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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 ay
describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
different| types of ISO documents should be noted. This document was drafted in accordance with t}
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentiof is drawn to the possibility that some of the elements of this document may,be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patent rights identified during the development of the document will be in the_Introduction and/

on the IS

Any tra
constituf

For an ¢
expressi
World Ti
.org/iso,

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation of the voluntary nature of standards, the-meaning of ISO specific terms arg
bns related to conformity assessment, as well as infermation about ISO's adherence to t}
ade Organization (WTO) principles in the TechnicalyBarriers to Trade (TBT) see www.ig
foreword.html.

This doc

This sec
which h3

The maip changes compared to the previous:édition are as follows:

a) Allr

b) 4.3.2
1

c) 4.3.7
1y

d) Subd
1y

.4.4 Media relativecolour reproduction (process colours)

f3.2:5 Colour accuracy (media relative colour reproduction with BlackPoint compensation)

iment was prepared by Technical Committee {SO/TC 130, Graphic technology.

bnd edition of ISO/TS 15311-1 cancels and ‘replaces the first edition (ISO/TS 15311-1:2014
s been technically revised.

pferences are now undated, unless reference is made to a specific element of the cited documer
.3 Absolute colour repreduction (process colours)

[itle changed to: Colour accuracy (absolute colour reproduction, process colours).

[itle changed-to: Colour accuracy (media relative colour reproduction, process colours).

lauses-added:

\e
1

hf
hf
r

Dt

d
le

2) 4.3.2.7 Colour accuracy (spot colours)

3) 4.3.3.7 Print-through resistance

4) 4.3.4.8 Registration

5) 4.3.5.5 Water resistance

6) 4.3.5.6 Scratch resistance

7) 4.3.5.7 Abrasion resistance (transportation of sheets)
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8) 4.3.6.1 Background extraneous marks and voids (monochrome)
e) Annex B added

1) Estimation of BlackPoint from control strip
f) Annex C added

1) Calculation of 95th percentile

g) 4.3.2.4 Colour accuracy (media relative colour reproduction, process colours) modified

1) Reference colour values are now adjusted instead of adjusting measurement valties'as in the
published version of this standard. This was done to be consistent with the method used to
assess media relative colour reproduction with BlackPoint compensation.

Allist of all parts in the ISO/TS 15311 series can be found on the ISO website.

Ahy feedback or questions on this document should be directed to the user’s national standardis body. A
mplete listing of these bodies can be found at www.iso.org/members.htnil.

(@)
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Introduction

When producing a colour reproduction, it is important that the persons responsible for data creation,
colour separation, proofing and printing operations have previously agreed a minimum set of
parameters that define the visual characteristics and other technical properties of the planned print
product. This document identifies a number of metrics that can be applied to printed sheets and that
can be used as the basis for such communication. The range of metrics is large and it is not intended
that all of these metrics are to be applied to any given printed product and for any given application,
the range of metrics is to be carefully selected, for example based on subsequent parts of ISO/TS 15311.

The metrics described by this document can be applied to any type of print. They are likely mostioftgn
to be applied to digitally printed prints.

When se]ecting the set of metrics, only those metrics that have a clear specification and that correla
well with human perception are included in this document. Since this is an area of significant researc
activity, hew metrics are expected to emerge and existing metrics to be revised in thefaext few year
For this feason, we anticipate the need to revise this document within a very short'time scale as ne
metrics 4re tested and found to be reliable.

S Y oo

Additionpl tests to those specified in this document, for example visual assessment of smoothnegs
images alnd other elements may be required when assessing print quality,

-

As with pny parameter that is used as part of a product specification, it is important for readers fo
understgdnd clearly what the metric means. For this reason, a reperting schema is to be followed when
reporting measurements in conformance with this document.

vi © IS0 2019 - All rights reserved
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Graphic technology — Print quality requirements for
printed matter —

Part 1:

Measurement methods and reporting schema

Scope

1

This document defines print quality metrics, measurement methods and reporting requirer
printed sheets that are suitable for all classes of printed products.

G

hidance as to which of these metrics to apply to any given product cateégory along with aq
conformance criteria is provided in subsequent parts of ISO/TS 15311.

Although this document is expected to be used primarily to measure prints from digital
systems, the metrics are general and may be applied to other kinds of print.

2| Normative references

The following documents are referred to in the textdn such a way that some or all of theil

uhdated references, the latest edition of the referericed document (including any amendmentsj}
140 2813, Paints and varnishes — Determination of gloss value at 20°, 60° and 85°

140 8254-1, Paper and board — Measurement of specular gloss — Part 1: 75° gloss with a convergi
TAPPI method

190 12642-2, Graphic technology.—Input data for characterization of 4-colour process printing -
Expanded data set

190 12647-8, Graphic technology — Process control for the production of half-tone colour sep
proof and production prints — Part 8: Validation print processes working directly from digital daf

I§0 13655, Graphic“technology — Spectral measurement and colorimetric computation for
arts images

10 15184¢Raints and varnishes — Determination of film hardness by pencil test

[0 18619, Image technology colour management — Black point compensation

hents for

ceptable

printing

' content

constitutes requirements of this document. For ddted references, only the edition cited applies. For

applies.

ng beam,
— Part 2:
arations,

a

graphic

et

8048924, Imaging materials — Test mprhndfnr Arrhenius-type predictions

ISO 18930, Imaging materials — Pictorial colour reflection prints — Methods for evaluating image stability

under outdoor conditions

[SO 18935, Imaging materials — Colour images — Determination of water resistance of printed colour images

ISO 18936, Imaging materials — Processed colour photographs — Methods for measuring thermal stability

ISO 18937:2014, Imaging materials — Photographic reflection prints — Methods for measuring indoor

light stability

ISO 18947, Imaging materials — Photographic reflection prints — Determination of abrasion resistance of

photographic images
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ISO/IEC 24790, Information technology — Office equipment — Measurement of image quality attributes

for hardc

opy output — Monochrome text and graphic images

ISO/IEC 29112, Information technology — Office equipment — Test pages and methods for measuring
monochrome printer resolution

3 Terms and definitions

For the p

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

ISO and ]
— 1ISO
— [EC1H

31
banding

appearance of one dimensional variation within an area that should be homogereous

3.2
CIEDE2(
total col

Note 1 to

3.3
colour
colour di
measure

Note 1 to

3.4
colour v

colour difference between the mean of a set of colour measurements and each sample

Note 1 to

percentilg.

3.5
digital p
print wh

Note 1 to
using am
It differs
produced

EC maintain terminological databases for use in standardization at the following addressés:

Dnline browsing platform: available at https://www.iso.org/obp

lectropedia: available at http://www.electropedia.org/

00 colour difference
ur difference as defined in ISO/CIE 11664-6:2014 (CIE S 014;6/E:2013)

entry: The unit is AEgo. The default weights for lightness, chromaand hue are (1:1:1).

viation
ference between the colour aim value and a coletir measurement or the mean of a set of colour
Iments

entry: In addition to the AEgg the AL* with Aa*and Ab* and/or with AC* and AH* may be reported.

Ariation

entry: Colour variation is alsg-known as colour fluctuation and may be reported as the mean or 95th

h

rint
bre the image {S'printed directly from the digital domain

entry: Digitalprinting is a process for text and image reproduction with a colour marker on a medium
prking dewice, on which the marking information is generated from digital data directly to the mediun.
fromgtraditional ink-based printing on which the marking information is generated from a form
offline prior to imaging on the medium.

