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he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote_ifternat
p-operation on all questions concerning standardization in the electrical and electronic fields. Tq this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealf
ay participate in this preparatory work. International, governmental and non-governmentalorganizations lig|
ith the IEC also participate in this preparation. IEC collaborates closely with the Intefnational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement betwee€n the two organizatio

he formal decisions or agreements of IEC on technical matters express, as nearly)as possible, an internat
bonsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for internationalsuse and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made to\&bsure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC National(Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

FC itself does not provide any attestation of conformity. Independent certification bodies provide confo
sessment services and, in some areas, access o, IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification,bodies.

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

o liability shall attach to IEC or its directers, employees, servants or agents including individual expertg
embers of its technical committees and [EC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
dispensable for the correct application of this publication.

ttention is drawn to the.possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shall not be held responsible for identifying any or all such patent rights.

main task ofilEC technical committees is to prepare International Standards. Howevd
nical committee may propose the publication of a Technical Report when it has colle
of a different kind from that which is normally published as an International Standard
mple “state of the art".
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TR"62629-51-1, which is a Technical Report, has been prepared by IEC techn

ical

committee 110: Electronic displays.

The

text of this Technical Report is based on the following documents:
Draft TR Report on voting
110/1178/DTR 110/1190/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.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62629 series, published under the general title 3D display devices,
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,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using_acolour printer.
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INTRODUCTION

This document intends to gather technical information on aerial displays, and to clarify the
relationship to normative aspects of the standardization in this technology area.
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Thefe are no normative references in this document.

3.1

For

ISO
add

3.1.

aerfal display

disglay that forms a real imagelin mid-air by use of an incoherent light-source display af
passive optical component to.converge diverging light from the light-source display

Note| 1 to entry: See 4.1 and\4.2.

3.2 Abbreviatedterms

AIRR aerial.imaging by retro-reflection

BS beam splitter

CMA crossed-mirror array

CTH contrast transfer function

TR 62629-51-1:2020 © IEC:2020 -7 -
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dardization of aerial displays. This document includes an overview of the technol
Cal performance characteristics, issues of optical measurements, and other information.

Normative references

Terms, definitions and abbreviated terms

Terms and definitions

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

and IEC maintain terminological databases for ‘Use in standardization at the folloy
resses:

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

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

L

the
DaYy,

ving

da

DCRA dihedral-corner-reflector array

DFD depth-fused 3D

FPD flat-panel display

FPGA field programmable gate array
GPU graphics processing unit

HMD head-mounted display

HOE holographic optical element
HUD head-up display

LCD liquid-crystal display

LED light-emitting diode


http://www.electropedia.org/
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LMD light measuring device

MLA micro-lens array

MTF modulation transfer function
NA numerical aperture

OLED organic light-emitting diode

PD photo detector

PL polarizer

PSF point-spread function
QWR quarter-wave retarder
RR retro-reflector

SMA slit-mirror array

4 |Aerial display technologies

4.1 General

020

In algeneral sense, an aerial display refers to a display that shows information in mid-air, where

there is no hardware. Thus, a display carried by a drone qr*a’balloon is not an aerial disq
There are a variety of display techniques that show information in mid-air. Perception
floafing image can be evoked by use of conventighal 3D display techniques, such
stergoscopic displays, holographic displays, and light-field displays. In a stereoscopic disp
the perceived 3D position depends on the viewer's eye positions. However, the real image
light-source display is perceived at the same 3D.position for everyone.

Classification of 3D display techniques is shown in Table 1. 3D display techniques are class

lay.
bf a

as
lay,
of a

fied

as rneal-image formation and virtual-image formation with or without hardware on the image.

Aerfal displays in the general sense are’indicated in the upper left side in Figure 1.

Table 1 — Classification of displays that show an image in mid-air

No hardware on or in front of
the image

Hardware on or in front of the image

Real image

Holographic display
Light-field display

Information screen that is formed
by use of a passive optical
component, such as lens, MLA,
DCRA, SMA, RR, and HOE

Transparent display
Light-field display

Semi-transparent screen, such as nano-diamond
screen, fog, mist with a projector

Rapid motion of a display hardware

Laser-induced plasma

Virtoatimmage

Nome

Peppersghost
HUD
HMD

The essentials of an aerial display in a strict sense are shown in Figure 1. An aerial display in
the strict sense forms a real image in mid-air by use of an incoherent light-source display and
a passive optical component to converge diverging light from the light-source display.



https://iecnorm.com/api/?name=3487da9cb4cc53fcea2ca4b68ad475f0

IEC TR 62629-51-1:2020 © IEC:2020 -9-

As

Incoherent / Passive optical \ Real /

light-sourcej —> -

display \ components / image \

Diverging Converging
light light

IEC

l:ig_u_;e 1

holqgraphic display is not an aerial display in the strict sense because the electric_hologra
disglay uses a coherent light source and an active optical component for image,formation.

