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e International Electrotechnical Commission (IEC) is a worldwide organization for standardization contgrising
national electrotechnical committees (IEC National Committees). The object of IEC is (to “pr¢mote
ernational co-operation on all questions concerning standardization in the electrical and electronie’fields. To
s end and in addition to other activities, IEC publishes International Standards, Technical_Specificdtions,
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to asj “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National, Committee intefested
the subject dealt with may participate in this preparatory work. International, govérnmental and| non-
vernmental organizations liaising with the IEC also participate in this preparation)\IEC collaborates c|osely
th the International Organization for Standardization (ISO) in accordance with)conditions determingd by
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as mearly as possible, an international
nsensus of opinion on the relevant subjects since each technical committee has representation frgm all
erested IEC National Committees.

C Publications have the form of recommendations for international\use and are accepted by IEC Ndtional
mmittees in that sense. While all reasonable efforts are made te\ensure that the technical content df IEC
blications is accurate, IEC cannot be held responsible for”the” way in which they are used or for any
sinterpretation by any end user.

order to promote international uniformity, IEC Nationak/\Committees undertake to apply IEC Publicgtions
nsparently to the maximum extent possible in theif\national and regional publications. Any divergence
tween any IEC Publication and the corresponding natiohal or regional publication shall be clearly indicated in
e |atter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confermity
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fqr any
rvices carried out by independent certification bodies.

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

embers of its technical committeesvand IEC National Committees for any personal injury, property damdge or
her damage of any nature whatSoever, whether direct or indirect, or for costs (including legal fees)) and
penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othef IEC
blications.

liability shall attach to IEC or its, directors, employees, servants or agents including individual experg and

tention is drawn to the“\Normative references cited in this publication. Use of the referenced publicatipns is
Hispensable for the~cerrect application of this publication.

tention is drawn\toe the possibility that some of the elements of this IEC Publication may be the subjpct of
tent rights. JEC.shall not be held responsible for identifying any or all such patent rights.

Mmain task’ of IEC technical committees is to prepare International Standards. Howevr, a
nical committee may propose the publication of a technical report when it has collgcted
of@adifferent kind from that which is normally published as an International Standarq, for

[N | DY £ 4l 40l
IPIc  Statc Ur uic dit .

IEC TR 63145-1-1, which is a Technical Report, has been prepared by IEC technical
committee 110: Electronic display devices.

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

Enquiry draft Report on voting
110/966/DTR 110/982A/RVDTR

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


https://iecnorm.com/api/?name=5b0367a2659e31056fbdf70722f8c564

IEC TR 63145-1-1:2018 © IEC 2018 -5-

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.

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,

. thdrawr;

—

bplaced by a revised edition, or

e gmended.

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

IMRORTANT - The 'colour inside' logo on the cover page of-this publication indicqdtes
that it contains colours which are considered to be, useful for the corfect
understanding of its contents. Users should therefore‘print this document using a
colpur printer.
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INTRODUCTION

This document intends to gather technical information on eyewear displays, and to clarify the
relationship to normative aspects of the standardization in this technology area.



https://iecnorm.com/api/?name=5b0367a2659e31056fbdf70722f8c564

IEC TR 63145-1-1:2018 © IEC 2018 -7 -

EYEWEAR DISPLAY -

Part 1-1: Generic introduction

1 Scope

This part of IEC 63145, which is a Technical Report, provides general information for the

stan

critig

Ther

3

3.1

jardization of eyewear displays. This document includes an overview of the techno
al performance characteristics, issues of optical measurements, and other informatio

Normative references

e are no normative references in this document.

Terms, definitions and abbreviated terms

Terms and definitions

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

ISO
addr

3.1.1

and IEC maintain terminological databases .fof use in standardization at the follo
esses:

EC Electropedia: available at http://www:€lectropedia.org/

50 Online browsing platform: availabte at http://www.iso.org/obp

eyevllaear display

displ
user

Note

3.1.2

to entry: See 4.1.

pupil forming

virtu
an a

3.1.3

Bl image_optics that are equipped with a magnifier and the optical elements which a
berture.stop, and where the magnifier forms a real image of the aperture stop

ogy,
.

wing

y worn on the user’s eyeOr-worn close to the eye in order to provide information t¢ the

ct as

non

pup“ fort |||;||g

virtual image optics where the magnifier does not form a real image of the aperture stop

Note 1 to entry: See 3.1.2.

3.2
AR
CAV
CRT
FOV
FPD

Abbreviatied terms
augmented reality
E cave automatic virtual environment
cathode ray tube
field of view
flat panel display

HMD head mounted display


http://www.electropedia.org/
http://www.iso.org/obp
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HUD
IPD
LMD
MR
Qvs
VR
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head up display
interpupillary distance
light measuring device
mixed reality

qualified viewing space
virtual reality

WFOV wide field of view

2-D

two-dimensional

4

4.1

The
can
displ
infor,
inclu

e 9

Fyewear display technologies

General

advancement of display technology has enabled the creation of comipact displays
be placed close to or on a viewer’s eye. This miniaturization enables\the user to wea

e large perceived image size, despite small structure; and

—

pality.

e have been several designs proposed for wWearing the display:

ead mount;
elmet mount;
eadset;
lasses mount;
oggle;

isor;

ntact lens.

