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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EYEWEAR DISPLAY -
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Optical properties
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e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiogmcem
national electrotechnical committees (IEC National Committees). The object of IEC fis ;to p
ernational co-operation on all questions concerning standardization in the electrical and eléctronic fie
end and in addition to other activities, IEC publishes International Standards, Technical” Specific

the subject dealt with may participate in this preparatory work. International~governmental an
ernmental organizations liaising with the IEC also participate in this preparation.”|IEC collaborates

eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical €émmittee has representation fr
brested IEC National Committees.

L Publications have the form of recommendations for international use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are madé to ensure that the technical content
blications is accurate, IEC cannot be held responsible~for/the way in which they are used or fi
interpretation by any end user.

hsparently to the maximum extent possible in their national and regional publications. Any dive
ween any IEC Publication and the corresponding™national or regional publication shall be clearly indic
latter.

L itself does not provide any attestation, of> conformity. Independent certification bodies provide con
essment services and, in some areas, _access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

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

mbers of its technical committées and IEC National Committees for any personal injury, property dam|
er damage of any nature® whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out ofethe publication, use of, or reliance upon, this IEC Publication or any oth
plications.

ention is drawn_to.the Normative references cited in this publication. Use of the referenced publicat
ispensable forthe correct application of this publication.

ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights\ IEC shall not be held responsible for identifying any or all such patent rights.

ational Standard IEC 63145-22-10 has been prepared by IEC technical committeg

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (teferred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intgrested

non-
losely

h the International Organization for Standardization (ISO) in accordance with conditions determined by

htional
pm all

htional
pf IEC
br any

order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations

gence
hted in

ormity
br any

liability shall attach to IEC onits’directors, employees, servants or agents including individual expeints and

age or
5) and
br IEC

ons is

ject of

110:

ronic displays.

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

FDIS Report on voting
110/1160/FDIS 110/1173/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 63145 series, published under the general title Eyewear display,
can be found on the IEC website.
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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.

A bilingual version of this publication may be issued at a later date.

IMPQRTANT - The 'colour inside’' logo on the cover page of this publication indicjates
that |it contains colours which are considered to be useful for ‘the correct
undefrstanding of its contents. Users should therefore print this document using a
colour printer.
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EYEWEAR DISPLAY -

Part 22-10: Specific measurement methods for AR type —
Optical properties

1 Scope

2020

This
meth
realit

part of IEC 63145 specifies the standard measurement conditions and meag
bds for determining the see-through optical properties and imaging quality of augm
' (AR) eyewear displays. This includes the transmission characteristics and’ am

optical performance of the eyewear displays.

Contact lens type displays are out of the scope of this document.

NOTE
Annex

2 N

The f
contg
cited
any g

1ISO/(
chron

The relationship between the scope and other documents (IEC 63145-20-10,NEC 63145-22-10) is sh
A.

ormative references

ollowing documents are referred to in the text indsuch a way that some or all of|
nt constitutes requirements of this document. <For dated references, only the e
applies. For undated references, the latest edition of the referenced document (incl
mendments) applies.

CIE 11664-5, Colorimetry — Part 5: GIE 1976 L*u*v* colour space and u', v' un
naticity scale diagram

3 Terms, definitions, abbreviated terms and letter symbols

3.1

Terms and definitions

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

ISO 4
addre

SSses:

C Electropedia: available at http://www.electropedia.org/

O,Online browsing platform: available at http://www.iso.org/obp

uring
ented
bient

bwn in

their
dition
uding

iform

nd IEC maintain terminological databases for use in standardization at the follgwing

NOTE
NOTE

3.1.1
front

T Terms related 1o eyewear displays will be defined in SPecific projects.

2 Some terms relating to eyewear displays are given in IEC TR 63145-1-1 [1]1

side stray light

for light going to the eyes through the eyewear, light other than light effective for forming an
image or a scenery

1 Nu

mbers in square brackets refer to the Bibliography.
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3.2 Abbreviated terms

AR augmented reality

CCD charge-coupled device

CCFL cold cathode fluorescent lamp
CPD cycles per degree

DUT device under test

FOV field of view

LMD light measuring device

NOTE| The abbreviated terms refer to IEC TR 63145-1-1 [1], IEC 63145-20-10 [2], and IEC 63145-20-20 [3].
3.3 | Letter symbols (symbols for quantities, and units)

The lptter symbols are shown in Table 1.

