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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 ar

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 T
iso/forey

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}
de Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org
vord.html.

This doc

This thix
technica

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

d edition of cancels and replaces the secend edition (ISO/TS 15311-1:2019), which has beg
ly revised.

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

— thef

— 4.3.1

pllowing new subclauses have been added:

£.3.2.8, Computing and analysing colour gamut
#.3.5.3, Indoor light-stability (display window)
#.3.6.2, Contouring

{£.3.4.8, Pereeived resolution

{£.3.3.85xMdcroscopic uniformity

.2; Indoor light stability (home and office display) has been modified.

\e
1
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hf
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/

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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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 ' m
tq be applied to digitally printed prints.

(hen selecting the set of metrics, only those metrics that have a clear specification.and that
ell with human perception are included in this document. Since this is an area df.significant
'tivity, new metrics are expected to emerge and existing metrics to be revised-in the next fg

etrics are tested and found to be reliable.

dditional tests to those specified in this document, for example visual assessment of smg
irhages and other elements may be required when assessing print quality.

Ak with any parameter that is used as part of a product spécification, it is important for re
uhderstand clearly what the metric means. For this reason,a’reporting schema is to be follow
r¢porting measurements in conformance with this document.

W
W
a
For this reason, we anticipate the need to revise this document within a very short time scale as new
n
A

ost often

rorrelate
research
w years.

othness,

aders to
ed when
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TECHNICAL SPECIFICATION ISO/TS 15311-1:2020(E)

Graphic technology — Requirements for printed matter for
commercial and industrial production —

Part 1:
Measurement methods and reporting schema

Scope

1

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

G

llidance as to which of these metrics to apply to any given product cateégory along with a¢ceptable
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|printing
systems, the metrics are general and can be applied to other kinds.of print.

2| Normative references

The following documents are referred to in the textdin such a way that some or all of their content
constitutes requirements of this document. For ddted references, only the edition cited applies. For
uhdated references, the latest edition of the referericed document (including any amendments) applies.

140 2813, Paints and varnishes — Determination of gloss value at 20°, 60° and 85°

[0 8254-1, Paper and board — Measurement of specular gloss — Part 1: 75 degree gloss with a cqnverging
beam, TAPPI method

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

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

I§0 13655, Graphig‘technology — Spectral measurement and colorimetric computation forr graphic
arts images

140 15184¢Raints and varnishes — Determination of film hardness by pencil test

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

et

S0/1S 18621-11, Image quality evaluation methods for printed matter — Part 11: Colour gamut analysis

ISO/TS 18621-21, Graphic technology — Image quality evaluation methods for printed matter — Part 21:
Measurement of 1D distortions of macroscopic uniformity utilizing scanning spectrophotometers

ISO/TS 18621-31, Graphic technology — Image quality evaluation methods for printed matter — Part 31:
Evaluation of the perceived resolution of printing systems with the contrast-resolution chart

[SO 18924, Imaging materials — Test method for Arrhenius-type predictions

[SO 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

© IS0 2020 - All rights reserved 1
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ISO 18936, Imaging materials — Processed colour photographs — Methods for measuring thermal stability

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

[SO 18947, Imaging materials — Photographic reflection prints — Determination of abrasion resistance of
photographic images

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

)

ISO/IEC R4790, Information technology — Office equipment — Measurement of image quality attributes
for harddopy output — Monochrome text and graphic images

ISO/IEC R9112, Information technology — Office equipment — Test pages and methods for'measuring
monochrpme printer resolution

3 Terms and definitions

For the purposes of this document, the following terms and definitions applyy

ISO and IEC maintain terminological databases for use in standardization atthe following addresses:
— ISO Qnline browsing platform: available at https://www.iso.or

— IEC Electropedia: available at http://www.electropedia.org/

31
banding
appearaice of one dimensional variation within an area that should be homogeneous

3.2
CIEDE2Q00 colour difference
method ¢f/formula for calculating colour difference, AE,/CIEDE0O

Note 1 tofentry: See ISO/CIE 11664-6 for details.

3.3
colour deviation
colour difference between the-eolour aim value and a colour measurement or the mean of a set of coloyr
measurements

Note 1 to fentry: In additignyto the AE,, the AL with Aa" and Ab" and/or with AC* and AH" may be reported.

