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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 3-9: Evaluation of optical performance —
Display sparkle contrast

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien.co

mprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote“intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields, .To this
in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical

end and
Reports,

Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)]). Their

preppration is entrusted to technical committees; any IEC National Committee interested\in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
Standardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

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

ealt with
liaising

htion for

htions.

national
from all

National

Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National' Committees undertake to apply IEC Pubjications

trangparently to the maximum extent possible in their national and regional publications. Any divergence

between

any |EC Publication and the corresponding nationalof regional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of cahformity. Independent certification bodies provide cgnformity

sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

erts and
mage or

othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other IEC

htions is

f patent

It is an

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

Draft Report on voting

110/1515/FDIS 110/1525/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.


https://iecnorm.com/api/?name=5b164a0c29e548e78293d7675bfb1d20

IEC 62977-3-9:2023 © IEC 2023 -5-

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

e amgnded.

IMPORTANT - The "colour inside” logo on the cover page’of-this document 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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ELECTRONIC DISPLAYS -

Part 3-9: Evaluation of optical performance —
Display sparkle contrast

irkle contrast of direct-view displays which comprise display matrix elements.to
real 2[) images on a flat panel and an anti-glare layer. This document excludes measu
of spafkle, which is intentionally obtained by the specular reflection from reflecting fl4
coatings and paints.

2 Ndrmative references

There Are no normative references in this document.

3 T¢rms, definitions, abbreviated terms and letter symbols
For thg purposes of this document, the following termsfand definitions apply.

ISO and IEC maintain terminology databasesgfor use in standardization at the fo
addreslses:

o |EQ Electropedia: available at https:/\ww.electropedia.org/

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

3.1 FTerms and definitions

3.11
sparkl
visual phenomenon that becomes obvious as a random pattern extending across the
area formed by a distribution of tiny patches (granules, dots) with varying luminan
chromaticity (depending on the test pattern shown on the display) through the anti-glar
of the fisplay, fesulting in a visually disturbing pattern that is distinctly changing with \
direction

mining
render
rement
kes in

lowing

Hisplay
e and
e layer
iewing

Note 1 tp+ertry: In other fields, the term “sparkle” can refer to reflections from reflecting particles in effect

coatings

[1].

Note 2 to entry: Sparkle looks like “speckle” [2] in the field of laser displays (coherent or partially coherent light),

however sparkle and speckle are different because the origins of both phenomena are quite different.

3.1.2
sparkle pattern
radiance distribution of sparkle

Note 1 to entry: The sparkle pattern can contain (1) periodic modulations caused by the display pixel matrix, (2)
non-periodic effects caused by, for example, pixel defects, and (3) low-frequency radiance variations caused by non-

uniformities of the backlight unit.
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3.1.3

sparkle contrast

Sp

quotient of the standard deviation of the radiance variation of the sparkle pattern in the
measurement field divided by its mean (average) value

3.1.4

anti-glare layer

AGL

scattering layer for the suppression of distinct (mirror) images of ambient light sources reflected
by smooth polished (display) surfaces

3.1.5
image|sampling ratio
ISR
ratio of the pitch of display matrix elements multiplied by the magnification of the imaging lens
to the pitch of the elements of the detector array

Note 1 tp entry: For the details, see Annex A.

Note 2 tp entry: The display matrix element refers to a physical sub-pixel in the display products. In the displgy mock-
up, it mgans a fundamental element partitioned by the black matrix.

3.2 Abbreviated terms

A/D analog/digital

AGL anti-glare layer

CCD charge coupled device

CMOS complementary metal oxide semicenductor
DUT device under test

ISR image sampling ratio

LMD light measuring device

MWA moving window averagihg

MTF modulation transfer-function

PPD pixel power deviation

3.3 |_etter symbols

The lefter symbols-are shown in Table 1.

Table 1 — Letter symbols (quantity symbols and units)

QUantrties QYIMPoIS and units
;l;?ﬂirrrﬁgéi frequency of the periodic modulation of the display 1 (Ip/mm)
Measurement distance L (mm)
F-number (infinity) F# ()
Effective F-number F#g (-)
Focal length f (mm)
Image distance Z (mm)
Optical magnification m (-)
Image sampling ratio (ISR) Rg (-)
Diameter of the airy disk of the LMD lens as projected on the DUT N (um)
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Quantities Symbols and units

Pitch of the image of the display matrix elements Py (um)
Dominant wavelength of the primary colour of the display A (um)
Standard deviation of the radiance variation of the sparkle pattern o (W/sr/m?2)
Mean radiance of the sparkle pattern M (W/sr/m?)
Sparkle contrast Sp (-)
Radiance matrix representing the image of the DUT L(x, y) (-)
Square convolution kernel K(s, t) (-)
Radiance matrix representing the filtered DUT image L'(x, y) (-)
Variables used during convolution s, t (-)

Numbgdr of LMD pixels in the square kernel per side given by the
square|of the closest odd integer

