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ELECTRONIC DISPLAYS -

Part 2-4: Transparent displays —
Overview of application scenarios
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The
technical committee may propose the publication of a fechnical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comp

national electrotechnical committees (IEC National Committees). The object of IECW\is."to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fieldg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

the subject dealt with may participate in this preparatory work. Internatiopal, -governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c
th the International Organization for Standardization (ISO) in accordance with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, ‘as)nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical \Committee has representation frd
erested IEC National Committees.

rising
mote
s. To
tions,
“IEC

blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested

non-
osely
bd by

tional
m all

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

E |atter.

C itself does not provide any attestation ©f; conformity. Independent certification bodies provide conf
sessment services and, in some areasy.access to IEC marks of conformity. IEC is not responsible fd
rvices carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property damd
her damage of any nature .whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out ofi.the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn_to-the Normative references cited in this publication. Use of the referenced publicati
Hispensable forthe correct application of this publication.

tention iss/drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights«IEC shall not be held responsible for identifying any or all such patent rights.

main task of IEC technical committees is to prepare International Standards. Howev

tional
f IEC
any

order to promote international uniformity, IEC Natiomal Committees undertake to apply IEC Publicgtions
nsparently to the maximum extent possible in ¢heir national and regional publications. Any divergence
tween any IEC Publication and the corresponding\national or regional publication shall be clearly indicajted in

rmity
r any

liability shall attach to IEC-orits directors, employees, servants or agents including individual experts and

ge or
) and
I IEC

ns is

bct of

er, a

IEC TR 62977-2-4, which is a Technical Report, has been prepared by IEC technical
committee 110: Electronic display devices.
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The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
110/972/DTR 110/988A/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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be found on the IEC website.

of all parts in the IEC 62977 series, published under the general title Electronic disp

re standards in this series will carry the new general title as cited above. Fitles of exi
jards in this series will be updated at the time of the next edition.

committee has decided that the contents of this document will remain-unchanged unt

ays,
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| the

stabllity date indicated on the IEC website under "http://webstore.iec.ch” in the data relatg¢d to
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ELECTRONIC DISPLAYS -

Part 2-4: Transparent displays —
Overview of application scenarios

1 Scope

This
appl
cryst
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(eye
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apply.
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addr

3.1

3.1.1
AR

part of IEC 62977, which is a Technical Report, provides a comprehensive overvig
cation scenarios for transparent displays of the two major display technologies: (I
al (LC) and organic light emitting diode (OLED) displays) and introduces the observ
illumination aspects that are taken into account for the establishment ofxapprop
surement methods.

document only considers direct view displays, it does not include)projection disy
projection and projection to screens.)

Normative references

e are no normative references in this document.

Terms, definitions and abbreviated terms

he purposes of this document, the following terms, definitions and abbreviated t

and IEC maintain terminological\databases for use in standardization at the follo
esses:

EC Electropedia: available @t http://www.electropedia.org/

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

Terms and definitions

augmented reality

over

ay of«eal objects and scenes with artificial visual information

w of
quid
ation
riate

lays

EIrms

wing

3.1.2

intended visual information
visual information to be presented intentionally

Note 1 to entry: Visual information that is not intended can sometimes be observed, for example reflection of
ambient images.

3.1.3

unwanted contributions from ambient light
visual information that is unintentionally generated (by e.g. reflection of ambient light sources)
and superimposed over the intended visual information, thus creating disturbing visual effects
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3.1.4

on-screen contrast

contrast created by the display screen by emission or absorption (transmission), including the
background light transmitted and reflected light, when measured in an ambient lighting
environment

3.1.5

through-screen contrast
contrast of the object or scene behind the transparent display, mainly affected by the
transmissive properties of the transparent display screen, which can also include the
background reflected light and transmitted light outside the regular direction when measured
in arf ambient lighting environment

3.2 Abbreviated terms
AR augmented reality

CIE Commission Internationale de I’'Eclairage
(International Commission on Illumination)