34
colour variation
colour difference between the mean of a set of colour measurements and each sample

Note 1 td entry: Colour variation is also known as colour fluctuation and may be reported as the mean pr
95th percentile.

3.5

digital printing

process for text and image reproduction with a colour marker on a medium using a marking device, on
which the marking information is generated from digital data directly to the medium

Note 1 to entry: Digital printing differs from traditional ink-based printing on which the marking information is
generated from a form produced offline prior to imaging on the medium.

2 © IS0 2020 - All rights reserved
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3.6
permanence
ability to remain chemically and physically stable over long periods of time

[SOURCE: ISO 18913:2012, 3.134]

3.7
image quality
impression of the overall merit or excellence of an image, as perceived by an observer

Npte—ttoentry—Forameaningfut-technicatevatuatiorof-imagequatity;, theevatuationr—shoutd-beb
third-party assessment, i.e. by an observer neither associated with the artistic creation of the image, nl
oy emotionally involved with the subject matter being depicted. This restriction is designed to elimirat
of variability that arise from more idiosyncratic aspects of image perception that are outside control g
system designers.

—

JOURCE: Handbook of Image Quality: Characterization and prediction]

3|8

printing condition

¢t of primary process parameters which describe the conditions asSociated with a specifi
Iitput, associated with spectral, colorimetric and/or densitometrictaim values

o Wn

sqreening and printing sequence. The aim values typically comprise the colorant description and t
ricrease aims.

—

Npte 2 to entry: For the purposes of colour management, agprinting condition is fully characterized by
rglationship between the digital input values (for example as stipulated in ISO 12642-2) and the corre
measured colorimetric values.

Npte 3 to entry: Based on a given set of characterization data according to 3.9, Note 2 to entry and a de
hromatic perception, a grey printing conditionymight be extracted.

o]

319

tone value

ptoportional printing value enceded in a data file and interpreted as defined in the fil
specification

V -V
A=100x| -2 14
VlOO - VO
where
VI[J is'the integer value of the pixel;

Vg Is the integer value corresponding to a tone value of 0 %;

nsed on a
or closely
e sources
fimaging

© printed

Npte 1 to entry: Such parameters usually include (as a minimum) printing process, paper category, printing ink,

bne value

biving the
sponding

finition of

r format

V.00 is the integer value corresponding to a tone value of 100 %.

Note 1 to entry: Tone value is expressed in units of percent.

Note 2 to entry: Most files store these data as 8-bit integer values, i.e. 0 to 255. The tone value of a pixel is typically

computed from the formula.

3.10

URI

Uniform Resource Identifier

compact sequence of characters that identifies an abstract or physical resource

Note 1 to entry: See IETF RFC 3986 for details.

© IS0 2020 - All rights reserved
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CIELAB chromaticness difference

AC,

difference between two colours of approximately the same lightness projected onto a constant lightness
plane in the CIELAB colour space

Note 1 to

Note 2 to

entry: This is calculated as ACy =\/(CIE oq —CIE e, ) +(CIE b; —CIE b, )

entry: [SOURCE: ISO 13655:2017, 3.5]

4 Req

4.1 Ge
The folld

uirements

neral

wing subclauses provide a number of metrics that define attributes of printed sheets ar

requirenpents for reporting them.

In many
intercha
this reas

Similarly
specify

cases, the existing standards use CIE AE*,, rather than CIEDE2000.\Although these are n
ngeable quantities, AE*,; has been superseded by CIEDE2000 inASO/TC 130 standards. F
pn, CIEDE2000 shall be used to report colour difference metrics;imnthis document.

printing density is seldom used to measure colour and{where the referenced standar
rinting density, approximately equivalent CIELAB colour-fngasurements shall be used.

4.2 Si

4.2.1

gle or multiple sheet assessment

eneral

Unless otherwise specified, metrics shall be assuméd to apply to the assessment of a single sheet.