Sum of all weights used in the convolution matrix Sw (-)
Standdrd deviation of the radiance variation of the sparkle pattern . W/sr/m?2
from tqe image 1 which is used for the difference image method 1 (Wisrim®)
Standdrd deviation of the radiance variation of the sparkle pattern . W/sr/m?2
from the image 2 which is used for the difference image method 2 (Wisrim®)
Stander deviation of the radiance variation of the difference image G it (W/sr/m?)
Average background radiance used for the PPD calculation bg (W/sr/m?2)
Avergge_sample radiance within the _pixel bin with coordinates . and T (W/sr/m?)
7, which is used for the PPD calculation v

Avera_ge normalizgd sa_mpl_e radiance within the pixel b_in with nT. (W/sr/m?)
coordijates i and j, which is used for the PPD calculation v

Average normalized sample radiance over all element bins contained T W/sr/m?2
within @area A, which is used for the PPD calculation iy (Wisr/m?)
Averade reference radiance within the element bin with coordinates i - W/sr/m?
and j, which is used for the PPD calculation v (Wisr/m?)
Horizoptal dimension in units of elements of area A which is used for “)

the PPP calculation “

Verticgl dimension in units of eleménts of area A which is used for N “)

the PPP calculation

Numbdr of segments periside used for the elimination method of the P )
low-freguency radiance\variations from the sparkle pattern

Numbdr of LMD pix€ls per side in the segment used for the

elimingtion method of the low-frequency radiance variations from the | Q (-)
sparklg patteri

NOTE I\ is a distance from the DUT to the principal point of the imaging lens along with the optical axjs. The
princip I'POINT OT the Tmagling Tens Cdll De determined experimentally DY the metnod In secton 17.0 0T [Jj1.

NOTE 2 Z is a distance from the principal point to the image point of the imaging lens along with the optical
axis.

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

4.1 Environmental conditions

Measurements shall be carried out under the standard environmental conditions:

— temperature: 25°C =3 °C,

— relative humidity: 25 % to 85 % RH,

— atmospheric pressure: 86 kPa to 106 kPa.

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

4.2 Dark room conditions

The luminance contribution from ambient illumination reflected off the display-shall be legs than

1/20 o
shall b

4.3

The me¢asurements shall be carried out after the DUT radiancg and LMD are sufficiently

The ra

4.4

The vigwing direction is the direction under which¢he observer gazes at the point of inte

the de
(LMD)
the vieg
inclina
azimut
counte
the 3-0
directiq

the lowest black level of the display. In the case of other dark rogm ‘conditions
b reported.

Warm-up time

Hiance shall not vary by more than +5 % over the entire’'measurement.

Measurement coordinate systems

ice under test (DUT). During the measurement, the imaging light measurement
simulates the observer, by aiming thextMD at the location of interest on the DU
wing direction. The viewing directioniis defined by two spherical angles: the a
ion 6 (relative to the surface normalof the DUT) and the angle of rotation ¢ (also
hal angle) as illustrated in Figure 1. Although the azimuthal angle is measured
r-clockwise direction, it is related to the directions on a clock face as follows: ¢
‘clock direction ("right"), ¢ £,90° is the 12-o'clock direction ("top"), ¢ = 180° the 9-
n ("left") and ¢ = 270° the*6-o'clock direction ("bottom").

VA

4+ LMD or viewer

these

stable.

rest on
device
T from
ngle of
called
in the
= 0° is
p'clock

IEC

Figure 1 — Cartesian coordinate system and spherical coordinate system
for the specification of the viewer's gazing (viewing) direction
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4.5 Standard conditions for the measuring equipment
4.5.1 General

Measurement and evaluation of sparkle contrast can be performed during several stages of
display manufacturing and use. Table 2 gives the explanation of the structure of this document,
including the different measurements and their mutual relations. Combination of the display and
the anti-glare layer (AGL) is the measurement subject of this document. The main body of this
document only includes the typical measurement method which is commonly used for the
measurements of sparkle contrast. For the cases when the image of the display matrix elements
appears on the sparkle pattern, image filtering methods can be applied (see Annex B for
examples of filtering methods). Annex F specifies a sparkle measurement technique that
incorp grates—fitering—afterthe—images—have—been—collected—Dependingoenthe—meastyement
conditipns, the image of the display matrix elements, or moiré pattern (sampling artéfaft, see
Annex|A) can appear on the sparkle pattern. There are also cases where the image|of the
displayl matrix is not shown on the captured image because of the low modulation transfer
function (MTF) condition of the imaging LMD (see Annex A).

During|product development and optimization, the AGL (on a glass subsfrate or integrated into
or applied to polymer films) is usually available as a separate componeht. In this case, there
are twp methods which can separate the random radiance variatiofis that constitute $parkle
from the low-frequency radiance variations caused by the non;uniformity of the backl|ght by
using fwo different images. One is the difference image method/in Annex E, the other is the
pixel ppwer deviation in Annex F. These methods are intended to investigate the perfofqmance
of the AGL components under the fixed pitch of the display matrix elements. In the case|where
only the performance of the AGL components is investigated, a display mock-up can b used
insteaq of intact displays. The details are introduced_ inCfAnnex D.

