assumptions are made in order to €alculate the influence of the angular aperture, a, and the
measurement field angle, f: a) thexmeasured values do not depend on the direction within
the angular aperture or measurgment field angle; b) in the case of the angular aperture, the
light rays are emitted from the.Centre of the measurement field and received by the entrance
pupil; and c) in the case ofithe measurement field angle, the light rays are emitted from the
measurement field andxéceived at the centre of the entrance pupil.

3) Calculation method;The influences of the angular aperture and the measurement field angle
are calculated independently under the conditions described above. For the angular
aperture, the tristimulus values measured by the LMD with the angular aperture, o, are
calculated by.integrating the X(0), Y(9), and Z(6) of light rays below the inclination angles of
o / 2 andever 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 teference values, ALV,ang(a) (= AYang(a)), Axang(a), and Ayang(a), where ALv,ang(a) 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 the
measurement field angle, B, is similarly calculated by using g instead of a according to the
simplified conditions described above.
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Figure 13 — Angular aperture and measurement field angle

5.7.2.3 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 difference
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, the
differences of the coordinates increase differently with an incréase in the angular aperture due
to the different characteristics of X(0), Y(6), and Z(6) of the DUT. The calculated differences as
a function of the measurement field angle are not shown_sinc¢e they are identical to the case of
the angular aperture due to the assumption of horizontal'symmetry (see Figure 13) and in-plane
DUT uniformity. Note that measurements by LMDs with small subtended angles are most likely
to be least affected by the direction characteristics of'the DUTs.
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Figure 14 — Calculated relative luminance difference and chromaticity
difference as a function of the angular aperture

5.7.3 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, Bnite (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.

In the object-space telecentric optical design shown in Figure 15a), the principal rays from'the
off-axis 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 mapuftacturer.
Thus, it is enough to confirm only the angular aperture. This optical design is_‘sometimes
employed in order to realize a large measurement field in a short measurementidistance with
the small influence of the direction characteristics of the DUT, although the optics is usually big
and heavy.

Aperture Aperture

N = q..\_:_’fj"_f:_.l gl -

Measurement Field Ve g L I
) Measuge ment ens :
field Lens stop fiold Field

IEC

NOTE 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

Stray light is light that reaches the detector from directions other than the direct path from the
source to the detector, foriexample light scattered from walls, ceilings or optical components
within the measuring system (see |IEV 845-25-116). Note that this stray light is different from
the spectral stray light described in 5.5.2.1. An LMD property for the stray light caused in the
input optics is often-specified by the manufacturer with evaluation conditions specific to each
LMD model. The-stray light originating from outside of the measurement field often affects the
measured values of the luminance and chromaticity, especially in the measurement of a test
pattern ofdark surrounded by bright portions. The influence can be mitigated by using a frustum
or a stray light 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.

5.8.2.2 Calculation method and DUT/LMD parameters
1) The array type and spectral radiance of the DUT: RGB stripe and Type-1 showniin'C.2.1.
2) Measurement field of the LMD: Circular.

3) Calculation method: shown in Clause C.4. Calculations are performedcfor the number of
pixels within the measurement field of around 100, 200, 500, 1 000, 2,000, and 5 000. The
influence on chromaticity due to the variations in the number of suppixXels is expressed as
Axpum @nd Ay um-

5.8.2.3 Calculation results

Figure 16 shows the calculated results of the influence of the yariations in the number of pixels.
The difference of chromaticity coordinates increases with the decreasing number of pixels up
to a level possibly unacceptable for some measurementpurposes.
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Figure’16 — Calculated chromaticity difference as a function of the number of pixels

Fop 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

5.9.2.1 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.

5.9.2.2 Evaluation method
The polarization dependence of luminance measurements is evaluated as follows:

1) Setup: A non-polarized light source consisting of a light source and diffusers»is placed on
the optical axis of the LMD. A linear polarizer rotatable around the direction of incidence is
placed in front of the LMD.

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

3) Calculation: From the maximum and minimum luminance, L, a5 and L, .., respectively,
among recorded data, the polarization dependence, ALy b, is‘calculated as [10]:

ALv,pol = (Lv,max - Lv,min) / (Lv,max + Lv,min) (1)

5.9.2.3 Calculation results

The measured luminance as a function of thesrotation angle of polarization is shown in Figure 17,
where each luminance is normalized by theyaverage luminance. The polarization dependence,
ALy o is calculated as 0,55 %.
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Figure 17 — Measured Tuminance 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
5.10.2.1 General

The influence is minimized by matching the LMD sampling period with the DUT frame ‘period or
its integer multiples, which is called “synchronization”, regardless of the relative ptrase between
them. The synchronization is widely used in electronic display measurement. The influence of
the temporal relation between the DUT modulation and the LMD sampling!and the effect of
synchronization is shown by numerical calculation.

