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Foreword

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 prog¢edures used to develop this document and those intended for its further maintenance afe
describefl in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document maybe the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent/rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an dxplanation on the voluntary nature of standards, the-meaning of ISO specific terms arnd
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Trjade Organization (WTO) principles in the TechnicakBatriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This dochiment was prepared by Technical Committee {SO/TC 42, Photography.
Alist of 1l parts in the ISO/TS 21139 series can be-found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

This Technical Specification ISO/TS 21139 (all parts) defines use profiles and test methods for
permanence and durability testing of printed matter for use in the context of commercial applications,
which resemble a wide range of product and usage classes (see e.g. ISO/TR 19300). Product classes
included are commercial production prints (flyers, brochures), transactional and stationary prints,
signage, newspapers and periodical prints, book printing as well as packaging printing. These
commercial prints often contain combinations of text, pictorial images and/or artwork. Prints for
non-commercial use, including prints used and displayed in consumer home environments and prints
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khibited or stored in museum context, are outside the scope of this document.

use profile describes typical environmental and other stresses characteristic forthe c
hder which a printed sheet or object is typically used. Also certain (implicit) expectations for

nditions
retained

int properties under these conditions may be connected to a particular use profile. Thesg need to

e explicated and linked to observed failure modes and assessed as measureable changes
hrameters, including the various dimensions of image quality and physical integrity of the pr

of image
nt.

br permanence testing either single or combined stress factors are applied in accelerated laporatory
sts that aim to simulate the degradation observed in field use. ISO/ES 21139 (all parts) defines test
ethods that are appropriate to simulate exposure in use profiles-of printed matter in a viariety of
bes. Furthermore, requirements for reporting of permanence test results are given as guidance for

anslation of test results into use profile performance, also addréssing limitations of “year calc
le to restrictions of accelerated testing and variability in acttial display conditions.

ulations”

the context of service life testing of identification cards defined in ISO 24789-1 and ISO 24789-2, a

atrix of stresses and evaluations has been defined<te simulate various application profile
astic cards. ISO/TS 21139 (all parts) may be develéped in an analogous way in a future revis

5 of such
on.
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Scope

inting as well as packaging printing. These commercial prints often contain combination

Fthis document.

" mechanical or chemical stress factors is defined for representative testing. Guidance

hriability of actual use in comparison to reference use profiles.

rinciples apply to both colour and monechrome prints.

Normative references

dispensable for its application. For dated references, only the edition cited applies. For
ferences, the latestedition of the referenced document (including any amendments) applies.

tflection denSity

0 2836y Graphic technology — Prints and printing inks — Assessment of resistance of

variousyagents

IS

he test methods and guiding principle desetibed in this document apply to both, analogue and
[inted matter, and the corresponding tést targets from the ISO 12647 series are used. Met]

he following documents; in’ whole or in part, are normatively referenced in this document

0 5-4, Photography and graphic technology — Density measurements — Part 4: Geometric cond

his document defines use profiles for commercial prints in terms of typical environmentfal stress
ctors and any mechanical and chemical stress factors to be considered additionally in their application.

ethods and principles defined in this document apply to the various praduct classes of “commercial
ints” that, following the terminology of ISO/TS 19300, include commeéreial production prints (flyers,
rochures), transactional and stationary prints, signage, newspapers and periodical prints, book

5 of text,

ctorial images and/or artwork. Prints for non-commercial use, including prints use and display in
¢nsumer home environments and prints exhibited or storedin museum context, are outside the scope

br each use profile a set of suitable accelerated test\methods for the leading environmertal and/

is given

r translation of test results into suitable imagé-permanence performance claims considg¢ring the

digitally
hods and

and are
undated

itions for

prints to

05626, Paper — Determination of folding endurance

ISO 12647-7, Graphic technology — Process control for the production of halftone colour separations, proof
and production prints — Part 7: Proofing processes working directly from digital data

ISO 12647-8, Graphic technology — Process control for the production of half-tone colour separations,
proof and production prints — Part 8: Validation print processes working directly from digital data

ISO 13655, Graphic technology — Spectral measurement and colorimetric computation for graphic
arts images

[SO 18930, Imaging materials — Pictorial colour reflection prints — Methods for evaluating image stability
under outdoor conditions

©
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[SO 18936, Imaging materials — Processed colour photographs — Methods for measuring thermal stability

ISO 18937, Imaging materials — Photographic reflection prints — Methods for measuring indoor light
stability

ISO 18941, Imaging materials — Colour reflection prints — Test method for ozone gas fading stability

ISO 18946, Imaging materials — Reflection colour photographic prints — Method for testing humidity
fastness

[SO 18947 Imaging materials — Phnf‘ngrnphir rpflpr'finn prints — Determination nfnhrncinn resistance f

photogrdphic images
ISO 18948, Imaging materials — Photo books — Test methods for permanence and durability
[EC 60048-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 ©12 h cycle)

[EC 60048-2-38, Environmental testing — Part 2-38: Tests — Test Z/AD: Composite temperature/humidity
cyclic test

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

ISO and JEC maintain terminological databases for use in standardization at the following addresses:

— ISO Qnline browsing platform: available at http://www.iso.erg/obp

— IEC Flectropedia: available at http://www.electropediatorg/

31
application profile
set of parameters that, in total, define the conditions of use specified for an application

[SOURCH: ISO 24789-1:2012, 3.1.2]

3.2
use proffile
total set pf environmental, mechanical and/or chemical conditions to which a printed product is subjeft
to during a particular use

3.3
stress factor
element jof the envirghimental, mechanical and/or chemical conditions to which a printed product |s
exposed

Note 1 to pntrysAparticular combination of stress factors defines a particular use case and material degradatign
results frpm-he complex interaction between the processes triggered by the presence of stress factors.

Note 2 to entry: Leading environmental Stress ractor imclude 1ignt, iieat, humidity, and air pollution. Examples of
mechanical stress factors are scratching, abrasion, bending, flexing, folding, tearing, and pressure. Example of a
chemical stress factor is the contact to a liquid, including water, solvent, sweat, oils and detergents.

34

test target

set of colour patches or line elements based on which a change in image quality attributes can be
evaluated

EXAMPLE The print control strips described in ISO 12647-8.

2 © IS0 2019 - All rights reserved
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3.5

endpoint

defined measurable densitometric, colorimetric, or physical change in a print parameter used to define
the point at which a print is no longer usable or acceptable in a particular application

Note 1 to entry: not to be confused with end of test, defined as the point at which a test is terminated after a pre-
defined level of physical or chemical stressor has been applied or after an accumulated exposures of the stresses
which is determined based on the assumption of the exposure level of the use or the required level of longevity
for the product. For example, if the product is expected to be used for 10 years under 250 1x-12 h light level, the
test duration in lux-hours should be 250 1x x 12 h per day x 365 days per year x 10 years. A safety factor can be

h . | 1 : 1 1 .
a}l)pucu LU dCCUIIIIIOUdLC dlly CAPCTTIIICIILAT TITOTS LIIdUIIIdYy ©XAIST.

Npte 2 to entry: Limit can for example represent the just visible change or the acceptability of an articulate
change in view of the specifications of the use profile.

3|6
pprmanence
<]mage> ability to remain chemically and physically stable over long periods-oftime

3|7

dprability
<]mage print> resistance of an image print to physical, mechanical) chemical and/or envirgnmental
stresses in conditions of use, until the end of useful life

Npte 1 to entry: In some cases, these stresses can be controlled bythe user, like frequency and mode of handling
rgsulting in abrasion of scuff marks. In other cases, stresses at¢ eventually out of control of the user,|including
stirain caused by dimensional changes of the print materiaharising from repeated humidity and/of thermal
cycling in the course of day/night transitions. Other stresses with limited control are exposure to UV and/or
rgactive airborne pollutants. Those stresses may attackhe physical integrity of the material(s) that ¢onstitute
the printed sheet or object, manifesting themselves. for example as cracking, blistering, delamipation or
brittleness of layers.

3(8

djgital print

print where the image is printed diregetly from the digital domain

Npte 1 to entry: Digital printing is a process for text and image reproduction with a colour marker on § medium
ugsing a marking device, on whichithe marking information is generated from digital data directly to thg medium.
It] differs from traditional inksbased printing on which the marking information is generated from a form
produced offline prior to imaging on the medium.

Npte 2 to entry: Offsetprinting in its various form as defined in ISO 12647 series is mostly still categorized as

Q)

nalog printing” eyenthough data stem from digital domain like in case of computer-to-plate systems

—

JOURCE: 1SO8913:2012, 3.52, modified — The word "directly” was added in the definition, Note 1 to
entry has changed and Note 2 to entry was added.]