NOTE [The low-frequency radiance variations caused by the non-uniformity of the backlight can be removdd by the
method1in Annex G, when the DUT is an inseparable combination of the display and the AGL.

Table 2 — Distinguishing types of DUT, imaging conditions, number of involved

images and methods for suppression of display matrix modulations

DUT Imaging Number and nature of images suppression of display matrix
modulation
Inseparable Wide-band./| Image number 1: sparkle pattern Image filtering in spatial dpmain
combirjation of display with display matrix modulation - MWA (B.2.1)
and AGL

Image filtering in frequenc
domain (B.2.2)

Low-pass Image number 1: sparkle pattern No need for filtering appligdd to
(Annex A) without display matrix modulation the image (Annex A).
Separdte AGL *lintact | Wide-band | Image number 1: sparkle pattern Image filtering in spatial dpmain
display with display matrix modulation - MWA (B.2.1)
Sefarate’AGL + Image filtering in frequenc
disrlny mnrl(_llr\ domain (R 2 '))
(Annex D) - -
Image number 1: sparkle pattern Difference image method
with display matrix modulation (Annex E)

Image number 2: sparkle pattern

with display matrix modulation (with the methods in Annex B, if

necessary)
Image number 1: sparkle pattern PPD (Annex F)
with display matrix modulation
Image number 2: display matrix
image
Low-pass Image number 1: sparkle pattern No need for filtering applied to
(Annex A) without display matrix modulation the image (Annex A).

The configuration and the status of the components as agreed by the involved parties have to
be specified in the measurement report.
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Standard equipment conditions are given in 4.5.2. Any deviations from these conditions shall
be noted in the report.

4.5.2

Conditions of measuring equipment

The sparkle contrast shall be measured using the standard measurement conditions given in
4.1, 4.2, and 4.3. The LMD shall be used within the effective range of measured radiance in
terms of linearity.

An imaging LMD comprised of imaging optics (e.g., objective lens) and an array of
opto-electronic detector elements with a spectral sensitivity covering the visible wavelength

range Ee.g., 380 nm to 780 nm) as used in black and white cameras (e.g., CCD or
technojogy) is used for measurement of the sparkle contrast. Figure 2 shows a typical.

spectral response of a CCD detector array without IR-blocking filter (B/W camera)

lumina
betwes
should

The fo
noted i

nce meter with a sensitivity according to CIE V(1). Basic LMD aspectslike li
n light input and output signal, flat-field correction, dark signal compensatio
be specified according to the state-of-the-art (see e.g., [4], [5]).

A
0,8 ‘(/'

o / II \\ Qi\\
NS

o4 / Lo kX

s // |
0,2 ’0§
2L S o\
o e R

A 4

300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

[ B/W camera

Relative sensitivity

IEC

Figure 2 = Typical relative spectral response of a CCD detector
array without IR-blocking filter (B/W camera) and a luminance meter
with a sensitivity according to CIE V(A)

lowing-conditions and settings of the sparkle contrast measuring equipment s
n the_report:

CMOS
elative
and a
earity
, etc.,

hall be

a) me

surement aistance. L,

b) viewing direction,

c) size of the measurement field

1)
2)
3)
4)

optical system parameters of the imaging LMD;
imaging lens F-number (infinity): F#;

focal length of the imaging lens: f;

image sampling ratio: Rg.

d) specifications of the imaging LMD

1)
2)
3)

pixel size and pitch;
bit depth;

exposure time.
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NOTE 1 As a measurement distance, the distance from the DUT to the specific reference plane of the LMD can be
reported. In such a case, it cannot be used as a measurement distance L in Formula (1).

NOTE 2 An imaging LMD which has spectral responsivity of V(1) can be used.

NOTE 3 In the context of this document, the imaging LMD has a spectral sensitivity covering the visible range of
electro-magnetic radiation (i.e. 380 nm to 780 nm).

NOTE 4 Only the primary colour is measured.

NOTE 5 The statistical error of the sparkle contrast is dependent on the size of the measurement field (the size of
the evaluation region in LMD pixels) [6].

NOTE 6 The maximal resolution of a sparkle contrast measurement result can be affected by the digitization error
of the A/D _(analog/digital) conversion of the imaging LMD.

NOTE 7| The effective resolution of a sparkle contrast measurement result depends on the number of bits|and the
signal-td-noise ratio of the measurement, which is affected by the capturing conditions, for example_ &xposure time.

For thg comparison of the measured sparkle contrast, the diameter of the airy disk of the LMD
lens as$ projected on the DUT, S, shall be the same [7]. S is proportional 10 the ratio| of the
effectiye imaging F-number, F#g, to the optical magnification, m, as shown in Formula (1), when

the LM'LD focus is on the display matrix. m can be expressed as the ratio‘of the image digtance:
Z, to the measurement distance: L,

S o = F#e—— (1)

In othgr words, S is inversely proportional to the;,numerical aperture of the imaging ler]s. It is
necesqary to use the same angular aperture*for the comparison of the sparkle cqntrast.
Furthefmore, the same F#g and the same LMD pixel pitch are also required for the comparison

of the gparkle contrast [7].

