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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

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 comp.’sing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promnte inter. ational
co-operation on all questions concerning standardization in the electrical and electronic fields. To ti.’'s ehd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Teci.ical Xeports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatioi.’s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in th » subject dealt with
may participate in this preparatory work. International, governmental and non-governmenta: ~rganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Inter. ationa. Organization for
Standardization (ISO) in accordance with conditions determined by agreement betwc 2n th . twe organizations.

The formal decisions or agreements of IEC on technical matters express, as i 2@rly s pussible, an international
consensus of opinion on the relevant subjects since each technical commii. e his representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationai us=2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made tr.en. ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th2 way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C-mn.’ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their natior.a. anu regional publications. Any divergence between
any IEC Publication and the corresponding national or reg nnal sublication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. 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 certificatior hol'ies.

All users should ensure that they have the laic=t dition of this publication.

No liability shall attach to IEC or its dire :ito's, .employees, servants or agents including individual experts and
members of its technical committees end . -C National Committees for any personal injury, property damage or
other damage of any nature whatshev.r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicetion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the No. rativ 2 references cited in this publication. Use of the referenced publications is
indispensable for the corr=ct ap . !ication of this publication.

Attention is drawn to t"ic ~hos._ibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not" e he 4 responsible for identifying any or all such patent rights.

IEC TR 62977131 has been prepared by IEC technical committee 110: Electronic displays. It
is a Techiiica: Report.

The tex. of this Technical Report is based on the following documents:

DTR Report on voting
110/1258/DTR 110/1281A/RVDTR

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

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

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

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of *his ukliication indicates
that it contains colours which are considered to be useful for th. co rect understanding
of its contents. Users should therefore print this documen” 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 measurement
results. It is often impractical and unnecessary to consider the influences of all propertics of
LMDs and all characteristics of DUTs as well as their interactions and influences c¢n e
measurement results. Therefore, the multiple interaction effects that exist are beyond thi>» scape
of this document. Due to the rapid innovation and abundance of LMDs, coverinj a' ty|. »s of
LMDs is also outside the objectives of this document.
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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 optics 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 http://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: Repeatability of an LMD is usually expressed numerically by statistical quantities, such as standard
deviation, variance, 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 the measurement 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
repeatability is measurement precision under a set of repeatability conditions of measurement that includes the same
measurement procedures, same operators, same measuring system, same operating conditions, same location, and
replicate measurements on the same or similar objects over a short period of time. Measurement reproducibility is
measurement precision under a set of reproducibility conditions of measurement that includes different locations,

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

T Numbers in square brackets refer to the Bibliography.



	undefined
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 General information on LMDs for photometry and colorimetry
	4.1 General
	4.2 Photometry and colorimetry for electronic displays
	4.3 LMDs for luminance and chromaticity measurements
	4.3.1 Configuration of LMDs


	Figures
	Figure 1 – Block diagrams of three types of LMDs
	Figure 2 – Example of configurations for the input optics and detector
	4.3.2 Input optics of LMDs
	4.3.3 Electronic system of LMDs

	Figure 3 – Example of input optics for the luminance meters
	Figure 4 – Block diagram of a typical electronic system
	4.3.4 Calibration of LMDs
	4.3.5 Maintenance of LMDs

	4.4 Setup conditions for measurement
	4.4.1 LMDs
	4.4.2 DUTs
	4.4.3 Environment


	5 Influence of LMD properties on luminance and chromaticity measurements
	5.1 General
	5.2 Repeatability
	5.2.1 General
	5.2.2 Example of the repeatability of an LMD

	Figure 5 – Examples of the repeatability of an LMD as a function of luminance
	5.3 Accuracy
	5.3.1 General
	5.3.2 Example of the accuracy of an LMD
	5.3.3 Linearity

	Figure 6 – Examples of the accuracy of an LMD as a function of luminance
	5.3.4 Range change

	5.4 Luminance range
	5.5 Spectral properties of the spectroradiometer
	5.5.1 General
	5.5.2 Wavelength accuracy and spectral bandwidth

	Figure 7 – Calculated relative luminance difference as a function of wavelength error
	Figure 8 – Calculated relative luminance difference as a function of spectral bandwidth
	Figure 9 – Calculated chromaticity differences as a function of wavelength error
	Figure 10 – Calculated chromaticity differences as a function of spectral bandwidth
	5.6 Spectral properties of the filter-type luminance meter and colorimeter
	5.6.1 General
	5.6.2 Spectral responsivity

	Figure 11 – Calculated relative luminance difference as a function of f1' 
	5.6.3 Methods to reduce the measurement difference

	Figure 12 – Calculated chromaticity differences as a function of f1', xyz
	5.7 Angular response of LMDs
	5.7.1 General
	5.7.2 Subtended angles 
	5.7.3 Consideration of the input optics

	Figure 13 – Angular aperture and measurement field angle
	Figure 14 – Calculated relative luminance difference and chromaticitydifference as a function of the angular aperture
	5.8 Measurement field
	5.8.1 General

	Figure 15 – Diagram of light rays in object space telecentricand non-telecentric optical design
	5.8.2 Number of pixels within the measurement field

	5.9 Polarization
	5.9.1 General

	Figure 16 – Calculated chromaticity difference as a function of the number of pixels
	5.9.2 Polarization dependence of LMDs