In many [cases, it is useful to be able to reportmmetrics for a set of sheets. For example, the set of shee

produce
cases, it

in a single print run or the set of sheets to be delivered as part of an order for print. In thes
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

Samples
a) shee
b) shee

In cases
number

Best practice sampling is-time-stamped to demonstrate what time and date the sample was taken.
should be selected with the following provisos:
ts should be selected throughout the entire press run;
ts shouldnot be selected synchronous to any press event.

iwhere’metrics are reported for a set of sheets, the report shall indicate the following: the tot
pfrsheets in the set to be assessed, the number of sheets measured and, unless random selectid

d

Dt
DI

s

[S

n

with no

1 £ Jd_+l 1 +loaodl g | £l L. 4+ Laolll s rad
CPIGLCIIICIIL IS5 USTU, LIIT oaulyuus ITICLIIUU USTU LU STITCT LU LIIT SIITTLS SITdll UUT TIITUICAlLUTU.

4.2.2 Total number of sheets

The total number of sheets in the set of sheets assessed shall be reported. Details of the printing system
used to create the sheets should also be reported.

4.2.3 Number of sheets measured

Conformance 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 value
will be to that of the entire set of sheets. Where there are a large number of sheets in the set, it may be

© IS0 2020 - All rights reserved
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impractical to measure a high percentage of these sheets and so the likely spread of values may be high.
Table 1 provides guidelines for the suggested number of sheets to be assessed for different numbers of
sheets in the set.

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

Total number of Suggested number of
sheets in set sheets to be 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 shpets 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 andyprovides a m¢thod for
finding the sampling rate needed to increase the confidence in the metric te a required level.

NPTE ISO 186 suggests increasing the number of samples to 20 for run lengths greater than 5 000

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. Thethumber of samples may be dhosen to
ayoid overlapping error bars by selecting an appropriate valuefor E.

2.4 Reporting

4

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

E

KAMPLE 1  Sheets assessed: 15 (500).

When multiple sheets are assessed, the mean and standard deviation for each metric shall be feported
a$ shown below except when reporting-colour difference metrics.

53|

KAMPLE 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, |both the
colour deviation and coloti; variation should be reported.

The colour deviationshall be calculated as follows: calculate the mean CIELAB value of the [samples.
The colour deviationis given by the CIEDE2000 colour difference between the CIELAB colour dim value
and the mean CIELAB value. In addition to the AE, value the AL", Aa" and Ab" values (Mean - R¢ference)
should be repofted.

EKAMPLE3V Colour deviation 3,2 AE,, AL* = 2,8, Aa" = 0,3, Ab" = 1,4.

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

EXAMPLE 4  Colour variation 0,8 DE,.

Where the spread of colour variation is reported, the mean colour difference and the 95th percentile
(and not the standard deviation) should be used.

EXAMPLES5  Colour variation 0,8 DE, 95th percentile 1,2 DE,,.
NOTE Standard deviation is not an appropriate measure for colour difference as this assumes a normal

distribution, whereas colour differences are not normally distributed. The 95 percentile provides a more reliable
estimate of the spread of values.

© IS0 2020 - All rights reserved 5
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The parameters of arithmetic average (mean from a small sample set) and 95th percentile are well
known and easy to compute. However, neither parameter is insensitive to the changes in the underlying
distribution of readings or the presence of erroneous or outlier readings (statistical robustness). With
the small numbers of readings being collected, a single bad read can move either the mean or the 95th
percentile several points further away from their ideal values. When reporting these parameters, if
the results are much larger 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 e
sheets, ¢
in a tota
number

4.3 Prjnt quality measures

4.3.1 (Qverview

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

The visu

4.3.2 (olour, tone reproduction and gloss

4.3.2.1

Colour a

important to distinguish two concepts: absolute'and media relative colour accuracy.

Absolute

viewed t

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

4.3.2.2

In some

For exanjple, the colour accuracy achieved for a particular reference printing condition usually depend
bstrate. This is only likely to be useful for cases where isotropic (paper-like) substrates are use

'Tors across multiple sheets shall be calculated and reported as follows. For all patches on-g
hlculate the colour error between the patch and the corresponding reference colour. This resul
of n x m colour errors where n is the number of colour patches on each sheet andmi-is t
f sheets. Calculate and report the mean and 95th percentile of this entire set of colouterrors.

General

ccuracy describes the visual closeness between a defined reference and a reproduction. It

pgether.