NOTE 8| The setting error of the lens aperture (i.e. imaging F-number) can affect the MTF of the imaging lens, which
results ip a different sparkle contrast valde.

All the|conditions shall remain unchanged through the whole series of measurements, bécause
sparklg contrast can be sensitive to each of the listed parameters (an example of how F#g

affects|the MTF is shown/in Annex C).

4.5.3 Standard ' measurement locations

Measufements.shall be taken at the centre of the active display area of the DUT| If the
measufements are taken at other locations, those locations shall be specified in the repprt.

4.6 Test pattern

The pattern shall be either full screen or sufficiently large (to be specified and reported) and a
uniform field at the maximum either R, G or B input signal level. The RGB signal value shall be
noted in the measurement report. In addition, the measurement field in which the evaluation is
carried out shall be reported. The measurement field being evaluated should be large enough
to cover a sufficient number of display matrix elements (e.g., over 100) but not too large to keep
the effect of long-period radiance variations as small as possible.
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5 Measurement methods

5.1 Purpose

The purpose of this method is to measure the sparkle contrast of direct-view displays which
include AGL on surfaces.

NOTE In case display mock-ups are used instead of actual displays to optimize the anti-glare performance of the
anti-glare layer, see Annex D.

5.2 Equipment and conditions

The measurementshattbeasfottows:

1) Imaging LMD as described in 4.5.2.

2) Mepsurement setup: The imaging LMD shall be aligned perpendicularly to the.DUT gurface
as [shown in Figure 3. The dimensions and location of the measurement.field have to be
spdcified with the DUT centre as the default location. The setup should be rigid and| stable
in grder to avoid displacements and vibrations during image acquisition, which can sg¢verely
distort the recorded images and thus affect the results.

Imaging LMD ///

IEC
Figure 3 — Measurement setup

5.3 Measurement procedure

The me¢asurement procedure shall be as follows:

17

1) Position andvalign the DUT and LMD according to Figure 3. Orientation of th¢ LMD
pelpendicularly to the DUT surface is the preferred orientation (see 4.5.2), since all other
encies

y —suificient warm-up time
has been achieved when the radiance of the test feature to be measured varies by less than
15 % over the entire measurement period (e.g., uniformity measurements) for a given
display test pattern.

3) Correct the rotational mismatch physically between the LMD and the DUT: the display matrix
elements have to be parallel or perpendicular to the LMD sensor pixel matrix.

4) Focus the LMD on the display matrix elements of the DUT. Be aware that incorrect focusing
can act as an optical low-pass filter and thus affect the sparkle evaluation.

NOTE Depending on the setup used for sparkle measurement, a limited depth of focus (i.e., in case of large
aperture angle) can reduce the reproducibility of manual focus lenses. Fine tuning of the focusing can be done
by slightly scanning the working distance of the LMD in search of the maximum value of sparkle contrast [8].

5) Capture the image without overflow of the detector array of the imaging LMD.
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5.4 Calculation

Calculate the sparkle contrast Sp in the measurement field. This is achieved by calculation of

the mean radiance value in the measurement field x and the standard deviation of recorded
radiance variations within the measurement field ¢ with the following formula:

— (2)

5.5 Report

Report| the sparkle contrast together with the complete set of parameters that-describe the
imaging and evaluation process.
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A1

Annex A
(informative)

Imaging and sampling conditions of sparkle pattern

Oversampling

Oversampling is a condition when the ISR is over 2 (refer to [8] to [12]). In the case that the
imaging condition is oversampling and the periodic structure of the display matrix is shown on
the captured image, it can be eliminated by the spatial or frequency filtering methods (see

Annex
of the
imagin

where
Py i
A i

Formu
elemer
LMD q
combir
pixels.
measu
are lis
elemer
Figure
satisfig
from th

filtering methods in Annex:B or Annex F.

NOTE 1

NOTE 2
conditio

NOTE 3

B). EvVen IT the measurement condition 1s oversampling, there are cases where the
Hisplay matrix is not shown on the captured image because of low MTF condition
j LMD when the condition of Formula (A.1) is satisfied [9],

FH#g )

>125
B

5 the pitch of the image of the display matrix elements_on the LMD sensor;

5 the dominant wavelength of the primary colour of the display used in the measur

a (A.1) is a condition in which the radiance modulation of the image of the display
ts optically disappears on the LMD sensor plane, thus it can be applicable to the

ixel pitches without generating moiré~€effect (a sampling artefact) caused

ation of the pitches between the image of the display matrix elements and th
Figure A.1 shows examples of sparkle images from the same DUT under the d
rement distances with an LMD pixel pitch of 5,5 uym. Related measurement para
ed under each image. Periodic radiance variations derived from the display

image
of the

(A.1)

ement.

matrix
arious
by the
e LMD
fferent
meters
matrix

ts were measured on the 'sparkle pattern in Figure A.1(a), while they disappe
A.1(b) and Figure A.1(c)sdn the case when the condition of Formula (A.1) ca
d and the imaging condifions is oversampling, the periodic radiance variations g
e image of the display matrix elements can be separated from the sparkle pattern

Aliasingrcaused by sampling of the image of the display matrix elements can be avoided by satis
of Formula' (A.1).