Table 1 — Letter symbols (quantity symbols and units)

Quantities Symbols and units
Measuring point (i = 0: centre) P,

i 2
Luminance L, (cd/m#)
Maximum luminance Ly (cd/m?)
Minimum luminance Lym (cd/m#)
Luminance of the illuminating source 2
without DUT Lin (cd/m®)
Luminance of the reference white 2
standard Lo (cd/m?)
CIE 1931 chromaticity coordinates at P; (7
CIE 1931 chromaticity coordinates_of\the ( )
illuminating source without DUT Y
Transmittance Too (%)
Chromaticity difference Au’'v’y,

Front side stray light Hyero (%)
Contrast modulation Com

4

w

tandardymeasurement conditions

4.1 Standard environmental conditions

Unless otherwise specified, all tests and measurements for eyewear displays shall be carried
out after sufficient warm-up time for the illumination sources and the DUT (see 4.3), under the
following standard environmental conditions:

— temperature 22 °C to 28 °C,

— relative humidity 25 % to 85 %, and

— atmospheric pressure 86 kPa to 106 kPa.

When different environmental conditions are used, they shall be reported in detail in the
specification.
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4.2 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.

NOTE When the DUT is driven by a battery, it is less susceptible to power supply fluctuations.
4.3 Warm-up time

The optical performances of the DUT are affected by the transient temperature behaviour of
the device. It takes a certain time for the luminance output of the DUT to reach the steady
state. If the luminance output is not within a +3 % variation, it shall be reported. All measuring
conditions shall be kept constant during the measurements.

NOTE| If the measuring result does not become a steady state, it might be influenced by the output|fluctuation of
the DYT and/or the fluctuation of the LMD such as noise.

4.4 Dark room condition

The |luminance contribution from the background of the test room reflected off the
measiurement space shall be less than 1/20 of the minimum luminance.output from the DUT. If
this gondition is not satisfied, then background luminance can b€~subtracted and it shall be
reported.

5 NMeasurement systems

5.1 Standard coordinate system

To inflicate the size and position of a virtual image, a spherical coordinate system of elevation
(latityde) and azimuth (longitude) shall be~used in the measurements; the polar axis is
vertidally oriented as shown in Figure 1. The angles measured in the vertical half pIarLeS of
the data are elevation angles, denoted as"a, and the horizontal angles to the half plang are
azimlt;h angles, denoted as ¥. The origin direction (« = 0, ¥ = 0) of the spherical coordinate
system shall be coincident with the optical axis of the DUT.

To indicate the positional relationship among the eye-box, the reference point on the DUT,
eye point and eye relief of\the DUT, the entrance pupil of the LMD and so on, a three-
dime%sional Cartesian cogrdinate system (x, y, z) shall be used, as shown in Figure 2. Unless
specified otherwise, the eye point of the DUT is placed in the centre of the entrance pupil of
the elye, which is in(the centre of the iris. The eye point defines the origin of the coordinate
systeln. The manufacturer or supplier of the DUT shall specify the distance betwden a
refer¢gnce point’on the DUT and the eye point. The eye relief is defined as the distance| from
the cprnea of the eye to the closest optical element of the DUT.

The grigins of both the spherical coordinate system and the Cartesian coordinate system|shall
be lotated_at the eye pninf

NOTE In the case of a binocular eyewear display, the left eye can be used as the origin of the Cartesian
coordinate system.
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DN
I{

Azimuth ()

A\ /7

IEC

Figure 1 — Spherical coordinate system

Entrance pupil

y y of eye
Eyewear display x )
(DUT) Eye_p_omt
(origin)
X - z
z
° \
Reference point

IEC

NOTE| This figure is an example of the eye pupil adjusting to the eye point which is the origin position.

Figure 2 — Three-dimensional Cartesian coordinate system

5.2 | Measurement equipment
5.2.1 Light measuring device (LMD)

5.2.1}1 General

The [configurations “\and operating conditions of the equipment should comply with the
strucfures specified in each item. To ensure accurate measurements, the follpwing
requifements,~shall be applied. Otherwise, the differences shall be noted in the r¢port.
ISO/CIE 19476/[9] describes the LMD evaluation procedures.