Print substrate

fases, itnady be desirable to indicate the substrate that is used when reporting other attributs

h| attributes specified in this document, to be used by the refmaining parts of ISO/TS 15311, ar
defined in the following subclauses.

colour accuracy is usually required for side-by-side viewing, whereas media relative coloyr
accuracy] is usually more desirable for sequential viewing where the prints being compared are nev

[S
le

Nt

is

b

d
d
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Table 2 — Substrate reporting requirements

Print substrate attribute

Description

Example

Substrate name

(Required) A text string that
provides details of the substrate
used. This should include
sufficient detail to enable
purchase of similar substrate.

Substrate name: StoraEnso NovaPress

Substrate colour

ISO 13655

(Required) CIELAB D50/2° M1
colour value of the substrate
measured as specified in

Substrate colour: (95, 0,5, -2) CIELAﬂZ

()

ther metrics from
50 15397 may be reported

(Optional)

—

Report metric as indicated in ISO 15397

=

jo5)

NPTE
likely to include an unexpected error.

3.2.3 Colour accuracy (absolute colour reproduction, process colours)

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

some cases, particularly when proofing, it is useful to be able to estimate the accuracy to which the
int simulates a reference printing condition and this attribute is called “absolute colour accr:l:acy".

asuring
(control

Where the option to preserve 100 % K elements is used, the 100 % K patch on the contrpl strip is

The values shown in Table 3 shall be reportediising the measurement units shown and value§ shall be
r¢ported to two significant figures.
Table 3 — Reporting absolute colour reproduction parameters
Description Full label Abbreviated label Units

(olour difference for substrate Substrate Sub AEoo
Maximum colour differencefor’all control |Control strip maximum CSMax AR
skrip patches

The 95th percentile forthe control strip Control strip 95th percentile CS95 % AEqq
datches

Average colourdifference for control Control strip average CSAve AEqq
skrip patches

Maximunichromaticness difference for Control strip neutrals maximum |CSMaxNeutral ACy
dMY neutral control strip patches

Average chromaticness difference for CMY |Control strip neutrals average |CSAveNeutral ACy

autral contral ol natohac

Average colour difference for selected Characterization chart surface |CCAveSurface AEy,
surface gamut patches patches average

The average colour difference for the Characterization chart average |CCAve AEy,
characterization chart

The 95th percentile for the Characterization chart 95th CC95 % AEy,
characterization chart percentile

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

EXAMPLE 1

Absolute colour accuracy: Sub (1,2 AE;;), CSMax (8,0 AE), CS95 % (6,0 AE,y), CSAve (3,0 AE,),

CSMaxNeutral (3,2 AC,), CSAveNeutral (2,5 AC;)), CCAveSurface (4,0 AE), CCAve (3,0 AE;), CC95 % (6,0 AE).

© IS0 2020 - All rights reserved
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EXAMPLE 2  Absolute colour accuracy:
— Substrate: 1,2 AE,

— Control strip maximum: 8,0 AE,

— Control strip 95th percentile: 6,0 AE,

— Control strip average: 3,0 AE,

— Contfol strip neutrals maximum: 3,2 ACy,

— Contfol strip neutrals average: 2,5 ACy,

— Charpcterization chart surface patches average: 4,0 AE,
— Charpcterization chart average: 3,0 AE,

— Charpcterization chart 95th percentile: 6,0 AE,

4.3.2.4 | Colour accuracy (media relative colour reproduction, process-colours)

In some ¢ases, particularly when creating final use prints, it is useful to be\able to estimate the accurag¢y
to which| the print simulates a reference printing condition but whefe the print substrate used differs
from thalt of the reference. In this case, there is no intent to be ablé\to compare the print “side-by-side
with the|reference but instead, the intent is “sequential viewing”,where the print is viewed sometinje
after the|reference.

When rdported, assessment of media relative colour a¢curacy shall be performed by printing arf
measurifpg an ISO 12642-2 characterization data chaft and a subset of these patches (control str
patches)|according to ISO 12647-8 (Validation printicontrol strip) as follows. The reference CIEXYZ
tristimulus values for each colour of these charts'shall be calculated for the characterized printing
condition to be simulated (X, Y.of and Z.¢) anid’these values shall be adjusted to provide aim valugs

(Xaim Yaily and Z,;,,)) according to Formulae.(3)%o (3):

Xs
Xaim :Xref ><X_ ()
s
YS S
Yaim :Yref XY_ )
rs
Zs
aim :Zrefo ®
s
where
Xs' Yl 7b arethe CIEXYZ tristimulus values for the substrate colour determined by averaging the

measurements of the white (unprinted) patches from the chart;

X

rs’

Y

v Zs are the CIEXYZ tristimulus values for the reference substrate colour.