319

djgital printing system
systemm that prints one unique iteration at a time for either variable data or classical printing applications
including but not limited to electrophotographic and ink jet marking engines

[SOURCE: ISO/TS 15311-2:2018, 3.1]

3.10

transflective print

print on a translucent support that is designed to partially transmit and reflect light, so that print
can be viewed both in reflection by means of front illumination or in transmission by means of back
illumination

Note 1 to entry: Front and back illumination may be present at the same moment in time.

© IS0 2019 - All rights reserved 3
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3.11
product and usage class
category that combines graphic products that have been developed for the same marketing purpose

[SOURCE: ISO/TR 19300:2015, 2.4, modified — The term "use case" was replaced by" product and usage
class”]

3.12

book printing
printing of books and publishing of monographs (reference books, photo-books, comic, paperback,
textbools and directories]

3.13
commericial printing
printing [for graphic products for commercial applications such as catalogue, advertisement (flyer,
pamphlef, leaflet, direct marketing, free magazines) and other (manuals)

3.14
newspaper and periodical printing
printing [for graphic products for newspaper (colour, black and white) and periodical magazing¢s
(monthly, weekly)

3.15
package printing
printing|for graphic products for packages, including rigid and_ flexible packaging, such as beverage
carton, cardboard container, corrugated box, label, sticker, snack and retort pouch

3.16
sign printing
printing|for graphic products for indoor or outdoor.display (poster, banner, textile, billboard and
wrapping decoration)

3.17
transactional and stationary printing
printing|for graphic products for directmail (direct marketing) and advertisement (flyer, pamphle
leaflet, ffee magazine)

—
-

4 Guiding principles

4.1 Inage stability in view of use profiles

The image permanence-dnd print durability performance of printed sheets and objects depend on two
aspects:

a) the Kind oflevel of stresses, which the printed matter undergoes in intended use, and

b) the yseb expectations on retention of properties. This can often be a matter of dispute when thege
are not defined in advance.

A use profile for printed matter is thus defined by two aspects, namely

— asetof stresses present in the intended use of the printed product that may result in degradation of
the printed image or loss of physical integrity of the printed matter, and

— acertain level of retained image quality and print integrity that is expected to assure intended use.

Examples of use profiles include various types of display situations and/or handling stresses in printed
product, including printing products for signage, packaging, newspapers, periodicals, trade books,
business forms, flyers, and direct mailings.

4 © IS0 2019 - All rights reserved
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4.2 Stresses in use profiles

Typical stresses in use profiles can arise from general environmental conditions of display and storage
and/or the presence of particular mechanical and/or chemical stress factors typical for a particular use
of printed matter. Leading environmental stress factor include light, heat, humidity, and air pollution.
Examples of chemical and mechanical stress factors are scratching, abrasion, bending, flexing, folding,
tearing, and pressure as well as eventual exposure to liquids (water, solvent, sweat, oils, detergents, etc.).

In use profiles often combinations of aforementioned stress factors may be present, also including
diurnal changes resulting in additional stress fatigue by periodic thermal or moisture related expansion
anhd contraction of layers. Examples of combined stresses are outdoor weathering, wet abrdsion and
blocking, where the latter is caused by combined effect of pressure and moisture at ambient.or|elevated
tédmperature. Display use profiles represent a set of environmental stress factors thatrapply for many
product classes.

The actual levels of the various stress factors may span a continuous range, in which| suitable
‘leference points” shall be defined for ease of communication. For guidance, the 95 % percentile
vilues of environmental stress factors, such as temperature, humidity,-light intensity or jairborne
orone concentration levels, are regarded as reasonable worst casel27] afid-should therefore ble chosen
a$ meaningful reference points. One hour averages of environmental parameters are appropriate for
characterizing the 95 percentile in cyclic conditions, one day (24 h) averages are suitable to chafacterize
static conditions. See Annex G for calculation of the 95 percentile. In case of altered conditjions, e.g.
presence of HVAC (heating, ventilation and air-conditioning), installations in a building or |(partial)
protection against one of the environmental factors, appropfiate other levels are defined.

NPTE In outdoor weathering, e.g., environmental stressés vary due to climate, orientation and ifpclination
of the displayed images, but also just due to seasonal or year-to-year variations of weather. Comparfison with
exposure to reference climates is recommended.

4{3 Retained print quality in use profiles

Ithage permanence refers to both retention of certain image quality attributes as well as retpntion of
physical integrity of the print[28l. Exaniples of attributes representative for real world failure gf printed
nlatter include the following changes.ih image quality and/or print integrity, see Annex F for ekamples.

a] attributes related to printed colour: colour fade, change of tone reproduction, loss of neutral
balance, discoloration, ete;

b] attributes related to detail reproduction: loss of sharpness, e.g. due to (colour) bleeding, et

o

c] attributes related to print uniformity: changes in gloss, introduction of staining or mnjottle (as
function of print density), etc.

d) failure ofprint layer structure including image (receiving) layer(s), coatings or laminates:|cracking
on micro- or macro-level, blistering, flaking off, adhesion failure, delamination, chalking, dtc.

e] _discoloration of the printing substrate: yellowing or carbonization ("browning”), etc.

f)—physical disintegration of the printed matter: brittie failure, etc.
g) physical deformation of the print material: cockle, curl, warp, change of dimensions, etc.
h) mechanical damage of the print surface: scratches, dents, scuff marks, wear, etc.

Quantitative assessment of these various dimensions of image permanence requires instrument
measurements in addition to visual assessment. Measurement of the change of an image parameter
requires the measurement of the corresponding image quality parameter after and before the stability
test. Methods for measurement of image quality parameters of digital prints have been described in
[SO/TS 15311-1 and ISO/IEC 24790 or are under development.

© IS0 2019 - All rights reserved 5
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Judgement of changes of the various dimensions describing initial image quality and print integrity may
involve evaluation of many different image parameters. For each image parameter, endpoints may be
defined that express the retention of a certain level of quality (either absolute or relative to the initial
state) as quality expectation typical in the use profile.

However, an over-coupling, generic metric of visual judgement of multi-dimensional image quality by
human observers, including non-linear judgement effects known as “peak picking” (i.e. observers tend
to focus on the particular dimension of image quality they perceive worst) does not yet exist. Also,
quality expectations depend on the individual purpose that a printed product may have within a usage
class, including other aspects such as performance of benchmark materials, market share, industry
standards, certification and also commercial aspectsl22].

Furtherrhore, perception of retained image quality strongly depends on the mode of assessmerit,
namely yia single stimulus evaluation or via side-by-side comparison. In addition, the initial-Tevel pf
print quglity plays a role in the judgement. Last but not least, viewing distance in the use situation hasa
direct impact of visibility of image quality degradation and artefacts, e.g. micro cracks.

NOTE ISO/TS 15311-2 applies for all press output that is typically held at a viewing distance of 30 cm fo
50 cm sych as publishing, transactional and stationary printing, brochures, leaflets; _stationery, corporafe
accounts,|catalogues, newspapers, magazines and books.

4.4 Measurements of colour changes

4.4.1 C(olour fading

One of the most frequently discussed and reported image parahieters in permanence studies is coloyr
retention. The measurement of colour retention requires a printed test target with a defined set of tept
colour patches. Layout and dimensions of test patches afe designed to make test targets suitable for
exposurg¢ in the test chamber and colour measurements with automated chart readers. Target coloyr
patches pre typically printed including printer characterization (Colour Management System) as |n
actual ude. Drying down or curing times typical for‘the printing process shall be applied and reporte(,
as these fypically differ across the various digitalrand analogue printing processes.

Colour rptention measurement is based-oir comparison of colour measurements after exposure Vvs.
before. All colour measurements shall be made in accordance with ISO 13655. The measurement
conditions (M0, M1, M2 or M3) and therbacking to be used (white backing, self-backing or black backing)
shall be in accordance with those $pecified for the characterization data set being used.

Sampling of test colours in colour space is defined by the selection of colour patches in the test target. To
assess cqlour stability of conimercial prints the test target shall include the set of control strip patchés
specified in the corresponding series ISO 12647 (all parts) depending on the printing technology undér
test, inclpding offset Jithographic, letterpress, gravure, screen printing, flexographic as well as all kind
of digital printing, ineluding inkjet and electrophotography printing.

The test patchesshall be arranged in a test target layout, such that the patches fit on the exposed ar¢a
of the specimen holders in the tests. The size of each colour patch area shall be large enough to cover
measured‘area plus positioning error. The appropriate size depends on the patch reading equipment
used. Aperture size requirement shall comply with the geometric conditions given in ISO 5-4.

For digitally produced commercial prints, test targets with colour patches following ISO 12647-7 and
ISO 12647-8, shall be used (see Annex B). An example of colour analysis after light fading is shown in
Annex E.