The ferm “eyewear’:is defined as follows in several sources:

a) things warn on the eyes, such as spectacles and contact lenses [1]1; and

b)

that
r the

ay in a comfortable form factor (such as eye glasses), and allows_an individual to regnder

mation of interest for their personal use. Some of the benefits-of this display technqlogy
de:
ood portability, such as hands-free, like eye glasses;

Nk with user’'s behaviour or external world, for~virtual reality/augmented reality/mixed

evices*worn to protect the eyes or improve the vision, such as eyeglasses, sunglagses,

fety goggles, etc. [2].

The eyewear includes things to cover the user’s eye, and contact lenses are also included.

How the display is mounted near the eye affects the display optics, the performance, and how
it is measured. There are other kinds of displays which do not have a mount structure or do
not attach to the eye:

e €

lectronic view finder;

o telescope;

e microscope;

1 Numbers in square brackets refer to the Bibliography.
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e binoculars;
e opera glasses; and
e ophthalmic instruments, such as an auto-refractometer.

These cover the user’s eye, but are not included in the eyewear display because they are not
worn.

The term “near-eye display” is often used because, compared to an ordinary display, such as
a TV or PC monitor, the display is positioned closer to the user’s eye. In ISO 9241-302:2008
[3], Figure 11, “NTE (near to the eye) display” is used to explain the term "virtual image

d' [P=ewill la 1SS0 0244 20E-20000 141 61444 +h toroae Yoo AL dicplav—aond “NL N
|Sp{y D TOO Iz T IO I Z000U [r]; U- T .1 0o toTiiTyS moarto-Cyc—arspray artg TN are

used. These four terms are slightly different, but are considered to have the same meaping.
For near-eye displays, the proximity of the display to the eye makes it difficult to focus*on the
displlay directly. Therefore, it is necessary to include optics between the display.and eyg for
the yiewer to focus on the display image. Generally, the optics forming a virtual imageg are
used.

Eyewear displays are typically used in virtual reality (VR) and augmented reality (AR)
applications. When the application of displays is considered, “VR” or(*AR” is frequently lised
in adademic conferences and even in newspapers to describe them{Mixed reality (MR) is|also
used when physical and digital (visual) objects co-exist and ‘interact in real time. Jome
common dictionary definitions of VR are:

o the computer-generated simulation of three-dimensional ’images of an environment or
sequence of events that someone using special electronic equipment may view, as ppn a
video screen, and interact with in a seemingly physical way [2]; and

e g computer-generated environment that, to the ‘person experiencing it, closely resenjbles
pality [5].

—

It is hoted that VR is not limited to eyewear displays. There are other ways to implemeni VR,
suchl as a multi-screen CAVE (cave automatic virtual environment) [6][7] using image
projgction. Compared with these VR displays, where the user directly observes the impges
shown on the display screen, VR eyewear displays are worn and need special optics tg see
an image. Without the optics, it is difficult for the human eye to focus on the displayed image,
or tHe observed image is too small. The use of eyewear displays for VR has become |very
popdlar, with many companies.effering non-see-through goggles in the marketplace.

Comjpared to VR, AR is.a relatively new term and technology. AR allows for a live direft or
indirect view of a physical, real-world environment whose elements are augmenteq (or
supplemented) by computer-generated sensory input such as sound, video, graphics or GPS
datal It is related«to;a more general concept called mediated reality, in which a view of reality
is modified (possibly even diminished rather than augmented) by a computer. As a resulf, the
techpology funetions by enhancing one’s current perception of reality. In contrast, virtual
realify replaces the real world with a simulated one. Many AR displays are designed in the
form|of .eye glasses or visors. It is important that the AR/VR term be used with the form fdctor,
such[ as.*VR goggles” and “AR glasses”, otherwise AR/VR just identifies the application| not
the device type.

The popular use of the term “virtual” has caused some confusion in how it is used for AR/VR
applications. In the technical field of optics, the term “virtual”, such as “virtual image”, has a
specific meaning [8]. In optics, the virtual image is defined as an image formed when the
outgoing rays from a point on an object always diverge. Therefore, it is more precise to use
the term “virtual” in combination with other attributes, such as “virtual reality”, “VR”, or “virtual
image”. In 1SO 9241-302:2008 [3], 3.4.52, “virtual-image display” is defined as a device that
optically or holographically forms a virtual image. Instead of “virtual-image display”, “virtual
display” is used in ISO 9241-303:2011 [9], Annex E, and “virtual image display” appears in
ISO 9241-305:2008 [4], 6.11. These terms are considered to have the same meaning, that is,
a display with optics that creates a virtual image. However, the term "virtual display" is
confusing, and should be avoided. For example, a projection display with a cave shape
screen is often called a “virtual display” because it can produce a virtual reality scene, but it
does not use virtual-image optics.
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A “head up display (HUD)” is considered as one type of virtual image display, but it is not
considered as an eyewear display because it is not worn close to the eye.

