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Foreword

023(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization

The procedures used to develop this document and those intended for its further maintens
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriaheede
different types of ISO document should be noted. This document was drafted in accordance Y
dditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve
df (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any
patent rights in respect thereof. As of the date of publication of this do€ument, ISO had not
notice of (a) patent(s) which may be required to implement this document. However, implemer
dautioned that this may not represent the latest information, which\may be obtained from th
database available at www.iso.org/patents. ISO shall not be held responsible for identifying a
quch patent rights.

donstitute an endorsement.

Hor an explanation of the voluntary nature of standards, the meaning of ISO specific tey
gxpressions related to conformity assessment;(as well as information about ISO's adher

www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 42, Photography.

o

 list of all parts in the ISO 21139 series can be found on the ISO website.

o

\ny feedback or questions ongithis document should be directed to the user’s national standards
domplete listing of these bopdies can be found at www.iso.org/members.html.

nce are
1 for the
vith the

the use
claimed
received
ters are
e patent
hy or all

Any trade name used in this document is information givén for the convenience of users and ¢loes not

ms and
ence to

the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see

body. A
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Introduction

Backlit display of prints is a market segment in context of commerce (advertisement, brand shops) and
information (maps, directories). This use profile has specific spectral irradiance and environmental
conditions which are different from e.g. general indoor or in-window display (ISO/TS 21139-21).

Backlit display applies with prints on transparent or translucent foils and/or prints on a textile.
The document focusses on LED-based backlit units and on the other hand provides information on
fluorescent-based backlit units for reference. These backlit displays may be installed indoor or in
shaded putdoor conditions, for examples backlit display units in shelters and patios. Backlit displayp
which ate subject to solar radiative heating or precipitation, introducing extensive temperature cycling,
are exclpded.

Prints dn backlit display may fade or otherwise change in appearance due to various environmentg
stressed, including light, heat, humidity, atmospheric pollutants, or biological attack, and th
combingtion of these factors. One of the most critical degradations is light fading cauSed by intens
irradiatjon from the backlit unit as well as illumination from the viewing environment, which ma
represeft various levels of intensity and degrees of spectral irradiance, depending on the installatio
site in g building, near to a window or in a shaded outdoor condition. The \factors determining th
exposuile doses form either frontside or backside are introduced, and the severity of the actual spectrg
irradiar]ce is expressed as a ratio to the standardized exposure condition“general indoor” as define
by ISO 118937-2.
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ing design of the backlit display unit may cause inhomogéneity of the backside exposure of th
ich may in turn introduce inhomogeneous patterns ef colour fading or discoloration leadin
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This dofument provides information about the test conditions for colour fading and discoloratio
applicahjle for the different types of display materials, including transparent or translucent films, fabric
as well as paper-based reflection prints. Furthérmore, the document gives guidance for estimation g
an equiyalent exposure dose for the intended time of display, acknowledging the limitations of suc
generic pxtrapolations. The display use profile applies for digital and analogue prints.

=~ v, =]

This test method does not address the.adverse effects of exposure to atmospheric pollutants, includin
ozone, dnd is also limited to the €valuation of colour changes and therefore does not require specifi
methods for the evaluation of physical properties, including changes of tensile strength, cockling etc. I
the casqg that backlit materidls)are constructed from laminates, the aforementioned factors are of les
importance.

U = (3 09

ral concepts)for the exposure characterization of prints on a backlit display provided in thig
documept may alsg:be considered in museum context with details defined by ISO/TS 18950.
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Permanence and durability of commercial prints —

Part 22:
Backlit display in indoor or shaded outdoor conditions —

1ight ctahilityw
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| Scope

'his document describes the test methods for light stability measurements of prints on trar
r translucent foils, sheets and paper or printed on a textile, which are displayed on back
hstalled in indoor or in shaded outdoor conditions, which are protected against direct prec
nd radiative heating. Installations of backlit display units in outdoor areas,without shading, wj
xposed to direct weathering and/or radiative heating, are excluded.

'his document is applicable to the various product classes of “comimercial prints” that are sui
acklit display. These commercial prints often contain combinations of text, pictorial images
rtwork.

'his document provides guidelines for colour measuremérnts, data analysis and also provides g
pr translation of test results into suitable image permanence performance claims conside
ariability of backlit designs and environmental conditions.

'his document is applicable to both analogue and digitally printed matter. Methods and pi
pply to both, colour, and monochrome prints;

' Normative references

'he following documents, in wholeor in part, are normatively referenced in this document
hdispensable for its application.”For dated references, only the edition cited applies. For
eferences, the latest editionwof'the referenced document (including any amendments) applies.

art 1: General guidarice and requirements
art 2: Xenonzarelamp exposure

SO/PAS.48940-1, Imaging materials — Image permanence specification of reflection photograph
pbr indoartapplications — Part 1: Test methods

sparent
[it units
pitation
hich are

able for
and/or

uidance
Fing the

inciples

and are
indated

50 18937-1, Imaging materials — Methods for measuring indoor light stability of photographic prints —

S0 18937-2, Imdging materials — Methods for measuring indoor light stability of photographic prints —

ic prints

SOATS 21139-1, Permanence and durability of commercial prints — Part 1: Definition of use pro|

files and

I

TTding principtes for specifications

ISO/TS 21139-21, Permanence and durability of commercial prints — Part 21: In-window display — Light
and ozone stability

3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2023 - All rights reserved
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3.1.1
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Electropedia: available at https://www.electropedia.org/

easures of exposure severity

relative severity

PRs11/RSI2
ratio of density loss due to light fading for exposure under a given RSI1 in comparison to another given
RSI2 with both exposures at the same level of illuminance E_ [klx], based on the evaluation of average

light fad

Note 1 t
expressd
spectrurn
exposurs

Annex A

Note 2 t
Xenon-aj
ISO 1893

EXAMPL

condition of “General Indoor” exposure.

3.1.2

severity
Egsiy /R
measur
duty cyq
Note 1 t

ISO 1897
filters su

Note 2 td
unit are

3.1.3
severit)

Hgsi1/r
measur
t

Note 1t
ISO 1893

ing for a set of colorants used in digital prints

entry: For standardized RSI the relative degree of light fading obtained for the same exposture’dosg
d in Klx-h has been expressed in relative units to each other based on experimental data and)an actioh
h model obtained for typical CMY colorants used in digital printing. The combined information df
b intensity [kIx] and PRSI1/RSI2 is therefore equivalent to the description of a spectral“éxposure, seg

j=m

b entry: Standardized RSI include daylight filtered Xenon-arc (see ISO 18930}, window-glass filtere
c for simulated in-window display or with additional UV blocking for general indoor display (se
7-2), fluorescent light (see ISO 18909) and LED light (see ISO 18937-3).