Evaluation metrics shall be assumed to apply to the assessment of a single printed sheet with
measurements after and before exposure unless otherwise specified. In case of multiple sheets, the
sheet-to-sheet variability shall be accounted for in the assessment of the effective colour change in
addition to the variability of consecutive colour measurements (see ISO/TS 15311-1 for details).

As a measure of colour change the mean, maximum and 95 % percentile colour difference (CIE DE2000)
between the measurements of these patches before and after the test shall be calculated according to

6 © IS0 2019 - All rights reserved
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the corresponding part of ISO 12647. The 95 % percentile is obtained from an ascending sort of the
results of all the patches on the target, and the 95t quantile is picked. See Annex G for analysis of
targets having number of patches different from multiples of 100, where the 95 % percentile falls in
between discrete positions of the histogram. Measurements shall be corrected for the contribution of
measurement repeatability to overall colour difference. If the change in colour affects one set of colours
significantly more this should be noted for report.

4.4.2 Colour bleeding

For testing of hnmir‘lify induced colour rhqngpc hy "h]ppding" (diffncinn of r‘nlnrnnfc) the checkerboard

tdst target of ISO 18946 shall be used. It is important not to alter (resize, interpolate) the physidal size of
thhe checkerboard patterns, as this will influence the effect of humidity bleeding. Here, CIE-AE7¢ metrics
applies, for which best correlation with psychophysical judgements of image quality degradation has
bgen obtained (see ISO 18946).

45 Other evaluations

For measurement of other image quality attributes (gloss, homogeneity,_detail reproduction, visual
assessment) the reader is referred to the requirements of the corresponding evaluation methods, e.g. as
r¢ferenced in ISO 15311-1.

For non-destructive post evaluation of prints after stability testing (visual inspection an{l optical
nleasurements such as colour, gloss, sharpness etc.) intefthediate sampling and placing| back of
pecimen can be considered. For destructive post evaluatien'(e.g. mechanical testing) a suitabl¢ number
of replicates shall be provided after stability test (light;heat, humidity, ozone, weathering), which may
r¢sult in a substantial amount of specimen.

%]

Alsuitable example for a brittleness test of strips efprinted matter is given in Reference [30]. Otherwise
aftensile test may be suitable as described in [S@527-1 and ISO 527-3.

5/ Definition of use profiles based on stresses

5|1 General

Ak mentioned in 4.2, a particfilar use profile typical for a printed product and usage class is defined by a
range of environmental stress factors as well as some typical mechanical/chemical stresses.

One common usage of printed products is their display. Therefore, a limited number of digplay use
profiles is defined-that are significantly different from each other. Still, the actual levels of th¢ various
stress factors ina-use profile may span a continuous range, in which preferably one - or if heeded a
small numberigf-reference levels typical for that use profile are defined.

Table 1 provides a general overview of display profiles that define typical combinations of envir¢gnmental
siress factors, whereas generic mechanical and chemical stress factors are treated separately. The
organization of ISO 21139 series follows this approach: The number block of parts 21, 22 and 23 define
st i i i i i i Table 1.
Likewise, the number block of parts 31 and 32 define typical instances of outdoor display as defined by
2.1 and 2.2 of Table 1. Table 3 provides an overview of environmental stresses in display use profiles.

The parts of ISO 21139 with number block 41, 42 etc. define mechanical and chemical stresses typical
for processing, conversion and handling of the printed products and/or typical for their intended usage.
Depending on product and usage class various of these factors may apply as shown in Table 4 indicating
their typical and eventual occurrence for the product and usage classes defined by ISO/TR 19300 (see
Annex C). Some examples of product and usage classes and related stresses are shown in Annex A
(Table A.1).
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5.2 Daylight and its variations as source of illumination in indoor and outdoor display

(Terrestrial) daylight is a natural source of illumination for display of printed matter, bot
and outdoor. However, intensity and spectral power distribution of the effective illumination

h indoor
strongly

depends on the details of the display use profile (location, orientation, shading) and varies with season

and atmospheric conditions. The following differentiation needs to be considered.

“Direct” daylight includes sunlight and diffuse skylight, which together define the global irradiance.
Their spectral components are defined for specific atmospheric conditions and air mass, in ASTM G177
and CIE 85:19891) using the SMARTS2 code. ISO 18930 provides a test method for digital prints under

d[rect daylight in outdoor conditions, either as
— exposure to natural daylight, or as
— exposure to laboratory Xenon-arc lamps with daylight filters.

The so-called “UV cut-on” represents the lowest wavelength, at which the spectral power dis
of terrestrial daylight radiation introduces degradation in matter. At waveléngths below, the
if sufficiently reduced by the atmosphere, so that degradation cannot beebserved even for |
exposure. The typical UV-cut on of natural daylight varies in the range 295 nm to 300 nm dep¢
s¢ason and atmospheric conditions.

Indirect” daylight refers to exposure situations, where intensity-and/or the effective UV comj
dlrect daylight has been reduced. Typical examples of indirect.daylight are:

daylight filtered through window glass,
b] daylightin rooms, and
c] daylightin extended shadow zones outdoors.

I} case of display “self-shadowing” can simply“be introduced by orientation of display essentiz
flom the overhead direction of the sun at noon. Blocking of direct sunlight by shading in |
also avoids radiative heating of the displayed print. Since most natural and man-made mater]
considerable UV absorption, the prog¢ess of indirect illumination of a display dominated by re
lom its environment effectively(represents “UV filtering by reflection”. In all instances of
hylight, the effective “UV cutson” wavelength increases in comparison to direct daylight.

b defined in ISO 18937. Window glass acts as UV filter with a 50 % transmission around 31
15 nm, which is representative for double glazing (6 mm total glass thickness represent e.g. 2

f
d
Typical “window glass filtered daylight” represents indirect daylight with a spectral dis
a
3
3|mm thick glass sheets in double glazing). The corresponding UV cut-on is around 320 nm.

Aph even more’indirect mode of daylight illumination is encountered for indoor display furtl
filom a windéw, when large part of the window-glass filtered daylight has undergone reflg

re¢duction of UV component. ISO 18937 defines this “more indirect” daylight situation as
ildeor” and stipulates a filter with 50 % transmission around 370 nm to 375 nm for use with

tribution
Intensity
bng term
nding on

bonent of

1ly away
b) and ¢)
ials have
flections
indirect

tribution
L0 nm to
sheets of

ler away
ction off

the interior/of the room before hitting the displayed print. This reflection process results in further

“general
a Xenon

arkc ]ighf source. - The r‘nrrncpnnding UV cut-onisaround 345 nm to 350 nm

1)  Under revision.
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Table 2 — Variations of daylight in indoor and outdoor display use profiles

. . Indirect
Daylight Direct - -
By shading By filter
Outdoor | display to direct sunlight and display in shadow zones —
diffuse skylight

1 klx to 60 klx

100 klx to 130 klx UV cut-on at 295 nm to 310 nm

UV cut-on at 295 nm to 300 nm L . .
no radiative heating of dis-
radiative heatimg of disptayed playedprimts

prints

Indoor — — in-window display
1 klx to 60 kix
UV cut-on at~320 nm

radiative heating of displayed
prints

— general indoor display in distance.from windows
0,1 klx to &kix
UV cut-on at ~345 nm to 350 nm

no radiative heating of displayed prints

Also sevgral artificial light sources designed for building illumination can be simulated with this type
of “geneifal indoor display” filter, as most of these lamps are equipped with a UV reducing filter or haye
intrinsic[low UV emission. Examples used in commercial context are fluorescence lamps with covsr,
tungstern| halogen lamps, metal halide lamps with UV filter.and LED.

Note: In| museum display, often filtered daylight. @r artificial light sources filtered with a 50
transmigsion wavelength of 400 nm to 420 nm™is applied (see ISO 18950). The higher UV cut-gqn
wavelength already starts to introduce a yellowish appearance.

More bag¢kground information is providedinAnnex D.

5.3 Usle profiles for indoor display of printed matter

The following generic use profilesfor indoor display are defined:

10

In-wiindow display is ause profile characterized by display or handling near to orin awindow, where
illunpination is represénted by indirect daylight filtered by window glass (see Table 2). Examples are
showcases, in-windew display or lobbies. For windows connected to buildings, typical levels for
temperature, huntidity and ozone have to be considered in view of building climate, i.e. whether
an ajr contrehunit is in place. In-window display in a stand-alone vitrine or on a car dashboard fis
essentially.similar, but these are characterized by larger variations of temperature and humidity
due fo.greenhouse effect.

General indoor display is a use profile for display or handling printed matter in indoor conditions
with exposure to indirect daylight filtered by window glass and off-the-wall reflections (see
Table 2). Also artificial illumination including UV-filtered fluorescent, LED and metal halide falls
into this class. Examples are display on walls, point-of-sales prints or pop-up’s. Some additional
measures may be in place that protect the printed matter - at least partially - against some of the
environmental stress factors including light and airborne pollutants. Examples are: printed matter
stored in cabinets, drawers and storage boxes as well as framed display with some cover screen,
which may act as additional UV filter (see D.1.3).