To establish the classification of eyewear displays, the above-mentioned points need to be
considered.

4.2 Classification

To classify the eyewear displays, as shown in Figure 1, there are some key points to consider
as follows:

. irtual image optics, or retina direct projection;
. ptical see-through or video see-through (optical non-see-through);
o onocular or binocular;

° ear or contact.

AR \ideo see-through is also possible.

Eyewear display

Augmented reality (AR) Virtual reality (VR)
Non-contact Contact Non- Video see-
transparent through
Imaging Retinal Imaging Retinal
optics scanning optics scanning

1EQ
Figure 1 — Eyewear display classification

Wheph application;* interface, and design are considered, an alternative classification can be
consfidered as\shown in Figure 2. In this classification, the key points are as follows:

e-through or non-see-through from an application stand point;

ounting method base by human physical interface;

monocular, bi-ocular or binocular for human optical interface;

pupil forming or non-pupil forming from an optical design stand point;

display source driving method.
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Application level (e.g. AR) (e.g. VR)

Eyewear display

See-through Non-see-through

[ S=—— \

Evewear Heoad wear Body
4 4

Human physical

The

popy
beer
of dg

1)
2) s

The
right
betw

interface level

mounted mounted mounted
Human optical Monocular Bi-ocular Binocular
interface level
Optical design Pupil Non-pupil
approach forming forming
Display source Full frame Line-at-a-time Peintraster Point Random pixel
play refresh refresh 1D scan refresh 2D refresh addressing (NO
approach -
scan vector scan || continuous refresh
required)

1EQ

Figure 2= Alternative classification

use of eyewear displays Wwith binocular vision and video see-through capability is
lar. Monocular and binocular optical see-through eyewear displays have also rec
developed. Therefore, considering the current market situation, the following two t
vices are needed foer'standardization:

on see-through.type using virtual image optics;
ee-throughytype using virtual image optics.

essential“performance of eyewear displays can be characterized by measuring the Ig
eyepiece separately. When the users use a binocular system, there can be a differ

very
bntly
ypes

ft or
bnce

een/the left and right images for various reasons. This difference can be intentio

hally

gen

rated 10 Induce the perceplion OT DInocular depin. IT Canh also De alrecied D

the

difference between the interpupillary distance (IPD) of the user and the distance between the
virtual image optics of the user’s eyes. When this difference is large it can induce visual
discomfort. More advanced measurements can then be conducted for binocular vision. This
will be important for conformity purposes.

In the case of “retina direct projection”, laser optics are used to implement the Maxwellian
view principle. Its standardization can be addressed separately from that of virtual image
optics devices.
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4.3 Principles
4.3.1 Virtual image optics

Figure 3 shows the principle of virtual image optics, which contain an optical component, such
as a convex lens or a concave mirror, located between an imager (i.e., a small size display)
and a user’s eye. For example, in this convex lens case, the lens magnifies the image shown
on the imager like an eye loupe. The imager is located nearer than the front focal distance of
the lens, and therefore after going through the lens the light rays from each pixel diverge, as if
originating from a (virtual) source far in front of the lens. The light rays do not converge
without an additional lens, which means that a real image cannot be projected onto a screen

directhrlnstead—when-these light ravs enter-into-the human-eve the lens of the eve focuses
Y 7 4 Y P J

the light rays on the retina, and as a result, the virtual images can be perceived.

Convex lens
Imager
(FPD)

Front focal point Eyewvélief

Virtual image IEC

Figure 3 — Principle of virtual image optics

In the actual implementation of eyewear displays, this optical configuration is designed so that
an ele is located at a specific eye-position; called “eye point”. This means that the eye point
is the centre position of the eyewear display’s exit pupil and is aligned with the viewer’s pupil
posifion. Instead of the eye pupil, the:centre of the cornea is sometimes used, but thesg are
not the same. There is difference of.a few millimetres (i.e., 3 mm) between these positiong, as
shown in Figure 4. This difference”is important when evaluating optical performance.|[lt is
notefl that the eye point is the corigin for most optical measurements and is generally defined
by the manufacturer or supplier. A suitable eye point (eye position) is very much deperndent
on the display configuration and system design. If the manufacturer does not specify theg eye
poini, experimentally finding the eye point can be ambiguous and difficult to determine wifhout
proper metrology [10][11].

Cornea

Cornea centre \4 Iris

|4/ Eye centre

Eye pupil

IEC

Figure 4 — Dimensions of a typical adult eye
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“Eye relief” is generally the distance from the exit pupil of the eyewear display to the nearest
physical surface (the reference point) of the virtual image optics. The reference point is
sometimes specified by the manufacturer or supplier to be at a different position.

