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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of IEC isCto"p
brnational co-operation on all questions concerning standardization in the electrical and electranic fie
5 end and in addition to other activities, IEC publishes International Standards, Technical Specific
Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National(Gommittee intg
the subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation~EC collaborates

eement between the two organizations.

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

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

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in théir_national and regional publications. Any dive
ween any |IEC Publication and the corresponding national or regional publication shall be clearly indic

L itself does not provide any attestation of eonformity. Independent certification bodies provide con
essment services and, in some areas, aceess 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.

enses arising out of the" publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn to-the/Normative references cited in this publication. Use of the referenced publicat

ention is drawnto the possibility that some of the elements of this IEC Publication may be the sub
ent rights -\EC shall not be held responsible for identifying any or all such patent rights.
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liability shall attach to IEC or its"directors, employees, servants or agents including individual expeits and
mgmbers of its technical committees’and IEC National Committees for any personal injury, property dam|
othler damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee

age or
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ational Standard IEC 63145-20-10 has been prepared by IEC technical committee TC

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

FDIS Report on voting
110/1105/FDIS 110/1131/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.


https://iecnorm.com/api/?name=b7a8392d86d11ef03aee8501a1782733

IEC 63145-20-10:2019 © IEC 2019 -5-

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 cofrrect
understanding of its contents. Users should therefore print this document using a
colouir printer.
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EYEWEAR DISPLAY -

Part 20-10: Fundamental measurement methods — Optical properties

1 Scope

This part of IEC 63145 specifies the standard measurement conditions and measurement
methHds Tor determining the optical properiies of eyewear displays. This document applles to
non-dee-through type (virtual reality “VR” goggles) and see-through type (augmented-reality
“AR” glasses) eyewear displays using virtual image optics.

Contact lens-type displays and retina direct projection displays are out of the scope of this
document.

2 Normative references

Therg are no normative references in this document.

3 Terms, definitions, abbreviated terms and letter symbols

3.1 Terms and definitions

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

ISO gnd IEC maintain terminological databases for use in standardization at the follpwing
addrgsses:

e |HC Electropedia: available at http://www.electropedia.org/
e 10 Online browsing platform. available at http://www.iso.org/obp

3.11

entrance pupil of the-LMD

optic}.ln image of the physical aperture stop, as ‘seen’ through the front of the LMD| lens
syste

Note 1) to entry:( If there is no lens in front of the aperture, the entrance pupil’s location and size are idenfical to
that of{the aperture stop.

3.1.2
eye-box

qualified viewing space
three-dimensional space within which users place their eye so as to be able to properly see
the entire virtual image without moving the head or making any other adjustment (other than
the natural rotation of the eye)

Note 1 to entry: “Able to properly see” means that the display image fulfils all the requirements indicated in the
product specification.

3.1.3

eye point

design location at which the entrance pupil of the eye is placed to achieve the optimal
performance when using an eyewear display and which serves as the origin location of the
measurement
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Note 1 to entry: An estimating example is shown in Annex A.
3.14

eye relief

distance from the cornea of the eye to the closest optical element of the virtual-image display

3.1.5

field of view
angular region subtending the proper active area of the virtual image as observed from the

eyep

oint of the eyewear display

Note 1

specification, for example the limits of luminance, resolution, etc.

3.1.6
meas
direc

urement direction

axis of the eyewear display using spherical coordinates

Note 1

3.1.7
pixel
pixel

3.2
AR
CCD
DUT
FOV
LMD
VR

3.3

The |

to entry: See Figure 1.

angular density
number per unit degree

Abbreviated terms
augmented reality
charge-coupled device detector
device under test

field of view

light measuring device

virtual reality

Letter symbols (symbols’for quantities and units)

4 4 “0 ) tlogt tl oH 1 H FARTH TN H 4 HOORH tad 4l
to— ey~ T TOPe eSS matr e arSpray—mage—rtrirS—arm e regurementS—arcaret—— e

ion from which the eye point views the virtual image, as measured relative to the o

btter symbols for eyewear displays are shown in Table 1.

roduct

ptical
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Table 1 — Letter symbols (symbols for quantities and units)

Quantities Symbol Unit
Measuring point (i = 0: centre) P,
gr,blytl;a;x Itl;rglgsgxzaorfgspp?:;tlon (x, y, z) and direction L(x, vz 0 P) cd/m?2
Maximum luminance Lou cd/m?
Minimum luminance L,m cd/m?
Average luminance (spatial) Ly, cd/m?
Centfe luminance L cd/m?
Lumipance uniformity U %
Lumipance non-uniformity NU Y%
Angl¢ of horizontal FOV A4, degree
Angle¢ of vertical FOV 4, degree
Angl¢ of diagonal FOV Ay degree
Width of eye-box Wiox mm
Height of eye-box Hyo mm
CIE 1976 chromaticity coordinates at P, w W,
Chro 'nat_ic_ity differer]ce in CIE 1976 uniform- A’y
chromaticity-scale diagram
Contfast ratio CR
Pixellangular density D, pixel per degree (ppd)
Solid[angle of measurement field 0 sr

4

[d)]

tandard measurement conditions

4.1 Standard environmental conditions

Unlegs otherwise specified, all tests and measurements for eyewear displays shall be carried
out dfter sufficient warm-up time for the illumination sources and DUT (see 4.3), under the
following standard\environmental conditions:
— temperature 22 °C to 28 °C,
— rdlatjive humidity 25 % to 85 %, and
— almaspheric pressure 86 kPa to 106 kPa.