Indoor light box display is a use profile characterized by a combination of front- and backside
illumination, often introducing elevated temperatures due to the lamp appliance behind the
print. Depending on the location of orientation of the light box relative to windows, the frontside

© ISO 2019 - All rights reserved
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illumination may be include indirect daylight or artificial illumination. Examples are light-boxes

illuminated by fluorescent lamps or LED, with or without cover screen. In case of UV s
plastic screens extended UV filtering may be in place, depending on the design of the light

Leading environmental stress factors of concern in indoor display are:

tabilized
box.

a) Exposure to radiation: The spectral power distribution of the irradiance in the UV/VIS/NIR
depends on the nature of the light source and the eventual presence of filters. The intensity is
often expressed in visually weighted illuminance (Ix = Im/m?2) or in integrated power per surface
area [W/m?] for a defined spectral range. Intensity is controlled by distance and orientation of

the displayed print to the [ight source(s) with the following examples: direct and indirect
through window glass as well as artificial illumination by LED, fluorescent and/or met
lamps. In case of mixed illumination, it may be needed to determine the light sourcethat d
the degradation.

b] Thermal exposure: Temperature range and reference temperature should beprovided.
c] Exposure to moisturized air (% RH). Range of humidity and reference value should be pro

d) Exposure to airborne pollutants: Ozone has been selected to represent oxidative reacti
Indoor concentrations mainly follow outdoor levels by 10 % to 50'% of concentration depe
the rate of air exchange, unless incoming fresh air is purified by filter systems. Equipment
high voltage components or emitting UV below 280 nm may@lso produce ozone.

I Annex D some guidelines are given for the estimation of ényironmental stress factor levels.

daylight
al halide
bminates

vided.

ye gases.
nding on
running
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5.4 Use profiles for outdoor display of printed matter

The following generic use profiles for outdoor display are defined.

a) Outdoor display is a use profile, in which environmental stress factors are referenced to a number
of standard climates and for which long term average levels for irradiance and climate parameters

are known. Outdoor climates span a range of environmental parameters because of
proximity to surface water or open sea or altitude. Examples of reference climates include

1) tropical,

latitude,

2) desert,

3) mediterranean,

4) continental, and

5) high altitude climate.

Diifferentiation of the first three climates is often sufficient for performance.¢onsiderations of ¢
prints and typically, times-to-fade for same inclination and orientatipn‘of display may result
of 1:2 to 1:4 (see information from ISO/TR 18945 in 6.2). Exposuke-to radiation or precip
typically reduced by display in direction away from the sun attnoon (“self-shadowing”), by
d|splay and/or by providing partial shading (e.g. open roof or rear a building entrance) - se
and D.1.4. In addition, the level and type of airborne pollutants depends on proximity to
sources (e.g. oxidative or reductive gases and/or sooth efnitted from industry and traffic or

Foppings.

d

b] Outdoor light box display is a use profile with filtered daylight from the front side an
fluorescent illumination from the back: Even though the printed matter is partially p
against weather conditions by the screeh, temperatures in the light box may become con
high due to greenhouse effect. As a result, wide temperature and well as humidity cycles m
including episodes with condensation and/or sub-zero temperatures.

5{5 Use profiles with mechanical and chemical stress factors
For many print products, thie\consideration of mechanical and chemical stress factors is impor
0

Ine set of mechanical and chemical stresses is related to processing, conversion and handling o
nlatter. Examples of-miechanical stress are observed in the processes of feeding, printing,
clitting, encapsulating, packaging, transporting, positioning, and touching with fingers
observed problém’s are scratches, dents, scuff marks, flexing marks, tearing, abrasion, and fing

Dependingen intended use, elevated levels of other stresses may be inherent to a product a
class, including abrasion, rubbing, water immersion, spilling, wiping with chemicals or clean
(hightpressure) water in heavy duty application including wrapping of vehicles, flooring, etc

isplayed
in ratios
tation is
vertical
e Table 2
emission
elevated

sqlt concentration near oceans). Biological stress factors.to consider may be mould growth and animal

1 LED or
rotected
siderably
ay occur,

fant.

f printed
stacking,
etc. The
erprints.

hd usage
ing with
In some

up€profiles including packaging of food, freeze/thaw cycles and/or exposure to water vapou

r may be

funcrlonauy required.

During shipping and transport, the printed matter may be exposed to a wider range of tem

perature

and humidity than for intended use. Temperature and humidity variations depend on the construction
of the container used for transport as well as the outdoor climate conditions including level of solar

insolation. In addition, condensation and direct exposure to precipitation may occur.

© IS0 2019 - All rights reserved
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5.6 Examples of use profiles for product and usage classes

ISO/TR 19300 defines product and usage classes of commercial prints, for which Table 3 provides an
overview of applicable use profiles for display as well as for physical, mechanical and chemical stresses.
Some examples are discussed and applicable ISO standards are referenced.

NOTE In the context of service life testing of identification cards defined in ISO 24789-1 and 1SO 24789-2,
matrix of stresses and evaluations has been defined to simulate various application profiles of such plastic cards.
ISO/TS 21139 (all parts) can be developed in such direction in a future revision.

b)

14

may|be exposed to weather conditions including water spray/condensation, freeze/thaw and wea
Wrapping usage includes a harsh use profile eventually including, dry and wet abrasion, hig
prespure water jet and cleaning with detergents as encountered in automotive contéxt; in additic
to sfresses from processing and handling during mounting. Floor graphics can be intended f
indopr and outdoor use and the use profile represents high levels of wear (abrasion) as well :
peripdic cleaning (water/detergents).

Use |profiles for packaging printing represent several product classes,/including rigid (carto
corrpgated), label and flexible. Main stress factors are episodes of indoor and/or outdoor displz
with additional mechanical stresses such as rubbing, freeze/thaw)cycles and/or water fastne
(e.g.[due to precipitation, condensation). In case of flexible and label print products addition
phydical, mechanical and/or chemical stresses may apply, including bending, folding, freeze/tha
cyclgs, water fastness at ambient and high temperature, ¢ondensation of boiling water and hig
temperature from sterilization processes. Resistance to.microwave treatment may be anoth
requirement in food context.

Use profiles for commercial production printing:cover product and usage classes of “publishin
(magazines, magazine covers and monographs, including reference books), “commercia
(catglogues, advertisement), “business forms-and cards” (business forms, stationary, transactions
cards) and “newspapers”. Much focus in “publishing” is on the integrity of book binding as well :
curling, abrasion, stacking, scuffing and_blocking, especially due to face-to-face contact of printe
paggs. The test method standard currently under development as ISO 18948 provides a syste
test [for monographs such as phetobooks and reference books. In commercial, rugged transpo
and |ntense short term handling:heeds to be considered. Business forms and cards undergo son
gendral indoor and/or outdeor-exposure with additional mechanical stresses due to some level
rugged transport and handling, including rubbing, blocking, and scratching. This also holds f
newgpapers.

a
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6 Test methods

6.1 General

In image permanence testing, well defined exposure methods with accelerated stress levels are
employed with the aim to reproduce failure modes as observed in actual use profile in shorter times
than in real use, see Annex F for examples.

The approach in simulation of outdoor weathering in a laboratory test chamber is to realize a

simultaneous-or r‘yr‘hr‘ exposure to the ]n:\rhnn stress factors ranrncnnf:\hvn for the use proflle An

example is image permanence testing for outdoor display as defmed in ISO 18930.

nother approach is to apply single stress factors with the other stress factors being‘absent|or set to
butral level. An example is image permanence testing for indoor use profiles or for‘durability under
rocessing and handling.

A

Al exaggerated levels of acceleration, the assumption of reciprocity may no lenger be valid or [artificial
fdilure modes occur that are not observed in actual use profile. For definition of a test|protocol
codmbining different stress factors, or for analysis of single stress factar tests, is necessary to also
r¢present the balance of the stress factors in the actual use profile.

Fhirthermore, the following laboratory test methods for stabilit§x of digital prints against chemical &
nmlechanical stresses are available.

— Abrasion stability (see ISO 18947 series on graphical @nd’photographic prints).
— Water Resistance (see ISO 18935 on photographiéprints).
— Blocking (see ISO 18948 for “photo books”).

— High pressure water jet (see ISO 16925that specifies a test method for the assessment of the
resistance of coatings to pressure water-jetting. The test method simulates the effects pressure
water-jetting has on a coating [“Paitits’and varnishes”]).

— Fingerprint: There is no dedicated fingerprint standard for printed matter yet, but|there is
[SO 2836 providing methods“to test the stability of prints against various agents and there are
general standards checking for interaction of artificial perspiration agents with other npaterials,
e.g. ISO 105-E04 and ISO/IEC 10373-1. In the two latter methods, the material is sandwithed and
incubated between layers that are treated with the artificial perspiration agent.