[SOURC
3.6

: 150 18913:2012]

permanence
ability to remain chemically and physically stable over long periods of time

[SOURCE: ISO 18913:2012, 3.134]
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3.7
image quality
impression of the overall merit or excellence of an image, as perceived by an observer

Note 1 to entry: For a meaningful technical evaluation of image quality, the evaluation should be based on a
third-party assessment, i.e. by an observer neither associated with the artistic creation of the image, nor closely
or emotionally involved with the subject matter being depicted. This restriction is designed to eliminate sources
of variability that arise from more idiosyncratic aspects of image perception that are outside control of imaging
system designers.

nTIDr‘D Handhook of Imaco Ouality: Charactarigation f\nr‘ V\Y‘Df‘l(“"lf\h hyv By
JUoTTG o o o oI o ittt 5T UTIIty + Gttt o Cto AT croT o T S pTreaTtTtIoTT Oy DT

—

3|8

printing condition
¢t of primary process parameters which describe the conditions associated with asspecifi¢ printed
itput, associated with spectral, colorimetric and/or densitometric aim values

[eRN%]

Npte 1 to entry: Such parameters usually include (as a minimum) printing process, pdper category, printing ink,
sqreening and printing sequence. The aim values typically comprise the colorant description and tpne value
ricrease aims.

—-

Npte 2 to entry: For the purposes of colour management, a printing conditioiris fully characterized by giving the
dlationship between the digital input values (for example as stipulated inISO 12642-2) and the corrg¢sponding
measured colorimetric values.

—_

Z.

pbte 3 to entry: Based on a given set of characterization data aceording to 3.9, Note 2 entry and a definition of
hromatic perception, a grey printing condition might be extracted.

QD

319

tone value
proportional printing value encoded in a data file and interpreted as defined in the file format
specification

V, -V

A=100x ("—0]%

Vioo Vo
where
V,  is the integer valpe of the pixel;
Vo  isthe integervalue corresponding to a tone value of 0 %;
Vioo is thednteger value corresponding to a tone value of 100 %.
Npte 1 to entry:Tone value is expressed in units of percent.

Npte 2 toentry: Most files store these data as 8-bit integer values, i.e. 0 to 255. The tone value of a pixel i§ typically
cogmpiuted from the formula.

3.10
URI
Uniform Resource Identifier as specified by the World Wide Web Consortium (W3C)

4 Requirements

4.1 General

The following sub-clauses provide a number of metrics that define attributes of printed sheets and
requirements for reporting them.

© IS0 2019 - All rights reserved 3
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In many cases, the existing standards use CIE AE*;, rather than CIEDE2000. Although these are not
interchangeable quantities, AE*;;, has been superseded by CIEDE2000 in ISO/TC 130 standards. For
this reason, CIEDE2000 shall be used to report colour difference metrics in this document.

Similarly, printing density is seldom used to measure colour and where the referenced standards
specify printing density, approximately equivalent CIELAB colour measurements shall be used.

4.2 Single or multiple sheet assessment

Unless othe

In many [cases, it is useful to be able to report metrics for a set of sheets; for example, the set of sheefs
produced in a single print run or the set of sheets to be delivered as part of an order for printsin-thege
cases, it s important to be able to indicate the likely variation across the entire set of sheets.

Sheets should be selected randomly with no replacement.

NOTE Best practice sampling is time-stamped to demonstrate what time and date the sample was taken.
Samplesishould be selected with the following provisos:

a) sheefts should be selected throughout the entire press run;

b) sheefts should not be selected synchronous to any press event, e.g:,at-each roll change or after evefy
blanket wash.

In cases where metrics are reported for a set of sheets, the report shall indicate the following: the totpl
number ¢f sheets in the set to be assessed, the number of sheets’'measured and, unless random selectign
with no feplacement is used, the sampling method used to-select the sheets shall be indicated.

4.2.1 Total number of sheets

The tota]l number of sheets in the set of sheets asséssed shall be reported. Details of the printing system
used to dreate the sheets should also be reported.

4.2.2 umber of sheets measured

Conformpnce with this document requires only that values measured for the sampled set of sheets are
reported. As a general rule, the higher the number of sheets measured from the set, the closer this valde
will be t¢ that of the entire sét of sheets. Where there are a large number of sheets in the set, it may Qe
impractifal to measure a high'percentage of these sheets and so the likely spread of values may be high.
Table 1 fdrovides guidelines for the suggested number of sheets to be assessed for different numbers pf
sheets inf the set.

Table 1 — Guidelines for the number of sheets to be assessed

Total number of Suggested number of
sheetsin set sheets to he measured
50 12
100 13
1 000 and greater 15

Table 1 provides typical sampling strategies used in the industry today. Users should be aware that
where these values are used, the average value (and the 95th percentile) for the total set of sheets may
vary substantially from the average measured for the sample set. Annex A provides details of how
the likely difference between these two values varies with the sample size and provides a method for
finding the sampling rate needed to increase the confidence in the metric to a required level.

NOTE ISO 186 Paper and board — Sampling to determine average quality suggests increasing the number of
samples to 20 for run lengths greater than 5000.

4 © IS0 2019 - All rights reserved
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In order to verify whether the difference between the two values is statistically significant, the variable
E of Annex A can be used as a point of reference. The number of samples may be chosen to avoid
overlapping error bars by selecting an appropriate value for E.

4.2.3 Reporting

When multiple sheets are assessed, the total number of sheets and the number of sheets assessed shall
be reported as shown in the example below.

EXAMPLE1 Sheets assessed: 15 (500).

When multiple sheets are assessed, the mean and standard deviation for each metric shallNbe'reported
a$ shown below except when reporting colour difference metrics.

EKAMPLE 2  Estimated line width: sample mean = 0,12 mm, sample standard deviation = 0,01 mm.

When reporting colour difference metrics for a single colour measured on multiple sheets, poth the
colour deviation and colour variation should be reported.

The colour deviation shall be calculated as follows: calculate the mean CIELAB value of the samples. The
colour deviation is given by the CIEDE2000 colour difference between(the CIELAB colour aim yalue and
t{e mean CIELAB value. In addition to the AEgg value the AL¥* Aa*and Ab* values (Mean - Reference)
should be reported.

EKAMPLE 3  Colour deviation 3,2 AEgg, AL* = 2,8, Aa* = 0,3, Ab¥=\1,4.

he colour variation shall be calculated as follows: calculate the mean CIELAB value of the [samples.
hlculate the CIEDE2000 colour differences between<this mean and the CIELAB of each sample. The
¢lour variation is given by the mean value of these-CIEDE2000 colour differences or the corresponding
bth percentile. Refer to Annex C for details on the-calculation of the 95th percentile.

m o0 O -

KAMPLE 4  Colour variation 0,8 DEg.

(here the spread of colour variation is‘teported, the mean colour difference and the 95th percentile
nd not the standard deviation) should be used.

- =

32|

KAMPLE 5  Colour variation 0,8 DEgg, 95th percentile 1,2 DEgo.

NPTE1 Standard deviatiomis not an appropriate measure for colour difference as this assumes|a normal
distribution, whereas colouf differences are not normally distributed. The 95 percentile provides a mote reliable
egtimate of the spread ofvalues.

NPTE 2  The parameters of arithmetic average (mean from a small sample set) and 95th percentil¢ are well
known and easy to\compute. But, neither parameter is insensitive to the changes in the underlying digtribution
of readings or €he*presence of erroneous or outlier readings (statistical robustness). With the smalll numbers
of readings, being collected, a single bad read could move either the mean or the 95th percentile sevefal points
fyrther away from their ideal values. When reporting these parameters, if the results are much lagger than
expected,then the data should be examined for values that are much larger than the rest of the sample} If this is
the case, then that reading should be examined to determine if there is a cause for this difference and this may
provide justification to leave that outlier out of the analysis.

Colour errors across multiple sheets shall be calculated and reported as follows. For all patches on all
sheets, calculate the colour error between the patch and the corresponding reference colour. This results
in a total of n x m colour errors where n is the number of colour patches on each sheet and m is the
number of sheets. Calculate and report the mean and 95th percentile of this entire set of colour errors.

4.3 Print quality measures

4.3.1 Overview

Image quality metrics or attributes are aspects, dimensions or components of overall perceived print
image quality.

© IS0 2019 - All rights reserved 5
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The visual attributes specified in this document, to be used by the remaining parts of ISO/TS 15311, are
defined in the following clauses.