5.10.2.2 Calculation method and DUT/LMD parameters

1) Characteristics of the DUT: Frame duty driven at a 60 Hzframe rate, which causes the
temporal luminance modulation shown in Figure C.3. TheCduty cycles are 30 % and 70 %,
and the peak luminance is 500 cd-m~2. Thus, the lumipances averaged during one frame
are equal to 500 x 0,3 = 150 cd-m~2 and 500 x 0,7<2.350 cd-m~2, respectively, which are
taken as the reference luminances.

2) Sampling conditions of the LMD: The sampling, périod varies from 1 ms to 40 ms at 1 ms
intervals plus two integer multiples of the frame periods: 1/60 s and 2/60 s. The relative
phase of the sampling varies from 0 ms to, 19ms at 1 ms intervals of the 1/60 s Vsync period.

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

3) Calculation method: The luminance measured by the LMD is obtained by integrating the
temporal luminance data during-the sampling period while varying both the sampling period
and the relative phase in their respective ranges. The difference, AL, ¢, is the relative

difference of each measured luminance from the reference luminance and is further
normalized by the referefice luminance. Then, for each sampling period, the maximum and
minimum values among those with different delays are selected and plotted as a function of
the sampling period:

5.10.2.3 Calculation results

Figure 18 shows the calculation results in the case of the frame duty cycle of 30 % and 70 %.
For the sampling periods of 1/60 s and 2/60 s which are integer multiples of the frame period
(magentalines), the measured luminance has no difference from the reference value regardless
of the\relative phase. For other sampling periods, the measured luminance has large phase-
dependent differences, especially in cases of short sampling periods. The difference increases
with a decrease in the duty cycle, i.e., luminance.
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Figure 18 — Calculated relative luminance differences as a function of sampling period

No matter what causes the modulation, its influence on the measurement can be minimized by
synchronization between the sampling and modulation periods. Af synchronization is impossible,
applying a sufficiently long sampling period, for example 200 cycles of the dominant modulation,
is recommended. In this case, the error due to the modulation”does not exceed 0,5 %.

The detection analogue circuit is likely to be saturated instantaneously by a temporal high peak
signal even though the output luminance averaged,during sampling is within the upper limit of
the LMD. This can be verified using neutral density-filters, as shown in [13].

6 Influence of LMD properties on.measurements of the optical characteristics
of electronic displays

6.1 General

Various measurements charaecterizing displays are affected by the properties of the LMDs in
use. Clause 6 presents the/dominant LMD properties affecting measurement results for each
measurement. Some input-data for calculations are shown in Annex C.

6.2 Contrast ratio
6.2.1 General

Contrast_tatio, CR, is the ratio of a white luminance to a black luminance [13]. The black
luminance of some displays can be close or even below the lower limit of the luminance range
(see«-5:4) of many LMDs. Therefore, the performance of LMDs in black Iluminance
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 black luminance.

6.2.2.1 General

The contrast ratio is defined as [13]:

CR=Ly, /Ly« (2)
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where
CR is the contrast ratio,
Ly w 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.

Table 1 — DUT characteristics for 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.

2) LMDs: Table C.3 shows the specifications of three models-of filter-type LMDs for luminance
measurement disclosed by the LMD manufacturer, where LMD-1 can measure the lowest
luminance among those models.

3) Calculation method: the maximum and minimum measured values of luminance are
assumed to be different from the reference by as’large as +30 (relative standard deviation),

i.e., a coverage of 99,7 %, for the repeatability of an LMD. The relative standard deviation
disclosed in the specification of LMDs~under specific conditions is used here despite the
difference in conditions.

6.2.2.3 Calculation results

Table 2 shows the calculation results. In the case of DUT-A, the contrast ratio has a deviation
of +1 % and +31 % for LMD-1land LMD-2, respectively. On the other hand, the contrast ratio
cannot be determined fromimeasurements with LMD-3 due to its lower limit (see Table C.3)
being higher than the black'luminance (see Table 1). In the case of DUT-B, the contrast ratio is
calculated by the thre&}xMDs with deviations of 0,4 %, 1,8 %, and 5,3 %, respectively. These
results indicate that the repeatability of an LMD at black luminance significantly affects contrast
ratio measurements.