— For cutting, freeze-thaw, steam and water spray /condensation, no test methods specific fof printed
matter have Been identified yet.

6(2 Limitations of predictive testing

Ap prereguisite of predictive testing test results from accelerated test methods shall provide spme level
of cotrrelation to observations of real world failure for a given print technology/substrate combination.

The best approach is a correlation study between accelerated and real world testing. An example is
the Round Robin test, in which accelerated test results on various printing technologies based on
ISO 18930 cycle A were correlated with natural weathering at difference reference sites. A summary
is given by ISO/TR 18945. Standard deviations of correlation factors are rather large (40 % to 50 %)
due to average over different printing technologies and post treatments. Breaking down the correlation
into the various printing technology classes results in correlation factors per printing technology class
and/or individual colours, and reduces the variability to typically 30 %, however within the confidence
interval of 20 most of the digital printing technologies cannot be distinguished. Investment in testing
time and effort can be substantial.

The next best approach is based on comparison of cumulative dose for a single stress factor, assuming
other factors are absent or excluded. Control of other stress factors is important, as influence of other
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stress factor may confound single factor stress tests results, with sensitivity for such interactions
often depending on printing technology. The single stress factor tests developed for digital printing
material have been designed as compromise between being technology agnostic and at the same time

still manageable for a test lab. The following interactions have been identified.

Exclusion of light from thermal, humidity and ozone stability tests is straightforward.

Airborne ozone needs to be excluded from light, thermal and humidity stability tests. A practical low,
but still measurable level for exclusion of ozone, is a relative concentration of less than 2 nl/1 (= 2 10-9)
ozone in air. Low ozone concentrations can be achieved by continuously cleaning the air of the lab or

test charhber through an ozone scrubbing elements, such as activated charcoal rilters.

ility test (ISO 18937) results for several digital printing systems may be biased by eléyatg
temperature and/or relative humidity and the presence of ozone. Means to maintain limited spécimg
temperatures in a xenon test chamber include the choice of low irradiance levels for test(30 klx
50 klx), the use of IR filters and/or the chilled chamber air. For suitable settings for Xenai test chambe
see ISO 18937. Measurement of specimen temperature is recommended for verification of specime
temperafure.

Results from thermal stability test (ISO 18936) for Arrhenius analysis (ISO.\18924) may depend d
humidityf and the presence of ozone.

Results
due to thlermal activation of moisture transport and reactions and the’presence of ozone.

Ozone stability test (ISO 18941) may be confounded by differentlevels of humidity and temperatur
which directly influence the transport (ozone diffusion) and.reaction processes. Control of turbule
air flow {s important to avoid ozone depletion at the surfacg,of the specimen, which could occur in caj
of lamingr flow.

The comparison of cumulative doses is based on the’assumption of reciprocity; i.e. same degradatid
occurs when testing at a high level of the stress:factor in shorter time as long as the same do:s
x time) is applied. In addition to the-assumption of reciprocity, it is also assumed that

ity x time”).

conditiop and ADy; is the cliange measured under a high intensity exposure condition[Z][25](26],

Sensitiviky to primary-and secondary stress factors as well as reciprocity may have to be considered f
a particylar printing System, when image permanence performance is reported for a use profile th
spans a Wide range(s) of stress factors.

6.3 Ddpe€ndence of image permanence test results of printing technology

om humidity induced bleeding tests (ISO 18946) may be influehced by elevated temperatuy

ittent exposure condition, i.e. a-diurnal cycle, with the same amount of cumulative exposur

o 5 a

'S
n

Nt
e

a
LS

nt

The susceptibility of the printed image to the environmental as well as to the chemical/mechanical

factors mentioned before depends on the interplay of all system components, including:

— colorant (type of formulation of dye/pigment in a carrier/matrix including binders, surfactants,

dispersants and other additives as well as type and setting of curing, e.g. heat or radiation);

— substrate (coated/uncoated rigid or flexible material with a particular formulation and/or surface

energy);

— printer (with certain settings for dpi, making use of binary/multi-level printing, single-pass/multi-
pass [uni- or bi-directional] printing as well amount of colorant deposition (as defined by printer

calibration and software settings);
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— pre-and post-treatments (inline as well as of offline) are applied in order to increase the resi

stance of

the printed image including (primer, fusing, curing, annealing, application of varnishes or laminates

and/or UV-curable overcoats).

Furthermore, the level of acceleration actually achieved by a test method may depend on the

printing

technology under test, i.e. test results (see Annex E) may not be technology agnostic. Examples are

given in ISO/TR 18945 (RR outdoor weathering) as discussed in 6.2.

Material test methods that have been developed by other industries, e.g. ISO 4892-2, ISO 105-B series,

ISO 16474-2, have occasionally been used for digitally printed matter, too, especially if digital

printing

hfis entered the respective application field. However, test parameters have been defined fo
typical failure modes of plastics, textiles, paints and varnishes etc., but not digital printshAs
those test methods are likely to produce larger variations in test results with both, false-posi
fdlse negatives.

Cpmmunication of image durability performance is thus only meaningful in viéw,of well-def
profiles and for a well-defined printing system.

7| Reporting of changes

711 Reporting at fixed load

Pt
—

a first approach fixed cumulative loads of all stress factors representative for the use pi
applied, but without reference to any endpoints or aégeptance criteria. Then, changes
phrameters (such as colour) or retention of properties:(such as tensile strength) after expo
r¢ference fixed load are reported. See also path of testwith fixed load, footnote a in Figure 1.

Flxed loads shall be chosen to be representativefor the use profile and in balance to each o
approach to specify representative loads issbased on the calculation of an “average-dosg

oo

bfinition of the 95 % tile of each stress.fastor is recommended.

NPTE Suitable sampling of stress.factor values for calculation of the 95 % tile depend on the rate d
of the stress factors and the response time of the material to changes of these stresses, e.g. time con
wlater uptake, thermal equilibrium; ozone diffusion, etc.

Degradation kinetics, however, do not always linearly follow the load. By collection of inte

plotted. Based on these graphs, the dose until a certain level of property change can be readily
by interpolation. Im\the communication of results, the meaning of the chosen fixed load ne¢
explained and the-actual range of stress loads typical for the use profile needs to be address
though fixed load'may be expressed as “dose equivalent to X years”, the degradation may not
r¢present the'tevel of image permanence after “X years” in real world due to limitations of ac
tdsting andvdependence of results on printing technology.

Fixed\oad testing is related to a fixed test duration, which facilitates organization and comm

simulate
a result,
fives and

ined use

ofile are
bf image
bure to a

ther. One
-for-the-

(ticipated-time-of-use “, or to determine a (typical worst case” for the reference use profile, for which

f changes
stants for

rmediate

r¢sults in addition to the_full fixed load, the actual change of properties as function of load can be

obtained
ds to be
ed. Even
berfectly
relerated

ssioning

[ such testing at independent test laboratories.

=}
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0 T .

0 10 20 30 40 X

X cumylative load (dose x time)
Y retaihed property
a  Test ith fixed load.

b Test yintil certain change.

Figure 1 — Schematics of test with- fixed load and test until certain change

7.2 Rdporting until certain change is reached

In another approach, one continues the exposure to each of the stress factors until a certain level
of changp is measured. See also;path of test until certain change, footnote b in Figure 1. That levels
needs to| be chosen such thiat-any observed change in image parameters is significant against noisge
of the inage parameter analysis (variations of measurement and exposure). That level of change may
preferably be chosen to represent a limit of fitness-for-use or endpoint. Then, the cumulative dose pf
stress to|reach that.endpoint is reported.

Depending on thevenvisaged use, endpoints can be chosen to for example represent just noticeable
changes jor acceptable changes as pass/fail criterion. Judgement of levels depend on whether a single-
or double¢stimulus comparison is apphed User should be aware, that not all tolerance metrics for
: €L A | £ - ] +lo PR SN | A 1
perceiveaarrerentesproviaepet 1C\,u_y Cqulunotaut seares;so-trat Hretvidtrat Cuuyuuu.o per-corotrnray

have to be considered.

NOTE Level of equidistance within the colour distance metrics CIE AE76 is ~1:6 across CIE L*a*b* colour
space, whereas CIE DE94 or CIE DE2000 perform ~1:2 to 1:3.

In communication of results, it is again tempting to ratio the cumulative dose to reach the endpoint with
the year equivalent doses for given use profile and then to communicate “years of longevity”. Due to
limitations of accelerated testing and dependence of results of accelerated tests on printing technology
such translations into real years can be rather misleading, due to aforementioned limitations of
accelerated testing and including reciprocity failure. False expectations about the certainty of the
results are also caused by lack of measures of uncertainty in the communication (or if such measure is
‘hidden’ in lengthy, technical language).
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In case of this test approach, final duration of the test depends on the stability of the instance of the
print technology under test. Sampling schemes may thus become more sophisticated and test durations
more difficult to plan.