4.3.2 Colour, tone reproduction and gloss

4.3.2.1 General

Colour accuracy describes the visual closeness between a defined reference and a reproduction. It is
important to distinguish two concepts: absolute and media relative colour accuracy.

Absolute| colour accuracy is usually required for side-by-side viewing, whereas media relative colmllr
accuracy] is usually more desirable for sequential viewing where the prints being compared arenever
viewed tpgether.

When selecting a suitable metric, it is important to know which kind of comparison is.expected and
when reporting colour metrics, the colour accuracy method and the intended evaluatiof¥method should
be indicdted.

4.3.2.2 | Print substrate

v

In some ¢ases, it may be desirable to indicate the substrate that is used when-reporting other attribute
For exanpple, the colour accuracy achieved for a particular reference printing condition usually depends
on the supstrate. This is only likely to be useful for cases where isotropic (paper-like) substrates are usef.

When such substrate attributes are included they shall be reportéd as shown in Table 2.

Table 2 — Substrate reporting requirements

Print sybstrate attribute Description Example

Substrate¢ name (Required) A text string that Substrate name: StoraEnso NovaPress
provides details of the substrate
used. This should include suffi-
cient

detail to enabl¢purchase of simi-
lar substrate:

Substrat¢ colour (Required)-CIELAB D50/2° M1 Substrate colour: (95,0.5, -2) CIELAB
coloupvalue of the substrate
measured as specified in
1SO.13655

Other mgtrics from (Optional) Report metric as indicated in ISO 15397
ISO 15397 may be reported

4.3.2.3 | Colour@ccuracy (absolute colour reproduction, process colours)

In some fases)particularly when proofing, it is useful to be able to estimate the accuracy to which the
print simjulates a reference printing condition and this attribute is called “absolute colour accuracy”.

When reported, assessment of absolute colour accuracy shall be performed by printing and measuring
an ISO 12642-2 characterization data chart or where appropriate a subset of these patches (control
strip patches) according to ISO 12647-8 (Validation print control strip).

NOTE Where the option to preserve 100 % K elements is used, the 100 % K patch on the control strip is
likely to include an unexpected error.

The values shown in Table 3 shall be reported using the measurement units shown and values shall be
reported to two significant figures.

6 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=14eaae567747247736327ef6422225af

ISO/TS 15311-1:2019(E)

Table 3 — Reporting absolute colour reproduction parameters

Description Full label Abbreviated label Units
Colour difference for substrate Substrate Sub AEgo
Maximum colour difference for all control |Control strip maximum CSMax AEgo
strip patches
The 95th percentile for the control strip Control strip 95th percentile CS95 % AEqo
patches
Average colour difference for control Control strip average CSAve AEgo
sfrip patches
Maximum chromaticness difference for Control strip neutrals maximum |CSMaxNeutral A€y
(MY neutral control strip patches!
Average chromaticness difference for CMY |Control strip neutrals average |CSAveNeutral ACh
rleutral control strip patches
Average colour difference for selected Characterization chart surface |CCAveSurface AEoo
surface gamut patches patches average
Tihe average colour difference for the Characterization chart average |GCAve AEoo
characterization chart
Tlhe 95th percentile for the characteriza- |Characterization chart 95th CC95 % AEoo
tlon chart percentile
1]See ISO 13655 for the description of ACy, and the method of calculation.
NOTE Technically speaking the ‘unit’ in this table represents the method’by which the value is calculated.

KAMPLE 1

XAMPLE 2 Absolute colour accuracy:
Stibstrate: 1,2 AEgg

ntrol strip maximum: 8,0 AEgo

bntrol strip 95th percentile: 6,0 AEgg
bntrol strip average: 3,0 AEgg

ntrol strip neutrals maximum: 3,2 ACy

ntrol strip neutrals average: 2,5 ACp

C
C
C
C
C
C
Characterizatién-ehart average: 3,0 AEgg
C

haracterization chast surface patches average: 4,0 AEgg

haracterization chart 95th percentile: 6,0 AEgg

4{3:2.4 Colour accuracy (media relative colour reproduction, process colours)

E Absolute colour accuracy: Sub (1,2 AEgg), CSMax (8,0 AEgg), CS95 % (6,0 AEgg), CSAve (3,0 AEgo),
C$MaxNeutral (3,2 ACp), CSAveNeutral (2,5 ACy), CCAveSurface (4,0 AEgp), CCAve (3,0 AEgo), CC95 % (6
E

0 AEpo).

In some cases, particularly when creating final use prints, it is useful to be able to estimate the accuracy
to which the print simulates a reference printing condition but where the print substrate used differs
from that of the reference. In this case, there is no intent to be able to compare the print “side-by-side”
with the reference but instead, the intent is “sequential viewing”, where the print is viewed sometime

after the reference.

When reported, assessment of media relative colour accuracy shall be performed by printing and
measuring an ISO 12642-2 characterization data chart and a subset of these patches (control strip
patches) according to ISO 12647-8 (Validation print control strip) as follows. The reference CIEXYZ
tristimulus values for each colour of these charts shall be calculated for the characterized printing
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condition to be simulated (Xref Yrer and Zref) and these values shall be adjusted to provide aim values
(Xaim» Yaim and Zgjm) according to Formula (1):

X Ys Zs
X aim :Xref XX_rs' Yoim = ref Xg' Z gim =Zref xZ_rs (1)

where

Xs, Y5, Zs  are the CIEXYZ tristimulus values for the substrate colour determined by averaging

the measurements ofthe white (nhprinfnﬂ) p:lfr‘hoc from the r‘h:nr'f;

Xrs, Yrs, Zrs are the CIEXYZ tristimulus values for the reference substrate colour.

NOTE These formulae are the same as Formulae (B.1) and (B.2) of Annex B of ISO 12647-2:2018.with Xp|p,
Ymin, Zmin|all equal to zero. The adjustment described by these standards is sometimes referred td\as Substratg-
Corrected Colorimetric Aims or SCCA.

CIELAB faim values are calculated using D50 as the reference white and the CIEDE2000 coloyr
differendes between these aim values and the values measured for each patch calculated to provide the
media reflative colour differences.

NOTE Where the option to preserve 100 % K elements is used, the 100 % ‘K-patch on the control strip [is
likely to ihclude an unexpected error.

The valups shown in Table 4 shall be reported using the measurement units shown and values shall he
reported to at least two significant figures.

Table 4 — Reporting media relative colour,reproduction parameters

Description Full label Abbreviated label | Unitg
Colour difference between the print Substratedifference (mr) mrSub AEpo
substrat¢ used and reference printing condi-
tion subdtrate
Maximuth colour difference for all control _|Géntrol strip maximum (mr) mrCSMax AEqo
strip patthes
95th pergentile colour difference for all Control strip 95th percentile (mr) [mrCS95 % AEqgo
control sfrip patches
Average tolour difference for controlstrip  |Control strip average (mr) mrCSAve AEpo
patches
Maximuip chromatic difference’for CMY Control strip neutrals maximum |mrCSMaxNeutral ACh
neutral control strip patehes (mr)
Average thromatic diffeérence for CMY Control strip neutrals average mrCSAveNeutral ACh
neutral control strip,patches (mr)
Average tolour difference for selected Characterization chart surface mrCCAveSurface AEgo
surface gamut patches patches average (mr)
The averpgé.colour difference for the Characterization chart average |mrCCAve AEpo
characterization chart (mr)
The 95th percentile for the characteriza- Characterization chart 95th per- |mrCC95 % AEgo
tion chart centile (mr)

NOTE Technically speaking the ‘unit’ in this table represents the method by which the value is calculated.

EXAMPLE1 Media relative colour accuracy: mrSub (3,2 AEgg), mrCSMax (8,0 AEgg), mrCS95 % (7,0
AEgo), mrCSAve (3,0 AEpp), mrCSMaxNeutral (3,2 ACy), mrCSAveNeutral (2,5 ACy), mrCCAveSurface (4,0 AEgo),
mrCCAve (3,0 AEgp), mrCC95 % (6,0 AEpo).