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

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 DUT are affected by the transient temperature behavior of the
device. It takes a certain time for the luminance output of the DUT to achieve a steady state.
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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 measurement result does not become a steady state, it might be influenced by the output fluctuation
of the DUT and/or the fluctuation of the LMD such as noise.

4.4 Dark room condition

The Iluminance contribution from the background in the test room reflected off the
measurement space shall be less than 1/20 of the minimum luminance output from the DUT. If
the condition is not satisfied, then background subtraction is required and it shall be noted in
the report.

5 Neasurement systems

5.1 | Standard coordinate system

To indicate the spatial positions of virtual images, 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 plane ¢f the
data |are elevation angles, denoted as «, and the horizontal angles to the half plang are
azimtﬂh angles, denoted as ¥. The origin direction (a« = 0, ¥ =\0) of the spherical coordinate
system shall be coincident with the optical axis of the DUT.

NOTE|1 The spatial positions of the virtual image can be expresseddn a geographic coordinate chart, as shpwn in
Annex|B.

A three-dimensional Cartesian coordinate system\(x, y, z) is used to indicate the posifional
relatipnship among the eye-box, eye point, eye“relief of the DUT, entrance pupil of the|LMD
and $o on, as shown in Figure 2. Unless specified otherwise, the eye point of the DUT is
placed at the centre of the entrance pupil’ of the eye, and defined as the origin df the
coordinate system. The manufacturer or supplier of the DUT shall specify the eye [point
position or the eye relief.

The qgrigins of both the spherical'¢eordinate system and the Cartesian coordinate system|shall
be logated at the eye point.

NOTE|2 In the case of a binocular eyewear display, the left ocular can be used as the origin of the Caftesian
coordipate system.

Elevation (a)

Azimuth ()

IEC

Figure 1 — Spherical coordinate system
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This figurn isan nvnmlnln of the entrance 'mllnil of the eye located at the eye 'r\r\inf of the DUT

Figure 2 — Three-dimensional Cartesian coordinate system

Measurement equipment
Light measuring device (LMD)

1 General

configurations and operating conditions of the equipmentOshould comply with the

ures specified in each item. To ensure accurate ,measurements, the foll

bwing

rements shall be applied. Otherwise, the differences.“shall be noted in the r¢port.

CIE 19476 [8]1 describes the LMD evaluation procedures.

ptics of the LMD (a spot LMD or a 2D imaging 'LMD) shall be equivalent to the h
as shown in Figure 3. The LMD shall be egquipped with a finder. The position g
hce pupil (aperture) of the LMD shall be provided by the manufacturer or the sup
ize of the entrance pupil of the LMD shaould be set between 2 mm and 5 mm, and
maller than the output light field of\the DUT. The LMD to measure the o
cteristics such as luminance andscolour shall be calibrated with the appro

photd

- S

- €

— timing of data-acquisition, low-pass filtering and aliasing-effects;

- m|

I

NOTE

mea1urements, considering the following points:

iman
f the
plier.
shall
ptical
briate

metric or spectrometric standards. The LMD should be carefully checked before

nsitivity of the measured_quantity to measuring light;

rors caused by the veiling'glare and lens flare (i.e., stray light in the optical system);

earity of detection’and data conversion;
easurement field size.

See IECTR.63145-1-1:2018 [1], 6.2.

1 Numbers in square brackets refer to the Bibliography.
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Measurement distance

[}
/

Viewing angle

|
>

LMD

1 IIO>

Entrance pupil

-
-¢

field

]

Measurement

View field

|
-

Measurement

5.2.1

Wher
shall
wave

5.2.1

Wher
for th
lumin

field angle
= IEC

Figure 3 — Example of LMD structure

2 Spectrometer-type LMD

a spectrometer-type LMD such as a spectroradiometer is used, thé wavelength
be at least 380 nm to 780 nm, the spectral bandwidth shall be § "m 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 is used to ensure the luminance acc
e intended DUT light sources, its spectral responsivity should comply with the sp
ous efficiency for CIE photopic vision or it¢should be compared with a calib

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

NOTE

the ClI
ISO/C

5.2.1

Wher
inten
matc
shou

applig
for re

5.2.1

The }
type

CIE-f," indicates the spectral mismatch factor, _bétween the spectral responsivity of the filter-type LM

E photopic luminous efficiency function. Details of the spectral mismatch correction factor are gi
E 19476 [8].