NOTE The measured values of the black luminance are not guaranteed if they are below the lower limit of the LMD,
particularly due‘to the poor repeatability and/or linearity in that range.

The dynamic range of the LMD is often useful for quickly checking the LMD performance for
contrast ratio measurements. This can be performed by comparing the dynamic ranges of LMDs
and"* the contrast ratios of DUTs. The dynamic ranges of LMD-1, LMD-2, and LMD-3 are
3000 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
DUT-B LMD-2 499,25 500,75 0,294 6 0,305 4 1637 1697
LMD-3 499,24 500,77 0,284 1 0,3159 1578 1755

® Lyw = Lywyer X 1+ 3GR,W)

° Ly =Ly et ¥ (== SGR,K)

©CR=CRyx(1%(30rw) +(30rx))

where

Orw 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 limit'of LMD-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 of N
measurements improves the measurement repeatability, R, (also denoted as ¢ or og) as follows:

Ravr = ngl / Vv N (3)
where
R,yr is the repeatability~of average of N measurements,
Rsg is the repeatability of a single measurement.

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
repeatability*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
nufaber is obtained by solving Formula (3) for N with R, = 0,25 % and Rsy = 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
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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 | MD 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, (n, 0, 0%,%0, n,
0), (0, 0, n), and (n, n, n), respectively, where n:{0,1,...N}, and N is the number of quantization levels. If the EOTF
follows a power law, its exponent is denoted by gamma, (y), and the EOTF is simply referred to as "gamma™.

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.

6.3.2 Calculated influence of the LMD properties on the EOTF measurements

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 twenty-five
example input levels: 0, 3, 5, 10, 12, 16, 20, 31, 46, 61, 76A91, 106, 121, 136, 150, 165,
180, 195, 210, 225, 235, 240, 254, and 255, are applied for white and primary colours
(RGB).

2) LMDs: Table C.3 shows the specifications related to EOTF measurement of three filter-type
LMDs, 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 foreach DUT and the permissible repeatability
are applied to all LMDs, as follows:

Input level range: Figure C.4 shows theluminance of DUT-1 and DUT-2 corresponding to
the twenty-five input levels together with’the lower limits of the luminance range of the three
LMDs. From Figure C.4, the commen 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 12 to
255 for B, excluding LMD-3.

Permissible repeatability: In all luminance measurements, measurement repeatability below
0,3 % (Figure C.6) is onezexample 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
given from Formula«(3) by substituting Rg of a single measurement and R, of 0,3 %. Note

that, for simplicity;the influence of factors other than the LMD on measurement repeatability
is not taken inte~consideration.

The total,. measurement time at each luminance level is calculated as a product of the
measurément time and the number of averages required to reach the permissible
repeatability. The summation of the resulting measurement times over all DUT input levels
gives-the duration to measure the EOTF for each of the colours, R, G, B, and W, excluding
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

axvambplepnarmiccoibhla manaciiramaont ranaqatahilitv, ~f 0 2 0/ Thao tatal maonciiramant timac Af tha
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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

b

NOTE These durations do notinclude waiting times.

2  The minimum input levehis 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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GAxy :149’6|(XR —x5)(Ve — Vg) — (X —X5) Ok _yB)| (4)

where 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)

2)

3)

6.4.

1)

DUTs: DUT-1, DUT-2, and DUT-3, are used for calculations. Figure C.1 shows the spectral
radiance of their primaries. Table 4 shows the G4,, of each DUT, which is calculated with
the CMFs and taken as the reference value, G4, (ef-

Table 4 — Chromaticity gamut area of three DUTs

DUT GAyy res (%)
DUT-1 33,56
DUT-2 47,52
DUT-3 63,76

LMDs: Both spectroradiometers and filter-type colorimeters are used in the calculations. For
the spectroradiometers, the same parameters as in 5.5.2.2 2), ‘i.e., wavelength errors from
-1,0 nm to 1,0 nm and Gaussian spectral bandwidth profilesywith widths from 0 nm to 10 nm,
are applied. For filter-type colorimeters, the same spectral conditions as in 5.6.2.2 2), i.e.,
ten spectral responsivities characterized by theirf1', Vz values, are applied.

Calculation method: The tristimulus values, X, Ys~and Z, are calculated in the same way as
in 5.5.2.2 3) or 5.6.2.2 3) for each DUT to derive ‘ehromaticity, (x, y), and subsequently GAyy
is calculated by Formula (4). The difference, AGAyy, is the relative difference of the
calculated G4,, from the reference value, further normalized by the reference value.