EXAMPLE 2  Media relative colour accuracy:

Substrate difference (mr): 3,2 AEgg
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Control strip maximum (mr): 8,0 AEgg

Control strip 95th percentile (mr): 7,0 AEgg

Control strip average (mr): 3,0 AEgo

Control strip neutrals maximum (mr): 3,2 ACp

Control strip neutrals average (mr): 2,5 ACy

Characterization chart surface patches average (mr): 4,0 AEgo

C
C

4

In
I
R

o8]

W
b
th

L T

N
E

N
li

shadow detail. For these cases, media relative colour reproduction fwith BlackPoint compen

haracterization chart average (mr): 3,0 AEgg

haracterization chart 95th percentile (mr): 6,0 AEgg

3.2.5 Colour accuracy (media relative colour reproduction with BlackPoint'compensz

ference characterized printing condition. For these cases, it is often mecessary to use I(
elative colour rendering with BlackPoint compensation (Media relative’with BPC) in order to

ssumed to have been applied according to ISO 18619 and prints areassessed as follows.

b performed by printing and measuring an ISO 12642-2 tharacterization data chart. A §
jese patches (control strip patches) according to ISO 12647-8 (Validation print control strip]
Finted and measured. CIEXYZ tristimulus values X, Y and Z shall be calculated for each print
b detailed in ISO 18619 as follows:

- The CIEXYZ colour of the substrate (Xs, Ys, Zs)'shall be determined by averaging the measy
of the white patches from the printed target.

- The reference CIELAB value for each patch of the control strip shall be estimated

be measured from the printed sheet.

described in ISO 18619,s¥here no reference ICC Profile is available, the reference CIELAB v
the lowest neutral CIELAB L* value shall be used.

- Where possible, theBlackPoint of the print under test shall be determined from the ICC Prq
to create the printas described in ISO 18619. Where this ICC Profile is not available, the repr
CIELAB valyeywith the lowest neutral CIELAB L* value should be used.

DTE1  The method using the reference and reproduction CIELAB measurements is implemen
kcelTM spreadsheet developed by Fogra which is available as an electronic attachment to Annex B.

DTE2%" Where the BlackPoint is determined from the reference or reproduction CIELAB values th

tion)

many cases the BlackPoint of the actual printing condition is different from the BlackPoint of the

C Media
preserve
sation is

(hen reported, assessment of media relative colour accuraey with BlackPoint compensation should

ubset of
shall be
ed patch

Irements

‘rom the

characterized reference printing condition for the sheet and the reproduction CIELAB values shall

- Where possible, the BlackPoint of the reference shall be determined from a reference ICC Profile as

hlue with

file used
oduction

ed in the

e result is
Ce may be

kély)to be different from that where the BlackPoint is determined from the ICC Profile. This differen

substantial in some cases.

The aim colour values for each patch are then calculated according to the formulae defined in ISO 18619
using these BlackPoints and using the XYZ values of the substrate as Xs, Ys and Zs. These aim values are
then compared with the values measured from the charts.

The colour difference between the print substrate used and reference printing condition substrate shall
be reported.

The BlackPoint of the reference printing condition and the BlackPoint estimated from the control strip
shall be reported.

©
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In some cases, it is possible to identify the ICC Profile that was used by the printing system when making
the print and in these cases the BlackPoint of this profile should be reported.

The values shown in Table 5 shall be reported using the measurement units shown and values shall be
reported to at least two significant figures.

Table 5 — Required reporting for Media Relative with BPC

Description Full label Abbreviated label Units

Colour difference hetween the print Substrate difference (mr) mrSub AEgg
substrat¢ used and reference printing con-
dition supstrate

Maximurn colour difference for all control |Control strip maximum (bpc) bpcCSMax AEpo
strip patthes

Average fcolour difference for control Control strip average (bpc) bpcCSAve AEpo
strip patiches

Average thromatic difference for CMY Control strip neutrals average  |bpcCSAveNeutral ACy
neutral control strip patches (bpc)

Referencp printing condition (RPC) RPC BlackPoint rpcBlackPoint CIELAB
BlackPoipt

Estimateld control strip BlackPoint from the|Estimated control strip printBlackPoint CIELAB
printed gheet BlackPoint

The valups shown in Table 6 should be reported.

Table 6 — Optional reporting for Media Relative with BPC

Description Full 1abel Abbreviated label | Units
Average tolour difference for selected Characterizdtion chart surface |bpcCCAveSurface AEqgo
surface gamut patches patches.average (bpc)
The averpge colour difference for the Characterization chart average |bpcCCAve AEqgo
charactefization chart (bpo)
The 95th|percentile for the characteriza- Characterization chart 95th bpcCCI95 % AEgo
tion charjt percentile (bpc)
Printer ICC Profile BlackPoint ICC Profile BlackPoint profileBlackPoint CIELAB

EXAMPLE1 Media relative (BPC) colour accuracy: mrSub (3,2 AEgg), bpcCSMax (8,0 AEgg), bpcCSAve (3,0
AEqo), bpgCSAveNeutral (2,5 AGy); bpcCCAveSurface (4,0 AEgg), bpcCCAve (3,0 AEgp), bpcCCI5 % (6,0 AEgo).

EXAMPLE 2 Media relative (BPC) colour accuracy:
Substrate difference (iny): 3,2 AEgpo
Control sfrip makimum (bpc): 8,0 AEgo

Control s{rip-average (bpc): 3,0 AEgg

Control strip neutrals average (bpc): 2,5 ACh

Characterization chart surface patches average (bpc): 4,0 AEgg
Characterization chart average (bpc): 3,0 AEgo
Characterization chart 95th percentile (bpc): 6,0 AEgo

RPC BlackPoint: CIELAB (9,00 0,00 -2,00)

Estimated control strip BlackPoint: CIELAB (12,0 0,25 -1,23)

ICC Profile BlackPoint: CIELAB (10,0 0,02 -2,0)
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4.3.2.6 Gloss

When proofing, the gloss of substrate and solid tone colours should be visually similar to the reference
print to be simulated. For this reason, where information about the ink set gloss of the printing condition
is known, it is useful to indicate ink set gloss when proofs are made.

NOTE Definitions for reference printing conditions often do not specify a gloss level for either the substrate
or ink set.

Where 1nk set gloss is reported the gloss of sohd coloured patches of each of the process 1nks shall be
meastt A

p ‘mt substrate) gloss angles. The gloss of sohd colours shall be measured by the same condition with
the substrate gloss measurement.

n instrument that conforms to ISO 8254-1 or ISO 2813 (for the 60°) shall be used [to make
easurements.

KAMPLE 1  Substrate Gloss (ISO 8254-1 TAPPI gloss): 60 GU.

KAMPLE 2 Ink Set Gloss (ISO 8254-1 TAPPI gloss): Cyan (60 GU);-Magenta (54 GU), Yellow| (50 GU),

A

1]

Vhlues shall be reported as percentages and shall reference ISO 8254-1 or 1S0.2813 as the method.
E

E

Black (30 GU).

3.2.7 Colour accuracy (spot colours)

4

When considering the colour accuracy of spot colours (for.example when using brand colours) it is often
necessary to match a reference under different illuminants. To achieve that, the reference is gpecified
uping spectral reflectance values. The objective of thiStestis to measure and report the colour (ﬂerence
bgtween the reference and the printed colour when viewed under a number of different illuminants.
The colour accuracy for spot colours test cansbe applied both when the spot colour is printgd with a
single spot colour ink, or when it is emulated vsing process colours.

NPTE1 Thisis not generally done for process colours as matching of this kind would require a specjal ink set
fqr each colour to be matched.

Spectral reflectance aim values forthe reproduction of a solid patch of the spot colour shall be identified.
Where intermediate tones of.the spot colour are used, the spectral reflectance aim values for these
irfftermediate tones should be/identified.