Smaller lens aperture settings or larger measurement distances can reduce or eventually supp

statistic

Moiré pattern ¢annot be perfectly removed by the filtering methods when the ISR is not an integer.

red in
not be
erived
by the

ying the

ress the

I'radiance variations that constitute sparkle in the measured images.
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(a) (b) (c) (19(1/
Fi#e A Fie A F# N
E~ 1,00 EX_125 E %2150
B B
AN
L =|400 mm, Z =70,6 mm, L =500 mm, Z =68,2mm, L= Qg.g\mm Z| =66,7 mm,
Fig = 37,6, Pp = 20,6 um, Fi#g = 36,4, Pp = 15,9 ym, Rigl= 356, Pp = 13,0 p,
RgF 3,75,1=0,547 ym Rg = 2,89, =0,547 pm :53 =2,36, 1 =0,547 ym
A

Figure A.1 — Examples of sparkle i ﬁ? rom the same DUT
under different measure distances

A.2 |Undersampling \\(\0

Undergampling is a sampling condition. @%n the ISR is below 2. Under this condition, the
originall periodic structure of the display&natrix cannot be reproduced by the captured|image

[10]. \O

NOTE MWhen the condition of Form@b‘\ 1) is not satisfied, various forms of aliasing occur. For an ISR cl¢se to 2,
strong Iqw-frequency modulations appear on the image.
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Annex B
(informative)

Filtering methods for removing periodic modulations from the image

B.1

General

The sparkle pattern, i.e., the statistical variation of radiance across the display surface, is
superimposed on the periodic structure of the display matrix elements. For evaluation of the
sparkle level (i.e., the value of the sparkle contrast) it is thus required to separate the random

variati
matrix

non-uniformities of the backlight). Such a separation can be achieved by spatial filiefin

low-pa

(e.g., t
back in

These
howev
design
i.e., op

NS that constitute sparkie from the reguiar periodic variations caused by the
elements as well as non-regular static variations (e.g., defect pixelss dé

5s filtering with a 2D moving window averaging (MWA) procedure), frequency f

ne masking of unwanted components in the frequency domain followed-by-transfor
to the spatial domain), or pixel power deviation. For details, refer tg [11] to [27].

methods can effectively remove the periodic modulations ffom the sparkle p

because the filters are usually dependent on the pitch of'the display matrix ele
timized for the ISR at the measurement (see Table B.1).

Table B.1 — Filtering method capabilities-for removing artifacts
related to display matrix’elements

isplay
mage,
) (e.9.,
Itering
mation

attern,

br the measured results can only be comparable within the ‘data from the samLen filter

ents,

Moving window
averaging filter
(B.2.1)

Notch filtering
in frequency domain
(B.2.2)

Pixel power deviption
(Annex F)

Remowve the fundamental
frequency (f,) component
of the periodic modulation

of the dlisplay matrix
elemerjts from the image

This method removes-the
fundamental frequency
and all of its harmonics.

This method removes the
fundamental frequency
and all of its harmonics
depending on the mask
design.

This method removgs the
fundamental frequency
component.

Remove the low
frequempcy moiré between
the imdge of the display
matrix elements and LMD
pixels

With assingle image, it
cannot‘be removed.

With a difference image
method (see Annex E), it
can be removed, but
depending on moiré
pattern between the
image of the display
matrix elements and LMD
pixels.

This method removes
frequencies depending on
the mask design.

It can be removed, put
depending on moirg
pattern between thg
image of the displa
matrix elements anfl LMD

pixels.

Filtering affects random
compohents’of measured

Components within f;
remain, but they can be

This method removes
frequencies depending on

Data within f,/2 remains.

sparkl

e
pateT

removed by multiple
applications of the filter.

il Lol
e NTaSK aeSTgm:

Limitation of comparison
of measured sparkle
contrast

Limited within the same
filter design.

Limited within the same
filter design.

Limited within the same
filter design.
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B.2 Filtering methods

B.2.1 Filtering in spatial domain

Several filtering methods are available for separating spatial frequency components. In the case
of sparkle evaluation, first of all the periodic modulations caused by the display matrix elements
have to be removed. One method to completely remove all frequency components of the
periodic modulation of the display matrix elements is application of the MWA process. In that
case a filter kernel is used for convolution (i.e., filtering in the spatial domain) with
rational/fractional dimensions in terms of LMD pixels (detector matrix elements of LMD).