LC liquid crystal

LCD liquid crystal display
OLEDP organic light emitting diode
TBLYU transparent back-light unit
TDS transparent display screen

VR virtual reality
4 Application scenarios

4.1 General

Transparent displays are considered)for example, for advertising purposes (shop-windows
and [showcases, also in combination with touch-screens) and for other similar applicajions
(e.g.| refrigerator doors) where.real scenes and objects are overlaid with additional vjsual
information just as in the case 0f augmented reality (AR). In airplanes and automobiles head-
up djsplays are used to present visual information on top of the surrounding scenery. Those
head-up displays, howeyver, use projection optics to display visual information at a cdrtain
distgnce in front of theebserver, so usually no refocusing is required.

Transparent displays may also be realized by a reflective or transmissive screen on which
visual information is being projected, but this case is not considered in this document.

4.2 | Performance aspects

Twolcases have to be distinguished for the performance of transparent displays:

1) on-screen performance with visual information generated by emission (OLED display) or
transmission (LC display),

2) through-screen (see-through) performance with objects or a scenery located behind the
transparent display screen.

NOTE 1 RGB-LCDs with colour filters have transmittance levels in the range of 5 % up to 25 % (RWGWBW), so
the objects and the scene behind the display are usually illuminated with high intensity to be sufficiently visible.

NOTE 2 Scattering of the transparent display can cause excessive haze, which reduces contrast. In addition,
pixel fill-factor effects can cause blurring of objects or the scene behind the screen (blurring means spatial low-
pass filtering).

On-screen performance of transparent displays is generally hampered by the mixing of the
scene behind the display with the visual information content shown on the display.


https://iecnorm.com/api/?name=7b5c48c29d53b6b8ff872e67173d2834

-8 - IEC TR 62977-2-4:2018 © IEC 2018

Transparent display screens realized with LCDs can comprise a transparent back-light unit or,
alternatively, they can simply utilize available ambient illuminance and thus do not include a
back-light.

4.3

Application cases

Table 1 illustrates four typical application cases for transparent displays (case 1 through 4).
Each case contains two illumination sources, one on the side of the observer and one behind
the transparent display screen. The light source on the side of the object or the scene
provides illumination for the objects, and the scenery and light reflected by those is
transmitted by the TDS and seen by the observer. At the same time, light from this source that

is di
obje
infor
obs¢

Outd
illum;
refle
satu

The
scre
scre

Obje
trang
infor
trang
and

cts and the scenery behind the TDS, thus negatively affecting the intended v
mation. Additionally, light reflected by the light source that is located on the side o
rver can also contribute to a deterioration of the intended visual information.

oor illuminance levels are typically two orders of magnitude higher than in
inance levels (Table 1, cases 3 and 4), thus possibly contributing high levels of unwa
cted light and correspondingly a high degree of degradation .of| contrast and c
ation.

focus of the observer can be on the transparent display(screen for observation o
bn information or on the objects or scenery behind that display for observation of thrg
bn information.

cts behind the TDS are illuminated by a light source, and parts of the reflected ligh
mitted by the TDS (case 1) and are seen by the observer. This is the intended v
mation. Light from both sources (behind. ‘and in front of the TDS) that is dir
mitted and/or reflected by the TDS is added to the intended visual information (cag
reduces contrast and colour saturation,

ect Yy fransmitted or reflected 5y fhe TDS can reduce conirast and colour saturation. df the

sual
f the

door
nted
blour

on-
ugh-

t are
sual
ectly
e 2)
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Table 1 — Application cases

1 Indoor showcase seen through a transparent

G 6 display by an indoor observer (e.g. refrigerator)

2
m ____TIIIt® >
1
3
1
Indoors S Indoors
TEC

2 Outdoor objects or scene seen through a

@ transparent display by an indoor observer

TDS
Outdoors I Indoors
IEC
3 Indoor, showcase seen through a transparent
@ display‘by an outdoor observer
! 2
R B
—————————— S
@ =
®
Indoors TDS Outdoors
IEC
4 Outdoor objects or scene seen through a

transparent display by an outdoor observer

Outdoors I Outdoors

IEC

4.4 | “Intended visual information and unwanted contributions from ambient light

441 General

Visual information is provided to the observer by contrast, which is given by the difference of
two adjacent areas with respect to luminance and/or chromaticity.