NOTE1 These formulae are the same as ISO 12647-2:2013, Formulae (B.1) and (B.2), with X, Y10 Zmin

all equal to zero. The adjustment described by ISO 12647-2 is sometimes referred to as Substrate-Corrected
Colorimetric Aims or SCCA.

8 © IS0 2020 - All rights reserved
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CIELAB aim values are calculated using D50 as the reference white and the CIEDE2000 colour
differences between these aim values and the values measured for each patch calculated to provide the
media relative colour differences.

NOTE 2  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 4 shall be reported using the measurement units shown and values shall be
reported to at least two significant figures.

Table 4 — Reporting media relative colour reproduction parameters

Description Full label Abbreviated label || Units
Jolour difference between the print Substrate difference (mr) mrSub AE(q
substrate used and reference printing
cpndition substrate
Maximum colour difference for all control |Control strip maximum (mr) myrCSMax AEg,
skrip patches
95th percentile colour difference for all Control strip 95th percentile (m#) tmrCS95 % AE(q
cpntrol strip patches
Average colour difference for control strip | Control strip average (mr) mrCSAve AEg,
patches
Maximum chromatic difference for CMY Control strip neutral$maximum |mrCSMaxNeutral AC,
neutral control strip patches (mr)
Average chromatic difference for CMY Control strip neiitrals average mrCSAveNeutral ACy
neutral control strip patches (mr)
Average colour difference for selected Charactgrization chart surface  |mrCCAveSurface AE,
sprface gamut patches patchés average (mr)
The average colour difference for the Characterization chart average |mrCCAve AE,
characterization chart (mr)
The 95th percentile for the Characterization chart mrCC95 % AE,
characterization chart 95th percentile (mr)
NOTE Technically speaking, the "unit" inthis table represents the method by which the value is calculated.
EKAMPLE1  Media relative-Colour accuracy: mrSub (3,2 AE;,), mrCSMax (8,0 AE;), mrCS95 % ([7,0 AE,),
nfrCSAve (3,0 AE;;), mrCSMaxNeutral (3,2 AC;,), mrCSAveNeutral (2,5 AC,)), mrCCAveSurface (4,0 AE;),|mrCCAve
(3,0 AE;), mrCC95 % (6,0 AE).
EKAMPLE 2 MedijaJelative colour accuracy:
— Substrate difference (mr): 3,2 AE,
— Controtstrip maximum (mr): 8,0 AE,
— Control strip 95th percentile (mr): 7,0 AE,
— “Control strip average (mr): 3,0 AE,

— Control strip neutrals maximum (mr): 3,2 AC,

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

— Characterization chart surface patches average (mr): 4,0 AE,
— Characterization chart average (mr): 3,0 AE,

— Characterization chart 95th percentile (mr): 6,0 AE,
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Colour accuracy (media relative colour reproduction with BlackPoint compensation)

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

reference characterized printing condition. For these cases, it is often necessary to use ICC Media
Relative colour rendering with BlackPoint compensation (Media relative with BPC) in order to preserve
shadow detail. Media relative colour reproduction with BlackPoint compensation is also assumed to

have bee

When re

n applied according to ISO 18619 and prints are assessed as follows.

ported, assessment of media relative colour accuracy with BlackPoint compensation should

be performed by printing and measuring an ISO 12642-2 characterization data chart. A subset of

these pa
printed 2
as detail

— The
of th

— The
char
be m

— Whe
desc]
the ]

— Whe
tocr
CIEL

NOTE 1
ExcelT™M s

NOTE 2
likely to |
substanti

The aim
using the
then com

The colo
be repor

The Blac
shall be 1

In some
the prin{

fches (control strip patches) according to [SO 12647-8 (Validation print control strip) shall e
nd measured. CIEXYZ tristimulus values X, Y and Z shall be calculated for each printed pat¢h
ed in [SO 18619 as follows:

CIEXYZ colour of the substrate (X, Y,, Z ) shall be determined by averaging the measurements
e white patches from the printed target.