2.3

Spectroradiometer: Figure 20a)«and Figure 20b) show the calculated relative difference,
AGAXy, as a function of wavelength error and spectral bandwidth, respectively. The
magnitude of AGAXy increases with wavelength error or the bandwidth, with rates depending

on the type of DUT.

Calculation results

A A
< 15 15
S l g
R ; N
e | S 05
§ 05 4 f ® 03 '
@ o 8l & g
g 0 X F? o 0 —vu
o | (0] o
o -0,5 ). ° 5 —0,5 s
s 6 DUT-1 2 oDUT o s
&% aput2 A g -1 | oput2 3
<< slapurs > T _ 5|leDurs -
~12-1-08 -04 0 02040608 1 12 "o 2 8 10 12
-06 -02 Bandwidth, b
* Wavelength error, 4 (nm) v andwidth, bw (nm)

IEC

IEC

a) Wavelength error b) Bandwidth

Figure 20 — Calculated relative difference, AG4,,, by spectroradiometers

Xy’
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2) Filter-type colorimeter: Figure 21 shows the calculated relative difference, AGAyy, 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.

A

6 o
;\3 a
‘3 * =] 4
22 x o 8
5
5 0 &
[0
= A
5 -2 a° g
2 [oput 8 a
8 -4loput-2
« |aDUT3 _

1 2 3 4 5 6 -

Mismatch index, f1' (%)
' IEC

-+—O

Figure 21 — Calculated relative difference, AGA,,,, by colorimeters

Xy’

As mentioned above, spectroradiometers with reasonably small wavelength errors and spectral
bandwidths allow accurate measurements with errors’roughly predictable from the wavelength
accuracies and spectral bandwidths disclosed \in the LMD specifications. For filter-type
colorimeters, the differences can be reduced by)the methods shown in 5.6.3.

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

repeatability of the measurement is recommended.

6.5 Viewing direction characteristics
6.5.1 General

The viewing direction characteristics of a display are variations in the luminance and
chromaticity of a.display over a range of inclination angles and azimuth angles. The angular
response of an LMD affects the measured values of the luminance and chromaticity, as shown
in 5.7, whichts 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
measred 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, g, 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

nnnlf\ (oo Eioe a1\

argre— St tT1gourC—o7~

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, 0 yp, by the LMD with

the angular aperture, «, are approximated by integrating the X(6), ¥(0), and Z(6) only for_the
rays on the meridional plane (0 yp — @/ 2 = < 0,5, =< O yp + a / 2) (see Figure 22)The

influence of this approximation is confirmed to be negligible (see Clause C)5). The
chromaticity coordinates, x,;,4(0 mp> @), Yang(PLmp, @) » are calculated therefromiby Formula

(A.5) and Formula (A.6). The differences of the measured values from the reference values,
AL, ang(é),_MD, a) (= AYang(ﬁLMD, a)), Axang(HLMD, a), and Ayang(ﬁLMD, a), where AL,
ang(0Lmp: @) is further normalized by the reference value, are calculated’up to o = 10° and
O .mp = 60°. These differences indicate the influence of the angular, aperture of the LMD.

The influence of the measurement field angle on the calculation results is similarly
calculated using g instead of a.

o

Meridional
plane

PBUT

Figure 22 — Cone of light rays for calculating the tristimulus values measured by an
LMD with the-angular aperture, «, and an optical axis at an inclination angle, ¢ yp

6.5.2.2 Calculation results

Figures23 shows the calculation results of the variations of luminance, relative luminance
difference, and chromaticity coordinates as a function of the inclination angle. The values of the
ehromaticity 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

alaain o $ o ndant -tk Bl ar rhiie Tk Lot Loain o

ff
HratahRce—arenRotSo UUHUIIUUIIL O orc Glluulul CAPGILUIG rheferatv e anece—eaHrerenRees

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 luminance and chromaticity dependence as a function
of the inclination angle)for the 2°, 6°, and 10° angular apertures