4.4.2 Visual information on screen

The first set of visual information is generated on a transparent display by lateral modulation
of light by the processes of light emission (OLED) or absorption of transmitted light (LCD).
This is the "on-screen" case.


https://iecnorm.com/api/?name=7b5c48c29d53b6b8ff872e67173d2834

-10 - IEC TR 62977-2-4:2018 © IEC 2018

This intended visual information can be characterized by the difference of luminance and/or
chromaticity (e.g. obtained from the spectral radiance distribution) of area elements of the
transparent display screen. Luminance and/or chromaticity at each location of the display
surface area generally are functions of the direction of observation or measurement.

4.4.3 Visual information behind the screen

The second set of visual information is given by the scene or the object located behind the
transparent display screen, i.e. at a distance that is larger than the distance between the
observer and the transparent display. This is the "through-screen" case.

This|second set of visual information can be characterized by the difference of luminpnce
and/pr chromaticity (e.g. obtained from the spectral radiance distribution) of surface jarea
elements of the scene or the objects behind the transparent display screen. Luminanee and/or
chromaticity at each location of the scene or the objects behind the transparent digplay
screen generally are functions of the direction of observation or measurement!

4.4.4 Intended and disturbing components of light (case 1)

Illusfration and explanation of intended and disturbing light compenents in the case of [TDS
are given in Table 2.

Table 2 - Illlustration and explanation of intended.and disturbing light
components in the case of transparent display screens (TDS)

LS1 6 & LSZ

TDS

Light]reaching the obsetver

Intended component Disturbing components

Imagn on TDS Erom nhjnri/imngn hehind TDS
Scattered from L_, and L

s1 s2
Scattered from object/image behind TDS
Specular reflections from L_,

Object/image behind TDS From image on TDS
Scattered from L_, and L
s1 s2
Scattered from object/image behind TDS (blur)
Specular reflections from L_,

IEC

NOTE Scattered components include diffracted components.
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4.4.5

Transmissive transparent display (case 2)

Two objects (i.e. a scenery) located behind and seen through a transparent display are shown
in Figure 1.

NOTH

T,, repulting in a contrast of 7\, / T} ).

The pcenery, i.e. the lateral variations of luminance and‘chromaticity, can be seen throug
information shown by the transparent display as illustrated in Figure 1, Figure 2 and Figu
A simple segmented LC display as shown in Figure 1 does not cause diffraction of inc

light

No reflected or transmitted components ofiambient light are considered here.

EC,

The contrast of the transparent display is determined by transmittance valugs (high state, 7,;, and low

Figure 1 — Two objects (i.e. a scenery) located behind
and seen through a transparent display

un
[ Lgx T,
N
Lgx Ty
Ty
| | Zse
IEC

state,

N the
re 3.

dent

Figure 2 — On-screen contrast generated by electrically

controttedtransmittance, Tyamd 7
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The
both

4.4.6

The

luminance, Lgg and L, , measured in front of a dark background, Lg = 0.

The

IEC

Figure 3 — Luminance image of a detail of Figure 1

on-screen contrast of the transparent display is given by the ratio of the Aransmitt
es Ty and 7 (shown at, for example, locations G/H and C/E). The contrast’of the ba
st the background is given by the ratio Lo / Lp. The contrast of the ‘banana as
gh the activated segment of the display (7)) is Lg / Lg = (Lg x T\0V/Lp x T) = L¢
contrast of the banana thus remains unchanged, but the involved luminance levels
reduced by 7).

Emissive transparent display (case 3)

IEC

Figure 4 — Two objects (i.e. a scenery) located behind and seen through
a transparent emissive display (emission shown in green for illustration)

contrast-0f the transparent emissive display is determined by the levels of em

Ance
nana
seen
LD.
are

itted

scenery, i.e. the lateral variations of luminance and chromaticity, can be seen throug

h the

infor

mation shown by the transparent display as Illustrated in Figure 4 and Figure ©6.