Al solid patch shall bé printed and its spectral reflectance shall be measured. Where intermediate
tqnes of the spot colaur are used, patches corresponding to these intermediate tones shall b¢ printed
anhd their spectralTeflectance shall be measured. One example is described in ISO 17972-4 -[Spot ink
aracterization;

easuremients should be made according to ISO 13655 M1, M2 or M3 mode. The measurement ftandard

NPPE2 Itis a common practice in the market to evaluate spot colours using UV filtered measure

pprop p
measurement geometry could be used to adapt to industry practice (e.g. d/8).

The CIELAB colour values for these reference patches and for the printed patches shall be calculated
for the following illuminants: D50, A and F11 as described in ASTM E308 using Tables 5.1, 5.9 and 5.33.

NOTE3  Where optical brighteners are used in the reference sample or reproduction and where the
measurement condition includes UV, it is important that the measurement instrument light source is calibrated
to the UV content of the calculation illuminant.

In some cases, a colour match is required under a non-standard (custom) illuminant. In such cases
the CIELAB colour values for the reference and printed patches should be calculated for this custom
illuminant. Details of the custom illuminant shall be reported.
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The CIEDE2000 colour difference between the reference patches and the printed patches under each
illuminant shall be calculated and reported as follows.

— CIEDE2000 colour difference between reference and measured colour of solid spot under reference
illuminant (D50),

— Maximum CIEDE2000 colour difference between reference and measured colour of solid spot for all
illuminants (D50, A, F11 and, where specified, Custom),

— CIEDE2000 colour difference between reference and measured colour of 50 % spot under reference

inYulanl

illungiant (IJ._)U),

— Maxjmum CIEDE2000 colour difference between reference and measured colour of 50 % spatfor g1l
illuminants (D50, A, F11 and, optionally, Custom),

— The [lluminant for which the largest colour error in the spot colour was estimated,

— CIEDE2000 colour difference between reference and measured colour of substraté under referenge
illuminant (D50).

When rgporting results, in order to present these in a consistent way that\is easy for readers to
understgnd, the format of Table 7 should be used.

Table 7 — Recommended reporting format showing an EXAMPLE for two spot colours

CIEDE2000 error under D50 Maximum CIEDE2000 error under

Spot ink name test illuminants?
Solid 50 % Solid 50 %
Substratg 2.1 N/A 3.2 (LED) N/A
Spot namje 1 3.5 3.1 Other 3.6 (F11) 3.2 (F11) Other
Spot namnje 2 6.4 8.4 tint 8.2 (LED) 9.1 (F11) tint
levels . . levels
Other spqt inks as required

1 [llumjnants used: D50, D65, A (A), F11, Custom (white light LED) <URI>

4.3.3 Uniformity

4.3.3.1 | General

Uniformity (homogehéeity) refers to the subjective impression of colour uniformity across a large image
that is iptended to,have a uniform colour. Colour uniformity refers to all types of colour variatioh:
lightnesq, hue, sattration or derivatives of these measures separately or in combination. All types pf
colour variatienr are taken into account including, but not restricted to: 1D, 2D, periodic, aperiodic,
localized, darge-scale and small-scale variation, separately or in combination such as streaks, bands,
gradientS; Trottieamnmd moiTe:

When measuring homogeneity, the intended viewing distance shall be taken into account.

4.3.3.2 Banding — Monochrome
When measuring banding, the method defined in ISO/IEC 24790 (Banding) shall be used.

Banding has no measurement unit but typically produces a number in the range 0-5.

EXAMPLE Banding (monochrome): 1,8.

12 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=14eaae567747247736327ef6422225af

ISO/TS 15311-1:2019(E)

4.3.3.3 Large area uniformity

When measuring large area uniformity, [SO 12647-8 (Validation print system within sheet uniformity)

shall be used.

The maximum CIEDE2000 colour difference between the average of the 9 readings and any one reading

shall be reported.

EXAMPLE Large area uniformity: max colour difference 1,3 AEgq.

3.9.4 Mottle — Monochrome

ottle measurements provide an indication of the apparent low frequency image noisé.in p1
bually refers to those fluctuations with a spatial resolution below 0,4 cycles per,millimef
rections for standard viewing distance of 400 mm.

his document assumes a viewing distance of 400 mm. Where a different&iewing distance is

4
M
u
d
When reporting Mottle, the method defined in ISO/IEC 24790 (Mottle) shall be’used.
T
1]
bg reported.

Mottle has no measurement unit but produces a number in the range 0-5.

E

KAMPLE Mottle: 2,8.

413.3.5 Graininess — Monochrome
G

Faininess measurements provide an indication.of-the apparent high frequency noise in pi
typically refers to aperiodic fluctuations of density at a spatial frequency greater than 0,4 ¢
illimetre in all directions for standard viewing distance of 400 mm.

(hen reporting Graininess, the method.defined in ISO/IEC 24790 (Graininess) shall be used.

his document assumes a viewing distance of 400 mm. Where a different viewing distance is

e reported.
raininess has no measurement unit but produces a number in the range 0-5.

XAMPLE Graininess; 3.0.

3.3.6 Showdhrough

4
When show through (the level to which a colorant is seen from the back of a print) is reporte
be measured as follows.

A

testform similar to that shown in Figure 1 shall include a patch of solid Black and should als

1]
W
T
geasurement method should be ddapted for different viewing distances and the viewing distance shall
G
E

fints and
re in all

used, the

easurement method should be adapted for different viewing distances and the viewing distance shall

ints and
ycles per

used, the

1, it shall

b include

solid’patches of the other solid process colours, two-colour overprints (MY, CY, CM) and thr{

be colour

overprint (CMY) printed on only one side of the sheet. The other side of the sheet shall remain unprinted.

© IS0 2019 - All rights reserved
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The CIEL

shall be measured.

The CIEL
the rever

The CIE]
the unpr
be repor
specified

Measure

EXAMPLJ

4.3.3.7

Many tinpes, paper is printed én)both sides and in some cases the ink penetrates into the paper from t}

one side
side and
print thr

Figure 1 — Test print for measuring show through

AB colour value of a region of the substrate which is unprintéd on both sides of the sheet (|

AB colour value of each point at the centre(s) of each of the patches of solid process colour ¢
se (unprinted) side of the sheet (b) shall be measuréd.

DE2000 colour difference between each of themeasurements (b) and the measurement
inted substrate (a) shall be calculated. The maximum value of these colour differences shg
ted as the show through metric. The set 0f<olid process colours actually measured shall k
, for example (K) or (CMYK).

ments shall be made with white backing as specified in [SO 13655.

Show through: 1,7 AEgg (C,M,%K,MY,CY,CM,CMY).

Print-through resistance

to the other side, Wlhen this ink penetration is very strong, the ink can be visible at the oth
reading the pritifed matter on the other side can be affected. This phenomenon is known {
pugh. The leyelto which ink penetrates the printed sheet shall be measured as follows.

A test fo
apatcho

int induStry. Details of this method are available on request from http://www.igt.nl.

This metric is based on a method developed by IGT Testing Systems!) which has been widely adoptg

hf
11
e

\e
T
LS

d

le

mrsimilar to that shown in Figure 2 shall include a patch of solid Black and should also inclug

shall remain unprinted.

et

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of these products.
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Front Back

C4

s3]

Figure 2 — Test print for measuring print through resistance
he CIELAB L* value of a region of the substrate which is unprinted on both sides pf:the sheet
e measured (Lj).

he CIELAB L* value of each point at the centre(s) of each of the patches of solid process colo
verse (unprinted) side of the sheet (b) shall be measured (Lp).

Fint through resistance is defined as follows:

L
Print through resistance = (—bj x100%

a

easurements shall be made with black backing as specified in ISO 13655. The lower of the ty
hlculated for patches 'b' shall be reported along withithe substrate type and name.

KAMPLE Print through resistance: 95 % (super.calendared uncoated, MyBrand BrandName).
3.4 Detail rendition capabilities

3.4.1 General

esolution (or sharpness) is a measure of the ability of a printing system to print fine detg
brceptually complex concept, which has no single, simple, objective measure. Sometimes s
nd resolution will be furtherdifferentiated where sharpness of a printer refers to the capabili
Finter to produce a distifict’edge and the resolution of a printer refers to the capability of thg
reproduce fine details.

he attributes described in this sub-clause contribute to resolution perception.