The o¢ptics of the LMD (a spot LMD or a 2D imaging LMD) shall be equivalent to the human
eye, as shown in Figure 3. The LMD shall be equipped with a finder. The position of the
entrance pupil (aperture) of the LMD shall be provided by the manufacturer or the supplier.
The entrance pupil size of the LMD should be set between 2 mm and 5 mm, and shall be
smaller than the light field projected by the DUT. The LMD to measure the optical
characteristics such as luminance and colour shall be calibrated with the appropriate
photometric or spectrometric standards. The LMD should be carefully checked before
measurements, considering the following points:

— sensitivity of the measured quantity to the measuring light;

— errors caused by the veiling glare and lens flare (i.e., stray light in the optical system);
— timing of data-acquisition, low-pass filtering and aliasing-effects;

— linearity of detection and data-conversion;

— measurement field size.
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5.2.1

Wher
shall
wave

5.2.1

Wher
for th
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specfrometer. The spectral mismatch correction factor can be applied, if necessary.

NOTE
and th
ISO/C

5.2.1

Wher
inten
matc
shoul

applied, if necessary./The filter-type LMD shall not be used for absolute colour quantitie

for re

5.2.1
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See IEC TR 63145-1-1:2018 [1], 6.2.

| Measurement distance

A
Y

Viewing angle

|
>

LMD

NS

Entrance pupil

Measurement

View field

2020

—— Measurement

field angle o

Figure 3 — Example of LMD structure

2 Spectrometer-type LMD

a spectrometer-type LMD such as a spectroradiometer is used; the wavelength
be at least 380 nm to 780 nm, the spectral bandwidth shall k&5 nm or smaller, an
ength accuracy shall be 0,3 nm or smaller.

3 Filter-type LMD for measuring luminance

a filter-type LMD such as a luminance meter isiused, to ensure the luminance acc
e intended DUT light sources, its spectral responsivity should comply with the sp
ous efficiency for CIE photopic vision oer\it' should be compared with a calib

CIE-f;" indicates the spectral mismatch fungtion between the spectral responsivity of the filter-typ
e CIE photopic luminous efficiency function; Details of the spectral mismatch correction factor are g
E19476 [9].

4 Filter-type LMD for measuring colour

a filter-type LMD such as a colorimeter is used, to ensure the colour accuracy fq
jed DUT light sources, its spectral responsivity should comply with the CIE ¢

d be compared'with a calibrated spectrometer. The colour correction factors ca

lative colour-quantities such as colour uniformity.

5 2D imaging LMD

ange
d the

racy
bctral
rated

e LMD
ven in

r the
blour-

ning functions for the CIE 1931 standard colorimetric observer (see ISO 11664-1 [7]) or it

n be
s but

Diimaging LMD (using a two-dimensional sensor such as a CCD) is a kind of a filte

type

LMD.~The performances of the 2D magng tMDshaftcomply with 52 1-3and 5.2t 4. The
valid measurement field angle of the 2D imaging LMD shall be confirmed and the peripheral
image of the 2D imaging LMD shall confirm the absence of vignetting. The number of pixels of
the 2D imaging LMD should not be less than four times the sub-pixels number within the

meas

NOTE

NOTE

urement field.

1 The field of view of some 2D imaging LMDs is affected by the smaller entrance aperture.

2 The 2D imaging LMD using a colour filter array might cause moiré.

NOTE 3 The 2D imaging LMD might not accurately represent the influence of eye rotation at larger viewing angles.
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5.2.2

Stage condition

5.2.21 General

The stage shall be used to realize the coordinate system specified in 5.1. The stage should be
constructed with the equivalent of a biaxial goniometer and an orthogonal three-axis
translation stage. This may include complex positioning systems, such as a multi-axis robotic

arm.

.2 Goniometer

meas’Luring distance such as the eye-box volume, and if necessary to cover the interpuy

5.2.3

The [
relati
ortho
in Fig

blevation (vertical) angles in the spherical coordinate system as shown in Fig
ples of a five-axis stage are shown in Figure 4. The angular accuracy should be/ngd
0,1°. The goniometer can be pivoted at the centre of the entrance pupil offthe LN
m behind the entrance pupil to include the effect of eye rotation.