7.3 Blue wool scale and visual grey scale reporting

Several industries are used to express light stability in terms of “Blue Wool Scale (BWS)” as defined in
the ISO 105-B series.

an approximate logarithmic scale of light stability: each level is approximately twice as stable as the previous

level, with level 1 marking “fugitive” to level 8 “exceptional”.

The main use of BWS is essentially comparable to the function of a dosimeter: An expostre to|the level
of “BWS x” (x = 1-8) represents an equivalent dose that introduces a visual contrast’change df patch x
of the BWS target. Discoloration of the BWS patches is analysed by comparisonywith the contrast level
of the visual greyscale ruler (VGR), with “articulate” visual contrast level 3 used for detection pf BWS 1
tq BWS 6 and “just noticeable” visual contrast level 4 for detection of BWS-7 arid BWS 8. Since [different
visual detection criteria are employed, the BWS scale appears to perform non-continuous |between
BWS 6 and BWS 7.
C

a

blour changes expressed in CIED AL* Aa* and Ab* can be translated in visual greyscal¢ ratings
rcording to ISO 105-A04.

The BWS is exposed together with the specimen under test) however it is noteworthy, that ISO[105-B04
r¢quires the BWS card to be protected by Quartz glassiagainst direct wetting by water spray (that is
also present in ISO 18930).

Diiscoloration of the specimen after exposure ‘can be measured in various ways. Originglly each
S]tecimen is partially covered during exposure to allow contrast assessment during intefmediate
sgmpling. Contrast change of the specimef’ is visually assessed by comparison with the VGR.
Alternatively, instrument measurements-with subsequent translation into VGR contrast cam also be
employed (ISO 105-A04).

The visual greyscale rule measurement is based on a two stimulus comparison. The obsefver task
requires to compare the perceived contrast upon discoloration of the specimen (potentially hgving any
cplour) with the neutral referenice contrast of the grey target contrast cards of the VGR.

BWS rating is not recommended for colour stability measurements of prints: radiomefers and
irfstrument measurenients are readily available, so that the use of the original analysis proto¢ol of the
140 105-B is no longerjustified, especially for non-textile specimen.

— State-of-the\drt Xenon test apparatus has calibrated, electronic UV dosimeters that [measure
cumulative UV doses direct and with much smaller uncertainty than BWS cards.

— In_addition, the response of BWS cards to the combined stress factors light, temperafure and
Humidity is not the same as for the various printing technologies, which may introduce afditional
bias to the interpretation of results[31],

— The observer task introduces extra variations during visual contrast assessment. These variations
occur twice, namely with evaluation of the BWS grade and evaluation of the discoloration of the
specimen.

— Visual assessment is impractical for the many different colour patches typical for digital printing.
BWS rating adds significantly to the uncertainty of light fading exposure and analysis.

BWS ratings are still very common in various industries, in which also digital printing is being used.
Therefore, it might be desirable to also express colour fastness of digital prints in BWS ratings. For that
purpose, one may refer to typical dose levels characteristic for the various spectral power distributions
of light stability and weathering test conditions representative for the usage case (see Table 3). When
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including BWS specimen in those test cycles, users should be aware that BWS ratings are highly
susceptible to the level of relative humidity during the test (see ISO 105-B02).

7.4 Communication of results

From a fitness-for-use perspective a set of endpoints and/or loads of stress factors may be derived
to define performances classes of prints. For example, this could be used to map changes of image
parameters for a selection of print attributes and well defined stress factor doses into a performance
system. Such mapping should consider a balance of stress factor levels typical for the use profile of

exposur¢ time can be useful as generic communication of permanence performance for printing
productq intended for use in different usage classes, representing either different,-dcceptability
endpoinfs or cumulative test dose requirements. In those graphs, reference dose levels,and/or endpoings
shall be marked accordingly. Plots need to provide cumulative results in reference tothe colour patches
and metfics required by the reporting section of the appropriate standards from(the ISO 12647 for the
print technology under test. For digital printing, [SO 12647-7 and ISO 12647-8 require reporting of mgx
and 95 % tile for a given Delta EQO criterion.

Binning flassification such as A, B, C, ... or 1, 2, 3, ... [with or without ‘uhit-symbols’ such as ‘stars’] fis
criticised because of in-built mis-ranking of “border-cases”. Intermediate bins [e.g. ‘A-B’, ‘5-6’] or qualsi
continuous numerical binning [e.g. 4.9, 5.0, 5.1, ...”] may overcome this [imitation to large extent. Still the
question|arises, whether performance of print permanence is better expressed in linear or logarithmjic
terms to|match user expectations. In that context, also significance of data (experimental uncertainty)
as well the variability of performance that is representative for the span in the use profile have to he
considerpd.

Binning flassification also cannot overcome the limitations of accelerated testing and dependence pf
results OI accelerated testing on printing technology.

As mentioned before, it is also tempting to translate prediction of lifetime in real time units, e.g. basgd
on a ratip of the cumulative test dose to-the year average dose for either light or ozone exposure gs
mentiong¢d in 7.1.

a) The fose equivalent time for lightexposure is calculated as the ratio of the total light exposure doge
to rdgach specific change in image parameter versus the reference light intensity on the displaygd
prings for given use profile'per time unit, e.g. per year.

b) The dose equivalenttitne for ozone exposure is calculated as the ratio of the total ozone exposufe
dosq to reach specific change in image parameter versus the reference ozone concentration at the
location of the displayed prints for given use profile per time unit, e.g. per year.

Those rafios have.only the meaning of a dose equivalent time and may indicate an order of time to reagh

balance of factors as compared to use profile);

— span of actual stress levels in the use profile.

Even though tempting, such an approach is likely to nourish unrealistic expectations about the accuracy
of such lifetime prediction for an individual user. Language in communication shall therefore make
clear, that longevity in actual use may differ from extrapolated results from accelerated testing, even
though the choice of image permanence test conditions in this series of use profile test conditions helps
to keep those unpredicted variations at the lowest level currently possible. Published “year ratings”[32]
have to be regarded as “years in standardized test conditions” and therefore do not necessarily match
with years in actual use. This is often a matter of dispute if communication is not detailed enough in
that respect.
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8 How to define a permanence/durability test suite for a use profile

8.1 General

This clause defines step-by-step the elements required for standardization of the image permanence
characterization in view of a specific use profile based on the concepts and background explained
in sections before. These elements provide the document structure of any of the parts of this series
ISO 211309.

8|2 Define use profile

The leading stress parameters characteristic of the use profile shall be defined and tabulated,
considering environmental and mechanical/chemical stresses. Also, optional stress factors|shall be

entioned and their consideration shall be explained. The span of each of the stress factorq shall be
described, acknowledging differences by region (e.g. due to building constructions) or by othef criteria
applicable. Within this span one (or few) reference points representative for‘the use profilg shall be
defined and characterized within the range of parameters observed. Especidlly, the 95 % percentile
shall be mentioned as reasonable worst case. Also, describe realisations‘of(partial) protection against
environmental and other stresses typical for use profile, if applicable.

Almeasure of an average year load (for light and ozone) shall be:provided and typical extreine levels
(thin/max) of humidity and temperature in the use profile shall be marked.

For the other stress factors cumulative stress doses shalh be defined that are representative for the
envisaged lifetime cycle of printed matter in the use profile. A suitable measure for mechanica‘ﬂ testisa
nphmber of repetitions of an elementary treatment (with’'well-defined test parameters and well defined
tgst geometry, see 8.3). Doses as fixed loads of testing shall be defined. Eventually, several|levels of
fiked doses are suitable to represent short or exténded use.

Dpta shall be collected to define changes inimlage parameters that represent fitness-for-use.[This can
typically go beyond colour fading and inelude other image parameters related to appearande and/or
physical integrity of the printed matter.\It shall be identified, whether the range of user exp¢ctations
if] use profile is rather homogenous.6y'whether user expectation in use profile may vary congiderably
depending on intended purpose df the printed matter. Consider collecting and providing endpoints for
(dventually multiple levels of), fitness-of-use, if such endpoint data are available based on uge profile
experience and market respanse.

8{3 Select test methods and procedure

For all leading and-additional stress factors, appropriate test methods are identified from the stress
fdctor and test;method matrix in Table 1. If suitable for specific application, additional tes{s can be
considered.

Specificstest parameters in laboratory tests shall be defined in order to achieve controlled level of
agceleration. Stress levels shall be chosen in combination with test duration to represent a suitable
balance of leading stress factors that represent failure modes observed in use. Consider| limiting
different Settings of teSt parameters across USE Proliles as tar as possibIe i order to manage complexity
of testing. This allows users to feed results of tests for one particular stress factor into various use
profiles and to manage practicality of testing.