4 Filter-type LMD for measuring colour

a filter-type LMD such as\a- colorimeter is used to ensure the colour accuracy fq
Hed DUT light sources;\its” spectral responsivity should comply with the CIE c¢
ning functions for the CH' 1931 standard colorimetric observer (see ISO 11664-1 [7]
d be compared with_a calibrated spectrometer. The colour correction factors cg
bd, if necessary. The filter-type LMD shall not be used for absolute colour quantitie
lative colour gydantities such as colour uniformity.

5 2D.imaging LMD

PD imaging LMD (using a two-dimensional sensor such as a CCD) is a kind of a
| MD:“The performances of the 2D imaging LMD shall comply with 5.2.1.3 and 5.

The

ange
d the

iracy
bctral
rated

D and
ven in

r the
blour-

or it
n be
5, but

filter-
P.1.4.

valid measurement field angle of the 2D imaging | MD shall be confirmed an

] 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 virtual image sub-
pixels number within the measurement field.

NOTE

NOTE

5.2.2

1 The measurement field 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.

Stage conditions

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.
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5.2.2.2 Goniometer

A biaxial goniometer shall be assembled to be capable of measuring the azimuth (horizontal)
and elevation (vertical) angles in the spherical coordinate system as shown in Figure 1.
Examples of a five-axis stage are shown in Figure 4. The angular accuracy should be 0,1° or
less. The goniometer can be pivoted at the centre of the entrance pupil of the LMD or 10 mm
behind the entrance pupil.

5.2.2.3 Translation stage

An orthogonal three-axis translation stage is assembled with an adequate range to cover the
mea urina dicstanca csuch ac tha ava.hov valumae and if ngecgascary ta caovar tho intarni |||ary
. A AN MO S A
distapce for binocular DUTs, as in the examples shown in Figure 4. The translation acclracy
should be 0,05 mm or less.

5.2.3 Setup conditions

The PUT shall be mounted on a stable platform to ensure image stability. The LMD pogition
relatipe to the DUT shall be moved, and it can use a five-axis system(a biaxial goniometer

and o¢rthogonal three-axis translation stage). Examples of a measuriig setup are shown in
Figu% 4. The eye point of the DUT shall match the origin of the-biaxial goniometer| The
optical axis of the DUT which is decided by the manufacturer or supplier shall be adjusfed to

the optical axis of the LMD and shall be aligned with the z-axis”of the orthogonal threg-axis
trans|ation stage. The aspect of the virtual image of DUT ¢shall be adjusted to the x- and y-
axes [of the orthogonal three-axis translation stage.

To measure the condition from an anterior view, when the DUT does not suppose a change of
gazel|angle (eye rotation), the origin of a biaxial goniometer shall be assumed as the entfance
pupil|of the eye (i.e. eye point of the DUT), 'not the rotation centre of the eyeball| (eye
movement). When the origin of the biaxial .gogniometer does not match the eye point ¢f the
DUT,| the coordinate correction shall berequired and shall be reported. When the|DUT
supppses a change of the gaze angle,the detailed information such as the position gf the
rotatipn centre shall be specified by theg 'manufacturer or the supplier and shall be reported.

NOTE|1 The cornea position is about 3-mm in front of the iris position. Some optical designs are used based on
the cofnea position.

NOTE|2 The rotation centre of the eyeball is located about 10 mm behind the iris (entrance pupil of the eye}.
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Eye point of DUT
(Entrance pupil of LMD)

Elevation angle a

LMD ’/< DUT

Biaxial goniometer — [

Azimuth angle ¥

‘_’/V
Orthogonal Iy
three-axis
stage
=

IEC

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

Eye point of DUT

Azimuth angle™¥

DUT
LMD
AN
Biaxial .
goniometer L —— Elevation angle «

Orthogonal
R 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 — Examples of measurement setup
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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 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 the.centre c}n be
used| Usually, a white and black checkerboard pattern is used, but a checkérboard pattgrn of
another 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 LMI.

Figure 5 — Example of 5 x 5 checkerboard pattern

5.3.3 Solid colour'patterns

The golid colour, patterns can be used to measure the optical qualities. The colours shodld be
defingd in terms of the display primaries as white, black, red, green and blue. The pattern (full
scregn) is filled with a single colour.

5.4 ~Measuring points

The centre point (one point) or the multi-point (five points or nine points) measurements shall
be applied, which are provided by the manufacturer or supplier. The measuring point(s) of
one-point, five-point, and nine-point measurements are P,, Py to P4, and P, to Pg,

respectively, as shown in Figure 6. When using other measuring points the manufacturer or
the supplier should point out these positions. The applied measuring points are defined 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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6 Measurement methods for optical characteristics

6.1
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H: Horizontal size of virtual image

V: Vertical size of virtual image
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Figure 6 — Measuring points for the centre) and multi-point measurement

General

ler to evaluate the optical characteristics of an eyewear display, the luminance, d

ured. The FOV and eye box;are calculated based on the luminance and contrast rat

Preparation

eyewear display_to be measured (DUT) should be placed in the measurs
gement specified in 5.2.3 using the chekerboard pattern specified in 5.3.2. The ent
of the LMD%and the eye point of the DUT shall match the origin position of the fivg
M (x=0,4%=0,z=0,a=0, ¥=0).