Al

com

ligh

com

jht-field display can be composed of an incoherent source display and)a passive op

rays and form an information screen in mid-air. As illustratedgin/Figure 1, the op

while a light-field display controls the direction of the semi-parall€led lights from the MLA.

aeri

al display does not reproduce the light field.

Redl-image formation makes possible aerial applications:Aerial displays for interaction

pub
a)
b)
c)
d)

The
the

ic signage require the following features:

he image can be handled directly with a naked*hand;
he image position is the same for everyoneg;

he image is visible to the naked eyes without eyewear;
he image is altered within a sufficiently short latency.

screen. Because feature c)’depends on the applications of the aerial display,

reqyirements and performance factors will be discussed based on the interaction, inclu
human factor, in the future.Note that a passive optical component does not increase laten

Use| of an incoherent light source is free from laser safety issues. For use by the general pu
a limited group of aerial display techniques is suitable with regard to eye safety, cost, mass

prod

production costtand driving circuit. The real image in mid-air is perceived at the same pos
by multiple viewers. Thus, the aerial display maintains the requirements mentioned above.

The

disglay.is a kind of 3D display, which is defined as a display device giving depth perception

phy

4.2

shown in Table 1, a holographic display can form a real image in mid-air. Howevdr, a

bhic

ical

ponent, such as an MLA on an FPD. Furthermore, some light-field.displays can convgrge

ical

ponent in the aerial display converges the diverging light rays from the light-source disglay,

The

and

features a) and b) are maintained by forming a real image in mid-air without hardwar¢ on

the
ing
Cy.

blic,

uction, and 3D_position. Use of mass-produced passive optical elements reduces their

tion

depthiperception of the aerial image is given with physiological depth cues. Thus, the agrial

with

Siological deptn cues.

Principle

An aerial display can be realized by use of a light-source display and some imaging optics, [1]
to [10]1. The following methods use a passive optical component. The role of the passive optical
component in the aerial display in the strict sense is to converge diverging light rays from the
light-source display to the aerial real image. The incoherent light-source display emits diverging
light rays. The diverging light impinges on the passive optical component, which changes the
direction of each light ray so that light converges to the image position in mid-air. Thus, the real
image of the light source is formed because diverging plural rays emitted from a source position
converge to the single position. The formed real image is visible over a wide range of angles

1 Numbers in square brackets refer to the Bibliography.
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when light rays from a wide range converge to the image position. Furthermore, the 3D position

of t
pos

Thu
dev

he aerial image is determined by the optical system and independent from the viewing
ition. Thus, the 3D position is the same for multiple viewers.

s, this document deals with aerial displays that are formed by use of a conventional display
ice such as LCD, OLED, and LED as an incoherent light-source display and a passive optical

component such as Fresnel lens, MLA, DCRA, SMA, RR, or HOE.

Figure 2 shows the typical structures of an aerial display. Figure 2a) is a transmissive imaging

the

the
beh

type using a Fresnel lens or two layers of MLAs. The real image is formed on the other side of

ptay is

locqted behind the optical component. The image position and the image size are not-alWays

same as the light-source display. The light-source display sometimes becomes noticeable
nd the aerial image. Figure 2b) is a plane-symmetrical imaging type using a DCRA, SMA,

or RR. The real image is formed on the plane-symmetrical position and the size of the light-

sou
dire
The
ligh

ce display with respect to the optical component. This structure features thie,blocking of the
ct viewing of the light-source display. Figure 2c) is a reflective imagingctype using a HOE.
real image is formed on the same side of the light-source display.~-Theé existence of|the
-source display is noticeable.
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Converged light rays through the optics "
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Incoherent light-source display(s)
IEC
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N

o Converged light fays through the optics
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R
Real image(s) in mid-air >+’
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b)

Passive optical component(s)

Real image(s) in mid-air

Diverging light rays Converged light rays

N

Incoherent light-source display(s)

Viewer’s eye(s) é

IEC

c)
Figure 2 — Typical structures of aerial display
Figure 3 shows examples of formed aerial images. The aerial image is formed between the

hands in the air. There is no physical hardware on the information screen. The aerial image is
visible over a wide range of angles.
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Figure 3 — Observation of an aerial image from different-directions

Figure 4 shows the confirmation of real-image forming. The aerial image of a LED sign is formed
in the air. By placing the observation screen at different distances from the optical componient,
a fime image is observed at the image position. The image/s-defocused when the scree|n is
moVed forward or backward from the image position.