A suitable mode of testing shall be selected, namely fixed load testing or a testing until some endpoint,
and fixed loads and endpoints shall be defined, respectively.

A layout of test targets shall be defined that allows for investigating changes of envisaged image
parameters during the test (see ISO/TS 15311-1). For colour retention measurement, the test patches
shall be selected according to the requirements of the series ISO 12647 (all parts), which defines
test patches for calibration and verification of analogue and digital printing systems as well as the
statistics and metrics for analysis of colour differences. The test patches shall be arranged in a suitable
test target layout, such that the patches fit on the exposed area of any specimen holders used in the
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tests. The size of each colour patch area shall be large enough to cover measured area plus positioning
error. The appropriate size depends on the patch reading equipment used and has typically square
format. Aperture size requirement shall comply with the geometric conditions in ISO 5-4. For gloss
measurements the patch size requirements depend on the apparatus and gloss angle under inspection

and has typically rectangular format.

For example, test target layout according to requirements of ISO 12647-7 and ISO 12647-8 are shown
in Annex B. Also, preparation of test targets on the printing system shall be defined, including drying
down times for differentiation of short term stabilization and long term permanence. Differences in the

preparation of test targets on analogue and digital print systems need to be acknowledged.

8.4 M¢e¢asurement and analysis of test results

Collect npeasurements of the required image parameters as post evaluation of stress exposure basg
on the data analysis and statistics that define metrics of the image parameter under,quiestion. S¢
ISO/TS 15311-1 with reference to test target definition according to ISO 12647 (all parts).

Evaluate|and report changes in image parameters for fixed load at the reference‘points. Alternativel
report the cumulative doses to reach the endpoint, provided endpoints as measure for fitness-of-uj
are availpble.

In case off graphical report of attribute changes as a function of stress load, mark the reference and t}
min/may of the parameter ranges in case of the single factor stress.

8.5 Communication of image permanence results

Report changes of image parameters for fixed load or cumpulative dose to reach defined test endpoin
for all tegt methods and image parameters required. Optignal test results may be added.

If appropriate, test results may be set into perspective by comparison to year equivalent dos

but without introduction of over-simplifying year translation. Remind user that the reported dat

that restlts from accelerated tests may not perfectly match degradation in actual use because
limitatiohs of accelerated testing. Thereforg;tinclude the statement that “calculated dose equivale

time of gxposure” are indicative only and 'will likely differ from actual user experience in use profile.

Strictly §peaking, such dose equivalent times only have the meaning of “years-in-standardized-tes
conditions”, intended for relative cemparison of image permanence performance of products und
these stgndardized test conditions.

1
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Annex A
(informative)

Examples of indoor display use profiles
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Annex B
(informative)

Test Targets

uhder evaluation. For digital prints, the parts [SO 12647-7 and I1SO 12647-8 apply.

Test patches have to be prepared in suitable layout to meet the dimensions of sample*holde
chambers as well as the requirements for automatic chart readers, providing a minimum pat
vlew of measurement aperture and positioning accuracy.

B.1 Fogra Media Wedge
hitps://www.fogra.org/en/fogra-products/control-devices

dee links titled ‘Info sheet Media Wedge Standard’ and ‘Infgssheet Media Wedge LFP’)

-~

= =

Z,
(=)
uc|
oo

Copy link into browser if hyperlinks do-net open the expected page.

B | L A

Ugza Togra-Meder Lo CANK iy . 1L e

n control

nologies

s in test

h size in

Ekamples of publically available layouts are e.g. control strips provided by Fogtfa and IdeAllianice.

Fogra-Medienkeil-CMYK TIFF LFP  Comright: Fogra 2013

Figure B.1 — Fogra Media Wedge
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B.2 Idealliance control strip

http://connect.idealliance.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=
0b540849-4e64-0867-f121-2c9b2406e165&forceDialog=0

NOTE Copy link into browser if hyperlinks do not open the expected page. This link opens a .zip file and
response can depend on the browser used.
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Product classes defined by ISO/TR 19300

Table C.T— Product and USage classes as defined in IS0/ TR 1930072015, Table
Category Use case Sub case Example of product Typical'py lr:tlng
proceps
Monthly magazine Gravure of offset
Magazines ) Offsg¢t
Weekly magazine
i Offset Lettprpress
Commercial -
production Publishing Picture/photobook Offs¢t
printing Monograph Comicypaperback, Offsat
textboek; directory
Magazine cover Month.ly/weekly Offset
magazine (cover)
Catalogue Catalogue Of. product Offset or Qravure
or services
_ Flyerl,e;;afrlréfhlet, Offset or Qravure
Commercial Advertisement
Direct marketing Offsg¢t
Free Magazine Offse¢t
Others Manual Offset
Business Form Slip, Carbon copy Offset
Transaction Transaction for cell- Offsdt
i phone
Commercial .
production BusinesstForm and Notebook, envelope
printing Card Stationery business card, post Offset lettg¢rpress
card
Magnetic stripe
Card card, IC card Offset sqreen
Colour, black and .
Newspaper white, tabloid Daily newspaper | Web offset (iCOld set)
Poster Poster Inkjet Offfset
Indoor use
POP-up Banner, tapestry, Inkjet offseft screen
: — textile
Signage printing - - -
Billboard Billboard Inkjet sqreen
Outdoor use i . Wrapping decora- .
Wrapping decoration tion, but Inkjet screen
Beverage carton,
Carton Cardboard container, Offset
Packaging (Carton, box
i Label)
Packaging Corrugated Corrugated box Offset flexo
Label Label Sticker Flexo
Flexible packaging Flexible Snack pouch, retort Gravure flexo
pouch
a  Digital technology is not stated because it could be used in every production shown in the table.
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Annex D
(informative)

Estimation of stress levels

D.1 Indoor light

D.1.1 General

If availah

NOTE

meter”), which may provide an estimate of the illumination level. The in-built light sensor.(i.€. one of the in-bullt
cameras)|does however not provide a cosine corrected but a more directional characteristics of the optical probe.
One may point the sensor in various directions to estimate an average. The camera/function can help to contrl

the choicg

Lux leve

visually weighted measure of light intensity (based on weighting fdnction V; or CIE Y ).

The UV

a suitable spectroradiometer or estimated based on the nature of the source of illumination and any

eventual

D.1.2 UV content of light sources

UV contq
example

The following ranking with respect to UV._content holds approximately (from highest UV to lowest UV]).

The UV d
the radia

natu
>da
> m6
> ge)

= > {

le, illumination levels are measured with a lux-meter with cosine characteristigs.

There are several apps for modern smartphones available (including the tepms*“light meter, lyx

of representative probing directions.

s however, do not provide information about spectral powet)distribution, but represent|a

ontent of the actual illumination is not characterized by lux, but needs to be measured with

optical filters in between light source and print-on‘display as explained below.

nt of light sources may vary considerably, when normalized to same illuminance level (s¢e
in Figure D.1 with 100 klx representifg bright natural daylight).

ontent is expressed as the ratio-of radiant energy in the UV range 300 nm to 400 nm versus {o
nt energy in the range 300-nim to 800 nm.

ral daylight (~8,2 % BYV)

ylight through windew glass (~8,0 % UV)
tal halide (~5,2%% UV)

neral indoor (~4,1 % UV)

luotescent (~3,5 % UV)

ARASA

> LE

L .1 .0/ Ay
U U, 1 70UV

This ranking does not account for individual sensitivity of colorants for photolytic degradation, the
so-called action spectrum. Also variations between actual types of metal halide, fluorescent and LED

lamps ne

NOTE
measures

34

ed to be considered.

Exposure to high levels of UV, visible or infrared radiation may harm your eye or skin. Take appropriate
to limit exposure to avoid health risks.
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Y
A
35
3
2,5
2
=)
£
Ny
S 15
=
1
0l5 h/\/:'. '-/\.’ " ‘: ""’
280 330 380 430 480 530 580 630 680 730 780 X
nm
Kpy
X wavelength, in nm
Y spectral power, in W/m?2/nm

natural daylight (ASTM G173)
,,,,,,,,,,,,,,,,,,,,, daylight through window glass (ealc*from ASTM G173 with European window glass from ISO 18987)

average consumer home illumination[331(34]
I — metal halide

fluorescent (CIE F6)

|- LED (CCT 3 000 K)

_|._.._LED (CCT 6 500K)

_ |- — _photopic luntifiosity function (V)

Figure D:1v— Spectral power distributions of illuminants visually normalized (V,) to 100 klx

D.1:3" UV cut-on wavelength of optical-filters

In indoor illumination by indirect daylight, the natural daylight spectrum is typically filtered by
window glass and/or reflections from UV absorbing material in the environment of the display (see
5.2). Users should be aware, that window glass specified in Europe and Northern America have
different optical transmission due to differences in raw material composition and manufacturing
processes (e.g. sodalime, float glass). The degree of UV filtering is often expressed as “UV cut-on”
approximately representing the lowest wavelength of the spectral power distribution of the radiation,
for which degradation is observed. At wavelengths below, the intensity is too low to cause damage even
for extended exposure times.