reference CIELAB value for each patch of the control strip shall be estimated from the
acterized reference printing condition for the sheet and the reproduction’CIELAB values shdll
easured from the printed sheet.

re possible, the BlackPoint of the reference shall be determined frem a reference ICC Profile &s
ribed in ISO 18619, where no reference ICC Profile is available, the reference CIELAB value with
pwest neutral CIELAB L* value shall be used.

re possible, the BlackPoint of the print under test shall be‘determined from the ICC Profile usqd
ecate the printas described in ISO 18619. Where this ICC\Profile is not available, the reproductign
AB value with the lowest neutral CIELAB L* value should be used.

The method using the reference and reproduction CIELAB measurements is implemented in the
breadsheet developed by Fogra which is available,as an electronic attachment to Annex B.

Where the BlackPoint is determined frond the reference or reproduction CIELAB values the result|is
e different from that where the BlackRgint'is determined from the ICC Profile. This difference can lpe
hl in some cases.

Colour values for each patch are then calculated according to the formulae defined in ISO 18619
se BlackPoints and using the:XYZ values of the substrate as X, Y, and Z,. These aim values are
pared with the values measured from the charts.

I difference betweeh the print substrate used and reference printing condition substrate shgll
fed.

kPoint of theveference printing condition and the BlackPoint estimated from the control str|p
eported.

ases,itis possible to identify the ICC Profile that was used by the printing system when making
and in these cases the BlackPoint of this profile should be reported.

The valu

es snown In 1dpble 5 shall be reported using the medsurement units snown and values snadll be

reported to at least two significant figures.

10
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Table 5 — Required reporting for Media Relative with BPC

Description Full label Abbreviated label | Units

Colour difference between the print Substrate difference (mr) mrSub AEyq

substrate used and reference printing

condition substrate

Maximum colour difference for all control |Control strip maximum (bpc) bpcCSMax AEjq

Sit ;p yatuhca

Average colour difference for control strip |Control strip average (bpc) bpcCSAve AE(o

datches

Average chromatic difference for CMY Control strip neutrals average bpcCSAveNetitral ACy,

rleutral control strip patches (bpc)

Reference printing condition (RPC) RPC BlackPoint rpcBlackPoint CIELAB

BlackPoint

Hstimated control strip BlackPoint from Estimated control strip printBlackPoint CIELAB

the printed sheet BlackPoint
The values shown in Table 6 should be reported.

Table 6 — Optional reporting for Media Relative with BPC
Description Full label Abbreviated label | Units

Average colour difference for selected Characterizdtion chart surface  |bpcCCAveSurface AE

sprface gamut patches patches avérage (bpc)

The average colour difference for the Characterization chart average |bpcCCAve AEg,

characterization chart (bpg)

The 95th percentile for the Characterization chart 95th bpcCCI5 % AE,

characterization chart percentile (bpc)

Printer ICC Profile BlackPoint ICC Profile BlackPoint profileBlackPoint CIELAB
EKAMPLE1  Media relative (BPC)“eolour accuracy: mrSub (3,2 AE,), bpcCSMax (8,0 AE,,), bpcCSAve (3,0
AEqo), bpcCSAveNeutral (2,5 ACy);bpcCCAveSurface (4,0 AE), bpcCCAve (3,0 AE; ), bpcCCI5 % (6,0 AE ().
EKAMPLE 2  Media relative BPC) colour accuracy:

— Substrate difference(mr): 3,2 AE,

— Control stripmaximum (bpc): 8,0 AE,

— Control strip average (bpc): 3,0 AE,,

— Controlstrip neutrals average (bpc): 2,5 ACy,

— ~Characterization chart surface patches average (bpc): 4,0 AE,
— Characterization chart average (bpc): 3,0 AEy,

— Characterization chart 95th percentile (bpc): 6,0 AE,

— 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 ink set gloss is reported, the gloss of solid coloured patches of each of the process inks shall be
measureg-with-etther752 {150 frotthe }J}auc of-the Pt tre-sttbstt atc) o602 (300 fromthe ylallc ofthe

print suljstrate) gloss angles. The gloss of solid colours shall be measured by the same condition-with
the substrate gloss measurement.