The eye-box is shown as the three-dimensional size of the eyewear display’s exit pupil. The
eye-box size is generally restricted due to the limitations of the optical design. If the eye is not
positioned within the eye-box, some or all of the displayed images can be degraded below a
predetermined set of performance characteristics that can include, but not necessarily be
limited to, luminance, field of view, resolution or distortion.

projgcted by the eyewear display to the human retina. The width and height of theovirtual
image are normally described in terms of their horizontal and vertical FOV. Howeyxer, dome
receht head mounted displays (HMDs) do not have rectangular screens. In thos€ cases| the
new |FOV specifications need to be considered.

Eyewear display designs can often be described as either pupil forming or.hon-pupil forming.
A pulpil forming optical magnifier is a magnifier in which a physical aperiure stop exists within
the gptical design, and the optical elements that are between the apérture stop and the Juser
form| a real image of the aperture stop at a defined plane. The apeérture stop in this system
limits only the numerical aperture of the magnifier but not the field of view. The eye-b¢x of
this [system has its maximum two-dimensional area at the jplane of the real image of the

A nan-pupil forming optical magnifier or “simple magnifier” is a magnifier in which a] the
image of the aperture stop is virtual, or b) the magnifier has no clearly defined aperture|stop
within the optical design. Sometimes, the aperture*stop is outside the system, or there iIs no
reall image conjugate.

ISO P241-302:2008 [3], 3.5, explains several aspects of virtual-image displays. The tgpics
include the operating principle, visual cergonomics, performance characteristics, and sq on,
which are especially important for designing HMDs. The operating principle part in 3|5 of
ISO P241-302:2008 [3] (and Figare 11) is particularly valuable when considering| the
stan@lardization of virtual image._optics. In Figure 11 of ISO 9241-302:2008 [3], five| key
elements are mentioned: field-of view, micro display as the imager, imaging optics (a copvex
lens|in the figure), exit pupil) and eye relief. The concepts described in that document are
almdst the same, except.for the exit pupil. Figure 11 shows the exit pupil as the width of|light
acrops a section, whilein 3.5.20 it is defined as the “vertical/horizontal dimension of the QVS
(qualified viewing space)". The exit pupil of Figure 11 is shown as “minimum exit pupil|size
needed” in Figure .13 of 1ISO 9241-302:2008 [3]. The definition seems to be ambiguous,| and
needs to be clarified.

In 190 9244-302:2008 [3], 3.5.42, QVS is defined as the “space (volume, centre of volime)
from| wheré the image is perceived at an acceptable level’. But the details are not shown in
ISO P241-302 [3] and ISO 9241-303 [9]. Instead, the details are shown in ISO 9241-305:2008
[4], 6.TT.7T. Tn TSO 92471-305:2008 [4], 6.71.17T, the QVS is defined as the "physical, 3-
dimensional volume within which the centre of rotation of the eye must be placed in order to
be able to observe the entire virtual image by only rotating the eyeball”. In ISO 9241-305:2008
[4], Figure 74 shows the QVS represented by a triangular shape. Generally, the QVS
corresponds to the eye-box, which was already mentioned in the above explanation, but the
shape of the eye-box is more complex. It is not always correct that the closer the user comes
to the display, the wider the eye-box cross-section. Further work is needed to better
understand how to characterize the eye-box [12].

In the QVS definition of ISO 9241-305:2008 [4], 6.11.11, the inclusion of the phrase “by only
rotating the eyeball” introduces greater complexity into the QVS evaluation. When the FOV is
wider, this point becomes important because when the eyeball is rotated, the position of the
entrance pupil is also changed. This impacts the measurement equipment configuration
[10][11], though this has not been discussed yet. What needs to be discussed is how to treat
the centre of the eyeball rotation.
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In 1SO 9241-303:2011 [9], Clause E.2 indicates that “to accommodate spectacles, the eye
relief should be at least 25 mm”. However, recently some eyewear displays have included a

visio

n correction function, and therefore such a large value is not always necessary.

4.3.2 Transparency

In the case of a virtual image display, when the transparent combiner (e.g., half mirror) is
added to the virtual image optics, virtual image information can be overlapped on real scenes
(Figure 5). Therefore, in addition to on-screen performance, the see-through performance
needs to be considered. In ISO 9241-302:2008 [3], 3.5.45, the term “see-through” is defined
as “superimposition of an image or images onto the user’s field of view”. But the details are

not d

The
view|
metH

displlays. IEC TC 110 is developing several documents on these issuesy[13][14][15]

How
entrg
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effed
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locafed within the eyeglass lens.

escribed. IT'heretore, this definition needs to be turther developed.

see-through performance of virtual displays appears to have some similarity,'to di
Ltype transparent displays. Given that similarity, the transparency characteriz
ods in transparent display standards are considered when developing methods for v

bver, the optical instruments used for eyewear displays need special‘optics (e.g. §
nce pupil).