1)

11°)

E In this method, pRSI/GI denotes the relative severity of a RSlunder question compared to th

y weighted exposure

12
e of the exposure intensity of a given RSI1, where the illuminance E, [kix] is weighted with th

le T [%] in application and with the relativeséverity (3.1.1) in comparison to a reference RSI2

9%

entry: In this test method, the RSI of thé&general indoor filtered Xenon-arc test method as defined i
7-2 is used as the reference RSI, so RSI2-= GI. This spectral irradiance can be achieved using opticd
ch as L-37 (Hoya Co.) and SC-37 (Fujifilm Co.).

—

t

entry: The severity weighted exposures of the frontside and the backside of a print display on a backl
ypically different because of-different RSIs, duty cycles and/or intensity.

 weighted exposure-dose

512
e of the severity'weighted exposure that is accumulated during a nominal display duration timg,

entryz In this test method, the RSI of the general indoor filtered Xenon-arc test method as defined ip
7-2is used as the reference RSI, so RSI2 = GI (“General Indoor”).

Note 2 to entry: The severity weighted exposure dose accumulated on the frontside and the backside of a backl

t

displayed print, respectively, are typically different and both contribute to colour fading.

3.2 Exposure conditions

3.21

UV cut-on [wavelength]

20,05 %

© IS0 2023 - All rights reserved
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wavelength at which the cumulative intensity of a RSI I(A) has reached 0,05 % of its total integrated
intensity over the spectral range of 295 nm to 800 nm

»0,05% 800 nm
Note 1 to entry: I(»)d» /I I(»)d»=0,05%
295nm m

3.2.2

shaded outdoor conditions

exposure to indirect terrestrial daylight in a shadow zone, that is characterized by the absence of
radiative heating of the prints on backlit display

Note 1 to entry: The UV cut-on (g o5 o) is in the range of 295 nm to 310 nm.
HXAMPLE Display in outside shelters and patios.

3.2.3

glass-filtered shaded outdoor display
gxposure to shaded outdoor conditions (3.2.2) with optical filtering of the irradiance by the front screen
thaterial of the backlit display unit

Note 1 to entry: Backlit display units in shaded outdoor conditions practically always require a front screen
ip front of the print for reasons of electrical safety. Such a front screen _i§ most often realized by safpty glass
dr a similar suitable material. The UV cut-on of PVB laminated safety glass varies between 300 nm tqd 400 nm
depending on its construction and its material formulation. For the purpose of this standard, 6 mm window glass
if defined as reference for the filter transmission, acknowledging that'the UV transmission of differenf types of
front screens varies.

BXAMPLE Display in backlit units in shaded outdoor conditions with a safety glass front screen.

3.2.4
in-window display
gxposure to indirect terrestrial daylight through standard architectural window glass (6 mm)

Note 1 to entry: The UV cut-on (g 5 ¢,) is arountd 320 nm.

HXAMPLE Display in store windows- or in other glass-enclosed architectural constructions (hallways,
Ipbbies, verandas), that face toward the.outdoors.

3.2.5

general indoor display

gxposure to indirect lighting, from due to filtering (through window glass) and shading is often the
Principal illumination

Note 1 to entry: The BV cut-on (4 5 ¢,) is around 350 nm.

HXAMPLE Display in store windows or in other glass-enclosed architectural constructions (lhallways,
Ipbbies, verandas), that face toward the outdoors.

.3 - Abbreviations

CCT correlated colour temperature (IEV ref: 845-23-063)

CIE Commission internationale de I'éclairage (International Commission on [llumination)
AE,, colour difference defined in ISO/CIE 11664-4(2]

AE,p ave average of the colour differences of the patches of the test target (vs. initial)

AE,p max maximum of the colour differences of the patches of the test target (vs. initial)

AEy, colour difference AE2000 as defined in ISO/CIE 11664-6[3]

©1S0 2023 - All rights reserved 3
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klx-h kilolux times hour

Mlx-h megalux times hour

RSI relative spectral irradiance in W/(m2 nm)

GI RSI defined by the test condition “General Indoor” — see ISO 18937-2

E, [kIx] illuminance (visually weighted)

g‘(,?l [KIX] illuminance at the test condition of “General Indoor”

T [%)] duty cycle

Hypo severity weighted exposure dose at which a certain colour change AE,, is pbsetved

4 Usg¢ profile

4.1 General

This dogument describes a test method for prints on transparent or trafislucent foils and/or on textile
that are|displayed on backlit units indoors or in shaded outdoor conditions, where the primary stres
factors are exposure to light from both backside and frontside.

122l

NOTE 1 | Heat, humidity and atmospheric pollutants can also be stress factors, however this document focuse
on light $tability. Heat can have effects on prints that are displayed for long time periods on backlit units wit
elevated|temperature, e.g. due to radiative heating by sunlight through window glass or due to dissipativj
heating firom electrical appliances in poor-ventilated construetions of the backlit unit itself.

ML = W

vi

The use|profile of commercial prints is described in'general in [SO/TS 21139-1. It specifically describe
test metfhods for backlit display indoor and in shaded outdoor conditions, defined as display use profile
A3 and B1 b) of ISO/TS 21139-1:2019, Table 3, respectively.

1%2]

ot

NOTE 2 | The overall appearance of the displayed prints can also be affected by factors given by the backlit un
itself, inqluding a non-homogenous distribution of the intensity and/or the correlated colour temperature (CCT]|)
of the bafklit lighting and/or changes of‘any other element of the backlit unit, e.g. yellowing of the front screen.

4.2 Parameters of backlit display

brightn¢ss of the disptayed print is comparable to or larger than the light level of the surroundin
viewing environment.-Furthermore, the CCT of the lamps in the backlit unit is often selected to matc
the viewing environment, which is typically between 5 000 K to 6 500 K for naturally illuminated area

U = 09 (D

illumination determine the severity of the exposure of the print from its backside. Table 1 provides an
overview of typical parameters associated with LED or fluorescent lamp illuminated light box designs.