An instjument that conforms to ISO 8254-1 or ISO 2813 (for the 60°) shall be used“to make
measurements.

Values shall be reported as percentages and shall reference ISO 8254-1 or ISO 2813 as'the method.
EXAMPLE 1  Substrate Gloss (ISO 8254-1 TAPPI gloss): 60 GU.

EXAMPLE 2 Ink Set Gloss (ISO 8254-1 TAPPI gloss): Cyan (60 GU), Magenta—(54 GU), Yellow (50 GU),
Black (30|GU).

4.3.2.7 | Colour accuracy (spot colours)

When copsidering the colour accuracy of spot colours (for example when using brand colours) it is oftg
necessarly to match a reference under different illuminants.*Te"achieve that, the reference is specifie
using spéctral reflectance values. The objective of this testisto measure and report the colour differen
between|the reference and the printed colour when viewed under a number of different illuminant
The colopr accuracy for spot colours test can be applied both when the spot colour is printed with
single sppt colour ink, or when it is emulated using process colours.

o Yo as

NOTE 1 | This is not generally done for process.colours as matching of this kind would require a special ink spt
for each cplour to be matched.

Spectraljreflectance aim values for the 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 thege
intermediate tones should be identified.

A solid pptch shall be printedfand its spectral reflectance shall be measured. Where intermediate tong¢s
of the sgot colour are used,patches corresponding to these intermediate tones shall be printed arjd
their spelctral reflectanee’shall be measured. One example is described in ISO 17972-4.

Measurements should'be made according to ISO 13655 M1, M2 or M3 mode. The measurement standard
(M1, M2 jor M3), 0t the measurement conditions in absence of a standard, shall be reported.

NOTE 2 | Itds @ common practice in the market to evaluate spot colours using UV filtered measurements (elg.
ISO 1365p M2). This is appropriate when no UV is expected to be present in the viewing environment. Othgr
measurenTernt BEONELTy Coud De USed to adapt to IMAusStry practice (e.8- a7/ 87:

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 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

+11 H A Y ulany
HNTUIIIIait (vovj,

—+ Maximum CIEDE2000 colour difference between reference and measured colour of 50-%spot for all
illuminants (D50, A, F11 and, optionally, Custom),

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

— CIEDE2000 colour difference between reference and measured colour of,svbstrate under teference
illuminant (D50).

When reporting results, in order to present these in a consistent way that is easy for rgaders to
uhderstand, the format of Table 7 should be used.

Table 7 — Recommended reporting format showingan EXAMPLE for two spot colopirs

. CIEDE2000 error under D50 Maximum CII?ZDEZ(_)OO erl;or undér test

Ypot ink name illuminants
Solid 50 % Solid 50 %
Substrate 2,1 N/A 3,2 (LED) N/A
Spot name 1 3,5 31 3,6 (F11) 3,2 (F11)
Spot name 2 6,4 8,4 Other tint 8,2 (LED) 9,1 (F11) OtHer tint
levels . o lgvels

(ther spotinks
as required
3l Iluminants used: D50, D65, A (A), F11, Custom (white light LED) <URI>.

4{3.2.8 Computing and-analysing colour gamut

If]is often useful to bhe-able to measure the size of the colour gamut of a print or to compare thg sizes of
tyvo colour gamuts,for example:

a] the use @fthe colour gamut of a print as an indicator of its colour range,

b] whére'two prints have been produced by the same printing system but use different media or inks,

c] Cwhere two prints have been produced by two different printing systems,

d) where a print is a proof according to ISO 12647-7 and a second print is a production print. In this
case it is useful to be able to check that the colour gamut of the proof is the same or completely
contains the colour gamut of the production print,

e) where aprintis to be compared to a reference characterisation data set or ICC Profile.

NOTE Comparisons like this are often used to indicate the relative performance of printing systems or
between different configurations of the same printing system. Details of how to make prints and of the additional
data that needs to be communicated to make such comparisons meaningful are outside the scope of this

document.

Colour gamut surface and volume shall be computed using the methods described in ISO/TS 18621-11
as follows.
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Print and measure a characterisation chart as specified in [SO 12642-2. Identify coloured patches on
the surface of the colour gamut and compute the gamut surface as specified in ISO/TS 18621-11.

Where required, the gamut volume shall be computed as specified in ISO/TS 18621-11.