No reflected or transmitted components of ambient light are considered here.


https://iecnorm.com/api/?name=7b5c48c29d53b6b8ff872e67173d2834

IEC

The
sum
at lo

The
emis
emis
the d

TR 62977-2-4:2018 © IEC 2018 -13 -

Lgx Ty

Lgx Ty

LB Te
IEC

Figure 5 — Example of light which is supposed to be transmitted independently.
of the state of the emission, by a transmittance 7T,

creen contrast is generated by the emission of light, L, (shown in green, see/Figure §
G
H
E
c -
F
D

IEC
Figure 6= Details of Figure 4

on-screen contrast of the transparent emissive display (Cqyg) is given by the ratio o
of transmitted and emittedluminance, and the transmitted luminance (shown for exa
cations E/C and H/G).

COS=(LCXT9+LG)/(LCXTG)=(LBXTG+L9)/(LBXT9)

higher the<background luminance, Lg, the lower the on-screen contrast, Cog, 0
sive display: The lower the background luminance, the higher the contrast of
sive trahsparent display. The contrast between locations E/C (same as H/G) is lower
ontrast between locations F/D.

~

f the
mple

(1)

the
the
than

5 Component specifications — For measurement

5.1

Spectral radiance

Spectral radiance (or luminance) distribution at positions x, y, z is given as a function of the
local spherical coordinates 0 and 4, (L(9,(0,/1) |X,y,z). Figure 7 illustrates the possible spectral
radiance (or luminance) distribution at object or display positions x, y, z as a function of the

local

spherical coordinates 6 and ¢, (L(0,9,4) |y, ;).
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The

E, . E,
Lopin B 2ar L(HL)+L*
L L(HH)+L*
obj-H
e T " T - L W”"W"””"””';""" >
Lonis ‘ ‘ L(LL)*L
b1 hemi ‘EZ hemi
'LobjfL % L Lem\ﬂed L(LH)+L
) . OLED display:
_ ®.\- - Emission
F1 ar L THT
Lopin L(HL)+L*
Lo+ L(HH)+L*
—————————————————————— IR -~~~ e >
Lot L(LL)+L*
; E. temi 5 hemi
“obj-L L(LH)+L*
; ]
LCD: ®
Object, scene Transmission
IEC

Luminance of object/scene, high and low state.

obj, L’
Ly Luminance of object/scene, high state, after transmission through TDS in high/low state.
L Luminance of object/scene, low state after transmission through TDS in high/low state.
and Ey nemi: llluminance from behind the TDS, directed 'and hemispherical component.
and E hemi' llluminance from front side of TDS,.directed and hemispherical component.

Luminance resulting from all illuminance components.

The OLED display can emit light also inth'e direction of the object/scene.

Figure 7 — Emissive and transmissive display screen
between:the observer and the object/scene

display contrast is generated by differences in emission or transmission. Ambient

light

incident on the display«from the front and the rear side of the display (E,, E,) affects both the

on-s
amb

5.2
The

creen and through-screen performance. L* is the sum of all contributions arising
ent light sources.

Object/scene

object ‘can be emitting, transmitting or reflecting light. The object can be planar of

from

the

obje

5.3

bt/séene can have arbitrary shapnes (L. (0@1) | )
Y T ) (6] O] I VARLATN ST

>

Display

The display is assumed to be planar and normal to the z-axis.

5.4

Emissive transparent display

The sum of transmitted and emitted luminance (radiance) at each location x, y is:

L gisp (6.0.2) ..z
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Reflectance, R, and transmittance, T, for uniform hemispherical diffuse (diff) and directional

(dir)

ambient illuminance are:

Rgitr» Rairr Tt Tair

Ambient light can originate from the front of the display or from behind the display as

illust

rated in Table 1.

It is assumed that the emission of the transparent OLED display does not affect its
transmissive properties.