The level of temperature increase of the print on backlit display is driven by the dissipative heating
from the backlit lighting system in operation and the degree of air ventilation of the light box in a
certain environment. The amount of temperature increase is larger in the case of poor air ventilation.
Factors that reduce air ventilation include an airtight design of the housing, its eventual installation
onto or especially into a wall, the use of a front screen and/or the display of a print on a foil (as opposed
to a fabric with an open mesh structure). For heat sensitive materials the temperature increase above
the surrounding temperature may have to be considered.

4 © IS0 2023 - All rights reserved
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Table 1 — Parameters of backlit displays

ht the backside of the print [klx]

Backlit displays Illumination type?
Display parameters LED Bare-bulb Fluores-| Glass-filtered Fluo-
cent rescent
Relative spectral irradiance (RSI) see ISO 18937-3, phos-
phor-converted
‘blue pumped’ LED See Annex A see ISO 18909
(5000 KCCT)
rradiance Tevel £, 7 t0 10

Typical UV content? no RSI below 400 nm, but
intense blue emission peak| mercury lines at 313 gym,and 364 nmb
at 450 nm
Felative severity Prst /Gl 0,732 0,742 0,642

FTemperature non-ventilated
ncrease [K] (e.g. front screen +7 +15 +15
pver ambient and/or foil)

ventilated (e.g.
open front and
mesh material /
fabric)

+5 +10 +10

Puty cycle t [%] Between)/x%” (‘cyclic’) and 100 % (24/7")

See Annex A.

The intensity of the UV lines at 313 nm and 365 nm, that dre typically emitted from fluorescent lamps, de
beveral factors, including the amount of mercury used ina specific type of lamp and the level of UV attenuation
blass envelope of the lamp and the type and thickness of the phosphor layer. During the use time of the fluoresce

he other hand, the UV lines will be largely attenuated when an UV absorbing (diffusor) screen is present in bet
luorescent lamps and the print on display. The-glass-filtered fluorescent condition is realized most often, wh
bare-bulb condition can be regarded as worst case.

binholes can be introduced in the phosphor layer, which can increase the intensity of the UV emission lines over|time. On

bends on
from the
ht lamps,

veen the
breas the

hhomogeneity of the light intensity, expressed as 2 x (I,.x = Inin)/(max + Imin), May typical
rom 10 % to 50 % and stéms from the light box design, including:

—_ e~

) the position, geomeétry, and type of the lighting elements, such as e.g.

o

1) array of linear lamps, e.g. LED lines, or fluorescent tubes,
2) arrayof spot lamps, e.g. grid or matrix of individual LED spots, and
3) continuous area illumination, e.g. edge-lit backside diffusor screen;

h) -“the efficiency of the light distribution by the combination of all optical elements:

or print materials with limited light'stability a certain level of inhomogeneity of the backlit illuthination
see example in Annex B) may be-Sufficient to introduce visible patterns of discoloration. Thq level of

y range

1) angular emission of the lighting elements, also considering lenses;
2) diffusor screens;

3) reflectivity of the inner walls.

Also, the reflectivity of the backside of the print itself, when mounted on the backlit unit, may contribute

to the overall system illumination homogeneity.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=1559b656a9f357f38521515e2d42c819

ISO/TS 21139-22:2023(E)

4.3 Frontside exposure and environmental conditions

The frontside of the print is exposed by the ambient illumination that is present at the installation site
of the backlit display unit. The corresponding environmental parameters may range between those
typical for general indoor display [A2 of ISO/TS 21139-1:2019, Table 3], for in-window display [A1 of
ISO/TS 21139-1:2019, Table 3] or for protected outdoor display [B1 b) ISO/TS 21139-1:2019, Table 3].
Users shall identify the most severe test condition anticipated for their display application and based
on that condition estimate a typical amount of total light exposure during the defined display period.
Guidelines are provided in ISO/TS 21139-1 and examples are given further below.

Table 2 — Characterization of standardized environmental display conditions

Envirgnmental display pa- General indoor In-window Glass-filtered shaded
rameters display display outdoordisplay
Relative spectral irradiance See ISO 18937-2 See ISO 18937-2 See 1S018937-2
(RSI) (General indoor display) | (In-window display) ¢ | (In-windew display) @ *

Depending on their UV filtering characteristics some screen materials be-

tween light source and print may reduce the UV fractioh;to which the print is
exposed from the frontside or backside, respectively; Also, the supporting sub
strate (film) of the print may act as UV-filter for thie ¢gorresponding direction o

UV filtefr function in the front
screen ¢f the backlit unit

exposure.

Informative: UV fractionP 4% 6 % 6 %
Informative: A5 o, 1 [nm] 370to 375 340 te-345 340 to 345
Informgtive: A, o5 o, [nm] 350 nm 320 nm 320 nm
Relative severity® pRSI/GI 1,0¢ 1,2¢ 1,2¢
Duty cyfle 7 [%] 1224//2244((15100?())/:)0 12 /T%If l(iafl;lg'%) 12 /szf l(iaflslg'%)

a  The test method ‘in-window display’ of ISO 18937-2 with(continuous light exposure is equivalent to the light stability
test method stipulated in ISO/TS 21139-21.

b UV ffaction is indicated as ratio of cumulative radiaut energy in the range of 300 nm to 400 nm versus the cumulativg
radiant egnergy in the range of 300 nm to 800 nm (seeISO/TS 21139-1:2019, Annex D). For comparison: natural daylight has
~8 % UV|fraction.

¢ Reference values from Annex A.

4.4 Equivalent test conditions

In the pjractical application;.any of the combinations of Table 1 for backside exposure and Table 2 folr
frontside exposure could’be observed. To reduce the variability of testing the concept of equivalent tegt
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exposuile intensity in terms of illuminance (lux), still considering the different UV content of a give
RSI. Mote background on this approach is given in Annex A.

—

4.4.1

In a first step, the user of this method needs to determine the “severity weighted exposure” ERSI/GI of
frontside and backside exposure, respectively, as given in Formulae (1) and (2). ERSI/GI : represents a
measure of light intensity E, [klx], that is weighted with the duty cycle 7 of the exposure and the
relative severity Prs1/GI of the RSI of either side of the print, respectively, i.e. Prront /G1 °F Poack /G1- The
relative severity Prs1/GI provides a ratio of degradation due to photolytic action of exposure under a

given RSI in comparison to that of the “general indoor” condition as defined in ISO 18937-2. Annex A
provides reference values for the relative severity of typical colorants based on a general action factor

6 © IS0 2023 - All rights reserved
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model. As alternative, the relative severity can be evaluated based on the measurement of the spectral
action factorl13] of a colorant set under investigation.

