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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promoteinter;
peration on all questions concerning standardization in the electrical and electronic fields» To this ¢

aration is entrusted to technical committees; any IEC National Committee interestéd in the subject dg
participate in this preparatory work. International, governmental and non-governmental organizations

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter

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

lications is accurate, IEC cannot be held responsible /for.the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Natiénal Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding national'@nregional publication shall be clearly indicated in th

itself does not provide any attestation of cenformity. Independent certification bodies provide cor

ices carried out by independent certification bodies.
sers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its~directors, employees, servants or agents including individual exps
hbers of its technical committees-and IEC National Committees for any personal injury, property dan
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
bnses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the_Normative references cited in this publication. Use of the referenced publica
Epensable for the correct application of this publication.

draws atteption* to the possibility that the implementation of this document may involve the usé
nt(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent
ect thereof./As of the date of publication of this document, IEC had not received notice of (a) patent(s
be required to implement this document. However, implementers are cautioned that this may not re
latest.information, which may be obtained from the patent database available at https://patents.iec.
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IEC 62977-2-11 has been prepared by of IEC technical committee 110: Electronic displays. It
is an International Standard.

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

Draft Report on voting

110/1566/FDIS 110/1591/RVD

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 International Standard 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/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 webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e re¢onfirmed,
e withdrawn, or

e reyised.

IMPQRTANT — The "colour inside" logo on the cover page of this document indigates
that jt contains colours which are considered to be useful forthe correct understanding
of it$ contents. Users should therefore print this document using a colour printer
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INTRODUCTION

Emissive displays are emerging as the most advanced displays featuring a high dynamic range
from black to white luminance, as well as vivid colour for each pixel.

Various methods, which measure optical characteristics standardized in IEC TC 110, so far
consider only a specified measurement area that covers more than 500 pixels. It is likely that
optical performances reporting the spatially integrated data will have difficulty to represent the
optical characteristics of each pixel.

ver at

least $00 emission pixels regularly placed, will be identified.

This document assesses the consistent luminance and uniformity in the local block (for example,
within|a 4 % window box pattern and regularly scattered emission pixels)"by comparing the
changles in luminance variation and emissive ratio, where an emissive sequence of eaclh pixel
is controlled.
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ELECTRONIC DISPLAYS -

Part 2-11: Measurements of optical characteristics —
Local luminance and uniformity

1 Scope

This
emiss
500 p

measlirement methods identify optical variations within the local block where over:500 e

pixels

2 N

The fq

are regularly placed.

prmative references

amen

IEC 6

www.g¢lectropedia.org)

IEC 6
symbq

CIE7

3 T

3.1

For the purposes, ofthis document, the terms and definitions given in IEC 6005

IEC 6

ISO a
addre

llowing documents are referred to in the text in such a way that some or all of their ¢

ments) applies.

D050-845, International Electrotechnical Vocabulary — Part 845: Lighting (availa

P341-1-2, Organic light emitting diode (QLED) displays — Part 1-2: Terminology and
Is

D-1987, The Measurement of Absolute Luminous Intensity Distributions

erms, definitions, abbreviated terms, symbols and units

Terms and definitions

P341-1-2, aneithe following apply.

nd IE€smaintain terminology databases for use in standardization at the fol
5Ses.

art of IEC 62977 specifies the Tocal luminance and uniformity measurement meihpds of
ve displays. The light measuring device’s (LMD) measurement field will cover morg than
xels of TVs, monitors or signage displays. The local luminance and\ unifprmity

ission

bntent

constifutes requirements of this document. For dated references; only the edition cited applies.
For undated references, the latest edition of the referenced document (includin

j any

ble at

letter

D-845,

owing

o |E

C Eleciropedia: avallable at ntips:.//www.electropedia.org/

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

3.1.1
local

block

area where at least 500 emission pixels are regularly arranged

3.1.2
local

luminance

luminance not in the whole area but in a specified or designated local block, where regularly
arranged pixels are gathered, of the emissive display panel