5.5
The

Reflgctance, R, and transmittance, T, for uniform hemispherical diffuse (diff) and direct

(dir)

Amb

illusfrated in Table 1.

Tran|
dired

Absd
the ¢
the r

NOTH
OLED
and s
displg

5.6
The

Transmissive transparent display

fransmitted luminance (radiance) at each location x, y is:

L disp (0’ (0,2,) |X,y;Z

ambient illumination are:

Ryitt: Rairs Ty Tair

ent light can originate from the front of thefdisplay or from behind the displa

smittance in the regular direction (i.e. thezsame direction as the incidence of light fr
tional source), preferably in the directiogn'normal to the display surface plane, Ty, is

Treg(e’ (D,i) Lr,y,z

rption (e.g. polarizing filters, colour filters in the case of LCDs, light emitting mater
ase of OLED displays).as well as scattering and diffraction reduce the transmittan
eqgular direction.

Diffraction in the case of LC display screens (caused by the matrix structure) and scattering in the c

Cattered light~-cGmponents can originate from any source of light located behind and in front of the transy
y and distuth the visual information intended to be presented to the observer as specified in Table 2.

Precautions during the measurements

onal

y as

bm a

al in
ce in

se of

displays (caused by the light-emitting material) are not yet taken into account in this document. Difffacted

arent

measurements of transmittance and reflectance are complicated by the fact

that

diffraction and scattering occur in the transparent display, caused by the pixel matrix of the
transmissive LC display screen or by the light emitting material of the OLED display,
respectively. Diffracted and scattered components of incident light can introduce severe
uncertainties into the measurements.
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Figu
RGB
displ

In o

Figure 8 — lllustration of the effect of diffraction (left) and scattering (right)

'e 8 shows a point light source (white light) seen through a diffracting LED"screen
subpixels) and through a scattering layer (e.g. light emitting material” of an Q
ay).

der to make measurement results for transmittance and reflectance reproducible

significant, the solid angle of illumination of the field of measuremént (measurement spot

the 3

Morg
give

Figu
trang

The

perture angle of the LMD (light measurement device) haveto be controlled and spec

details on the measurement of hemispherical and directional transmittance levels
N in [6]1.

e 9, top, shows a transparent OLED display, and the bottom part shows an LCD w
parent back-light unit (TBLU) with a transmittance that is usually smaller than one.

object or the scene behind the transparent display is specified by the lumin

(radipnce) as a function of the position onithe object (x, y), the viewing direction (6, ¢), an

wave
statg

The

emig
statg
equi

If a
lumi
assu

length of light (in the case of a\spectral radiance distribution), L(x, y, 6, ¢, 41); a b
» Lopj-n» @and a dark state, L, ~generate a dark room through-screen contrast.

fransparent display is specified by a transmittance T(x, y, 6, ¢, 1) and, if applicable, G
sion Lgy(x, v, 6, ¢, A).\Darkroom on-screen contrast is generated by bright and
s of transmission for LCDs, if the LCD back-light unit is turned off or if the LCD i
bped with a back-light unit, or by emission for OLED displays.

back-light unit'is equipped, the transparent back-light unit (TBLU) is specified b
nance (radiance) and its transmittance. In Figure 9 the transmittance of the BL
med to'be one (perfect transmittance), and the radiance (luminance) is assumed t

constant/(uniform) across its surface area.

with
LED

and
and
fied.

are

ith a

Ance
i the
right

y an
dark
not

y its
U is
o be

1 Numbers in square brackets refer to the Bibliography.
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Figure 9 — Transparent display's scheme-for OLED and LCD
without background ambient illumination
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Figure 10 — Transparent display's on-screen performance
affected by ambient illuminance

On-screen contrast is affected by ambient illuminance, E (irradiance), incident on the
transparent display from behind or from the front as illustrated in Figure 10. Ambient
illuminance may be hemispherically diffuse or directed. The level of unwanted luminance
(radiance) caused by ambient illuminance is given by the (spectral) transmittance or
reflectance factors of the transparent display. On-screen contrast is affected (overlay) by the
luminance of the objects or scene behind the transparent display.
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