ERSIat front /GI [klx:l - EV I:kIX] T I:%:I "Prsiat front /GI (1)

Egstat back/cl [kix |=E, [Kix]-7[ %] Arsrat back /Gl (2)
with

ERSI e is the severity weighted exposure;

E,[klx] isthe illuminance (visually weighted exposure);
T [%] is the duty cycle;

is the relative severity of the RSI incident on the frontside ox'the backside of the print

Pr
S/l compared to general indoor (see Annex A).

Table 3 provides examples of severity weighted exposure values ERSI/GI in standardized efkposure

donditions.

Table 3 — Examples of the evaluation of severityweighted exposure values E

RSI/G
backside exposure frontside exposure
(from the backlit unit) (from the environment)
#1 #2 #3 #4 #5
i o LED backlit |glass-filtered| general indoor glasstiltered
Exposure conditions (5000K fluorescent indoor in-window | shaded out-
CET) backlit display door|display
(CIE Fe)
Relative severity Prs1/G1 ¢ 0,722 0,582 0,872 0,872 g,872
- anmple 111.um1nan(;:e E, 10 10 0,5 3 20
S |inuse profile (klx)
Example duty cycle z(MIN) 50 % 50 % 50 % 50 % 30 %
Epgiyr [kIx] 3,6 2,9 0,222 1,3 B, 74
relative sevérity Prs1 /Gl ¢ 0,73b 0,64b 1,0b 1,2b ,2b
v anmple 111.um1nandce E, 10 10 0,5 3 20
E in use profile (klx)
Example duty cycle T (MAX) 100 % 100 % 100 % 50 % 30 %
Epg1/cr [Kx] 7,3b 6,4" 0,5P 1,8P 12b
@ Evaluated with a screen between light source and print, that acts as extended UV filter, e.g. A5y %T= 400 nm, typical for
UV stabilized polycarbonate or PMMA.
b Evaluated with RSI typical for use profile, see Table 2.
¢ SeeAnnexA.
d  TIllustrative set-points estimated based on ISO/TS 21139-1:2019, Clause 4 and Table 3.

In Table 3, two main cases are identified:

— For backlit display in glass-filtered, shaded outdoor conditions, the severity weighted exposure of
the frontside from the environment is typically equal to or up to 4x larger compared to the severity
weighted exposure from the backlit unit.
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— For backlit display in indoor conditions, the severity weighted backside exposure from the backlit
unitis typically considerably larger (up to ~35 times) than the severity weighted frontside exposure
from the ambient environment. The relative severity of a backside illumination by LED and/or by
fluorescent lamps is rather comparable (see Annex A).

NOTE 1 Backlit display units for indoor display of soft signage are often designed without a front screen.

Annex D provides an overview of accelerated laboratory test conditions that would potentially
correspond to the exposure conditions in Table 3: each test condition is associated to a defined RSI with

a chara - n

determined (see Annex A). For reasons of practicality and comparability, the test method “genetrd
indoor”|(GI) display of ISO 18937-2 (see entry #3 in Table D.1), is chosen as the unique standard metho
for the exposure of the frontside and the backside of the prints in this test method, respectively, se

5.3.1. The test is conducted at a set-point of the illuminance E"SI between (50 * 2) klx to (80# 3) klx i
the spedimen plane.

L4 =TI

—

NOTE 2 | The use of a lower level of the set-point value results in proportionally longer durations of the
accelerated test, see 4.4.2.

4.4.2 rIIfquivalent test duration

To definle the test duration T of the frontside and backside exposures, ainominal display duration time|t
is defined. Criteria for the selection of such representative display durations include worst casp
scenarigs for the anticipated use profile or other criteria agréed upon between parties. From thg
nominal display time, t, the equivalent test dose HRSI/GI isucalculated for frontside and backsidg
exposuile separately as given in Formulae (3) and (4):

Hysfat front /GI I:klx ' h:l =t I:h:l “Egstat front /GI I:le] C

Hpglat back /GI [klx ' h:l =t [h] “Epsiat back /GI [klx:l (4)
with

HRS e is the severity weighted exposure dose for the RSI incident on the frontside or the back-

side, respectively;
t[h] is the expostise’duration.

1%

The cogresponding dupnations T of the frontside and backside test exposures, respectively, ar
determined as the.gkxposure time needed to provide the equivalent dose HRSI/GI under given tes

—t

. ~Gl : : ,
conditigns E < [kiX] as givne in Formulae (5) and (6):

- b 2l
Tiroft P01 = Hysy ot frone g1 [ 1% - ]/ By [Klx] (s)

5 =G
Toack [N = Hegy atback /a1 [kix-h]/E" [Klx] (6)
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Table 4 — Examples of test durations T for typical backlit display use profiles

Example 1 Example 2 Example 3
Display configuration | Backside Frontside Backside Frontside Backside Frontside
LED backlit | generalin- | LED backlit indoor LED backlit |Glass-filtered
(5000K |door, withno (5000K in-window (5000K shaded out-
CCT) front screen CCT) display, with CCT) door display
a UV filtering
front screen
Tn the application
Relative severity
[1] 0,73 1 0,73 0,87 0,73 1,2
PRs1/G1
lluminance in
hpplication E,, [klx] 10 0,5 10 3 o 20
ity cycle 50 % 100 % 100 % 50 % 50 % 50 %
Ersi/ar [KIX]
bee Formulae (1) and 3,65 0,5 7,3 1,305 3,65 12
2)
Nominal display du- 4320 4320 2160 2160 8 640 8|640
Fation t [h] (180d) (180 d) (904d) (904d) (3604d) (3p0d)
Hrs1/61 [MIx-h]
see Formulae (3 15,8 2,2 15,8 2,8 31,5 103,7
hnd (4)
with the test conditions: RSI = GI, duty cycle T = 100 % and set point E‘SI =80 klx)
Exposure side front Back front back front Hack
" [h]
- see Formulae (5 197 27 197 35 394 1/296
hnd (6)

h Table 3.