3.1.3
local

luminance consistency

luminance variation range within the local block
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3.1.4
local luminance uniformity
luminance variation among adjacent pixels in the local block of the emissive display panel

3.2 Abbreviated terms

APL average picture level

CCT correlated colour temperature

CIE Commission Internationale de I’Eclairage (International Commission on lllumination)
DUT device under test

ILMD ;Illay;llu :I\c’ht IIIUGOUI;II\:’ dUVIUU

LMD light measuring device

3.3 |Symbols and units

Table|1 describes the symbols and quantity units.

Table 1 — Letter symbols
No Name of quantity Symbol Unit Remark
01 Measuring distance between display and LMD d mm Formula| (1)
02 Measurement-field angle a degree Formulal (1)
03 Horizontal pixel pitch Pr mm Formulal (1)
04 Vertical pixel pitch D, mm Formula| (1)
05 Number of pixels in the measured area n - Formulal (1)
Average of local luminance (L, =i 1, 2, ..., m) L P Formulal(2),
06 avg cd/m Formula| (3)
07 Luminance of arranged-pixels test pattern L, cd/m?2 Formulag| (2)
08 Number of arranged-pixels test patterns m - Formula| (2)
09 Local luminance consistency LLC % Formulal (3)
10 Emissive ratio P % Formulag| (3)
11 Luminance of reference (4(% white box) Lot cd/m?2 Formula| (3)
12 Luminance of 100 % black. box Ly cd/m?2 Formulag| (3)
13 Local contrast of reference CRges - Formula| (4)
14 Local contrast consistency Lcc % Formulg| (6)
15 Corre_ct measurement distance between iLMD D mm Formuld| (7)
and display

16 Image-luminance Limage cd/m? Formulal (8)
17 Loca¥luminance uniformity LLU % Formulal (9)
18 Minimum luminance of (Il =71 2 m) ’mln ud’/“l2 Eormul (9)
19 Maximum luminance of (L, =i 1, 2, ..., m) Liax cd/m?2 Formula (9)

NOTE The pixel pitch is defined in ISO 9241-302:2008, 3.4.36 [9]1.

T Numbers in square brackets refer to the Bibliography.
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4 Standard setup conditions

4.1 Light measuring devices

The requirements of light measuring devices are specified in the IEC 62977-2-1:2021, Clause 5,
[1] and IEC 62341-6-1:2022, Clause 5 [2].

To ensure reliable measurements, the following requirements apply to the light measuring
equipment:

1) Luminance meter [3]: the instrument's spectral responsivity shall comply with the CIE

. e ‘ o itk ' 7 A GIE 70-
CIE
lllyminant A source) shall not be greater than 4 % for luminance values over 0;}.6d/m?2 and
not be greater than 10 % for luminance values 0,1 cd/m?2 and lower. If the luminance is| lower
than the LMD’s lower limit of sensitivity it shall not be used for the measurement.

2) Cdlorimeter: the spectral responsivity shall comply with the colour matching functigns for
th¢ CIE 1931 standard colorimetric observer with a colorimetric accUracy of +0,002 for the
CI} chromaticity coordinates x and y (relative to the CIE llluminant A source) for lumipance
values over 1 cd/mZ2. A correction factor can be used for the requireéd accuracy by application
of [a standard source with similar spectral distribution as the-display to be measured.

3) Spectroradiometer: the wavelength range shall be at least from 380 nm to 780 nm, apd the
wgvelength scale accuracy shall be less than 1 nm. Theirelative luminance uncerta|nty of
megasured luminance (relative to the CIE llluminant ASource) shall not be greater thgn 4 %
fol luminance values over 0,1 cd/m?2 and not be{gréater than 10 % for luminance yalues
0,1 cd/m2 and lower. A method can be used to correct the stray light error and improje the
quplity of colour measurements, which is spécified in IEC 62341-6-1:2022, Clause |5 and
Arnex C.