For UV transmission filters, the filter material as well the total filter thickness determines the UV cut-
on wavelength. In modern building windows, typically double or triple glazing is used for thermal
insulation and/or sound protection, representing 2 or 3 sheets of 3 mm to 4 mm thick window glass.
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Every doubling of the overall thickness of window glass increases the UV cut-by ~10 nm (see example
of European Window glass in Figure D.2). Note that for optical filters, also the wavelength for 50 %

transmission is often used to characterize the UV filter effect.

L37 and SC37 (see Figure D.2) are filters to simulate indirect daylight in general indoor illumination
with UV content reduced by both, window glass filtering and off-wall reflections (see Table 1 and
ISO 18937).

In case of indoor illumination with artificial light sources including fluorescent, metal halide and
tungsten halogen lamps, often lamp covers are used that may be constructed from glass or various

sorts of Plastics, including PMMA and polycarbonate. Due to various formulations of the latter, one cdn
mate a UV cut-on, which probably situated in between window glass 4,5 mm and UV stabilizgd
onate in Figure D.2. As a result of such filters in place, the UV emission of covered fluorescent

only esti

polycarb

and met4l halide lamps is reduced to large extent (compare Figure D.1)
Y
1

36

o
(@)}

N
T

wayelength, in nm
trahsmittance

window glass 0,55.1mm
window glass<1}5 mm
window glass 4,5 mm
window glass 6 mm
SC37

polycarbonate
50 % transmission
“UV cut-on” (1 %)

Figure D.2 — Transmission of optical filter materials including European window glass
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D.1.4 Comparative illumination levels

The following comparative illumination situations can be considered as comparative guidance, if no
measurement instrument is available[321[36],

NOTE [lluminance (lux) defines the luminous flux (Im/m?) incident on a surface and has the unit symbol 1x.

Table D.1 — Typical illumination levels indoor and outdoor

INlumination level

Ix

ol 3 LT
UDSCT VEU LUIIUILIOI

130000

Direct sunlight from clear sky at noon (perpendicular on display)

10 000 to 25 000 Full diffuse daylight (open sky, no direct sun)

1000 Overcast day

750 Supermarkets, workshops, office landscapes

500 Normal work station space, training rooms, kitchens, sports activity space
200 Internal corridors, support spaces, stairwells, auditotia

100 Very dark overcast day

50 to 450 Home environment

D.2 Ozone levels

D.2.1 Comparative ozone levels

Iformation over outdoor ozone levels is available via\federal agencies that monitor air pollution in
nmfany countries. At typical levels of ventilation, indoer levels of ozone follow those outside with ~30 %.
This ratio may depend on the actual constructionéfventilation, e.g. by HVAC installation.
0
c

zone test strips may be suitable to moniter actual ozone concentration. Also, ozone senpsors for
ntinuous monitoring are commercially available.

Table.D.2 — Ozone concentrations and their effects

Ozone concentra-
tion In air Observed condition
nl/1
Lowest concentrations of ozone that can be measured with fair accuracy. For pyirpose
2 of test methods ISO 18930 (weathering), ISO 18936 (heat), ISO 18937 (light), IS0 18941
(ozone) and ISO 18946 (humidity), air up to this level of ozone is defined as “oz¢ne free”.
3%010 The threshold of odour perception by the average person in clean air. Readily detecta-
ble by most normal persons (50 % confidence level).
20 Threshold of odour perception in laboratory environment, 90 % confidence level.
1to 125 Typicat 0ZO0Te CONCemtrations fourd 11T the aturat atimoSPIere. 1 TeSe tevets of concen-
tration vary with altitude, atmospheric conditions and local
Maximum ozone concentration produced by electronic air cleaners and similar resi-
50 dential devices according to the proposed amendment of the Federal Food, Drug and
Cosmetic Act.
100 Maximum allowable limit for industrial, public, or occupied spaces in England, Japan,
France, the Netherlands and Germany (8 hours per day, 6 days a week).
NOTE Exposure to high levels of ozone may harm your eyes or lung. Take appropriate measures to limit exposure to avoid
health risks.
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Table D.2 (continued)

Ozone concentra-
tion in air Observed condition

nl/1

Approximate threshold for nasal and throat irritation. Also the ozone level at which
some species of plant life began to show signs of ozone effects. Foliage injury appears
as dark stipples, light flecks, dead patches and general discoloration. The stomata
(pores) of adult leaves are the first areas to show signs of damage.

300

NOTE Expoesurete high lavalce of oo oo s b o oy avac ol g Tolrn oo aba s aacrac ta it avmacra o avad
POSHTFet6THEEevVers SZoeHay ot youtreye s erHRg—rarkeappropriatemeaSure S0t eXposHret6-avoy

health risks.

D.3 Indoor temperature and relative humidity

Commerfial measurement devices and loggers with suitable precision for indoor temperature arid
relative humidity are readily available.

D.4 Outdoor climate

Year average data for environmental stress factors in prototype climates are available via federpl
agencies|and various other organizations, including weathering test service providers and guidance for
photovoltaic installation.

D.5 Climate during transport (container and car)

Examplep of temperature and humidity variations in transport situations are given below for transpoft
in a sea-fontainerl3Z1(38] as well as temperature variations in a vehicle parked in open air with direft
sunlight ((air, cabin and boot [= trunk])[22l.
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Annex E
(informative)

Example of test results

1 Outline

pfore and after exposure to different amounts of light. The colour differences, AEgg/Were calcy

prints for commercial application were tested. The colour coordinates of the samplées were measured

lated for

E
Aph example of test results based on the test method described in this document is showf)here. A total of
6
b
e

ich set of fresh and faded samples. The total quantity of light exposure required-to reach th¢ specific
ithage quality parameter, i.e. AE,,, = 5, for each sample was also calculated. Inparallel, two professional
observers conducted visual assessments of the faded colour patches byCeomparing them wjith their
corresponding initial ones. The correlations between the visual assessients (human perception) and

chart, the image of the test charts is shown in Figure E.1. The input signals of each patch are d
ir] ISO.12647-7. The measurements were carried out based on the methods described in Clause]

© IS0 2019 - All rights reserved

the image permanence estimated as the total exposure to the image quality parameter calculated using
the colour difference data were then evaluated[401[41][42][43],
El2 Light exposure test
E{2.1 Samples
AJtotal of 6 prints for commercial application wergtested. The details are shown in Table E.1.
Table E.1 — Example.tést prints in light exposure test
Printing technology Media over coat, lamjnation
1 Offset lithography print - oil based Coated paper No
) |Electrophotography - liquid toner Coated paper No
3J) |Electrophotography - dry toner Coated paper No
4) |Electrophotography --dry toner Coated paper No
J) |Inkjet-pigment basedaqueous ink Coated paper No
d) |Inkjet - pigmentbased aqueous ink Coated paper No
Ej2.2 Test procedures

The test procedures described in clause ISO/TS 21139-21 “in-window display” were used. For the test

escribed

5.

41
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E.2.3 Testresults y\'\
The exafnples of scanned images of the initial and the faded patches of eacK@nple are shown |n
Figure E|2. \
The averpges of the AE|); of 48 patches at each light exposure of each sana\p@re show in Figure E.3.
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a) Light exe?ﬁre of sample A in Mlx-h b) Light exposure of sample B in Mlx-h
NOTE T dotted lines indicate the positions related to the image quality parameter described in E.3.1.

Figure E.2 — Examples of taded images

E.3 Evaluation

E.3.1 Image quality parameter

As the image quality parameter AE,, = 5 was applied. The total light exposure (Mlx-h) to the image
quality parameter was determined from the graph as shown in Figure E.3.
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E(3.2 ViSLQ?ﬁssessment

Visual a@?sments of the fading of the 48 patches were carried out as described in Reference [40].

Figure E.3 — Example of test results

E{3:3 * Correspondence of measurements to the visual assessments

The value of the total light exposure to the image quality parameter and the score of the visual
assessments are plotted in Figure E.4. It shows that the measured values based on the above
mentioned procedures correspond well to the visual impression. It is also concluded that chromaticity
measurement and the image quality parameter criteria of CIE DE2000 AE,, = 5 are the good approach
for evaluation of image permanence.

E.3.4 Evaluation of colour stability

The colour stability of each sample can be derived from Figure E.3 as shown in Table E.2.
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