3 Translation stage

thogonal three-axis translation stage is assembled with an adequate range to covd

ce for binocular DUTs, as in the examples shown in Figure 4. The translation acc
d be no less than 0,05 mm.

Setup conditions

br the
illary
Liracy

sition

DUT shall be mounted on a stable platform toensure image stability. The LMD po
e to the DUT shall be moved and it can use :@a\five-axis system (a biaxial goniomet

optical axis of the DUT which is decided by\the manufacturer or supplier shall be adjus

the o
trans
shall

Tom
gaze
entra
Wheri
coorg
chan
shall

NOTE
the co

ptical axis of the LMD and shall be-aligned with the z-axis of the orthogonal three
ation stage. For DUTs with a rectangular virtual image, the edges of the virtual i
be adjusted parallel to the x- and y-axes of the orthogonal three-axis translation sta

pasure the condition from:an anterior view, when the DUT does not suppose a chan
angle (eye rotation), thé origin of a biaxial goniometer shall be assumed to b

the origin of the‘biaxial goniometer does not match the eye point of the DUT
inate correction ;shall be required and shall be reported. When the DUT suppos
je of the gaze angle, the detailed information such as the position of the rotation g
be specified by the manufacturer or the supplier and shall be reported.

1 Thecornea position is about 3 mm in front of the iris position. Some optical designs are used ba
nea position.

r and

gonal three-axis translation stage). Examples of a measuring setup are shown
ure 4. The eye point of the DUT shall .maatch the origin of the biaxial goniometer| The

ed to
-axis
mage
je.

ge of
e the

hce pupil of the eyew(eye point) but not the rotation centre of the eyeball (eye movement).

, the
es a
entre

ted on

NOTE

oS T e & £dle oo e} ol a0 Lo dor-i-srreiforerrisas
r4 e TUtatulT LETIUT UT U TyTUdll 1o TuLalcu abuutl TU T UTTiiTuature 1mis.
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Eye point of DUT
(entrance pupil of LMD)

Elevation angle a

LMD ‘/< DUT

Biaxial goniometer — ]

Azimuth angle ¥

‘___/
Orthogonal Iy
three-axis
stage
PREAY

IEC

a) LMD mounted on a biaxial goniometer and orthogonal three-axis translation stage

Eye point of DUT
(entrance pupil of LMD)

Azimuth argle ¥

DUT
(Eyewear display)
i .
LMD
N
‘\
Biaxial )
goniometer P — Elevation angle «
- ) Orthogonal
three-axis
stage

NOTE 1

IEC

b) DUT mounted on a biaxial goniometer and an orthogonal three-axis translation stage

When the LMD is installed on the biaxial goniometer, the elevation stage is set on the azimuth stage.

NOTE 2 Some eyewear displays change their virtual image depending on their orientation.

Figure 4 — Example of measuring setup for eyewear displays
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5.3 Test patterns
5.3.1 General

The following test patterns shall be specified by the manufacturer or the supplier, and the
applied test pattern shall be noted in the report. When other test patterns are applied, they
shall be noted in the report.

NOTE Unlike a conventional display, the boundary of the display area is not clear, and the choice of a test pattern
might affect the measurement results.

5.3.2 Checkerboard pattern

The ¢heckerboard pattern as shown in Figure 5 should be used to measure the applicable
properties, and can be used for alignment of the DUT and LMD optics. The chéckerboard
pattefn with crosses whose example is specified in ISO 9241-305 [6], should also be usg¢d for
alignment of the DUT and LMD optics. Both patterns of white and black at thé.centre c}n be
used| Usually, a white and black checkerboard pattern is used, but a checkerboard pattgrn of
the other colour (red, green, blue and so on) and black can be used if necessary.

IEC

NOTE| The 5 x 5 checkerboard pattern is helpful in navigating across the virtual image and focusing the LMD.