IEC
Fligure 4 — Observation‘of an aerial image by placing a screen at different distances

4.3 | Variations of(optical components
4.31 Convex'lens

A source display is imaged by use of a convex lens including a Fresnel lens. Although|the
viewing angle of the aerial screen is limited by the NA of the lens, this technique can magnify
the pcreen size.

4.3.2 Dual micro-lens arrays (MLAs)

Unlike the light-field display, this method employs two-layered MLAs. Elemental lenses in the
first MLA and the second MLA compose relay optics so that each pair of lenses forms an erected
image. The NA of the elemental lens is higher than the Fresnel lens and gives a wider viewing
angle.

4.3.3 Dihedral-corner-reflector array (DCRA)

The DCRA is composed of pillars [1]. Each pillar contains two perpendicular reflection surfaces,
as shown in Figure 5. Light from a source display impinges on the pillars. After double
reflections, the light converges to the plane symmetrical position of the light source with respect
to the DCRA, as shown in Figure 6.
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Figure 5 — DCRA

4.3J4
Dugl SMAs are composed of two layers o(@ays of slit mirrors. The direction of the sedond
ris orthogonal to the first layer, as shg\ﬁﬂ in Figure 7. Light from a source display is refle¢ted

Aerial /7y Q
mage 7 NN AN AN AN S
AN A N AN

A NIPANIAN /\/O\;'{\
AN A CO
\s;::;:;\ || DCRA
Light \ K\'Q‘

source

Dual slit-mirror arrays (SMAs)

cally and horizontally and conver

respect to the dual SMAs, as st n in Figure 8. Its light-use efficiency becomes higher
a DCRA with the same thick&@s.

Lig?t\e@;ccg\v IEC
O
Figure 6 — Converging Iigh@leing a DCRA

N

o the plane-symmetrical position of the light solirce

&

Glass

VITTOT IEC

Figure 7 — Dual SMAs
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IEC
Figure 8 — Converging light using dual SMAs

4.3.5 Retro-reflector (RR)

The| RR reflects incident lights reversely along their incident directions, as shown in Figure 9.
As shown in Figure 10, AIRR consists of three elements, which-are a light-source display, 4 BS
such as a half mirror, and an RR. Light from the source flat~panel display (FPD) is reflectedl on
a half mirror and impinges on the RR. Retro-reflected dight reversely travels the optical pdths.
A portion of the retro-reflected light is reflected on th€ half mirror and converges to the oridinal
soufce point. However, the retro-reflected light that\transmits through the half mirror converges
to the aerial image position. The aerial image position is the plane-symmetrical position ofl the
light source position regarding the half mirror,

i [

IEC

Figure 9 — RR
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of real images in the air. For example, when a stereoscopic display is used for the light-so
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Figure 10 — Converging light using an RR

Variations of the real image
U General

combination of a light-source display and an optical componhent generates a wide va

lay, the aerial screen gives a stereoscopic effect.

] Aerial 3D display

th-fused 3D (DFD) [11] has been proposed as.a3D display method without special glas

changes a layered 2D image into 3D. Reproduced depth with a DFD display depend;
uminance ratio between the front and the,rear images. Figure 11 shows an optical sys
orm two-layered aerial images. Lighf: emitted from Light source 1 is reflected
m splitter 1 and reaches Retro-reflector 1. Light that is retro-reflected by Retro-reflec

iety
irce

5es.
5 on
tem

by
tor1

smits through the beam splitter and,forms Aerial image1. Regarding Aerial image 2,
ted from Light source 2 is reflected by Beam splitter 2 and reaches Retro-reflector 2.

m splitter1. After these transmissions and reflections, Aerial image 2 is formed. Aerial i

depth-fused. In order te“overlap the two aerial images, it is necessary to separate A
pe 2 from Beam splitter 1.

ight
ight

is retro-reflected by Retro-reflector 2 transmits through Beam splitter 2 and reflected at

age

d Aerial image 2 are formed closely. Therefore, these two aerial images can be overlapped

rial
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Figure 11 — Optical system to form two-layered aeridl images for depth-fused 3D display

443 Aerial light-field display

By dising a light-field display as the light-source display, the light field is reproduced from|the
aeripl screen. A typical optical system for<an aerial light-field display is shown in Figure|12.
Becpuse the real image that is formed with AIRR is the plane-symmetrical of the light-solirce
disglay with respect to the beam splittef] the source light-field display shows a 3D image in[ the
revgrsed perspective. Thereafter, the perspective of the formed aerial image is reversed hack

through the imaging optics and_gives a normal 3D image in the air.