In. case the pivoting point of the LMD is 10 mm behind the entrance pupil, this pivoting point can bg
i of(the entrance pupil, to match the origin position of the measurement.

olour

maticity coordinates), contrastratio, FOV, eye-box and pixel angular density shall be

0.

ment
ance
-axis

used,

The DUT-adjustable conditions which are related to the optical properties shall be specified
by the manufacturer or supplier and reported. Some DUTs use image processing, and if a
setting for the image processing is also adjustable, the default setting specified by the
manufacturer or the supplier shall be applied and reported.

The focus of the LMD shall be adjusted through the image finder to become the clear virtual
image. A raster pattern with a high resolution (the highest resolution is one-by-one line pair)
which is appropriate for the DUT and provided by the manufacturer or the supplier, can be
applied for adjustment of the virtual image focus.

The optical measurement capabilities of the LMD, such as luminance and spectral radiance,
should be traceable to national metrology standards under the same conditions (for example

entra

nce pupil size, measurement field angle and focus distance in some structures).
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The optical quantities at different measuring points (directions) should be measured at the
steady state after the required time specified in 4.3.

NOTE Some eyewear displays have eye-tracking capabilities for optimizing the image. The gaze direction of the
LMD might not agree with the gaze direction as detected by the DUT for a true eye.

6.3 Luminance and luminance uniformity (non-uniformity)
6.3.1 General

The purpose of this method is to measure the luminance and luminance uniformity of the DUT,
by pncitinning the entrance pllpil of the | MD at the eye pnint The | MD will Ir\i\/nf at the

entrapce pupil to point to the desired virtual image measurement position.

NOTE|1 In case the pivoting point of the LMD is 10 mm behind the entrance pupil, this pivoting point ean bq used,
insteadl of the entrance pupil, to match the eye point of the DUT.

The |standard measurement conditions (Clause 4), standard coordinate system [5.1),
meagurement equipment (5.2) and checkerboard pattern (5.3.2) shall becapplied.

NOTE|2 For wide-field-of-view DUTs, the checkerboard pattern might not be accurate enough. In that cage, the
manufacturer or supplier will specify the pattern.

6.3.2 Measurement procedure

The luminance values, L, (0, 0, 0, a, ¥), of the nine points~on the virtual image are meagured
using the as following procedure:

bsition the DUT.

P
b) Dijsplay the checkerboard pattern with the white centre.

c) Afjust the LMD to match the entrance pupil at the eye point of the DUT and focuq at a
specified virtual image distance.

d) Agdjust the measurement direction ‘of the LMD to align to position P, (i = 0 to 8).
e) Measure the luminance L, (0,.0,°0, a;, ¥;) of the DUT at position P,.

f) REpeat for the other ocular,.if applicable.

6.3.3 Calculation

Luminance non-uniformity, NU, is calculated by using the following formula:

Ly —L
NU =M —va 4 100 % (1)
a
where
Lym is the maximum luminance value of the measurement points;
Ly, is the average luminance value, which is calculated by the following formula:
1 8
Lya _gszi (2)
i=0
where
Ly; is the luminance value of the measurement at position P,.

For some applications, luminance uniformity, U, is applied and is calculated by the following
formula:
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U =100-NU% (3)

6.3.4 Report

The following items should be reported:

— luminance L, (0, 0, 0, a;,, ¥;) of each position P, with the elevation angle «; and the
azimuth angle ¥;;

— luminance non-uniformity (or luminance uniformity);
— eye point (eye relief);

— pivot rotation;
— tylpe of LMD and aperture size;
— acgcuracy of sample stage; and

— correction methods for the measurement, if possible.

NOTE| Some eyewear displays are designed as non-uniform displays to give priority to.other features such as a
large FOV.

6.4 | Chromaticity and colour gamut
6.4.1 General

The purpose of this method is to evaluate the chromaticitylarea and colour gamut of the] DUT
as viewed from the eye point. In case of multi-primary-displays, the gamut shall be measgured
by the white and primary colours at the maximum inputof the RGB channels in sequenced, and
may also include a measurement of the secondary.colours.

The g¢tandard measurement conditions (Clause’4), the standard coordinate system (5.1), the
meagurement equipment (5.2) and the solid\colour patterns (5.3.3) shall be applied. An|LMD
that gan measure colour quantities shall be used.