Lx ¥ Lx+1 BY Lx+2y Lx+3,y Lx+4y
[ o) ° o o
B “ ¢
ray XK

Lx,y+3°

1A A

Pitch of display matrix element image
1 I

1

IEC

Figure B.1 — Display matrix element (grey square) in relation to the matrix
f the imaging LMD detector elements (squares according to LMD pixel pitch)
for the case of oversampling with an image sampling ratio of Rg = 3,5

o

In the recorded images’ the periodic modulation of the display matrix elements is remoyed by
spatiallfiltering, i.€5 by replacing the value of each LMD pixel (= image pixel) according to the
averagle radianceivalue of the neighbouring LMD pixels. The number of adjacent elements that
are uslially considered in the MWA filtering process is the square of odd integers (e.g.,(9, 25).
Generally, (without special adjustments during image acquisition, the image of one display
matrix element will be sampled by a non-integer (i.e., rational/fractional) number of LMD [pixels.
In ord Todi i i i Tspatial
filtering can be applied with a kernel that is matched to the pitch of the display matrix elements
of the DUT image on the LMD detector array (specified in terms of LMD pixels). The ratio of the
pitch of the LMD detector elements to the pitch of DUT matrix elements multiplied by the lens
magnification (M << 1) is called an image sampling ratio (ISR) Rg. The ISR can be determined
by counting a multitude of periods in a profile (see section 7.2 to section 7.5 of [21]), by discrete
Fourier transformation of the profile, or by 2D discrete Fourier transformation of the image. The
concept of a "rational/fractional kernel" for the ISR of 3,5 is illustrated in Figure B.1. Starting
with a kernel with odd integer dimensions (core-kernel, here: 3 x 3, next odd integer < R),

rational increments « (0 < « < 1) are added at the periphery to form a square region that is
identical to the square area on the image on the display matrix elements. The radiance values
within the integer 3 x 3 kernel are weighted by 1, the vertically and horizontally surrounding
values are weighted by a, and the diagonal values by 2. If the ISR is 3,5 as illustrated in
Figure B.1, then a=(3,5—-3) /2 = 0,25. The examples of applying an MWA filter on the sparkle
pattern are shown in Figure B.2, when Rg = 4,3.
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The nd

Figure B.2 — Examples of sparkle patterns at Rg = 4,3 before applyirg{/b
an MWA filter (left) and after applying an MWA filter (right) q/

9).
mber of LMD pixels in the square kernel, k2, is given by the squar, ?J?the close

st odd

integen k > Rg, which is 25 for Rg = 3,5. The sum of the weighted radiaMg evels of thelimage
is divided by the sum of the weights and then assigned to the centre Lﬂ@ pixel (= image|pixel).
The filfered image, L, thus becomes: G
NZ
a a \
L*(ny)=L*K =Y ZK(s,z)xQQs,yH) (B.1)
s=—a t=—a Q
where \}\
L(x, y) is the radiance matrix representing t@é\image of the DUT;
K(s, 1) is the square convolution kernel as\%lustrated in Formula (B.2);
L(x, y) is the radiance matrix repres g the filtered DUT image;
s, t are variables used duringéo volution;
_ b
a=(k+1)/2 N~
.\()
The filter kernel illustrated i(}ormula (B.2) can be translated across the image in steps
corresponding to the LMD pixel pitch [11]. Sy is the sum of all weights used in the convplution
matrix,| i.e., the two-dirr&mal MWA filter.
NOTE MWhen the cen f the kernel is at the periphery of the image (outermost rows and columns) nontexisting
picture ¢lements ca included in the averaging. A frame-shaped edge region of width (k — 1) / 2 LMD pixels will
thus be gxcluded evaluation of the average value and the standard deviation from which the sparkle cgntrast is
evaluatgd. %
\@ _ﬂ2 o oL oL ﬂ2_
' o 1 1 1 «a
K(s,t) =S— o 111 a (B.2)
“la 111 a
_0(2 a o a 0(2_

where

Sy = (k=2)2+4 (k- 2)a + 402.

Formula (B.2) shows a 5 x 5 filter kernel (k = 5) K(s, t), for the case illustrated in Figure B.1,

i.e., fo

r the ISR, Ry = 3,5.
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The square 2D filter kernel according to Formula (B.2) can be separated into two 1D kernels
that are applied one after the other in the horizontal and the vertical direction (or vice versa).
In the 1D case the convolution described here (in the case of integer dimensions) is equivalent
to the “moving window averaging” operation as introduced in section B18 of [21]. The algorithm
described in IDMS B18 can be extended to rational/fractional window dimensions as sketched
in Formula (B.2). The average values L*(y) for row y are obtained as:

a—1

L*(y)=]|asL(-a,y)+ z L(x+s,y)+asL(a,y) (B.3)
S=a+1

This MWA filter can be easily implemented in spreadsheet software. Images, i.e. 2D arfays of
radian¢e values, can be filtered by first filtering in one direction, for example, row after row,
then fallowed by filtering in the other direction, i.e. column after column.