	Figure 17 – Measured luminance variation as a functionof the rotation angle of the polarizer
	5.10 Temporal synchronization
	5.10.1 General
	5.10.2 Temporal synchronization of the LMD and DUT


	6 Influence of LMD properties on measurements of the optical characteristics of electronic displays
	6.1 General
	6.2 Contrast ratio
	6.2.1 General
	6.2.2 Calculated influence of LMD properties on the contrast ratio measurements

	Figure 18 – Calculated relative luminance differences as a function of sampling period

	Tables
	Table 1 – DUT characteristics for the calculations
	Table 2 – Calculated results of the contrast ratio by three LMDs
	6.3 Electro-optical transfer function (EOTF)
	6.3.1 General
	6.3.2 Calculated influence of the LMD properties on the EOTF measurements

	6.4 Chromaticity gamut area
	6.4.1 General
	6.4.2 Calculated influence of LMD properties on the chromaticity gamut area measurements

	Figure 19 – Total measurement times for 0,3 % repeatability (2σ) in three LMDs
	Table 3 – Calculated durations of the EOTF measurements
	Figure 20 – Calculated relative difference, ΔGAxy, by spectroradiometers
	Table 4 – Chromaticity gamut area of three DUTs
	6.5 Viewing direction characteristics
	6.5.1 General
	6.5.2 Calculated influence of the LMD properties on the viewing direction characteristics measurements

	Figure 21 – Calculated relative difference, ΔGAxy, by colorimeters
	Figure 22 – Cone of light rays for calculating the tristimulus values measured by an LMD with the angular aperture, α, and an optical axis at an inclination angle, θLMD
	6.5.3 Measurement field at an oblique direction

	Figure 23 – Calculated luminance and chromaticity dependence as a functionof the inclination angle for the 2°, 6°, and 10° angular apertures
	6.6 Spatial uniformity
	6.6.1 General
	6.6.2 Calculated influence of LMD properties on uniformity and non-uniformity measurements

	Figure 24 – Measurement field and test pattern
	Table 5 – Non-uniformity of DUTs
	6.7 Response time
	6.7.1 General
	6.7.2 Measurement of the response time

	Figure 25 – Calculated non-uniformity difference by the filter-type colorimeters
	Figure 26 – Measurement setups for response time measurements
	Figure 27 – Response curves measured at different sampling rates
	Figure 28 – Measured response subjected to various low-pass filterings
	Table 6 – Rise times calculated from a measured responsesubjected to various low-pass filterings
	6.8 Flicker
	6.8.1 General
	6.8.2 Measurement method of the flicker

	Figure 29 – Measured response curves switched from the 10 % to 90 % level
	Table 7 – Rise times measured by LMDs of various V(λ) fidelities
	6.8.3 Low-pass filter of LMDs

	Figure 30 – Schematic measured temporal luminance modulationof the LCD with a common voltage offset
	Figure 31 – Conceptual pseudo-temporal luminance modulation
	Figure 32 – Simulated luminance modulations with and without high frequency noise

	Annex A (informative)Photometry and colorimetry 
	A.1 General
	A.2 Photometry
	A.3 Colorimetry
	A.3.1 General
	A.3.2 Standard colorimetric observer
	A.3.3 Tristimulus values 
	A.3.4 Chromaticity diagram and colour space


	Annex B (informative)Method for reducing the measurement difference of colorimeters
	B.1 General
	B.2 Matrix calibration methods for colorimeters
	B.2.1 Matrix calibration process 1: RGB calibration
	B.2.2 Matrix calibration process 2: RGBW calibration


	Annex C (informative)Input data in Clause 5 and Clause 6,and calculation methods in 5.8 and 6.5
	C.1 General
	C.2 Characteristics of DUTs
	C.2.1 Spectral radiances of the DUTs

	Figure C.1 – Spectral radiances
	C.2.2 Directional characteristic of the DUT
	C.2.3 Temporal modulation characteristics of the DUT
	C.2.4 EOTF characteristics of the DUTs

	Figure C.2 – Inclination angle dependence
	Figure C.3 – Temporal modulation of the luminance
	C.2.5 Uniformity characteristics of the DUTs

	Figure C.4 – EOTF characteristics
	Table C.1 – Measured luminance and chromaticity at the nine positions of DUT-1
	C.3 Characteristics of the filter-type LMDs
	C.3.1 Spectral responsivities of the filter-type LMDs

	Table C.2 – Measured luminance and chromaticity at the nine positions of DUT-2
	C.3.2 Specifications of filter-type LMDs

	Figure C.5 – Spectral responsivity of the colorimeter
	Figure C.6 – Repeatability of three LMD models
	Table C.3 – Specifications of filter-type LMDs
	C.4 Influence of the number of pixels within the measurement field
	Figure C.7 – Three positions of a circular measurement field relative to the RGB stripes
	C.5 Validity of the viewing direction dependence obtained by a simplified method
	Figure C.8 – Configuration to measure DUT emissionby the LMD at the inclination angle, θLMD
	Figure C.9 – Inclination angle dependence calculated by two methodsusing an LMD with an angular aperture of 10°

	Annex D (informative)Instabilities of DUTs in measurement
	D.1 General
	D.2 DUT instabilities
	Figure D.1 – Changes of luminance and chromaticity after switching the grey levels
	Table D.1 – Luminance and chromaticity transition
	Figure D.2 – Changes of luminance after switching from the black to grey level
	Table D.2 – Luminance changes in two measurements

	Bibliography