6.4.2 Measurement procedure
Meagure the chromaticity of the.BUT using the following procedure:
a) Move the entrance pupil.of LMD at the eye point and adjust the optical axis of the LMD so

that it is orientated-teward the DUT centre.

b) Djsplay the full-screen pattern (white, red, green or blue) on the DUT. Allow the luminance
tq stabilize.

c) Measure thé.chromaticity coordinates (x,, y,) for solid colour (p =W, R, G, B).

d) Rppeat from b) to measure each displayed pattern.
e) Rppéat for the other ocular, if applicable.

6.4.3 Calculation

a) The CIE 1976 UCS chromaticity coordinates (u’, v’) for each primary pattern (R, G, B) are
calculated from the CIE 1931 chromaticity coordinates (x, y) as follows:

: 4x : 9
u' = V= (4)
—2x+12y+3 —2x+12y+3

b) The colour gamut area metric is defined as the percent colour space area enclosed by the
colour gamut relative to the entire spectrum locus in the CIE 1976 UCS. It is calculated as
follows:

GAyy =256,1|(u'r—u'g)(v'e-v's) - (u'c-u's)(VR—V'8)| (5)
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Report

The following items should be reported:

— CIE 1976 UCS chromaticity coordinates (u’g, v’g) of white;

— CIE 1976 UCS chromaticity coordinates (u’p, v’p) of each primary colour;

— colour gamut area;

— eye point (eye relief);

— ty

pe of LMD and aperture size;

2019

— agcuracy or sampie Stage; dand

- cd
6.5
6.5.1

The ¢
the b
eye |

meagurement position.

NOTE
instea

The

meagurement equipment (5.2) and the black and-white checkerboard pattern (5.3.2) sh

applig

6.5.2

Use
chrorn

6.5.3
a) T
c

b) U

chromaticity distance between pairs of sampled colours using the following formula:

rrection methods for the measurement, if possible.
Chromaticity uniformity
General

urpose of this method is to evaluate the chromaticity uniformity of\the DUT as appl

point. The LMD will pivot at the entrance pupil to point ta~the desired virtual i

In case the pivoting point of the LMD is 10 mm behind the entrance pupil, this pivoting point can bg
i of the entrance pupil, to match the eye point of the DUT.

tandard measurement conditions (Clause 4), the standard coordinate system (5.1

bd. An LMD that can measure colour quantities shall be used.

Measurement procedure

the same procedures as for luminous uniformity specified in 6.3.2 to measur
naticity coordinates x; and y; at:the multi-positions P; instead of the luminance.

Calculation

he CIE 1976 UCS_ghromaticity coordinates (u’;, v’;) are calculated from the CIE
hromaticity coordinates (x;, y;) using Formula (4).

>

y’. at each location to determin

i i

se the CIE_4976 chromaticity coordinates u’

2 2
[N ’ ’ ! ’

ed to

ack and white checkerboard pattern, by positioning the entrance pupil of the LMD at the

mage

used,

, the
Bll be

b the

1931

e the

(6)

where i, j = 0 to 8, and i # j. Chromaticity non-uniformity is defined as the largest sampled

chromaticity distance (Au’v’)

max Petween any two points.

c) Repeat for the other ocular, if applicable.

6.5.4

Report

The following items should be reported:

— chromaticity non-uniformity (Au"v’) pax

- C

IE 1976 UCS chromaticity coordinates (u’

Al

angle a; and the azimuth angle ¥;;

— eye point (eye relief);

v’;) of each position P;, with the elevation
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— type of LMD and aperture size;

— accuracy of sample stage; and

— correction methods for the measurement, if possible.

6.6
6.6.1

Contrast ratio

General

The standard measurement conditions (Clause 4) the standard coordinate system (5.1) and
the measurement equipment (5.2) shall be applied. The 5 x 5 checkerboard pattern (5.3.2)
with white centre (corners) and with black centre (corners), respectively, shall be applied.

6.6.2

a) M

v
b) M

Vi
c) R

6.6.3

Measurement procedure

rtual image of the white centre chekerboard pattern, as indicated in 6.3.2!

rtual image of the black centre chekerboard pattern, as indicated inv6.3.2.
epeat for the other ocular, if applicable.

Calculation

The gontrast ratio at the position P; (i = 0 to 8) is calculated‘as follows:

_ Ly
CR;= T

The dveraged contrast ratio is calculated as-foltlows:

The gontrast non-uniformity is“calculated as follows:

easure the luminance values, Ly, (0, 0, 0, a;, ¥;) at the position P; (i = 0:t08) o

easure the luminance values, Ly; (0, 0, 0, a;, ¥;) at the position P,(i~= 0 to 8) o

n the

n the

(7)

(8)

(9)

NUCR — CRmax _CRmin
CR,

where
Lijy; is the luminance value of white at position P;;

o aliiminanca vyaliia ~f Aplk At nacitinn -
L is-theluminanece-value-of-blackatpesitionP;
CR; is the contrast ratio at position P;;
CR, is the average contrast ratio;
CRax is the maximum contrast ratio among the nine positions;

CRin is the minimum contrast ratio among the nine positions;

N

6.6.4

Ucr is the contrast non-uniformity.