NQTE The errors from spectral stray light withirta spectroradiometer can be significant when measuring gpectra
fropn narrow bandwidth primaries and will be.corrected. Details of this correction method are discussed in [4].

If fhe luminance is lower than theALMDs’ lower limit of sensitivity it shall not be used for the
measurement.

4) Imiaging luminance meter;-the’number of pixels of the detector shall not be less than 4 for
each display sub-pixel within the colorimeter's measurement-field area for setting| good
antialiasing propertiest{5] and shall have at least a 12-bit per frame digital resolution

4.2 [Measuring conditions

4.21 Standard.measuring environmental conditions

Measlirements-shall be carried out under the standard environmental conditions:

o | temperature: 25°C =3 °C,
e relative humidity: 25 % RH to 85 % RH,
e atmospheric pressure: 86 kPa to 106 kPa.

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

4.2.2 Power supply

In order to stabilize the performances of the DUT, the power supply for driving the DUT shall
be adjusted according to the specification of the DUT.

4.2.3 Warm-up time

Measurements shall be carried out after sufficient warm-up time. Warm-up time is defined as
the time elapsed from when the supply source is switched on, and a 100 % grey level of input
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signal is applied to the DUT, until repeated measurements of the display show a variation in
luminance of no more than 2 %/min and 5 %/h.

4.2.4 Standard measuring darkroom conditions

The luminance contribution from the background illumination reflected off the test display shall
be < 0,01 cd / m2. If these conditions are not satisfied, then background subtraction is required,
and it shall be noted in the measurement report. In addition, if the sensitivity of the LMD is
inadequate to measure these low levels, then the lower limit of the LMD shall be noted in the
measurement report.

4.3 Measuringdirectiomsetupcondition

By default, the display shall be set in the vertical position (Figure 1 a)), but alternativgly the
horizgntal position (Figure 1 b)) is also allowed.

Local luminance, uniformity and other relevant parameters of the displays haye to be adjusted
to nominal status in the detailed specification. Local luminance and\uniformity shpll be
measuyred perpendicularly to the display surface.

o'
RS

LMD

O

i
/

v !
/

!
\ !
nEy
bl ST
!
i

S
A}
\
\
/
’
h
=
~
1
N
-
o
kel

)

\
\
A
!
1

\
]
/

/

R A, Le oo _//__
17
LMD ’

IEC

a) Primary measuring direction b) Alternative measuring direction

Figure 1 — DUT installation conditions

5 Test pattern

5.1 General

There are two test pattern categories for local luminance and uniformity. One is a reference
pattern, and another category is emissive ratio-variable test patterns.

5.2 Reference pattern

A 4 % white box pattern is used as a reference pattern to measure local luminance and
uniformity. The detailed information of the 4 % white box pattern is described in
IEC 62977-2-1:2021, Figure 4 [1], and shown in Figure 2. As the luminance of some displays
varies with changes in APL with a current driving circuit [7], it is essential to fix the luminance
of pixel-by-pixel or pixel clusters whether or not some near-designated pixels in the pattern are
turned off based on the intention.
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Figure 2 — Reference pattern (4 % white box pattern)

Emissive ratio-variable test patterns

Concept of test pattern

logies.

fe signal dots to the number of the 4 %.boXes.