.5 Relevance ofuse

Results-ebtained via this approach are subject to limitations as explained in ISO 18937-1, i
he assumption of reciprocity. This method applies the equivalent exposure dose for frontgide and

[able 4 provides illustrative examples of the calculation of the test durations based on Formulpe (1) to
b) for three display configurations, which are combinations of frontside, and backside exposufre given

Based on the coneept of an equivalent exposure dose, this test method defines the light fading test
Arocedure that-is used to obtain a table or plot of colour changes versus cumulative exposure dose
ynder standdrdized equivalent test conditions.

cluding

it cannot

be assumed that the colour changes observed separately for the frontside, and the backside exposure
would simply add up for simultaneous exposure typical for actual use. On the other hand, the larger of
the colour changes observed for frontside and backside exposure, respectively, can only be regarded
as the lower estimate of the combined, overall colour change. The main use of this method is the
benchmark of print materials and/or backlit display units under standardized test conditions. The
estimated display duration time until a certain colour change is observed in actual use may differ from
the standardized display duration obtained via this method.

To assess the relative severity of the exposure of a specific backlight display unit for a range of different
print materials, that are intended for display on this unit, the relative severity of the exposure of the
print as displayed on the backlit unit is determined according to Table 3.
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When comparing results of light fading obtained on print material exposed according to this test
method versus display on an actual backlit unit, that is installed in ambient conditions representative
for intended use (“live-test”), the following shall be considered:

— The homogeneity of the exposure level on the display box is typically limited, i.e. the actual test
conditions depend on the position of the test material (target) on the display box - see example in
Annex B.

— Ina“live test”, other stress factors including air pollution and humidity are typically not controlled
and the actual spectral conditions and duty cycles may differ from the standardized conditions.

— Proyided additional spectro-radiometric characterization of the display and the ambier]t
illumination as well as control of the environmental factors and of the duty cycles of frontside angl
backside exposure, a “live test” could be useful to set the generalizations inherent in this methog
intg perspective. However, this document does not provide the details for such a characterizatioh
that would be required to qualify a “live-test” on a display box as an alternate test method for light
exppsure.

5 Test methods

5.1 General

In this tlest method the exposure of the frontside and the backsideldf the print are applied separatel
on indivlidual replicates of the print materials under test, whichimeans separate testing and individug
reporting of test results from frontside and backside exposure;

—_—

—

The ovgrall durations of the frontside and backside exposure is determined based on the totd
equivalg¢nt dose in intended use - see Formulae (3) and {4)*- under consideration of the test conditions
see Forrhulae (5) and (6) in 4.4.

In backlit units without a screen front (e.g. soft'signage), atmospheric pollutants may be effectiv|
depending on the display environment, where‘a’high rate of exchange of non-filtered outdoor air ca
be expelcted. For such applications, the test;of resistance to fading under ozone exposure should b
considefed in addition to this method, following the stipulations of ISO/TS 21139-21. However, man
prints for this application are laminated, which is very effective against pollutants. Or else they ar
printed with UV curing technologywhich is also not sensitive to pollutants.

W< W == U

5.2 S3gmple preparation

5.2.1 |Outline

Sample ppecimenssshiall be prepared with the specific procedures applicable for the actual prints to b
evaluat¢d. The ptinting equipment, the driver setting, the media, and finishing shall be recorded.

14°]

5.2.2 [TeSttarget

A simplified sRGB test target as defined in ISO/PAS 18940-1 shall be used for the light fading test - see
Annex C. In addition, other test patterns or application related images can also be used depending on
the purpose of the test.

NOTE It is noted that an sRGB based test target will not create pure CMYK colour patches, but (more or less)
mixed colours as in the application.

5.2.3 Sample labelling and marking

Specimens shall be coded with a unique label for their identification. Also, frontside and backside of the
specimens shall be marked, respectively, to guarantee their proper orientation during the test and the
measurement.

10 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=1559b656a9f357f38521515e2d42c819

ISO/TS 21139-22:2023(E)

5.2.4 Storage conditions between printing and light exposure test

The storage conditions in the period between printing and the start of the light exposure test, as well as
between the end of the light exposure and the data measurement shall be controlled to a suitable level
that eliminate unintended changes of the prints during these waiting times. This requires storage of
the prints in an ambient environment (temperature, relative humidity, and air flow around the stored
prints) in dark or low light intensity conditions, such that the cumulative exposure during storage and
handling is smaller than 1 % of the test exposure dose. In any event, the time between printing and the
start of the light exposure test shall be less than two months.

3.2.5 Reference samples

xtra specimens may be prepared for each print material under test for use as reference gamples.
Vhen this is done, the extra specimens shall be sealed in an opaque or dark encloSuré and sftored at
cold place with the temperature of no higher than 20 °C, so that they can either’be measuied with
he exposed sample specimens simultaneously or can be assessed visually by)comparing the pxposed
ample specimen with the unexposed sample specimen side-by-side.

LN ot o) == =t

3.2.6 Backing of the specimens

The specimens are usually backed during exposure. Suitable backing materials include non-reactive
gnd non-yellowing white material such as 100 % cotton cellulose.mount board (100 % 'rag' bpard) or
netal (white-painted aluminium).

5.3 Light exposure

3.3.1 Test method and filter condition

Xenon arc lamp equipment according to ISO,18937-2 shall be used with filter conditions that|provide
the RSI equivalent to “general indoor” conditions.

5.3.2 Light intensity

The test is conducted at an illuminance level E‘(,;I between (50 + 3) klx to (80 + 3) klx in the specimen
plane. The exposure is applied continuously with a duty cycle of 100 %.

NOTE The choice of the.illuminance setpoint changes the actual duration of the accelerated test accprding to
44.2.

The light intensity shall be maintained and controlled as stipulated in ISO 18937-1. In 4ddition,
ISO 18937-2 provides information on the calibration of the illuminance control in the specimen|plane.

Ik is recommended that known specimens are tested in parallel to check that the results of the r¢ference
thaterials’'show the consistent results with the previous tests.

Tolmaintain a uniform and consistent light level, all sample positions of the test chamber shall pe filled
V il,h bdlllpleb Ul WiLil duuuuy bdllll)leb Whibh dl'c equivaicut ill dvcldgt L‘lt:llbil,y Ul lef}ULLdllLe to the
actual test samples, for both light exposure tests and for the calibration of light, temperature and
humidity levels.

5.3.3 Temperature and humidity

The set point of the uninsulated black panel temperature shall be 35 °C or less, and the set point of the
chamber air temperature shall be between 21 °C to 27 °C, respectively. The relative humidity ishall be
set to and 50 %RH. These settings should be adjusted to ensure that the specimen temperature is kept
at around 30 °C which is a typical temperature of the prints displayed on ventilated LED power backlit
units.
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The temperature, relative humidity and air quality shall be maintained and controlled as stipulated in
[SO 18937-1.