ntrast to the direct-view type transparent display, the see-thtough characteristics ¢
ear display can be complicated by factors such as a stray light and optical disto
ts. These can be introduced by special optics, like halegraphic films or micro n
s. Figure 6 shows three typical types of transparent gptics: front optics, rear optics,
nal optics [17]. The front type uses optics provided/in front of the eyeglass lens, whilg
type uses optics provided behind the eyeglassdens. In the internal type, the opticq

Imager

Virtual image

I
n
»

Cover (optional) Optical combiner

(transparent) EC

Figure 5 — Principle of transparency

rect-
htion
rtual
[16].
mall

f an
rtion
irror
and
b the
are

A
L]

Ve \VA \VA

Figure 6 — Three types of transparent optics

A
 m—

IEC


https://iecnorm.com/api/?name=5b0367a2659e31056fbdf70722f8c564

IEC TR 63145-1-1:2018 © IEC 2018 - 15—

4.3.3 Monocular/binocular optics

Monocular optics provide the fundamental functionality of the display. Binocular optics consist
of two sets of monocular optics. In both cases, the geometrical and optical relations between
the user’s eye and the optics are important. For binocular optics, the relationship between the
two monocular optics is critical (e.g. binocular difference, misalignment, convergence, etc.). In
the simple binocular case, the right and left displays can show the same image. However, if
parallax is introduced between the right and left image, stereoscopic perception can be
observed. This means that binocular optics type can generate stereoscopy, but this is just one
of the possible functions. Many binocular characteristics are described in ISO 92401-302 [3],
ISO 92401 303 [9] and ISO 92401- 305 [4] For the purpose of dlsplay measurements |n|t|aIIy
evaly not
alwalys necessary to consider the combmed effects from both eyes.

5 Performance characteristics and specifications

5.1 General

The |performance characteristics and specifications of eyewear displays include not |only
optiqal performance, but also mechanical and electrical performancCe, as shown in Anngx A.
This|[document mainly focuses on the optical performance.

5.2 | Optical performance
5.2.1 Virtual image optics properties

In ofder to evaluate the virtual image optics properties, the following characteristics negd to
be measured:

e HOV as well as eye-box,

. istortion, resolution (Michelson edntrast), colour registration error (chromatic aberration),

. I;minance, chromaticity, and contrastitincluding uniformity),
nd virtual image distance.

As shown in Figure 7 and Figure 8, the FOV is closely related with the eye-box. If the uper’s
eye [is rotated so that part of the entrance pupil is outside the eye-box, the virtual image
brightness lowers, and the FOV might become smaller. In other words, if a smaller FOV image
is used, the eye-boxXuwill be longer. Therefore, unless stated otherwise, the lafgest
addressable virtual/image possible can be used to assess the FOV. As the FOV of eyeear
displlays becomes.larger, the significance and complexity of this measurement will also grpw.

The FOV cah be expressed in several ways. For example, in conventional flat panel displays
(FPDs), stch as a TV or PC monitor, the FOV corresponds to the viewing direction rgnge.
Histgrically, the viewing direction range has been defined by the contrast ratio. But def|ning
the FOVin terms of colour difference based range has also been recently proposed. Howgver,
the most basic definition of FOV is in terms of luminance. It is often checked whether the
displayed grid test pattern can be observed. To establish more quantitative evaluation
methods, the luminance, chromaticity, and contrast measurement are important.

The interrelationship between the eye-box, FOV, and contrast can be visually represented by
the example shown in Figure 9. This visualization provides an example of how the left and
right eye-box can vary based on the following criteria: the design pupil, and the boundary
where at least 95% of the luminance FOV can be observed, and at least 25 % of Michelson
contrast (Lyyax — Lmin) / (Lmax * Lmin) €an be observed with a 1 x 1 grille pattern. If these
parameters are measured at different points on the FOV, then the shape of these contours
can change.
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The distortion, Michelson contrast, and colour registration error are characteristics of the
eyewear display image quality. These characteristics are closely related with the FOV, and it
can be discussed whether these characteristics determine the FOV. However, generally, the
FOV is determined by the luminance, and these characteristics are measured within this
luminance-based FOV.

Eye

_________________ S N ,,

X

Field of view

Virtual image IEC

Figure 7 — Field of view

Figure 8 — Eye-box

Design pupil left eye Design pupil right eye

25% 1x1 grille contrast left eye 25% 1x1 grille contrast right eye

/ 95% FQV tleft eye ? 95% FOV right eye

5.2.2

-40 -30 -20 -10 0 10 20 30 40
X axis pupil position (mm)
IEC

Figure 9 — Example of binocular eye-box

Transparent property

For direct-view transparent displays, the performance characteristics are described in
IEC TR 62977-2-4 [13], IEC TR 62977-2-5 [14], IEC 61747-30-5 [15], and IEC 61234-6-4 [16].
Based on these documents, the following characteristics are significant for see-through
eyewear displays:
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e Measuring methods of transmission performance:
— hemispherical transmittance factor with specular included;
— transmitted haze under hemispherical illumination;
— directional transmittance factor (including stray light);
— measurement method of purity;
— colour variation caused by a transparent display.
e Measuring methods of reflection properties:
— hemispherical reflectance factor with specular included;

directional reflectance factor.