3.4.2 Line‘width

ne width is a measure of the ability of a print to resolve fine detail accurately. Where this m
ported, the width of the line measured normal to the line from edge threshold to edge thrg

(a) shall

ir on the

o values

il. It is a
harpness
Ly of that
t printer

pasure is
bshold as

pfined in ISO/IEC 24790 (Line width) shall be used.

The line width of a black-only line shall be reported and the line width of a CMY line should be reported.
Both vertical and horizontal lines shall be measured and the specified line width shall be reported.

Measurement units shall be mm and shall be reported to two significant digits.

EXAMPLE 0,1 mm vertical line width: 0,12 mm (K), 0,15 mm (CMY).

O;

©

1 mm horizontal line width: 0,09 mm (K), 0,11 mm (CMY).
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Line darkness

Line image density is a measure of the readability of text on a print. When measuring line image density,
the method defined in ISO/IEC 24790 (Character darkness) shall be used.

The line width of the evaluated line shall be specified and reported.

Measure
significa

ments shall be reported as density which has no unit and shall be reported to two
nt digits.

EXAMPLE 01 mmline darkness: 19

4.3.4.4

Blurrine
in outlin

Where b
be meas
both edg
horizont

Measure
EXAMPLJ

0,1 mmh

4.3.4.5

Raggedniess is a measure of the readability of text on aprint. The appearance of geometric distortion pf

an edge
smooth ¢

Where r
threshol
raggedng
At least

specified

Measure
significa

EXAMPLJ

0,1 mmh

4.3.4.6

Line blurriness

5s (inverse of sharpness) is a measure of prints from a printing system being hazy oy indistinft

h

urriness is reported, a noticeable transition of blackness from background.te character shdll
ired using the method defined in ISO/IEC 24790 (Blurriness). Where blGrriness is measuref,
es of line shall be measured and the average of them shall be reported. At least vertical arld
bl line shall be measured. The line width of the evaluated line shallbe specified and reported,

ment units shall be mm and shall be reported to two significant-digits.
0,1 mm vertical line blurriness: 0,022 mm.

rizontal line blurriness: 0,10 mm.

Line raggedness

rom its ideal position is called raggedness."A ragged edge appears rough or wavy rather thgn
r straight.

hggedness is reported, the standard deviation of the residuals from a line fitted to the edge
l shall be measured using the jmethod defined in ISO/IEC 24790 (Raggedness). Where
ss is measured both edges of line shall be measured and the average of them shall be reportef.
vertical and horizontal linétshall be measured. The line width of the evaluated line shall he
and reported.

ment units shall be ‘'mm (standard deviation of the residual) and shall be reported to two
ht digits.

0,1 mmeertical line raggedness: 0,062 mm.

rizontaldine raggedness: 0,055 mm.

Modulation transfer function (MTF)

Modulati

on transfer function is basically a measure of a printing system’s ability to reproduce details.

In detail, it is the ratio, as a function of spatial frequency, of the measured modulation response in a
print produced by a printing system, to the stimulus modulation presented to that printing system.

Where MTF is reported, the method defined in ISO/IEC 29112 shall be used.

Measurement units shall be line pairs per mm (lp/mm).

EXAMPLE MTF: 286 lIp/mm.

NOTE

16

Bonnier gives an overview of different ways to compute the MTF of a printing system in Reference [15].
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4.3.4.7 Effective addressability

The effective addressability is a measure of a printing system’s ability to produce sharp images.
Frequently, native addressability is confused with effective addressability; this is often called
‘resolution’ which, in most cases, is very misleading as it does not usually correlate well with perceived
resolution or image sharpness. Native addressability should not be reported as an image quality metric.

When effective addressability is reported, the method defined in ISO/IEC 29112 shall be used.

Measurement units shall be lines per mm (mm-1).

EXAMPLE Effective addressability: 47 lines per mm.

4{3.4.8 Registration

Problems related to the accurate positioning of printing elements on a printed sheet fall into gne of the
fqllowing categories:

— colour separation registration error: difference in the position of a €elour separation r¢lative to
other colour separations of the same element,

— front-to-back alignment error: difference in positioning of printing elements printed on one side of
the sheet to elements printed on the other size of the sheet.

— alignmentrelative to sheet: location of printing elementsTelative to finishing references, forjexample
sheet edge, folding and cutting marks, or

The following procedure allows the accuracy of positiening of printing elements to be measfired and
re¢ported.

Register marks shall be printed using all of the'process colours commonly used by the printing system
t@ be tested.

Reported registration errors shall be in micrometres (um or micron).

A|minimum of four register marks shall be printed between 2 cm and 10 cm from each corrler of the
sheet on both sides of the sheet.

The marks should be similar'te those shown in Figure 3.

il
N

Traditional RIT Traffic Light
Cross - Hair Registration
Target

OR

Figure 3 — Examples of registration target
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The width of each line of the register mark should be less than 1,0 mm and the length of each line
element should be 5 mm or longer.

Additional register marks should be printed at the centre points of each sheet edge and at the centre of
the sheet. When present, these additional marks shall be printed on both sides of the sheet.

All register marks printed on the front side of the sheet shall be oriented so that they are aligned with a
corresponding mark on the reverse of the sheet.

NOTE In this document no consideration is made as to whether the measured registration errors are
acceptable-ernet—for-example 1S60316762provides—suidance—onfrontto-back-andpageposition—registration

requirempnts to ensure accurate folding.

4.3.4.8.1 Colour separation registration error

Colour s¢paration registration error is determined by measuring the horizontal and vertical distang¢e
between|the edges of the lines printed in each of the separation colours (where visible) and the edge pf
each of the other separation colours for each mark. The maximum distance shall be'measured for ea¢h
mark. THe maximum value for all register marks on the sheet shall be reported asthe colour separatign
registratfion error.

EXAMPLJ Colour separation registration error: 0,08 mm.

4.3.4.8.70 Front-to-back alignment error

For non-ppaque substrates, the evaluation should be done in transmission by means of a light table.

For opaque substrates, the front/back register marks shall,contain two pin holes placed next to each.
The holefs will be punched and the print will be fixed otf.two rigid pins. The holes shall be sized and
positiongd to accurately fit the pins. The Front/back wegister shall be determined by calculating the
maximuin deviation for the process colour black and‘should be for the remaining process colours.

EXAMPLI Front-to-back alignment error: 0,1 mm/

4.3.4.8.3 Alignment relative to sheet

Where alignment relative to the sheet'edge is assessed, at least 25 sheets shall be evaluated at random
from a pjroduction run of at least(200 copies. The crop register is first determined by measuring the
distance|between the black frame’and the nearest substrate edge for all four corner-elements, within
and acrdss printing directioh. )Based on the 8 measurements per print the crop register should be
computed by taking the standard deviation of all 8x25 measurements.

EXAMPLI Alignmentwelative to sheet: 0,2 mm.
4.3.5 Permanence

4.3.5.1 | General

The following requirements provide a basis for typical permanence behaviours. However, each part
of ISO/TS 15311 can use and reference additional standards and procedures for physical properties,
permanence behaviour and the effect of environmental factors on printing materials such as those
defined by ISO/TC 42.

4.3.5.2 Indoor light stability

When reported, the indoor light stability shall be measured according to the method described in
[SO 18937.

18 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=14eaae567747247736327ef6422225af

ISO/TS 15311-1:2019(E)

For indoors home and office display, “Simulated indoor daylight typical home display” condition
stipulated in ISO 18937 shall be used.

NOTE Including the dark cycle may make the evaluation period unnecessarily long and if a suitable shorter
alternative can be demonstrated which produces the same results that alternative may be used as long as an
explanation of the method is provided.

For in-window display, “simulated direct sunlight indoor in-window display” condition stipulated in
1SO 18937:2014, 7.3 shall be used.