5.3.4 Duration of the light exposure

The duration of exposure shall be determined based on the total exposure that is anticipated for the
use profile considering intensity, relative severity and duty cycles, respectively, of both frontside and
backside exposure separately, as well as the light intensity and the relative severity of the exposure
condition in the test - see 4.4.2.

The testlduration depends on the purpose of the test and is determined according to one of the followin
two methods:

Jy

a) For|the test of a specific display configuration, the test shall be conducted for twice the expectefl
equjivalent exposure dose in Mlx-h (see examples in Table 4).

b) For|the general test of a print system, a test duration equivalent to an exposure of 80 Mlx-h is
reqpiired.

5.4 Exposure of the frontside of the print

5.4.1 [Specimen mounting for frontside exposure

For testling of the frontside of the print, the specimens are mounted in the test chamber with theilr
frontside facing towards the test lamp.

5.4.2 |[Duration of the frontside exposure

For the fest of a specific display configuration, the frontside exposure shall be conducted for twice th
expectef equivalent exposure in Mlx-h. This dose valiie is used to calculate the duration of the frontsid
exposutfe Tr.... [h] according to Formula (5) in 4.4:2.

>

For the general test of a print system, the testiduration is determined to provide 80 Mlx-h.
5.5 Exposure of the backside of the print

5.5.1 [Specimen mounting for backside exposure

For testling of the backside-of'the print, the specimens are mounted in the test chamber with theif
backside facing towardsithe test lamp.

5.5.2 |Duration efthe backside exposure

For the test of'aspecific display configuration, the backside exposure shall be conducted for twice th
expectefl equivalent exposure in Mlx-h. This dose value is used to calculate the duration of the backsid
exposune“ryy, 4 [h] according to Formula (6) in 4.4.2.

w1

For the general test of a print system, the test duration is determined to provide 80 Mlx-h.

6 Measurement

6.1 General
A spectrophotometer shall be used when making colour measurements. The colour of the patches shall

be measured before and after the light exposure with the spectrophotometer pointing at the frontside
of the print. This applies to both frontside and backside exposed specimens. It is also required to
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measure colour changes at least at five intermediate sampling times meaningfully distributed over the
total exposure duration to allow for interpolation.

EXAMPLE The following sampling scheme is quite common: 3d, 1w, 2w, 3w, 4w, 5w, 6w, 8w.

The colours of all patches of the test targets shall be measured before and after the light exposure,
both incremental and final according to the sampling scheme. For all patches the corresponding colour
differences between the intermediate and final measurements versus the initial colour readings
shall be calculated based on CIELAB 1976 (AE,;)[2I3]4] and tabulated for further evaluation - see
ISO/PAS 18940-1.

OTE The CIE 1976 colour difference, AE,;, has been chosen as the image parameter of thisymgthod for
ractical reasons, acknowledging that this may represent a compromise for applications that-would [typically
ommunicate colour changes in terms of AE;, values. It is reported that AE,, corresponds-well to the visual
npression of the fadinglll. AE,, has been chosen for its simplicity and the possibility tofals6 addregs colour
hanges >5, which are out of scope of AE,,.

o _— o1 =2

6.2 Measurement conditions

(olour measurements shall be performed in transmission mode using thé d/0° or 0°/d measyirement
geometry with the backside of the printed sample facing towards the)light source. The measyirement
dondition M1 described in ISO 13655 shall be used to provide a D50 €quivalent UV excitation fof optical
hrightening agents and fluorescent inks, if present. If no optical-brightening agents are presenf and no
fluorescent inks are tested, measurement condition M2 is aceepted as alternate.

NOTE1 ISO 13655 provides background for the choice of M¥or M2 conditions.

NOTE2  Measurements in so-called “transflection mode?”, i.e. measurement of a transparent or trgnslucent
rhaterial in reflection geometry in combination with.a.diffuse white backing, result in non-equivalent freadings
df colour pathes since the effective optical path of the\heasurement light and therefore the absorption, is at least
doubled compared to measurements in transmission. This limits the evaluation of colour in the high density
patches, typically resulting in an underestimation‘of the measured colour changes.

Ik is required, that an instrument with the same measurement geometry shall be used during the test,
gnd it is highly preferred that the same instrument should be used.

The patches in the test targets must be sufficiently larger than the combined dimension of measfirement
gpot size and positioning reproducibility of the patch reader. For prints on substrates with a periodic
dtructure (e.g. textile with a‘mesh) the equivalent diameter of the measurement spot needs |to be at
lpast five times larger than any period structure size of the material. This spot size can also be fealized
ly averaging an equivalent number of measurements at different positions within a colour patdh.

Backlit material$<tnay attenuate the measurement light in different ways, including e.g. thg partial
dpacity of translucent print materials per se or lateral light losses observed in thick transparent sheet
thaterial.

NOTE 35 *Print materials with thickness of typically >1 mm can cause substantial misalignment of illuination
gpotsand measurement spot in transmission measurement mode, which results in artificially “dark” repdings of
thé-eolour patches.

Therefore, the so-called ‘relative colorimetric evaluation’ is applied, in which the measurement on the
D, area of the non-aged material is applied as the white reference X,Y,Z, for the calculation of the
CIELAB L*a*b* values of the individual colour. All tristimulus values are calculated from the measured
spectra based on the CIE 1931 (2°) observer and the illuminant D50.
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7 Data analysis

7.1 General

The processing and the analysis of the measured data for the test target (see Annex C) is defined in
ISO/PAS 18940-1. Colour readings are collected for all colour patches at the intermediate sampling
times and the individual colour differences are evaluated. From these, the average of AE, of all patches
of the specified test target shall be calculated for each intermediate sampling time (partial exposure
dose) and for the total exposure dose. In addition, also the maximum colour changes (of the patch with
the largest colour deviation) should be calculated and included in the graphical representation of the
data, al4o indicating the name of that colour patch.

The valpes of the average colour changes over all patches, AE,, ... at each intermediate-samplin
(expressed by the “general-indoor”-equivalent exposure dose in MIx-h), shall be plotted for frontside an
backsid¢ exposure, separately, and these plots are analysed further using either of the,tWo followin
methods:

U ~=Jq

W

A. | Determine the colour difference AE,, jy resulting from a specific exposure dose level in th
plot of AE,, vs. exposure dose H, which is representative of the intended backlit display ap
plication

B. Determine the exposure dose ﬁAEab required for the colour difference to reach a specific valu

W

of AE,,. Here, the specific value of AE, is used for reportitig the “Image Quality Parameter”.