Aerial 3D volumetric image

5111

Beam splitter

X
Yf Light-field display
Retro-reflector
IEC

Figure 12 — Optical system to form an aerial light-field image with AIRR
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4.4.4 Multiple aerial-image generation

In order to form multiple images of a single light source, the method employs beam splitters
that are placed in parallel. The optical configuration to form multiple aerial images is shown in
Figure 13. The light source is located between a pair of parallel beam splitters. The light is
reflected repeatedly on a pair of parallel beam splitters. Light rays are transmitted through the
bottom beam splitter and reflected reversely toward the incident direction in the retro-reflector.
The retro-reflected lights are transmitted through the top beam splitter and form multiple aerial
images of the light source.

ANAN

Half mirror.

O\ f©
) .
Light source
Half mirror

Retro-reflector
IEC

Figure 13 — Optical system to form multiple images in the air by use of a single light
source

4.5| Key optical elements

Stafe-of-the-art optical components are used to form aerial images. The key optical elemgnts
and|fabrication techniques are as follows:

— glass optical plate;

— plastic optical component and its fabrication process;
— anti-reflection coating and.film;

— reflective polarizer;

— retarder film.
4.6 | Applications

A mprket report forecasts that the aerial display market will be over 30 billion USD in 2040 [|12].
Half of thexmarket is related to the car industry. The rest concerns the entertainment |and
signagelindustries. Typical application technologies include:

a) gaertatgestureinterface;

b) aerial head-up displays (HUDs);

c) aerial screens in theatres and concerts;
d) aerial digital signage;

e) aerial touch panel;

f) aerial buttons.
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5 Performance characteristics and specifications

5.1 General

The performance characteristics and specifications for aerial displays include not only the
optical performance, but also the mechanical, electrical, and temporal performance. This
document mainly focuses on the optical performance because requirements for the other
performances are quite specific to the applications. As a visible display, optical performance is
one of the most important factors for applications of the aerial display.

5.2 _ Optical performance

5.2/ Items related to conventional image quality

The|image quality in the formed aerial image includes luminance, colour, and contrast. THese
characteristics can be measured with conventional equipment by adjusting the focus on|the
megsured pixel.

In an aerial display, the viewer always sees the optical component behiind the aerial image.
Reflection and scattering on the optical component decrease the contrast.of the apparent image.
Therefore, the contrast of the aerial image depends on ambientylights. The measurement
methods in 62977-2-2 [15] might not be applicable because the Qeometries are different from
flat panel displays.

5.2.R Items related to resolution

Unlike a conventional FPD, the resolution of an aerialdisplay does not always correspond to
the jnumber of input pixels per physical length unit/efthe display. The resolution of the agrial
disglay depends on the optical component and optical setups because the real image is forjned
by gonverging the diverging light (see Annex A).For example, the aperture limitation of gach
optics causes diffraction. Diffraction reduceszimage resolution. Furthermore, the wavefront of
the converging light is discontinuous and _does not form a fine image because each waveffont
doep not exactly converge to a single point.

When the resolution measurement,shows a different result from the input signal resolution/| the
defipition of the pixel might not be‘satisfied. The pixel as the unit of display resolution mighft be
inappropriate for the unitless.of the display resolution. Thus, the resolution can be evaluatdd in
the pptical performance characteristics that are used in the imaging systems, such as PSF [and
MTHK. Theoretically, PSF and MTF are related in the Fourier transformation, and MTF
megsurement [13] is censidered to show resolution performance.

5.23 Items relatéd to floating distance

Ong of the spetific characteristics in aerial displays is floating distance. The floating distdnce
is measured. by the distance between the real image and the optical component. The position
of the reakimage is determined by placing a screen on the real image, where the sharpest
image{is;observed on the screen.

While depth of focus of the aerial image can be determined by the acceptable circle of confusion,
the acceptable limit depends on the application and the viewing conditions.

5.2.4 Items related to viewing direction range

Viewing direction range is one of the important factors for selecting the best aerial display for
an application. Use of an optical component limits the viewing direction. The aerial image is
visible within the position where the optical component is visible because there is no scattering
material in mid-air. Furthermore, the aerial image is not always visible while the optical
component is visible. For example, a DCRA and dual SMAs converge light after double
reflections. There is a limited range of incident angle to converge light. Beyond the limited angle,
the aerial image is suddenly invisible. Unlike the conventional FPD, luminance of the aerial
image does not always decrease gradually. Thus, the viewing direction range cannot be
determined by the luminance at the centre.
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