The-test sheet used to assess llnhf cfnhl]lfv shall include the set of contrel cfrlh nafrhnc cpnc]fled in

[40 12647-8 and the mean and max1mum colour difference (CIEDE2000) between the measurgments of
these patches before and after the test shall be reported.

Reported results shall indicate whether “indoors” or “in-window” testing was performed.

Where the change in colour affects one set of colours significantly more thamaothers, this should be
r¢ported.

]

111 details of the testing performed should be made available in a separate document and its URI
(Uniform Resource Indicator) provided.

33!

KAMPLE 1  Colour stability (ISO 18937, indoors, <URI>): colour change.3,2 AEgo (max) 1,3 AEp (mefan).

EKAMPLE 2 Colour stability (ISO 18937, in-window, <URI>): colour change 3,8 AEgg (max) 1,5 AEpo (mean).

4{3.5.3 Weathering

When reported, the outdoor stability shall be measured according to the method desdribed in
140 18930.

The test sheet used to assess outdoor weathefing shall include the set of control strip patches fpecified
irf ISO 12647-8, and the mean and maximunicolour difference (CIEDE2000) between the measyrements
of these patches before and after the testshall be reported.

Reported results shall indicate whether accelerated laboratory testing (lab) or outdoor wedathering
tgsting (outdoor) was performed.

Where the change in colouraffects one set of colours significantly more than others, this should be
r¢ported.

Full details of the tésting performed should be made available in a separate document and its URI
ptrovided.
E
E

KAMPLE 1 _<Weathering (ISO 18930, lab, <URI>): colour change 4,2 AEgg (max) 3,1 AEgg (mean).
KAMPLE2./) Weathering (ISO 18930, outdoor, <URI>): colour change 4,2 AEgo (max) 3,1 AEgo (mean)

4{3:54 Thermal stability

When reported, thermal stability shall be measured according to the method described in ISO 18936.
Based on the test results, the expected print life stored at the specific environmental condition shall be
estimated using Arrhenius prediction method described in ISO 18924.

Where the estimated print life is less than one year, the number of days shall be reported, otherwise the
integral number of years (rounding down) shall be reported.

The lifetime cannot always be determined by Arrhenius plot because the changes due to heat are
hardly observed for some prints. In such cases, the report may include the words “at least” to qualify
the time period.
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The endpoints chosen for the Arrhenius extrapolation, e.g. mean and maximum colour change shall be
reported. Full details of the testing performed should be made available in a separate document and its
URI provided.

For lifetimes between 20 and 50 years, lifetimes shall be reported to the nearest 5 years (rounding
down), and for lifetimes greater than 50 years, lifetimes shall be reported to the nearest 10 years
(rounding down).

NOTE Examples of rounding down: values between 20 and 24.999 round to 20, values between 25 and
29.999 round to 25, values between 50 and 59.999 round to 50.

EXAMPLE1  Thermal stability (ISO 18936, <URI>): 50 years (for maximum colour change of 4,5 AEqgo, thégn
colour change 1 AEqo).

EXAMPLE 2  Thermal stability (ISO 18936, <URI>): at least 100 years (for maximum colour change of 5 AE(o,
mean colgur change 2 AEqo).

4.3.5.5 | Water resistance

Water refsistance shall be measured according to ISO 18935 as follows.

4.3.5.5.1] Method 1: standing water evaporation

Print a s¢t of checkerboard patches using single colour and two-colouoverprints with 100 % and 50 %
tone val{ie for the printed regions as shown in Figure 4. Add a 0,1 _ml drop of water on the centre pf
each patfh and allow to dry for 24 h in an environment with a témperature of 23 + 1 °C and Relatiye
Humidity of 50 + 5 %.

Followin]E the drying period, the patches shall be inspectedand any deterioration in the printed patchés
noted. The notes should be accompanied by a photograph showing any visible marks.

0,It ml drop leave to dry for 24 h
oflwater on ambient conditions
edch patch environmental conditions of

(23 +1)°Cand (50 + 5) % RH

Figurie 4 — Standing water evaporation assessment

4.3.5.5.7 Method 2>=Standing water plus wiping

Print a get of chéckerboard patches using single colour and two-colour overprints with 100 % tone
value for the printed regions as shown in Figure 5. Add a 0,1 ml drop of water on the centre of ea¢h
patch. Afterone minute, a 50 g weight applied to laboratory tissue shall be pulled once across the
sample at a8peed of approximately 5 cm/s.

Patches shall be inspected and any deterioration in the printed patches noted. The notes should be
accompanied by a photograph showing any visible marks.
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Method 2 - Standing water plus wiping effects ¢
‘ e 50 g weight

1 minute

50 g weight applied to laboratory tissue
pulled once across the sample (~5 cm/s)

Figure 5 — Standing water plus wiping assessment
4{3.5.5.3 Reporting
Report the primary failure mode, for example: colorant bleed, paper cockle,‘delamination, fprmation
of rings, loss of gloss, removal of colorant, colour to colour bleed, etc~Comparison to th¢ control
(Untreated) print is very helpful in this regard.
Operall water resistance shall also be assigned using the categoriesc{a) water resistant, (b) m¢derately
wjater resistant or (c) not water resistant
Njpte conditions where the print is damaged to the point thatimage information is lost.
Record printer settings used to make the print sample.
NPTE Method 2 is generally only used in cases wherg;the prints are intended to be used in wet environments
or where they are intended for outdoor use.
EKAMPLE In many cases, this method may be;used in comparison of samples as shown in Table 8.
Table 8 — Example showing results of water resistance on two samples
Failure mode Sample A Sample B

Colorant bleed not observed slight (magenta)

Paper cockle not observed not observed

Delamination not observed very slight

Formation(ofjrings not observed slight

Loss ofgless no change slight lost

Removyal of colorant not observed not observed
These results may be summarized as:
SampleA: water resistant
S lllplb B- lllUdbl Cltb}_)’ \A4 G‘\:bl 1 \,olotaut {Dlisht \,UlUl Gll‘\: blbbd vl )’ O};Sht d\,lalll;llat;ull 01 ght

formation of rings, slight loss of gloss)

4.3.5.6 Scratch resistance

Scratch resistance shall be measured according to ISO 15184 which shall be modified so that the tip of

the pencil exerts a force of (4,0 £ 0,1) N on the printed surface.

NOTE1 1ISO 15184 isintended to be used on painted surfaces and specifies a force of 7,5 N but such a force will

tear most paper substrates.

© IS0 2019 - All rights reserved
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A set of patches of the solid process colours and two-colour overprints shall be printed and tested using

the set o

NOTE 2

NOTE 3

f pencils with different hardness.

The diameter of the pencil lead used and the shape of the tip when sharpened is important. Guidance
for this is provided in ISO 15184, Clause 8.

The symbols, B, HB, H etc. describe darkness and not hardness. When using this test, it is important
that a rough relationship between these symbols and pencil hardness is established.

The report shall indicate at which hardness level the substrate becomes visible and shall report any

other vi

4.3.5.7

Abrasion

ible artefacts. The renort shall be accompanied bv a nhotogranh
r r J r o r

Abrasion resistance (transportation of sheets)

handling (50 cycles) and rough handling (100 cycles).

Abrasion] resistance shall be measured according to ISO 18947 and shall use‘a‘rub tester with a fl
surface ds described in Annex A with a weight that produces a force equivalent’to 0,342 N/cm?2.

NOTE 1

The Sutherland Rub Tester is an example of a widely used rubbing.tester of the type described

Annex A.] of ISO 18947:2013.

The rece

The prin
100 % bl

of each s

The prin

The test

ptor shall be an unprinted sheet of the same substrate as.thé print to be tested.
[fed image area shall include patches of approximately’25,4 mm x 25,4 mm corresponding

bparation colour. Patches shall have an unprinted'border of at least 12,7 mm.

| stabilization period shall be 1 day.

shall be reported following 100 rub cycles. Where a different number of rub cycles is used, the numb

of cycles

used shall be reported.