B.2.2 Filtering in frequency-domain

Two-dimensional discrete Fourier transformation reveals the frequency, components that are
includgd in the electronic image captured by the LMD, as shown in Figuie B.3.

FFT of Matrix-326-A_spk_imn1-Lfit (200%)
256x256 pixels; 8-bit, 64K

Matrix- 326-A_spk_im1-1.fit (200%)
256x256 pfxels; 32-hit, 2561

IEC IEC

(a) Eldctronic image of the DUT (i.e., display matrix (b) Two-dimensional discrete Fourier transform| of the
elemerfts with’/AGL) captured at Rg = 6. image on the left. The box-shaped structures represent
the frequencies of the display matrix elgments
(fundamental __frequency _and _ higher _harmonic
components).

NOTE A metric different from sparkle contrast can be the sum of amplitudes (magnitudes) in specific frequency
ranges, excluding the components generated by the display matrix elements

Figure B.3 — Electronic images of the DUT (i.e., display matrix elements with AGL, left)
and frequency components of that image used as basis for sparkle evaluation

Instead of obtaining a metric for the level of sparkle directly from summation of amplitudes
(magnitudes) over specific frequency ranges, hereby excluding components generated by the
display matrix elements, filtering can be achieved by the masking of unwanted components in
the frequency domain followed by transformation back into the spatial domain [17], [20].
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Annex C
(informative)

Hardware parameters that affect the sparkle contrast

C.1 LMD aperture setting

1

0,9 \ .
Nyquist frequency FH#e
68 t
1 03,1
07 : 4.4
06 I I 16,2
W |
E 05 | : — :89
04 - I - 177
|
0,3 |
02 |
01 |
O 1

0 0,1 0,2 0,3 0,4 0,5 06 0,7 0,8 0,9 1

Spatial frequency [cyclés/LNMD pixel] ec

Figuyre C.1 — Example of the variation of the’MTF of the imaging LMD under diffefrent
F-numbers as a function of spatial frequency of LMD pixels

Figure|C.1 shows an example of the vafiation of the modulation transfer function (MTF|) of an
imaging LMD with different aperture, settings (effective F-number) at a fixed working distance
as a fupction of the spatial frequengy of LMD pixels. Even if two lenses have the same specified
F-number and focal length, thessparkle contrast results can be different for both lenges as
caused by different MTF profiles.

NOTE R higher F-number reduces the signal-to-noise ratio between the sparkle signal and the imaging LMD noise.
This car] negatively affect/reproducibility of the evaluated sparkle contrast between different imaging sengors with
differenf| noise levels [22].

C.2 (LMD focus

The imfaging’properties of the LMD strongly depend on the focusing conditions. In general, the
lens fwwmmmmw_ammwiaﬁons

from the correct focusing condition can introduce unwanted and uncontrolled optical low-pass
filtering. The operator can ensure accurate focusing to obtain correct results from the
measurement.
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C.3 Condition to avoid aliasing

Sparkle patterns consist of spatial frequency components in a wide frequency range. There is
possibility of aliasing if spatial frequency components which are higher than the Nyquist
frequency of LMD pixels are measured. When the cut-off frequency is set less than the Nyquist
frequency of LMD pixels, the above aliasing can be avoided. The condition can be written as
follows [23]:

1 1 RS m
So—= (C.1)
F#p1 2R 2 B

The condition (C.1) can be also written by using F# as follows;

Fex2. A

A mRgR + Ry (€2)

NOTE [There are many parameters which affect the aliasing of the sparkle pattern such as the level of the original
sparkle gontrast, its frequency distribution and filtering methods as described in Clause B.2. Thus, the conditions in
Formula| (C.1) and Formula (C.2) do not provide a relation to their gffect on the measurement accuracy of sparkle
contrast
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D.1

Annex D
(informative)

Sparkle contrast measurement with display mock-up

Display mock-up

Sparkle contrast depends on the combination of the anti-glare layer and the display matrix. For
the purpose of optimizing the anti-glare performance of the AGL, a display mock-up can be
used instead of actual electronic displays. Generally, the display mock-up consists of 2D

backlig
display

(c)

NOTE
matrix, {
with bla

htand a plate with black matrix on the surface. Figure D.T Shows Some exam
mock-ups.

Transparent substrate with black matrix

e

Be——

Planar light source

IEC

(a) Transparent substrate with black matrix on the backlight

| }——— Transparent substratedwith black matrix

Bl Planar light sourée

(b) Transparent substrate with black matrix separately set in front of the backlight

[ ——— Traagsparent substrate with black matrix

IEC

Diffuser

Source of illumination

IEC

Transparent substrate.with black matrix and diffuser illuminated by the source of illuminat

Additional transparent.substrate can be inserted between the AGL and the transparent substrate w

k matrix can also-be incorporated to reflect certain display stack configurations.