The | measurements of the reflection properties mentioned above seem difficult, | and
meagurement equipment needs to be developed.

Thede characteristics are based on transparent FPDs, and therefore additional aspects|of a
trangparent screen or transparent optics are necessary, such as stray_light and see-thrpugh
distgrtion.

5.2.3 Binocular properties

ISO P241-303:2011 [9], Annex E, describes requirements” for the following binogular
chargcteristics:

1) donvergence demand,

2) Horizontal disparity,

3) Vertical misalignment of the displays,

4) ipterocular rotation difference,

5) ipterocular magnification difference,

6) interocular vertical magnification difference,
7) interocular horizontal magnification difference,
8) ipterocular luminance difference,

9) interocular focus difference,

10) temporal asynchrony;

11) ipterocular distance,

12) fleld curvature:difference.

The |binocular’ characteristics can be grouped in terms of their horizontal and verftical
misalignment, and the vergence difference variations in the virtual image:

o \d 7)
e vertical misalignment versus field position (divergence): 3) to 6)
e vergence difference versus field position: 9) and 12)

ISO 9241-303:2011 [9], Annex E, also includes other characteristics, such as focal distance
and eye relief, which are important virtual image optics properties.

5.3 Mechanical performance

The weight, weight balance, dimensional size, etc., can be specified and measured. The
mounting structure can affect the performance in general.
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5.4 Electro-optical performance
The electrical power consumption of the display device is one of those performances. In
addition, this includes frame rate, refresh rate, latency, addressing scheme, and so on.

6 Optical measurement methods

6.1 General

In order to establish the optical measurement methods for eyewear displays, the following

1 " Boidaorad:
item g-are—constdered:

. easurement equipment and setting (layout), including the sample stage,
. nvironmental conditions,

. ordinate system,

test patterns,

. easurement items.

6.2 | Optical measurement equipment
6.2.1 Goniometer

A gdniometer is needed (see Figure 10) to align the optical measurement equipment t¢ the

eyewear display. The number of axes needed for.the goniometer will depend on| the
meagurement to be made. The position accuracy ofdhe’goniometer is also important.

Eyewear display

Eye point

(centre of
goniometer
rotation)

IEC

Figure 10 — Goniometer rotation and eye point

Wheh rotating the optical measurement equipment with respect to the display, the centfe of
the npotation point needs to be discussed. There are two options: one is to rotate abouf the
cornea or iris of the eye, and the other is to rotate about the centre of the eyeball. Generally,
when the FOV is small, the eye is not rotated, and the first candidate can be applied. However,
when the FOV is large, eye rotation can occur, and there are some eyewear display designs
which take into account this situation. For the latter case, it is preferable for the supplier to
specify the design eye point at which the rotation is applied.

ISO 9241-305:2008 [4], 5.5.6, specifies the requirement for a goniometer. It describes a five-
axis positioning system, which includes a two-axis translation for eye position and rotation for
pitch, yaw, and gaze angle, in order to simulate the movement of the eye.
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6.2.2 Spot LMD

When a spot LMD is applied to measure eyewear displays, the configuration of the LMD lens
system needs to be considered. Unlike a conventional direct-view type display, eyewear
displays produce nearly parallel light rays. If the entrance pupil size of the spot LMD is larger
than that of the light ray cross-section, the measured luminance will be lower, and a scan of
the eye-box will be broader [18]. This is a consequence of the optical design, and of how the
LMD is calibrated [19]. Most LMDs have relatively large entrance pupils for better light
collection, and are calibrated with large area light sources which have diverging rays.
However, the situation is different for most eyewear displays. It is necessary that the entrance
pupil size of the spot LMD be smaller than the width of the eye-box of the eyewear dis

play.
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LMD

6.2.3
A 2-

e the human eye has an entrance pupil diameter from about 2 mm to 5 mm, dependin
nvironmental illuminance, it is best to use an LMD entrance pupil size in that range’
representative results will be obtained when the LMD entrance pupil size is similar t
hn eye’s entrance pupil at the luminance of the intended application.