Figure 5 — Example of 5 x 5 checkerboard pattern

5.4 | Measuring points

The ¢entre poin{ (one point) or the multi-point (five points or nine points) measurements|shall
be agplied, which are provided by the manufacturer or the supplier. The measuring point(s) of
one-point; sfive-point and nine-point measurements are: P,, Py, to P, and Py to Pg,
respgctively, as shown in Figure 6. When using other measuring points, the manufactuger or
the S pp“cl ahuu:d PU;IIt uut thUDU }JUO;t;UIIO. Thc app“cd IIIUGOUI;IIU PU;IItO dalr'c dcf;ll d in
each measuring item. If other measuring points are applied, this shall be defined in the
relevant specification.

NOTE The centre-point measurement is carried out to measure the typical characteristics of the DUT. The five-
point and nine-point measurements are carried out to measure the deviations, averages and uniformities.
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H/2

V10
I —

Vi2

6 Neasurement methods

6.1
6.1.1

| ! HI0

A
Y

H: Horizontal size of virtual image

V: Vertical size of virtual image
IEC

Figure 6 — Measuring points for the centre- and multi-point measurements

Spectral directional transmittance

General

The

when| the DUT is off. This method is based on CIE 015:2004 [10], 5.3.1, except fqg

urpose of this method is to measure the spectral directional transmittance of the

DUT
r the

illuminating source and LMD.directions (not always normal to the DUT, and aligned with the

optical axis of the DUT). Both the illuminating source and LMD are directional, not di

fuse,
bing.

(see

and the direction of both\optical axes are the same. The directional LMD imitates a hpman
eye. |f the measured result is low, it means that the DUT is diffusing (scattering) or abso

In cape the transmittance can be switched by the electronic dimming device [11], it shall be
measgured in eachtmode. In addition, it is important to measure the switch speed itself
Annek B).

6.1.2 Conditions

6.1.21 Apparatus

The following apparatus shall be used:

1) measurement system: standard measurement system,;

2) illuminating source for testing: for a spectrometer, a spectrally smooth bandwidth light
source in a visual range such as a halogen lamp equipped with an integrating sphere or a
reference display device.

The purpose of the reference display device is to be used as the illuminating source in front of
the DUT. If the reference display device is applied, the polarization dependency shall be
checked. If the reference display uses a backlight, it should not have sharp spectral features
(as in some CCFLs).
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NOTE

In order to check the polarization of the reference display, a polarizer film can be applied. For example, a
linear polarizer film and a circular polarizer film can be rotated in front of the reference display, and luminance
change will be checked.

6.1.2.2 Setup

In addition to the standard measurement system, the following setup shall be applied (see
also Figure 7):

1) il

uminating source position: in front of the DUT;

2) illuminating source direction, distance and size: the illuminating source is set so that the
direction is aligned with the optical axis of the DUT which is decided by the manufacturer

o
a
W
(0]
NOTE
angle
3) L
in
4) m
th

ngle of not more than 3° around the DUT optical axis. If the size is larger, a black
ith an aperture can be applied. The distance is also longer than 20 times the focal |
the imaging lens of the LMD;

If there are optical components which generate diffraction of transmitted light within the, measureme
pf the illuminating source, it can cause a measurement error.

MD focus: the LMD should be focused at the same focal distance’as the DUT
hage;

easuring point Py: place the illuminating source at the LMD(focal distance, and e
at the LMD measurement field is smaller than the size of the,illuminating source.

llluminating source

LMD

DUT
IEC

Figure 7. < Setup of transmittance measurement

6.1.3 Procedure

The |following measurement procedure shall be applied for single- or multi;
measurements:

1) tHe DUT istdrned on for alignment, then the LMD focus is set on the displayed image

th
m

e DUT\is-turned off for the transmittance measurement. While the DUT is in the off
easgre the spectral radiance L, o(4) ;

2) rdg

[ supplier. The distance 1S set so that the |IIum|nat|ng source aperture subtends_a half

cover
ength

ht field

irtual

nsure

point

, and
mode,

move the DUT, and, maintaining the position of the illuminating source and

LMD,

measure the spectral radiance of the illuminating source, L, j(4);

3) repeat for the other ocular, if applicable.

6.1.4

Calculation

Calculate the transmittance, Ty, as follows:

(1)
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i = 100

jﬂ V() Dgg(2)-dA

4
where
V(1) is the CIE standard photometric observer for photopic vision;
Dgs(4) is the CIE Standard Illuminant D65;
Aq is the lower wavelength of the visible spectrum range;
Ao is the upper wavelength of the visible spectrum range.