Hation can be from 50 % (2 by 4 emissive) to 11,1 % (1 by 9 emissive).

cal luminance and uniformity, the test patterns, which shouldvary the emissivg area
based on the reference pattern (4 % white box), are considered. This refers to the pxtent
ch the relationship between luminance variation and emissive ratio changes, under the
rement conditions. It enables easier determination«of-'the luminance compenkation

Mmissive ratio-variable test pattern is comprisedwof black and white dot patterns thiat are
ed at the designated area regularly within the reference pattern. Examples of the test
h are shown in Figure 3. The emissive ratio\can be calculated as the ratio of the number

hite signal dots are arranged regularly as shown in Figure 3. The linear lumipance

a) 50 % emissive ratio b) 44,4 % emissive c) 25 % emissive ratio d) 11,1 % emissive
pattern ratio pattern pattern ratio pattern
(2 by 4 emissive) (4 by 9 emissive) (1 by 4 emissive) (1 by 9 emissive)

NOTE

IEC ’ IEC ) IEC

Users of this document can add more patterns to improve the rationality of this measurement method.

Figure 3 — Examples of emissive ratio test patterns

IEC
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5.3.2 Concept of arranged signal dots of the test pattern

It is likely that the luminance variation among adjacent pixels will be very low owing to the
compensation technologies applied. The method for shifting signal dots containing the same
emissive ratio can handle the emissive signal dot position as shown in Figure 4. For example,
Figure 4 a) is the 50 % emissive ratio pattern with two switching signal dots which are black
and white. Figure 4 b) is the 44,9 % emissive ratio pattern. Four signal dots (2 by 2) are shifted
within a red box which is 9 signal dots (3 by 3). The number of signal dots in a cluster (the red
box) is indicated in Figure 4 as s whereas the number of white signal dots in the red box is
indicated as c.

| . 4 signal dots shifting
Switclling 2 signal dots in a cluster (9 signal dots) R .2 B c.0
)

(1,0) |(1.1) [{¥) (QROR (1.1)

(2,0) (2.1)|(2.2) (2,0) (2.1)|(2.2)

P emissive

4 by 9 emissive

IEC

a) 50 % emissive ratio pattern b) 44,9 % emissive ratio pattern

Ope signal dot shifting

in g cluster (4 signal dots) One signal dot shifting

in a cluster(9 signal dots)

(1.0)|(1.1)[(1.2)

2.0)|(2.1)|(22)

(0,0)|(0,1)|(0,2)

(1.0) (1.2)

(2.0)|(2.1)|(22)

(0,0) | (0,7)

1 by 4 emissive

1 by 9 emissive

IEC

IEC

c) 25 % emissive ratio pattern d) 11,1 % emissive ratio pattern

NOTE |Users of this document can add more patterns to improve the rationality of this measurement methog.

Figure 4 — Examples of test pattern with regularly arranged signal dots

6 Measurement methods

6.1 Local luminance consistency
6.1.1 Purpose

The purpose of this method is to measure the luminance consistency in the designated local
block. The test patterns described in 5.3.1 and 5.3.2 are used.

6.1.2 Measuring conditions

The conditions described in 4.2 should be applied.
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6.1.3 Setup

1) Apparatus: An LMD to measure the luminance of the DUT; a driving power source; a driving
signal equipment.

2) Mount the display and the LMD in a mechanical system that allows the display to be
measured along its vertical or horizontal plane. The LMD should be aligned perpendicularly
to the display surface. The measuring distance between the display and LMD, d, can be
adjusted in consideration of the number of pixels in measurement-field area.

3) Align the LMD perpendicularly to the display surface and position it at the centre of the
display.

6.1.4 __ Test patterns for local luminance consistency

Test gatterns for local luminance consistency are determined based on 5.3. Test patterps are
compg@sed as reference test patterns (Figure 2), types of emissive ratio-variabletgst pdtterns
(Figurge 3), arranged-pixels test patterns (Figure 4), and 100 % black box patterns.

6.1.5 Pixel numbers in the measurement field

The njumber of pixels, n, in the measurement field, according to a-measuring distande and
apertyre degree of the LMD, can be calculated with Formula (1), which’is for the non-confacted

LMD.
2
x| tan a x d
2 (1)
n =
ph va

where]

o s the measurement-field angle;

d s the measurement distance (mm);

Ph s the horizontal pixel piteh:(mm);

Dy s the vertical pixel pitch (mm).