The method of printing and handling.of.printed samples shall be consistent with the anticipated produ

end use.

The test

22

procedure is illustrated in Figure 6.

resistance provides an indication of ink transfer between sheets which can occur, for example
during sheet feeding, mail sorting, shipping and transportation of a stack of sheets fromra printing site
to a finighing site. Three levels of testing are conducted to reflect light handling (10«ycles), moderat

ack and coloured prints shall include a 100 % CMY¥ overprint patch and patches of 100 % tone

result shall be reported following 10, ¢ycles and 50 cycles and where rough handling is like|y

nt

n

28
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Abrasion resistance
Assessment method

Conditioning and testing at

23 °Cand 50 % RH

I}
[ |

Measure colour and gloss Measure colour and
ofeachpatchandits 0,342 N/cm? ofeachpatchand
surround ' surround

T

gloss
its

L

Y
[

=

/ Test specimens '
/ / shall be conditioned Rub tester
uncovered for at

least 24h

Printing Preparation Testing Measureme

Figure 6 — Abrasion resistance assessment method

NPTE 2  Where the substrates used by printing systems are different, it may not be appropriate td
these test results directly. It is never appropriate to compare{the’results of printing on coated with
sybstrates.

4(3.5.7.1 Alternative test method

In some cases, it may be appropriate to uses;other test specimen and receptor dimensions
ldads and rub cycles where the intended-¢onditions of use are such that the specified pa
ahd conditions produce results that do(hot adequately correlate to the abrasion, smudge,
experienced under the intended conditions of use. In these cases, the test method and reportin
as described in ISO 18947. Full details-of the test method used shall be provided.

4{3.5.7.2 Reporting
All patches shall be assessed as described in ISO 18947 and the following shall be reported:

— Abrasion Resistance: the patch having the largest CIEDE2000 colour difference shall be i
and the colout-difference between measurements made before and after testing shall be r

marginshall be identified and the colour difference between measurements made before
testingshall be reported,

— cColorant Transfer: the patch producing the largest CIEDE2000 colour difference chang

nt

compare
uncoated

applied
Fameters
or scuff
v shall be

Hentified
pported,

—+ Smudge Résistance: the patch having the largest CIEDE2000 colour difference in the unprinted

hnd after

re of the

= s Laolllaid Fifiod il 1 A3 EE, Lot 4 daolaof
TCCCPTOT - STTIaIT OCTaC IO IO U AT CrrC L OTOUT U CT eI C O T TW e CIT TITC a S UT CIITCITC S TITau T O CTOT T

testing shall be reported,

nd after

— Scuff: all significant changes in gloss of the colour patches or unprinted margin of each colour patch

shall be reported.

Describe any visible change not accounted for by changes in gloss, optical density, or colorimetry.

Printer settings shall be recorded.
EXAMPLE Abrasion resistance:

Abrasion Resistance: 1,5 AEgg (CMY),
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Smudge Resistance: 0,5 AEgo (Magenta),

Colorant Transfer: 2,0 AEgg (CMY),

Scuff: no significant changes,

General observations: light streaking observed,

Printer settings: <URL> or description.

4.3.6 Artefacts

When st
correspd
groups (
of simpli
Those at]
technolo

4.3.6.1

The met
for backg

NOTE

processes.

4.3.6.1.1

Extraned
or reporf

Voids: re
total are

EXAMPLJ

4.4 Pr

The acty

quality df the printed matefial; therefore, the actual printing conditions shall be reported to the extent

necessarj

NOTE
to anothe
settings:
settings,
quality of

ructuring and classifying image quality attributes it is sometimes not easy to find a’elear
ndence between an image quality metric or significant characteristic and one of the-thrge
efined above, namely colour and surface finish, homogeneity and resolution. For the sake
city, the remaining attributes clause covers all the criteria that haven’'t been grouped so f3
tributes are prone to cause a loss in overall image appearance when evident and'are typically
by dependent.

]

Background extraneous marks and voids (monochrome)

hod described in ISO/IEC 24790 (Background extraneous mark) shiall be used to assess prints
Fround extraneous marks and voids.

Background extraneous marks are often caused by 'scuminirng’ or 'ghosting' for some printing

Reporting

us marks: report the results as a list of all marks and their areas along with the area of the RQI
the total area of all the marks divided by thearea of the ROI.

port the results as a list of all voids and their areas along with the area of the ROI or report the
h of all the voids divided by the area@f-the ROI.

Refer to ISO/IEC 24790.

inting conditions

al printing conditionsyused to print a document or test chart play a significant role in the

[y to permit an aécurate reproduction of the print whose metrics are being reported.

The information necessary to allow repeat prints to be made varies substantially from one system
r and sostandardized reporting is not possible. The following items are examples of typical printer
brint mede; print speed, number of passes, corrections for offset and miss-registration, heating/fusing
lini-.or"bi-directional printing, resolution and any other adjustments made that would influence tﬁe
the final output.

24

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=14eaae567747247736327ef6422225af

ISO/TS 15311-1:2019(E)

Annex A
(informative)

Sampling of sheets

A1 Calculating the number of sheets to be sampled

The number of sheets to be sampled was determined using the standard sampling

afsurvey for public opinion polls.

Formula for calculating the number of sheets to be sampled:

N is the total number of sheets in the set of sheets-to‘be sampled;
E isthe desired maximum error in the resulting'estimate;

Z isthe reliability coefficient;
P

is the assumed ratio of population mean.

.2 Desired maximum error¥#

The observed variation comprises the sum of the true variation, the measurement error
statistical sampling error. The-objective is that the statistical error should be significantly smd

formula

[Formula (A.1)]. Formula (A.1) is most commonly used to calculate the number of samples required for

(A1)

and the
ller than

the true variation. Attempting to reduce the sampling error to a value less than 10 % of the mpaximum

sampling error requires,alarge increase in the number of sheets sampled. For example, apprg
hilf of the sheets neédto be sampled when the set of printed sheets to be assessed is small (
100 sheets).

this docuntent it is necessary to determine the number of sheets to be sampled to ensure
re¢sult remains statistically significant. This means that the measured average values of the
not overlap even if including the range of statistical error.

ximately
ess than

that the
rariation

.1 shows

In order to satisfy these conditions,

a desired maximum error, E, of 0,25 (25 %) is used. Table A

Table A.1 — Number of sheets to be measured for different values of E

N E Z p n n
(rounded)
1000 0,25 1,96 0,5 15,148 77 15
1000 0,20 1,96 0,5 23,469 96 23
1000 0,15 1,96 0,5 40,976 37 41
1000 0,10 1,96 0,5 87,704 56 88
1000 0,05 1,96 0,5 277,740 8 278
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A.3 Reliability coefficient Z

The reliability coefficient is the ratio of the standard deviation of the actual sheet measurements to
the standard deviation of the measured sheets. A value of 1,96 was used for Z which corresponds to a
confidence interval of 95 % when the measurement data has a normal distribution.

A.4 Ratio of population mean P

The value of P was set to 0,5 as general statistical value.

A.5 Ta

This doc
sheets. F|

tal number of sheets N

Lument provides advice for sampling of sets of sheets of 50, 100, 1 000 and greater than 1 040
pr these cases, the value calculated for n using Formula (A.1) is as shown in Table A 2.

Table A.2 — Calculated total number of sheets n

N E z P n n
(rounded)

50 0,25 1,96 0,5 11,936 66 12

100 0,25 1,96 0,5 13,436 11 13

1000 0,25 1,96 0,5 15,148.77 15

100 000 0,25 1,96 0,5 15,364 19 15

1000000 0,25 1,96 0,5 15,366 18 15

As can bp seen from Table A.2, there is little benefit in,sampling more than 15 sheets even for a large
sample spt.

A.6 Statistical distribution

The resylts described above apply to miegsurement data with a normal distribution and hold only
approxirately for other distributions. This is an important aspect to consider when measuring coloyr
differende as CIEDE2000 does notliave a normal distribution and is typically closer to a chi-squargqd
(k = 3) distribution.
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