2020

(2)

6.1.5 Report

The fpllowing items shall be reported:

6.2

ransmittance, 7,9, and spectral radiance, L, ¢(4), L, j;(4);

dItaiIed information of the illuminating source;

tup details, including LMD and aperture size, eye point and DUT optical axis.

Colour difference

6.2.1 General

The purpose of this method is to measure the colour difference caused by the DUT whe

DUT

s off. This method is based on 6.1.

6.2.2 Conditions

6.2.2|1 Apparatus

The fpllowing apparatus shall be used.

1) measurement system: standard measurement system,;

2)

lfluminating source: for a spectrometer, a spectrally smooth bandwidth light source
sual range such as a halogen lamp equipped with an integrating sphere; for a filte

\'
LMD, a uniform flat light-source similar to CIE Standard llluminant D65, or a refe
d

splay device.

The purpose of the reference display device is to be used as the illuminating source in fr
the DUT.

6.2.2|2 Setup

In addition-to the standard measurement system, the following setup shall be applied:

1)
2)

3)
4)
5)

n the

in a
-type
ence

bnt of

lluminating source position: in front of the DUT;

illuminating source direction, distance and size: the illuminating source is set so that the
direction is aligned with the optical axis of the DUT which is decided by the manufacturer
or supplier. The distance is decided so that the size is less than 3° of the optical axis of
the DUT. If the size is larger, a black cover with an aperture can be applied;

LMD type: spectrometer or colourimeter (filter type);

LMD focus: displayed image on the DUT;

measuring point Pj: ensure that the position of the LMD measurement field corresponds to
the illuminating source position, and that the size of the LMD measurement field is smaller
than that of the illuminating source.
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6.2.3

Procedure

17 -

The following measurement procedure shall be applied:

1) turn off the DUT, and measure the spectral radiance, L, ¢(4), or the CIE 1931 chromaticity
coordinates, (xq, yg);
2) remove the DUT, and, maintaining the position of the illuminating source and LMD,
measure the spectral radiance, L, j(41), or the CIE 1931 chromaticity coordinates, (x;;, yj);
3) repeat for the other ocular, if applicable.
6.2.4 Calculation
The fpllowing calculation shall be applied:
1) in case a spectrometer is used, calculate the CIE 1931 chromaticity coordinates, (xj, vg)
and (x;;, i), from the spectral radiance using the following formulae:
p) A) -
Xo=k-[? Lo () -x(2)-Dgs (2)-dA
A1 Ly (2)
2 Lio(4) -
Yo = ——5v(4) D5 (2)-dd (3)
A1 Ly (4)
i Lyo(4) -
Zy = 2 -z(4)- Dgs (X)-d 2
M Ly (4)
Ao —
X —k-L X(4)" Dgs (2)-d2
1
A=
i = k% 3(2) - Des (2)-dA (4)
Jp—
Zip= k- ?2(2) Dgs(2)-d2
e X 3 Y 5
x+v+z T x+v+z (5)
2) calculate wsy~and v’ of the CIE 1976 chromaticity coordinates from the CIE (1931
chromaticity‘coordinates using the following formula (see ISO/CIE 11664-5):
, 4x
u =
3 2% 412y 5
L e (6)
3-2x+12y
3) calculate the colour difference, 4u’v’y g using the following formula:
' ' 1 \2 , 1 \2
Au'voro = \/(”0 —uji)” +(vo — Vi) )

6.2.5

Report

The following items shall be reported:

colour difference, 4u’v’y,q, and chromaticity coordinates, (xq, ¥g), (Xj, Yin)s
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— detailed information of the illuminating source;

— setup details, including LMD and aperture size, eye point and DUT optical axis.

6.3
6.3.1

Front side stray light

General

2020

The purpose of this method is to measure the front side stray light (also called haze) of the
DUT, under hemispherical illumination, with the DUT turned off. This method is based on
CIE 015:2004 [10], 5.3.3, except for the LMD directions (not always normal to the DUT and
aligned with the optical axis of the DUT). The illuminating source is diffuse, and the LMD is

direc
the u

NOTE
NOTE
6.3.2
6.3.2

The fpllowing apparatus shall be used:

a) mleasurement system: standard measurement system;

b) ill
T

in

le)

NOTE
includi

1

approximating the CIE Standard llluminant D65, as specified in 1SO 11664-2 [8]

ser would observe more stray light from the front side of the DUT.