NOTE [ The pixel pitch, defined in ISO 9241-302:2008, 3.4.36, is the separation between the centre of two adjacent
pixels which is the same as/the distance between identical points on two adjacent pixels. The horizontal pix¢l pitch,
py, (or vertical pixel pitch,vp, ) can be calculated by dividing the actual display’s horizontal (or vertical) dimengions by

the number of horizefntal pixels (or vertical pixels) [4].

6.1.6 Measurement field coverage of test pattern

It is egsential to determine the measurement field coverage which should be larger than 5p0 / »,
where n is the number of pixels described in 6.1.5. The calculation result would be suitable for
less than 1 as the number of pixels covering the measurement field is more than 500 pixels.

For example, n is 2 500 pixels, which is five times more than 500 pixels, where a 2°
measurement-field angle, 500 mm measurement distance and 0,315 mm horizontal and vertical
pixel pitch are applied. Therefore, a 50 % (Figure 3 a)), 44,9 % (Figure 3 b)), or 25 % emissive
ratio test pattern (Figure 3 c)) can be used to measure the luminance constancy, as the
measurement-field can cover more than 500 pixels.

6.1.7 Measurement procedure

1) Apply a reference test pattern, which is the specified 4 % white box pattern as shown in
Figure 2. A 100 % signal level (R = G = B = 255 for an 8-bit input signal) should be applied.

2) Measure the luminance of the centre of the reference test pattern, L, perpendicularly to
the display surface.
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3)

4)

5)

6)

7)

8)

9)
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Render a 100 % black box pattern. A 0 % signal level (R = G = B = 0 for an 8-bit input signal)
should be applied.

Measure the luminance of the centre of the 100 % black box pattern, L,, perpendicularly to
the display surface.

Apply one of the emissive ratio test patterns which was determined in 6.1.6. It is an initial
test pattern for shifting.

For example, as the measurement field coverage, m, is 20 %, the emissive ratio, P, can be
25 %, 44,9 % and 50 %.

Measure the luminance L; (i = 1, 2, ....... , m; m is the number of test patterns in Figure 4 for

shifting)-
Fir example, as a 25 % emissive ratio is the minimum value (over 20 %), test pattgrns in
Figure 4 c) are applied to measure the luminance from L4 to L,.

Cdlculate the average luminance of the arranged-pixels test patterns by using Formula (2)

Lavg =D iqLi I m (2)

where
L:| is the measured luminance of the arranged-pixels»test patterns.

Cdlculate the local luminance consistency, LLC (%), \by using Formula (3)
L -
Lrc= e 400 (3)
(Lref _LK)XP

where
Layg is the luminance ayerage;
Ly is the black luminance;
L.ds is the luminance of the reference test pattern (4 % white box pattern, see Figure 2);
P is the emissive ratio (see Figure 3).

Tdble 2 shews examples of measurement results for local luminance consistency. The data
in |[Table_ 2%is an example of measurement data of a 25 % emissive ratio with onqg pixel
shjfting in a cluster (4 pixels).
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Table 2 - Example of measurement results for local luminance consistency

Reporting — Sample data

Local luminance and local luminance consistency

Test patterns Emissive ratio, P Measured luminance
Reference pattern (L ) 100 % 800
Test pattern #1 (L) 150
Test pattern #2 (L,) 130
25 %

Test pattern #3 (L) 100
Test pattern #4 (L,) 120

100 % black box pattern (L) - 0,000 5
Nymber of pixels in the measurement area for reference pattern (n) 4 076
Sum (f arranged-pixels luminance ( 2,11[‘1' ) 500
Average luminance (Lavg) 125
LLC (%) 62,5

6.2

6.2.

1

The [
simult]
consiq
The m

NOTE
betwee
local pi

6.2.

2

The c

6.2.