6.5.3 Measurement field at"an oblique direction

A measurement field on a:DUT is enlarged when an LMD is aimed at an oblique direction. In
the case of an LMD with-a circular measurement field of diameter, D is aimed at the DUT at an
inclination angle, 6, yp,~and the measurement field of the LMD projected onto the DUT surface

is approximated by.an ellipse with a longer axis of D/ cos(é| yp) and shorter axis of D. Figure 24

shows a DUT with a) a large and b) small test pattern, and the measurement field at an
inclination angle of 0° and ¢\ p. respectively. As is observed, the projected measurement field

exceeds the small test pattern at an inclination angle, 6 ,p. Checking that the projected
measurement field does not exceed the test pattern displayed on the DUT is recommended.
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Figure 24 — Measurement field and test pattern

6.6 Spatial uniformity
6.6.1 General

The spatial uniformity characterizes the in-plane variatiohs of the luminance and chromaticity
of a DUT displaying nominally the same single colour at.all positions. The measured uniformity
values are affected by the properties of the LMDs, Subclause 6.6 shows their influence on the
uniformity 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-
uniformity, NU, and uniformitys\U, are given as [13]:

NU = ((Lv,max,Nu ~ L, minnu ) /'Ly maxNu ) -100(%) ®)
U =100(%) - NU 6)
where
Lgvhax.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 r-hrnmn’rir-i’ry difference hetween the twao Inncitinnc is calculated as [1'%]'

(Au'v')i/. =\/(u',—u'j)2+(v'i—v'j)2 (7)

where

5

u'p u’, v, andv’;  arethe CIE 1976 chromaticity coordinates, u’, v', measured at the positions
P, and Pj(i,j=0to8and i #]J).



https://iecnorm.com/api/?name=fa006fe687272d797b6f8fab6cd9aaa1

IEC TR 62977-1-31:2021+AMD1:2022 CSV - 43 —

© IEC 2022

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 th

ha a [ R1\A - a arn

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 shows
the values of non-uniformity for the RGBW test patterns calculated using Formula (5) and
Formula (7), which are taken as reference values of non-uniformity, NUe; and (Au'v’) gyt

ref:

Table 5 — Non-uniformity of DUTs

NUref (Au v ’)max, ref
DUT
Red Green Blue White Red Green Blue White
DUT-1 13,44 12,17 14,26 11,19 0,000 9 0,000 7 0,004 0 0,003 7
DUT-2 7,23 5,61 5,76 7,36 0,002 0 0,000 8 0,002 0 0,002 7

2) LMDs: The same LMDs with spectral conditions as describéd' in 5.6.2.2 2), i.e., ten spectral
responsivities specified by the f;' xyz Value, are used.

3) Calculation method: For each displayed colour test{pattern, the chromaticity, (x, y), and
luminance, L,, are calculated as described in 5.6.2.2 3), from which the luminance and
chromaticity non-uniformity measured by the colorimeters are calculated by Formula (5) and
Formula (7). The differences, ANU and A(Au’v’),.y are obtained by subtracting the
reference, NU gt OF (Au'v')max, ref, from the measured, NU or (Au'v’)p a4, respectively.

6.6.2.3 Calculation results

Figure 25 shows the calculation results of ANU and A(Au’v’),.x- Since they are calculated as

the differences between two positions, systematic errors due to the spectral properties of the
LMDs are mostly cancelled asjong as they are measured using the same LMD under the same
conditions. Thus, the required spectral accuracy of the LMD is not very high and a filter-type
luminance meter or colorimeter fits well.
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Figure 25 — Calculated non-uniformity difference by the filter-type colorimeters

6.7 Response time
6.7.1 General

The DUT response time'is the time needed to change between the DUT black and white states
or between the statestof any two grey levels [18], i.e., the so-called grey-to-grey response time.
The transition times from dark to bright state and vice versa are called rise and fall time,
respectively, and-are often defined with 10 % and 90 % thresholds. The measured response
time is affected by several LMD properties such as the sampling rate, low-pass filter
characteristics, and spectral responsivity. Subclause 6.7 addresses the influence of those
factors onvthe response time measurements in the case of rise time measurements.

6752 Measurement of the response time

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

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

is used for comparison.

3) 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 the
oscilloscope receiving the outputs of the LMD, or b) where the response is recorded and the
curve displayed by the LMD itself [19], [20]. In subclause 6.7, the measured luminance is
normalized to the steady-state luminance achieved after switching.
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Figure 26 — Measurement setups for response time measurements

6.7.2.2 LMD properties affecting the temporal.,response measurements

6.7.2.2.1 Sampling rate

Figure 27 shows the temporal responses 'of the LCD monitor measured at different sampling
rates and the figure indicates that a sampling rate higher than 1 kHz is preferable for this DUT.
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Figure 27 — Response curves measured at different sampling rates
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