1 This method is similar to IEC TR 62977-2-5:2018 [4], 5.2.

2 See Annex C for the back side stray light.
Conditions

1 Apparatus

uminating source: integrating sphere with ports and.a stabilized light source as follo
ne light source in the integrating sphere)has a smooth broadband spe

ng the fluorescence from the illuminated material.

The total port area ofthe' integrating sphere does not exceed 4,0 % of the interna
of the sphere. It is-recommended that the diameter of the integrating sphere b
less than 150 mm\so that specimens of a reasonable size can be used. Whe
diameter of the)integrating sphere is 150 mm and the diameters of the sa
compensatjon_and light trap ports are 30 mm, the ratio of the total port area t

change-the spectral distribution of the light in the sphere, the monitor detector w
usedito compensate for change in the sphere illuminance due to the presence (¢
DUT at the sample port.

ional If thic magastirad rasult is high Hmaoaanes that thg DIIT tands to hg hQ?I\’I and that
SR H—+—HHS—e8aSHHea— HH—s—HgHA——eadRAs—tHhatRe = u9+—8RGS1o0BeRaA-—ah

WS:

Ctrum
The

tegrating sphere has a photopic optical detector which monitors the relative luminance
vel m inside the sphere. The monitor wilPbe fitted with baffles to prevent light from the
light source or the sample port from falling on it directly. The spectral characteristics
light source will be kept constant during measurements. The measurement conditions will
b¢ such that the DUT temperature does not increase while measurements are made.

bf the

The measured spectral characteristies are not same as those of the illuminating light source in the dase of

area
e not
n the
mple,
p the

internal area’ of the sphere is 3,0 %. If the integrating sphere does not hgve a
compensation port, and placing the DUT at the sample port does not signifigantly

ill be
f the

d 1 will be sized such that the opening of the light trap port will subtend ¢, = 8°
the centre of the sample port.

As shown In Figure 8, the diameter of the sphere zg, and the light trap port diameter

from
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Integrating sphere

Sample port

Light trap port

LMD

sp

- % > Ziwo >
| | IEC
Figure 8 — Setup of haze measurement
6.3.2{2 Setup
In adgdition to the standard measurement system, the following‘sétup shall be applied:
1) illuminating source position: in front of the DUT;
2) LMD and illuminating source setup:
The LMD is positioned at a distance of z praway from the sphere, which produg¢es a
mleasurement field of diameter d, calculated using the following formula:
dpmt
dmi Z7MD - ——— (8)
ZLMD Tt Zs
where
dr mf is the projected measurement field diameter at the light trap port.
The LMD and the integrating sphere are set up in such a way that the angular gap
(gnnulus) between the ‘measurement field of the diameter and the sample port diameter
will give £ = 1,3° assfollows:
ar -1 dpmf
§ =————tan 9
2 2'(ZS+ZLMD) ( )
When theabove requirements are satisfied, the maximum angle ¢ that any measured light
rgy canjhave relative to the optical axis of DUT is less than 3°;
3) LMD*focus: displayed image on the DUT:;

4) measuring point: Py.

6.3.3

Procedure

The following measurement procedure shall be applied (see also Table 2):

1) place a port plug or diffuse white standard at the light trap port. Turn on the integrating
sphere light source and allow the light source and LMD to stabilize;

2) if the integrating sphere has a compensation port, place the DUT against that port so that
it is aligned with the optical axis of the DUT which is decided by the manufacturer or
supplier. The DUT is turned off;

3) measure the luminance, L,4, and optionally record the monitor detector value m;
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4) place the DUT against the sample port. If the integrating sphere has a compensation port,
place a light trap at that port;

5) measure the transmitted luminance, L,,, through the DUT, and optionally record the
monitor detector value m,;

6) replace the port plug or diffuse white standard at the light trap port with a light trap. If the
integrating sphere has a compensation port, place the port plug or the diffuse white
standard at that port. Measure the transmitted luminance, L,4, through the DUT, and
optionally record the monitor detector value my;

7) remove the DUT from the sample port. Measure the luminance, L, 3, and optionally record
the monitor detector value ms;

8) regpeat for the other ocular, if applicable.