Report

The following items should be reported:
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luminance Lyy; of white, luminance Ly; of black and contrast ratio CR; at each position P,,
with the elevation angle «; and the azimuth angle ¥;;

average contrast ratio CR;

contrast ratio non-uniformity NUgR;

eye point (eye relief);

ty

pe of LMD and aperture size;

accuracy of sample stage; and

correction methods for the measurement, if possible.

A

The |
base

the

n

LMD.
inforr
achig

the

e

In a
there
DUT'

The 4
meas
and ¢
In ca

the

S

NOTE
(eyer
used,

NOTE

6.7

.2

A
D

A
al
lu

Field of view (FOV)
General

purpose of this method is to evaluate the FOV performance of the DUJF for the ci
i on luminance, chromaticity and contrast ratio. These criteria limits shall be specifi

In the FOV measurement, the position and rotation of the LMD shall follov
nation provided by the supplier or manufacturer of the DUT. The measurems
ved by rotating around the entrance pupil of the LMD, or-around the rotation cen
ye. The rotation centre shall be specified by the suppliet or'manufacturer, and rep
human eye, the distance between the rotation centrecand the iris is about 10 mm
fore the rotation centre can be approximately 10 mm behind the entrance pupil alon
5 optical axis.

tandard measuring conditions (Clause 4), thexstandard coordinate system (5.1) an
urement equipment (5.2) shall be applied.“The solid white pattern (5.3.3) for lumir
hromaticity, and the checkerboard patterfy (5.3.2) for the contrast ratio shall be ap
5e of non-rectangular FOV, the test patterns should be provided by the manufactu
ipplier.

1 For some DUTs, the FOVs are mieasured through a location which is 10 mm behind the entranc
tation), and the pivoting point of the EMD can be 10 mm behind the entrance pupil; this pivoting point
nstead of the entrance pupil, to_match the eye point of the DUT in the procedures indicated in 6.7.2.

2 The other criteria such as-resolution and distortion can be used to evaluate the FOV.
Measurement-procedure

djust the DUT to/match the eye point with the entrance pupil of the LMD.
splay the full=screen white pattern.

ign the.measurement direction at the centre of the virtual image, and then measun
minharice of the centre.

iteria
bd by

anufacturer or the supplier. The FOVs are measured from the eye point location of the

v the
nt is
re of
bried.
, and
g the

d the
ance
dblied.
er or

e pupil
tan be

djust the_entrance pupil of the LMD at the centre of rotation of the biaxial goniometer,

e the

S

earcn 1or tne corner . rnhe corner searchn IS iterative. A DIINA [uminance search

f the

kind described for finding the horizontal and vertical edges is complicated but could be
iterated using a Euclidean type search taking half steps.

An example using the goniometer is as follows:

1) Slew the LMD in the azimuth from the centre toward the left or right end horizontally
(keep the elevation angle, o = 0) until the luminance reading reduces to the criteria

2)

limit, for example to 50 % of the value at the centre point. Record the horizontal a
of both ends, ¥ and ¥g.

the azimuth angle, ¥ = 0) until the luminance reading reduces to the criteria lim
example to 50 % of the value at the centre point. Record the vertical angles of
ends, a1 and ag.

ngles

Turn the LMD in the elevation from the centre toward the top or bottom vertically (keep

it, for
both
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f)

3) Turn the LMD both in the azimuth and elevation from the centre toward the top-left
corner, bottom-right corner, top-right corner or bottom-left corner in the diagonal
direction, such as the 45° tilted angles (the diagonal angle is related to the aspect
ratio), until the luminance reading reduces to the criteria limit, for example to 50 % of
the value at the centre point. Record the horizontal and vertical angles at the corner

for each direction, (Y7, a1 ) and (¥gRr, agr), as well as (¥R, atr) and (¥g, ag)-

Repeat a) to e) to measure the chromaticity at the centre, and search for the “edge” and

“corner” with the chromaticity criteria, instead of the luminance.

g) Display the checkerboard patterns, respectively.

h) Repeat a) to e) to measure the contrast ratio at the centre, and then search for the “edge”

and “corner’ with the contrast ratio criteria, instead of the luminance.

NOTE|1 In the case of a diagonal direction, the criteria limit might be 25%.

NOTE
generd

FOV, and overlapping binocular FOV.

Figurpe 7 shows an example of a FOV boundary.

3

50 40 30 20 10 10 20 30 40 0 ¥

-20

40

\

60

IEC

Figure 7 — Example of FOV boundary

6.7.3 Calculation

2 When the data aimed at the eye point are collected from the above eight tilted angles,,it\is often ug
te FOV plots to determine the various fields of view shown in Annex A, such as the monocular FO

Clalculatelthe angle of the horizontal FOV (4,,) using the following formula:

Ay =y Y
where
Ap is the angle of the horizontal FOV;
' is the azimuth angle of the left edge;
YR is the azimuth angle of the right edge.