=

Method| A is applicable when the concerned exposure dose\is specified, e.g. the cumulative yea|
equivalgnt exposure dose for a given display box in a definedenvironment, while Method B is applicabl
when the exposure dose is not specified.

19}

Method|B is recommended to compare display materials in general.

=

For trarslation of the test results into use case performance, consideration of the endpoint criteria an
the environmental conditions of the use case are the deciding factors. However, endpoint criteria angl
environmental conditions are not specified itrthis document.

7.2 Image quality parameter for data analysis

The imdge quality parameter, the.specific value of AE,, for data analysis, can be determined based of
the application and purpose,of the prints. Depending on the purpose of a specific display applicatior
for somg uses even a colour-ehange of AE,; = 1 can be problematic, while for other uses, prints wit
colour changes in the orderof AE,; = 10 may still be displayed effectively.

=

7.3 Equivalenttest conditions

Identify|the equivalent test conditions for the intended display conditions (backside, frontside), eithelr
by assignmeént of the general standardized display conditions provided in Clause 4 (with additiongl
backgrgund and examples in ISO/TS 21139-1) or by measurement of a specific display configuratiop
installed Tn a specific environment, including RS5I, intensity, duty cycle of the frontside and backside
exposure, respectively, as well as ambient conditions and temperature of the print. See Annex B for an
example of measurements.

7.4 Estimation of time to reach certain change

From the plots of colour change versus the “general indoor” equivalent exposure dose H (in terms of
klx-h or MIx-h) the equivalent dose value for a specified colour change H, ... according to Method B is

derived or the colour change for a defined equivalent dose AE,, ; is determined using Method A.
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The formulae and the examples in 4.4.2 are used to relate the equivalent exposure dose to the time of
the display and the time of the test, respectively.

NOTE1 Thereis no method available to estimate display life for the combined action of light and ozone, as non-
linear interactions between both degradation modes can be present depending on the nature of the underlying
print technology. Furthermore, also the susceptibility of the light stability of a print to elevated humidity can
depend on the printing technology and the printing material.

The users of this standard are reminded that results from accelerated tests cannot perfectly match
degradation in actual use because of the limitations of accelerated testing. Published “time-based
atings” according to this method are regarded as time (years] in-standardized-test-conditigns” and
erefore do not necessarily match with time (years) in actual use. This is often a matter ©f djspute if
ommunication is not detailed enough in that respect.

OTE2  The use of the Blue Wool Scale rating is discouraged as described in ISO/TS 21139}1"

Test report

The report of test results shall include the following mandatory elementsfor minimum reportiing, and
dJome reporting options in addition:

d) details of printed specimens, including printing system (printing technology), ink set, printing
substrates, printer and driver settings;

h) testtarget used for the test (measured patches);

dq) reference to this test method and to the test condition ISO 18937-2 “general indoor” with tHe actual
test parameters used;

d) parameters of the colour measurement (transmission geometry, colour measurement condjition);

d) statement, whether the relative severity of the exposure condition was determined basefl on the
reference values for the RSI’s in Anfiex A or based on the individual action spectrum of|the dye
set(s);

f] testresults for the frontside lexposure:

and maximum AE., .

1) graph of the average\AE,

« : ”n
ab, ave versus the “general indoor” ekposure
dose H;

2) the refereneed RSI of the frontside exposure and its relative severity value compared to
“general indeor”, see e);

3) optienak the average colour change AE,, .., and the maximum colour change AE,, ., for a

specific “general indoor” equivalent exposure dose H = 80 Mlx-h using Method B;

4)-optional: the “general indoor” equivalent severity weighted exposure dose H at which a

specific colour change AE is observed, H

ab, ave AEab -

g) testresults for the backside exposure:

and maximum AE, versus “general indoor” exposure dose H

ab, ave ab, max

1) graph of the average AE

)

2) thereferenced RSI of the backside exposure and its relative severity value compared to “general
indoor”, see e);

3) optional: the average colour change AE, ,,, and the maximum colour change AE, ., for a

specific “general indoor” equivalent weighted exposure dose H = 80 Mlx-h using Method B;
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4) optional: the “general indoor” equivalent severity weighted exposure dose H at which a

specific colour change AE is observed, H

ab, ave AEab .

h) the boilerplate sentence “The colour changes were determined for the frontside and the backside
exposures separately in accordance with ISO/TS 21139-22. When evaluating the results, it shall be
considered, that the colour changes, that are reported for both exposure sides separately, are active
at the same time in the final application (backlit display) and therefore represent a lower limit of the
combined changes.”

: 1 1 £ ralaslis 4 i - i 4] 43 o i f
1 Opt Ulldl.  TTOSUILS TTUID 4dIl UZUIIT STAUIIILYy 1TSU  dLLUTUIITS TU T TCTPUTUITS TTYUITTIINTIILS Y

ISOfTS 21139-21.

When there is any difference from the standard test method or standard measurement conditions
describgd in this document, those differences shall be also reported.

16 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=1559b656a9f357f38521515e2d42c819

ISO/TS 21139-22:2023(E)

Annex A
(normative)

Relative severity of the relative spectral irradiance

A.1 General

The use of reference values for the relative severity, Prs1/G17 allows one to express the leffect

fading under a given RSI, which would be fully represented by a radiometric measurelof irradia
mZ-nm)], by a simpler approach, namely the ratios of relative photometric illuminance [lux 5

the accelerated exposure test, respectively.

The relative severity pq, /Gl of various standard RSI has been eydluated based on a generd

Hofmannl? have correlated the relative amount of light fading expressed as AD with the
dpectral irradiance RSI(A) used in the actual light fading test and the UV/VIS absorption

fpye (1) of the colorants, respectively.

1iAD(RSIi,Dye,)

PRSI /R8I =) 20 AD(RSI, Dye,

[average for.more than 20 different colorants Dye; |

=1

750
AD(RSY;,Dye;) ) 1s00®SH () Apyt (1) fucton (2)-dA

AD(RSI;,D 750
(RS Dyer) [ RSt (401 Ayt (A)- fuoton ()2

q wavelength partition AA, thatis smaller than4 nm.

The pairwise ratios of(light fading AD for the investigated range of colorants and RSI g
donsistently described\with relation A.1 using a parameterized, generic spectral weighting
faction (), which igspeéctrally multiplied with the UV/VIS absorption spectrum Ap, (1) ofa

dver the range 0£300 nm to 750 nm, that has been measured on the 100 % printed patch of each
I} The spectral™product of Apye (A1) and ficon (A) represents the “action spectrum” of tf

dolorant.