Table 2 — Measuring conditions

Measured Monitor detector | Sample port Light trap port Compensation port
uminance value (optional)
L, m, White reference Display sample
L, m, DUT White reference Light trap
Lq mgy Light trap White reference
Ly, my, DUT Light trap White reference

6.3.4| Calculation
Calcylate the front side stray light, Hyy/q , as follows:

L
Hde/oz[ﬂxl‘i_ﬂxijxﬂ)o (10)
MLy mg o Ly

In cage the monitor detector is not ‘used, all m; values are equal to 1.

6.3.5 Report
The fpllowing items shall-be reported:

— frpnt side stray light, Hy,9, €ach luminance, and monitor detector value;
- dItaiIed infenmation of illuminating source;
tup details, including LMD and aperture size, eye point and DUT optical axis.

6.4 | Contrast modulation

6.4.1 General

The purpose of this method is to measure the contrast modulation through the DUT when the
DUT is off. If the measured value is less than 1, then the DUT reduces the viewer’s visibility of
objects. Contrast modulation represents the resolution of the virtual image.

NOTE This method is similar to IEC TR 62977-2-5:2018 [4], 5.4.
6.4.2 Conditions

6.4.2.1 Apparatus

The following apparatus shall be used:

1) measurement system: standard measurement system;
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2)

reference object: reference object with a contrast modulation test pattern (i.e., printed
pattern, or a reference display device showing a contrast modulation test pattern).

The contrast modulation test pattern shall be black and white line-pairs with different
periodicities. As shown in Figure 9, at least three different pitches of the line-pairs, which
are specified by the manufacturer or the supplier, should be prepared. The stripe direction
of the contrast modulation test pattern shall be vertical, horizontal, and at £45°. The
inverse of the pitch of the line-pairs is the spatial frequency (fcpp = 1/P). The CPD is line-
pair cycles per degree, which are viewed through the DUT. If the reference display device
is applied, the polarization dependency shall be checked,;

NOTE The pitches reqU|red for this test depend on the DUT and its context of use, and they are specified by the

manuf;

humari V|sua| acuity (the width of one arc minute (high resolut|on) corresponds to the visual acuity scales~of 20/20

in the foot system or 1,0 in the decimal system).

P

W, W

P: Pitch of the line-pair
W: Ling width

3)

6.4.2|2 Setup

In

also Figure 10):

1)

2)

3)

y
A

i

IEC IEC IEC

a) Low resolution b) Middle resolution c) High resolution

Figure 9 — Example.of contrast modulation test pattern

LMD: an imaging LMD shall be .used.

The imaging LMD shall have- at least a four times higher resolution than the spatial
frequency of the line-pairs.

addition to the standard measurement system, the following setup shall be applied| (see

rg¢ference object: the reference object is set in front of the DUT, so that the directlon is
aligned=with the optical axis of the DUT, which is decided by the manufacturer or sugplier.
The distance is decided so that the size is less than 3° of the optical axis of the DUT. If
the\size is larger, a black cover with an aperture can be applied;

LMD focus: reference object; the manufacturer or the supplier should specify the distance
of the reference object from the LMD;
NOTE The viewers will likely adjust their focus to the virtual image distance when the DUT is in use.

measuring point Py: ensure that the position of the LMD measurement field corresponds to
the illuminating source position.
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Reference object

LMD

DUT
IEC

Figure 10 — Setup of contrast modulation measurement

6.4.3 Procedure

The |following measurement procedures shall be applied for singlé:” or multi{point
measurements:

1) tdrn off the DUT;

2) obptain the maximum luminance L), and the minimum luminance L, of the refefence
object;

3) rgpeat 2) for different spatial frequency or stripe directions\of the test pattern;
4) rgpeat for the other ocular, if applicable.

6.4.4 Calculation

Calcylate the contrast modulation, C¢), as follows:

Im—Im (11)

C =
& LM +Lm

6.4.5 Report
The fpllowing items shall be reported:

— contrast modulation;;C¢y and luminance, Ly, Lypy;

- dItaiIed information of the reference object;

— setup detailsyincluding LMD and aperture size, eye point and DUT optical axis.
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