possible to add a smaller aperture to a conventional spot spectroradiometer which h
entrance pupil size. However, it needs careful calibration at the specific configur
surement field angle, lens position) as it is intended to measure the_eyewear display

existing document, 1SO 9241-305 [4], does not describe any ‘specific requirement
S,
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D LMD (also called an imaging LMD) is effective-for measuring characteristics such a
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ance distribution. It is also important for measuring resolution (Michelson contraq) or

of the light ray bundle from the eyewear display. Since the size of the 2-D LMD entr

can determine the resolution meéasurement capability of the LMD, it is particy
rtant that it be similar to the size of the eye for the luminance used in the inte
cation. However, it is difficult*te’reduce the entrance pupil size of the 2-D LMD in ge
If a smaller aperture is added in front of the existing entrance pupil or the outer le
-D LMD, the measurement field angle will be greatly limited, because the incident
from higher angles cannot pass through. As with the spot LMD, the entrance pupil 0
| MD should be placed at the eye point. However, it should be noted that the locatic
MD entrance pupilican be difficult to determine unless it is identified by the manufac

sinc¢ the entrance pupil is at a virtual plane created by the image of the aperture stop for
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front|
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of the lens~'In addition, the rays for the eyewear display can be vignetted if the le
MD cannot be placed close enough for the entrance pupil to be located at the eye p
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e the width of the light ray bundle from the eyewear display (i.e., the exit pupil) is sufficiently
larger than the 2-D LMD entrance pupil,

e the measurement field of the 2-D LMD is limited to around the centre of the virtual image,
and for corner measurements, the relative angle of 2-D LMD can be rotated like a spot
LMD.
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Eyewear display LMD objective lens
A

Aperture stop
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Entrance pupil

“ Actual eye relief N
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Figure 11 — Proper positioning of LMD entrance pupil to eye point

Optical measurement conditions

ts. In general, the measurement instrument will be centred on the optical axis o

of the measurement instrument will be centred<within the eye-box. If the eye-box i
defined, then the lateral centre of the eye-box can be determined by performi

ptting up the measurement, the measurement layout«is critical to obtain reprodufible

the

ear display. For displays that have a well-defined/eye-box (see Figure 12), the entrance

5 not
ng a

jimensional lateral luminance scan with a full white image. Using an alignment pajttern
centre crosshairs, the measurement instrument (or eyewear display) can be pijoted
t the entrance pupil until the instrument.feasurement field is centred on the crossHhairs.

eye relief along the optical axis can be“defined by the manufacturer, or otherwise can be

bdure given in 1SO 9241-305:2008 [4], 6.11. As new eyewear displays become

upplier or manufacturer spegifies the optical axis of the eyewear display.

obta
but
indi

n reproducible results.’In 1ISO 9241-305:2008 [4], 6.11, the detailed procedure is def
is not sufficientyFor example, in this procedure, after showing the test pattern,

een 15 mm to 30 mm. This simplified alignment procedure is similar to the more dethpiled

more

blex, more careful consideratieh will be necessary. The alignment could be simplified if

roduce an accurate measurement, the measurement layout is significant in orde¢r to

ned,
it is

ted to “visually,estimate the location of the EUT optical axis” by looking through the
ocular from a distance of 20 cm to 30 cm, and find the centre. When this alignment meth
applied, the difference between position misalignment and angular misalignment needs
conslidered, because they can easily be confused. However, if some parameters, such a$ the
optidal axis;*are provided from the supplier or the manufacturer, this will be effectiv
meagurements. Recently, some eyewear displays have had more complex optics, and in puch
a case.more details will be considered. This method seems to be applied to some li

Dd is
be

for

ited

HMDs, which have a wider eye-box and a narrower FOV.
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Figure 12 — Example of alignment of entrance pupil within the eye-box

Virtual image optics properties
Eye point

eye point is the nominal centre position of the eyewear display’s exit pupil. It is desi
aligned with the centre of the iris_et*cornea. If the eye point is in the centre of the
scanning the extent of the eye-box-can estimate the eye point. However, finding the
is difficult. Not only luminance-but other characteristics will affect the location of the
. Sometimes the manufacturer or supplier uses an eye point that is not centred in
box, which can be difficuli(to locate. Therefore, it is best if the manufacturer or sup
es the location of the eyepoint.

Eye relief

eye relief is the distance between the eye point to the nearest surface of the virtual in
s (or reference point) of the eyewear display. The reference point needs to be speq

s to bexprovided by the manufacturer or supplier.

6.4.3

jned
eye-
eye
eye-
the
plier

hage
ified
so it

FOV

There are two main methods for measuring the FOV: the camera method [21] and the
goniometer method [9]. The camera-based method uses an imaging sensor and imaging
optics, and has the same issues as described for the 2-D LMD. If the eye-box size is
sufficiently larger than the entrance pupil size of the 2-D LMD, it can be applicable, but the
quantitative influence is still unclear. The goniometer method can use the spot LMD, which
can use the same entrance pupil size as the human eye, and seems to have no issues. This
method can best serve as the basis for a FOV measurement.