Vhenithe RSI data are intensity normalized to the same level of illuminance [klx], the integral

of light

nce [W/
lumen/

inZ2]. This approach simplifies the requirements for the measurement apparatus to deternpine the
iptensity of exposure to which the specimens are subjected to in the backlit|display application and in

] action

gpectrum approach: for a wide range of colorants typically used in photographic materials, Jung and

relative
spectra

(A1)

NOTE The integrals in A.1 are calculated numerically as a summation over the given wavelength range with

ould be
function
rolorant

rolorant
e given

pver the
c action

\
dction-spectrum-weighted RSI data can be interpreted as a measure of the relative photolyti
t

relative

at'the RSI would introduce in terms nflighf Fading of these colorants. This ratio is denoted

severity Prsl, JRSI,
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Figure A.1 shows various RSI’s that are of interest in the context of backlit displays. The series LED
1 to LED 6 refers to phosphor-converted ‘blue pumped’ LEDs with their different CCT values noted in
brackets, respectively.

The RSI “daylight + PC screen” mimics the effect of a UV filter with a 50 % transmission at 400 nm, which
is typical for UV stabilized polymer screens such as Polycarbonate (PC) or Poly-(methyl-methacrylate)
(PMMA). The legacy RSI “glass-filtered fluorescent CIE F6” is provided for comparison. The other filter
conditions (window-glass and general indoor) are defined for the Xenon-arc based test methods in
[SO 18937 for simulation of in-window display and general indoor display, respectively.
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Table A.1 summarises the relative severity of several RSI based on the action spectrum analysis. The
standard deviation denotes the variability across the > 20 colorants considered. Note that for RSI’s
with larger spectral differences to “general indoor” the uncertainty of the predictions of the simplified
action spectrum model become larger. Figure A.2 provides a visualization of these data.

The severity index is highly preferable to the ‘damage potential’ of CEN 157, because it does not only
look at the RSI of the irradiant exposure but also at the materials and their absorption. It will thus
capture the interaction much better. Referencing it to a standard light source provides the experimental
data. However, as every ‘data approach’, it may not be applicable to some specific cases and therefore

has reference character only
If the individual spectral action factors of a given colorant system are availablel13], the relatiye severity
tjatios can preferably be evaluated based on those rather than using the reference values) as this would
dqvercome the simplifications mentioned before.
Table A.1 — Relative severity ppq; /GI of various RSI vs. “general indoor? filtered Xenop-arc
Relative’severity
Iluminants (RSI) Prsi; /a1
Averdge StDev
natural daylight (ASTM G173) 1,52 0,20
window glass filtered Xenon-arc 1,19 0,06
general indoor filtered Xenon-arc 1,00 0,00
daylight + PC screen (400 nm) 0,87 0,09
for info: bare-bulb fluorescent CIE F6 0,74 0,15
glass-filtered fluorescent CIE F6 (ISO 18909) 0,64 0,14
blue-pumped LED 1 (CCT 3 089 K) 0,59 0,24
blue-pumped LED 2 (CCT 3 504 K) 0,63 0,20
blue-pumped LED 3 (CCT 3 957 K) 0,66 0,17
blue-pumped LED 4 (CCT 4 450 K) 0,69 0,14
blue-pumped LED 5 (CCT 5.029 K) 0,73 0,12
blue-pumped LED 6 (CET 5 625 K) 0,75 0,09
blue-puUmped LED 6 (CCT 5625 K) | -
blu-ptimped LED 5 (CCT 5029 K) | .
bite-pumped LED 4 (CCT 4450 K) | :
blue-pumped LED 3 (CCT 3957 K)i] a
blue-pumped LED 2 (CCT 3504 K)i‘ o
blue-pumped LED 1 (CCT 3089 K) | |
glass-filtered ﬂuorescent_'_’_—’_b—

bare-bulb fluorescent _'_’_":'—_‘

general indoor filtered Xe-arci

window glass filtered Xe-arci
—Tr |

natural daylight (ASTM G173) |
0 02040608 1 12 1.4 1,6 1,8

Figure A.2 — Relative severity ppo, /GI of various RSI vs. “general indoor” filtered Xenon-arc
(graphical visualization of table A.1)
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For the colorants investigated, the RSI of glass-filtered fluorescent CIE-F6 as defined in ISO 18909 has
a relative severity very close to that of a phosphor-converted ‘blue pumped’ LED with 3 500 K CCT.
Therefore, backlit units with these two types of lamps can be considered equivalent in terms of testing
colour fading over a wide range of printing materials.

On the other hand, the effect of varying correlated colour temperature (CCT) of phosphor-converted
‘blue pumped’ LEDs is rather limited (see Figure A.2). Towards the very low end of warm white LEDs
with a CCT of ca. 3 000 K, the relative severity drops to ca. 80 % of the level characteristic of the LED
with ca. 5 000 K, but the uncertainty of the relative severity calculation increases, as indicated by the
standard-deviation
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Annex B
(normative)

Characterization of an example LED light box

023(E)

lli.l General

A light box for backlit display of soft signage has been characterized. The LED lamps are-moeuntg
d white coated housing, which serves as diffusing cavity. The dimensions of this backlit uni
400 mm x 420 mm x 60 mm (H x W x D). Strips of individual LEDs are mounted’on the ba
forming a 6 x 4 grid of individual LEDs with ca. 10 cm vertical and horizontal distance and ab
distance to the frame. The LED lamps are equipped with optical lenses that introduce a donut 1
diffusion with enhanced emission at about 30° compared to the normal ofthe’backplane.

[OTE In backlit units with edge-lit design, the LEDs are mounted on~the side of glass or plasti
he injected light intensity is distributed across the sheet by light piping. Light scattering is pur
htroduced, e.g. by surface structures (roughness), to couple out an amount of the intensity, so that
acklit illumination is obtained. Overall dimensions, thickness of the(Sheet and amount of scattering d
he homogeneity and intensity of edge-lit units.

ot oo s o

'he light intensity of the backlit unit has been measuréd with a spectro-radiometer with 3
robe that is positioned in the mounting plane of the print i) at the positions of the LED row
h between LED rows as indicated in Figure B.1. Ehe resulting illuminance distribution is s

igure B.2.

e e e o S S |

d inside
[ are ca.
'k panel
ut 5 cm
ike light

c sheets:
bosefully
h diffuse
btermine

diffuse
5 and ii)
hown in
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