Calculate the angle of the vertical FOV (4,,) using the following formula:

AV =oaT top

where

Ay is the angle of the vertical FOV;

eful to
, total

(10)

(11)
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ot is the elevation angle of the top edge;
ag is the elevation angle of the bottom edge.

Calculate the angle of the diagonal FOV from top-left to bottom-right (444) using the
following formula:

2 2 2 2
Ad1:\/‘//TL+aTL +\/'//BR+0‘BR (12)

where

Al is the angle of the diagonal FOV from top-left to bottom-right;

L is the azimuth angle of the top-left corner;

arL is the elevation angle of the top-left corner;

YkRr is the azimuth angle of the bottom-right corner;
OBR is the elevation angle of the bottom-right corner.

Cplculate the angle of the diagonal FOV from top-right to Gottom-left (445) using the
fdllowing formula:

2 2 2 2
Ad2=\/l//TR +aTR +\/V/B|_ OB (13)
where
Alo is the angle of the diagonal FOV from top-right to bottom-left;
IR is the azimuth angle of the top-right corner;
R is the elevation angle of the\top-right corner;
b is the azimuth angle of‘the bottom-left corner;
gL is the elevation angle of the bottom-left corner.
Cplculate the averaged angle of the diagonal FOV (4,) using the following formula.
+

Ad _ Ad‘l 2Ad2 (14)
where
Al is the averaged angle of the diagonal FOV.

6.7.4 Report

The following items should be reported:

angle of the horizontal FOV 4, and the vertical FOV 4,;

averaged angle of the diagonal FOV 4;

angle of the diagonal FOV 444 and A4,:

direction of the four corners (Y7, at.), (Ygr, agr): (¥1r: aTR) @Nd (¥g., agL);
direction of the four edges (¥, a|), (¥Yr, ar), (Y7, at) and (¥g, ag);

type of criteria (luminance, chromaticity or contrast ratio) and criteria limit;
eye point (eye relief), position of z-axis;
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— type of LMD and aperture size;
— accuracy of sample stage; and
— correction methods for the measurement, if possible.

6.8 Eye-box based on luminance

6.8.1 General

The size of the eye-box is directly related to the FOV of the DUT. For the given FOV, the size

of the eye-box shall be determined by moving the LMD around the eye point of the
according to the criteria limit value relatively to the centre of the virtual image.

DUT

In cape that the DUT vendor has specified a minimum monocular FOV which is quaniifi
the elye point, the luminance of the DUT at the specified FOV shall be taken at each po
the three-dimensional eye-box (W x H x D) using the translation stage. OtherWwise, the
shall be measured first as in 6.7.

The gtandard measurement conditions (Clause 4), the standard coordinate system (5.1
meagurement equipment (5.2) and the solid white pattern (5.3.3) shalkbe applied. The cf
limits| shall be specified by the manufacturer or the supplier.

6.8.2 Measurement procedure

The measurement method is as follows:

a) Match the entrance pupil of the imaging LMD an@ the eye point of the DUT with the
position of the motion stage (x =0, y=0, z=03a =0, ¥=0).

b) Djsplay the test pattern on the DUT.

c) Agdjust the direction of the LMD toward<the centre of the virtual image according t
rgsult of the FOV (6.7) using the biaxialkgoniometer.

d) Measure the luminance to calculate\the criteria.
e) Agjust the direction of the LMD*toward one edge (i.e. top edge) of the virtual image.

f) Move the position of the LMD from the origin toward the top side on the plane
passes the origin and is(perpendicular to the optical axis of the DUT using the threq

eflge); the LMD keeps 'the alignment point at this edge on the virtual image with theg
of the biaxial gopiometer. Measure the luminance, until the luminance value becomsg
clliteria limit value/(as 50 % of the luminance at the centre of the image).

ecord thedneotion distance (4y;4) from the origin at the criteria limit value for the top

ed at
int of
FOV

, the
iteria

brigin

o the

which
-axis

translation stage by an appropriate step (rough step near the origin and finer step near the

help
s the

side.

otion

R
h) Repeatsstep f) for the remaining other sides (bottom, left and right), and record the n
i

d
i) A
j) Repeat steps f) to h), and record the motion distance values (4y;,, 4x;q, Ax;5) (i = 2 to

k) Calculate the size of the eye-box at the plane of the eye point as follows:

Waox = min(4x;1)+min(A4x;y) (i = 1 to 8)

Hgox =min(4y;1)+min(4y,5)(i = 1 to 8)
I) Repeat for the other ocular, if applicable.

To measure the volume of the eye-box, the following procedures can be applied.

stanice values (4y;,, 4x;4, Ax;,) from the origin at the criteria limit value for other sidgs.
i redirect; ‘ MAD 4 I l " ‘ . '|age.

8).

(15)

(16)
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1) Move the LMD forward and backward along the z-axis using the three-axis translation
stage.