As the FOV of eyewear displays gets larger, the boundary of the virtual image can sometimes
be unclear. In this case, the FOV is best measured quantitatively using an LMD. If the virtual
image boundary is clear, then a camera, finder or telescope can be used by subjective
judgement.
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The FOV measurement is closely related with the distortion measurement [4]. The calculation
methods are not the same, but the measurement methods are similar. Therefore, both
characteristics can be measured at the same time. See I1SO 9241-305:2008 [4] 6.11.1 and
6.11.4.

The FOV measurement results depend on the position of the LMD, with the maximum FOV
presumably at the eye point. In that case, the eye point FOV is then used as a reference for
determining the extent of the eye-box.

Traditionally, the FOV was expressed by its horizontal and vertical angular range. However,

some_new eyewear displays are not limited to the rectangular shape, and will need to be

charfcterized by different criteria.

For binocular applications, the overlap of the left and right monocular FOV will be impoitant.
Figure 13 shows an example of the binocular FOV of an eyewear display relative to theg eye
poin{ of each eye at three different interpupillary distances (IPDs): nominal, wide, and narfow.
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Figure 13 — Example of binocular FOV

6.4.4 Distottion of virtual image

As with the-FOV measurement, there are two main methods for measuring the distortion of
the Virtuallimage. The goniometer method is defined in ISO 9241-305:2008 [4], 6.11.4. If] this
method.”the vertical and horizontal deviations of the virtual image edges are measured. |This
method focuses on the deformation of the image edge (edge distortion), because this is based
on the premise that if the edge distortion is sufficiently small, all portions of the virtual image
are not distorted. If the optical system of eyewear displays is simple, this will be applicable.
However, more recent optical designs have become quite complex, so it can be important to
check not only the edges, but also the inside part of the virtual image. The goniometric
method can be extended by using a grid test pattern with more measurement points. In
addition, other standards for cameras [22][23] or CRTs [24] can be referenced. The 2-D LMD
with the WFOV lens measurement method is an alternative method. In this measurement lens
distortion calibration used in 2-D LMDs is important.

For binocular eyewear displays, it is important that the two eyes have distortions that do not
create unacceptable divergence or divergence between the two eyes when looking at the
same point on the display.
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Sometimes the distortion is artificially added in order to make the image look more realistic.

6.4.5 Colour registration error (chromatic aberration)

Colour registration error, which is also called chromatic aberration, can be measured using
the same method as the distortion measurement. However, suitable test patterns need to be
defined.

6.4.6 Eye-box

ISO 9241-305:2008 [4] defines the eye-box measurement method in 6.11.11. In this document,
two fnajor characteristics, the maximum eye relief and the exit pupil size, represent the |eye-
box fharacteristics. The maximum eye relief is defined as the effective range on the. optical
axis [direction, while the exit pupil size gives the width and height of the eye-box at-asuifable
valug¢” of eye relief. In both measurements, the procedure confirms that the full s¢créen virtual
image is still visible. However, the criteria for visibility of the full screen are ambiguous. Jome
threghold requirements need to be established. The eye-box can also be defined in terms of
reso|ution, distortion, etc. The definition of the eye-box for the eyewearn. display needs to be
discyissed.

Althgugh the eye-box has a three-dimensional shape, general agreement is still needed on
how [to measure and characterize this three-dimensional shapé. Some new eyewear displays
can pave complex shapes, which will require further consideration of these issues. However,
at lepst measuring the two-dimensional shape on the eye peint will be essential.

6.4.7 Luminance, contrast, and chromaticity

Conyentional LMDs may not be suitable for eyewear displays. The LMD often needs to hgve a
relatjvely small entrance pupil, but similar measurement methods as used for other FPDg can
be applied. As explained earlier, the shapecef’the virtual image is not limited to a rectapgle,
thus|the measurement points need to be clarified. The full screen characteristics (i.e., the full
screen white luminance, and the full sefeen contrast) are often a common starting poinf, but
natufal test patterns can provide more realistic characteristics of the device performance| For
safely reasons, the discussion abQut maximum luminance criteria needs to be consid¢red.
The |Jambient conditions of thesmeasurement also need to be discussed, especially fof AR
displlays.

6.4.§ Michelson contrast and contrast modulation (virtual image resolution)

The |Michelson confrast, which is also called contrast modulation, is often used to reprgsent
the yirtual image ‘resolution. It is affected by the imager resolution, the virtual image optics,
image processing, and other factors. Some optical designs can cause image artefacts, puch
as a| ghost,(haze, and flare. These artefacts affect the measurement. It will be difficylt to
detefmine“the Michelson contrast when these artefacts are contained in the measured image.
For some-artefacts, the same measurement method as used for other FPDs can be applied.
Refer Mo |IEC 62341-6-3:2017 [25], 5.1.4, for the static image resolution measurement.
However, for other artefacts, a more simplified method using a checkerboard pattern or stripe
pattern can be a good candidate.

In order to evaluate the influence of aberrations, such as field curvature, astigmatism,
chromatic aberration, and others, the Michelson contrast needs to be measured not only on
the centre point of the virtual image, but also on points near the corners and edges.
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