Figure D.1 — Examples of display mock-ups

les of

on

th black

b mimic the display.stack thickness. Additionally, an air gap between the AGL and the transparent sjubstrate

D.2

Measurement

Figure D.2 shows an example of measurement configuration using a display mock-up. The AGL
(film substrate or glass substrate) is put on the black matrix of the display mock-up. Through
the series of measurements, only the AGL is replaced, while all other conditions are fixed.
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Anti-glare layer (AGL)
W‘

- Transparent substrate with hlack matrix

| FE— e

Figure D.2 — Example of measurement configuration

IEC
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EA

Annex E
(informative)

Calculation of sparkle contrast by the difference image method

Statistical background

In the field of sparkle contrast measurement, the difference image method can be used to
eliminate the effect of non-periodic defects in or on the display matrix elements and gradual
radiance variation [18]. Two different sparkle patterns which have same standard deviation and

mean
differe
compo

Ensurg that “Image1” is captured and “Image2” is captured with the AGLOshifted wh
display matrix and the LMD are fixed. “Image1” and “Image2” are consideréd to be randd

statisti

altue can be obtained by displacing the AGL on the display surface. The COncep
hce image method is to subtract an image from another one to extract -
hents of the sparkle pattern.

Cally independent, and have the same average radiance u. The sparkle cont

of the
andom

ile the
m and
rast of

‘Image1” is o4 / u, where oy is the standard deviation of “Image?’; the sparkle conlrast of

‘Imagg2” is oy / 1, where oy, is the standard deviation of “Image2{”If o, and o, have th

value

follows: the data “Image2” is subtracted from “Image1”. The ‘djfference image” is then ol

by add
standa

sparkle

and gr

The v
This ra
with th

of\/§

E.2

This m
shifted
matrix

The m

1) Po

4, the sparkle contrast is o/u for both images. The “difference image” is calculg
[ng the average value m of "Image1" and "Image2“4o the result of the subtractig
d deviation of the difference image oy iS<o4i =\/a12+022 =26 . Therefo
hdual radiance variation are cancelled by‘the subtraction process.

lidity of the subtraction process is supported by the randomness of the sparkle p
domness was experimentally confirmed in [7] and [20], by comparing the sparkle
e incoherent speckle pattern which is already proved to be random. Moreover, the

Measurement procedure of the difference image method

ethod can be applied to the display when the AGL is not fixed to the display and
parallel toSthe display while keeping the distance between the AGL and the

pasurement procedure is as follows:

constant~The measurement conditions and the test pattern are given in Clause 4.

same
ted as

tained
n. The

e, the

contrast of the “difference image” is ogjf /,u=\/§0'/,u, while the non-periodic defects

attern.
pattern
factor

from the standard deviation;of the subtracted image was experimentally shown in [6].

can be
Hisplay

sition _and align the DUT and LMD according to Figure 3. Orientation or the LMD

perpendicularly to the DUT surface is the preferred orientation (see 4.5.2), since all other
orientations (e.g., inclination angle = 2°) would introduce a variation of spatial frequencies
across the recorded image and thus negatively affect the basis for further evaluation.

2) Allow sufficient time for the DUT and LMD to thermally stabilize. Sufficient warm-up time
has been achieved when the radiance of the test feature to be measured varies by less than
15 % over the entire measurement period (e.g., uniformity measurements) for a given
display test pattern.

3) Correct the rotational mismatch physically between the LMD and the DUT so that the display

ma

trix elements are parallel or perpendicular to the LMD sensor pixel matrix.

4) Focus the LMD on the display matrix elements of the DUT. Be aware that incorrect focusing
can act as an optical low-pass filter and thus affect the sparkle evaluation.

5) Set the AGL on the surface of the display.

6) Capture the image as “Image1” without overflow of the detector array of the imaging LMD.
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7) Shift the AGL parallel to the surface of the display.
8) Capture the image as “Image2” under the same condition as in step 6).

NOTE The shift length of the AGL is more than the auto-correlation length of the anti-glare structure (e.g., 2 mm)
[18]. If this condition is fulfilled, “Image1” and “Image2” are considered to be independent, and 0jtf /,u = \/Ea/,u

is expected.

E.3 Calculation of sparkle contrast by the difference image method

1) Subtract the radiance data of “Image1” from “Image2” at the corresponding addresses of
each image, or vice versa, to get the subtracted image.

2) Add the average radiance value between “Image1” and “Image2” to all the addresseg of the
suljtracted image to get the “difference image”.

3) Calculate the sparkle contrast of the “difference image” with Formula (2) in 5.4,

NOTE 1| If the average radiance values of “Image1” and “Image2” are different, the condition of the DYUT (i.e.,
luminange level within the exposure time) will probably not be the same. In that case, the sparkle patterns of {lmage1”
and “Imgge2” can be captured again so that the average radiance values of both images will be the same.

NOTE 2| The filtering methods for removing periodic modulations from the imagé-déscribed in Annex Bl can be
applied {f needed.



https://iecnorm.com/api/?name=5b164a0c29e548e78293d7675bfb1d20
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