2) Repeat e) to k) at every z-axis position.

NOTE 1 The lateral and vertical dimensions of the eye-box represent the total movement of a monocular viewing
with a 5 mm entrance pupil.

NOTE 2 The longitudinal eye-box dimension represents the total fore-aft movement.

NOTE 3 In the case of a finite image distance, the centre luminance might be changed due to the LMD translation.

6.8.3 Report

The fpllowing items should be reported:

— eye-box region W,,, and Hy,, at the eye point;

— eye-box volume W, and Hy,, at each z-axis position;
— cfliteria limits;

— eye point (eye relief), position of z-axis;

— tylpe of LMD and aperture size;

— agcuracy of sample stage; and

— correction methods for the measurement, if possible.

6.9 | Pixel angular density
6.9.1 General

The ptandard measurement conditions (Clause.4), the standard coordinate system [5.1),
setup conditions (5.2.3) and the solid pattern~(%.3.3) shall be applied. A 2D imaging LMD that
can dapture at least a 5° measurement field shall be used.

6.9.2 Measurement procedure
To measure the pixel angular density the following procedures shall be used:

a) Ppsition the DUT.
splay the solid pattern, such as the full-screen white.

D
c) Afjust the LMD gto-match the entrance pupil at the eye point of the DUT and focuq at a
specified virtual image distance.

d) Chpture thelpixel image using the LMD at the centre of the virtual image, as shown in Figure 8.

Measurement field

=
Figure 8 — Example of pixel angular density measurement
e) Count the pixel numbers, N, within the measurement field, such as the circular field (5°),
as shown in Figure 8.
f) Calculate the monocular pixel angular density using the following formula:
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Dol (1)
where
D is the pixel angular density (unit: pixel per degree (ppd));
Q is the solid angle of the measurement field (unit: sr).

Alternative method: in case a fixed number of pixels in the circular white pattern is displayed,
the pixel angular density shall be calculated using Formula (17), by applying the number of
pixels and measured solid angle of the viewing cone.

NOTE| In the case of a regular arrangement of the pixels orthogonally, the pixel angular densijty)dan be
deternjined by the formula D| = n/ 6, where n is the number of pixels in the measurement angle ¢ (unit;~degree).

6.9.3 Report
The fpllowing items should be reported:

— pixel angular density;

— measurement field angle of the LMD;

— eye point (eye relief), position of z-axis;

— tyjpe of LMD and aperture size; and

— correction methods for the measurement, if possible,
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Annex A
(informative)

Estimating the eye point

General

The eye point is the designed location at which the entrance pupil of the eye is placed to
achieve the optimal performance and serves as the origin location of the measurement. There

are

supplier specifies the eye point considering these many characteristics as well as ergonpomic
aspetts. Therefore, it is difficult to find it without any information from the manufacturer or
supplier. However, if the manufacturer or supplier does not specify the eye point|position, it

determining the eye point.

ed to be experimentally estimated in order to characterize an AR or VR\dgvice. There
several criteria by which the eye point could be determined [2], [3]. Two-methods exist for

It is noted that the position determined by these methods might notalways be the same as

proviged by the manufacturer or supplier, these methods would be éffective.

A.2

gye point specified by the manufacturer or supplier. But if mo’specified information is

Eye point based on full field luminance method

1 General

The ¢ye point is generally designed to be located in a position where the pupil can observe

the
the

eptire, or maximum, virtual visual field. Thevisual field will typically be defined in terns of
l[bminance profile across the visual field. This method estimates the eye point ap the

centrg lateral location in the x-y plane of the eye-box in which the size of the luminance pgrofile

of the virtual image is largely maintained:

A.2.2 Measurement procedure

This method requires a 2D imaging LMD with a photopic response.

a)
b)

ender a cross-hairtvirtual image on the DUT.

R

Ppsition the entrance pupil of the LMD roughly laterally in the eye box, 3 mm behind the
eye relief distance. If the eye relief of the DUT is not known, then it is recommended to
position the entrance pupil of the LMD 25 mm behind the last mechanical element o¢f the
DUT along its optical axis.

F

T

pcus the LMD on the virtual image of the cross-hair.

It\the LMD (or DUT) at the entrance pupil position of the LMD to centre the optical axis
of the LMD on the centre of the cross-hair with the help of the biaxial goniometer.

Render a full screen white virtual image on the DUT, at maximum input code value.
Capture the virtual image with the 2D imaging LMD. The luminance image size is defined
as the area of the full screen virtual image in which the luminance is greater than 50 % of
the peak luminance. Confirm that the size of the captured full screen image is at maximum
size by laterally translating the LMD (or DUT) vertically and horizontally with the eye-box.
The maximum image size is used as a reference for evaluating the relative reduction of
the image.

Translate the LMD (or DUT) horizontally in the positive x-axis direction measuring any
reduction in the area size of the virtual luminance image (see Figure A.1). Report the +x
position where the image area is reduced to 95 % of its maximum size.
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