1)

2)

3

Local contrast consistency

Purpose

urpose of local contrast is to measure the black and white which are displayed

aneously on the same frame. The aim 0f'measurement of local contrast consistenc
er consistency in the local block with-{est patterns in which regularly arranged pixels
ethod outlined in IEC TS 62341-6-572019, Clause 6, should be referred to.

y is to
shift.

The local contrast, meaning in this document a non-global contrast, can be defined as the contrgst ratio

h pixel to pixel in the local block ©fjthe DUT, which describes how much the contrast ratio does not ch|
els.

Measuring conditions

bnditions described in 4.2 should be applied.

Setup

A
Si
M

paratys: An LMD to measure the luminance of the DUT,; a driving power source; a ¢
nal‘equipment.

A

ange in

riving

in consideration of the number of pixels in the measurement-field area.

Isured

along its vertical or horizontal planes. The LMD should be aligned perpendicularly to the
display surface. The measuring distance between the display and LMD, d, can be adjusted

3) Align the LMD perpendicularly to the display surface (6 = 0, ¢ = 0), and position it in the
centre of the display.

6.2.

4

Measurement method of local contrast consistency

1) Apply the reference test pattern, which is the specified 4 % white box as shown in Figure 2.

2)

The 100 % signal level (R = G = B = 255 for an 8-bit input signal) should be applied.

Measure each luminance from P, to Pq perpendicularly to the display surface as shown in

Figure 5. The measurement points shall cover at least 500 pixels or demonstrate equivalent
results with fewer sampled pixels. A mask or stray-light-elimination tube can be required to
prevent veiling glare in the detector when measuring the black level.
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3) Calculate the local contrast for the reference pattern, CR

5) Mg

6) Af

7) Cs

wh

CH
8) Ce

wh
CR

CR
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ref» Using Formula (4):
8><L5

CRegt =
" Leit Lo tLcs + ke L + k7 +Lcs + Lk

is the white luminance of the centre point, Pg;

asure the luminance and calculate the local contrast of the test pattern.

ply the arranged-pixel test patterns which are matched with the emissive ratio test p
1) and repeat step 5).

Iculate the average contrast of the arranged-pixels test patterns by using Formula

m
CRayg = (ZM CRZ-)/ m

ere
is the number of test patterns in Figure 4’for shifting;
; is the local contrast for the reference pattern with the ith test pattern.

Iculate the local contrast consistengy, LCC (%), by using Formula (6)

CR
Lcc=—29_ 4100

Reet X P

is the emissive ratio (see Figure 3).

9) Rd

port the result in Table 3

(4)

attern

(3):

(%)

(6)

ere
avg IS the‘contrast average;
ref is/the contrast of the reference test pattern (4 % white box pattern, see Figune 2);
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45

45

45

IEC

NOTE

is only B 4 % white box pattern with black background.

Figure 5 — Guided measurement points

Table 3 - Example of measurement results for local contrast’‘consistency

The white dotted lines and 9 points are imaginary; they are used to explain the measurement pointJ. There

Reporting — Sample data

Local contrast consistency

Test patterns

Emissive ratio, P

Measured local contrast

Reference pattern (L ;) 100 % 1 500 000
Test pattern #1 (L,) 300 000
Test pattern #2 (L,) 350 000
25 %

Test pattern #3 (L;) 380 000
Test pattern #4 (L,) 350 000

The phumber of pixels in the measurement areafor reference pattern (n) 4 076
Sum ¢f arranged-pixels luminance (ZLCR,.) 1380 000
Average coentrast (CRan) 345 000

LCC (%) 92 %

6.3
6.3.1

The p
within

Local luminance uniformity

Purpose

Lrpose for measuring local luminance uniformity is to consider the luminance vari
thedocal block. It is an approach to measure the uniformity based on imaging lumi

ations

pance

measurement for the average Tuminance, the Tocal uniformity and the overall uniformity [8].

6.3.2

The conditions described in 4.2 should be applied.

Measuring conditions
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