When comparing with a reference characterisation data set or reference ICC Profile, identify the set of
colours on the gamut surface and compute the gamut surface as specified in ISO/TS 18621-11.

When indicating the relationship between a print gamut and a reference gamut or proof print the
following shall be computed as specified in ISO/TS 18621-11:

— the percentage of the reference gamut which is inside the test gamut,
where itfis likely to be useful the Gamut Comparison Index should be calculated.
EXAMPLE 1 Print1 gamut size: 319,626 cubic CIELAB units

EXAMPLE 2 FOGRAS1 reference gamut size: 400,260 cubic CIELAB units

Print1 gamut size: 319,626 cubic CIELAB units

Print1 coverage of FOGRA51: 99,8 %

EXAMPLE3  FOGRAS51 reference gamut size: 400,260 cubic CIELAB units

Print2 gamut size: 420,512 cubic CIELAB units

Print2 coverage of FOGRA51: 100 %
4.3.3 Uniformity

4.3.3.1 | General

Uniformity (homogeneity) refers to the subjective,impression of colour uniformity across a large image
that is iptended to have a uniform colour. Celour uniformity refers to all types of colour variatiop:
lightnesq, hue, saturation or derivatives of.these measures separately or in combination. All types pf
colour variation are taken into accountiincluding, but not restricted to: 1D, 2D, periodic, aperiodic,
localized, large-scale and small-scale variation, separately or in combination such as streaks, bands,
gradientf, mottle and moiré.

When m¢asuring homogeneity, the intended viewing distance shall be taken into account.

4.3.3.2 | Banding — Manochrome
When me¢asuring banding, the method defined in ISO/IEC 24790 (Banding) shall be used.

Banding|has noaneasurement unit but typically produces a number in the range 0 - 5.

EXAMPLIJ Banding (monochrome): 1,8.

4.3.3.3 Large area uniformity

When measuring large area uniformity, ISO 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 AE,.
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4.3.3.4 Mottle — Monochrome

Mottle measurements provide an indication of the apparent low frequency image noise in prints and
usually refers to those fluctuations with a spatial resolution below 0,4 cycles per millimetre in all

directions for standard viewing distance of 400 mm.

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

This document assumes a viewing distance of 400 mm. Where a different viewing distance is used, the

measurement method should be adapted for different viewing distances and the viewing dista

nce shall

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

EKXAMPLE Mottle: 2,8.

413.3.5 Graininess — Monochrome
G

Faininess measurements provide an indication of the apparent high fréquency 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.
Faininess has no measurement unit but produces a4umber in the range 0 - 5.

KAMPLE Graininess: 3,0.

3.3.6 Show through

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

A

test form similar to that shewn in Figure 1 shall include a patch of solid Black and should als
solid patches of the other-solid process colours, two-colour overprints (MY, CY, CM) and thry¢
oyerprint (CMY) printed on only one side of the sheet. The other side of the sheet shall remain u1

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

ints and
ycles per

used, the

1, it shall

b include
be colour
hprinted.

Figure 1 — Test print for measuring show through
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The CIELAB colour value of a region of the substrate which is unprinted on both sides of the sheet (a)
shall be measured.

The CIELAB colour value of each point at the centre(s) of each of the patches of solid process colour on
the reverse (unprinted) side of the sheet (b) shall be measured.

The CIEDE2000 colour difference between each of the measurements (b) and the measurement of
the unprinted substrate (a) shall be calculated. The maximum value of these colour differences shall
be reported as the show through metric. The set of solid process colours actually measured shall be
specified, for example (K) or (CMYK).

Measurements shall be made with white backing as specified in ISO 13655.

EXAMPLJ Show through: 1,7 AE, (C,M,Y,K,MY,CY,CM,CMY).

4.3.3.7 | Print-through resistance

Many timpes, paper is printed on both sides and in some cases the ink penetrates into'the paper from the
one side[to the other side. When this ink penetration is very strong, the ink can be visible at the other
side and|reading the printed matter on the other side can be affected. This phenomenon is known as
print thrpugh. The level to which ink penetrates the printed sheet shall be measured as follows.

NOTE This metric is based on a method developed by IGT Testing Systems1)}4hich has been widely adopted lpy
the print Industry. Details of this method are available on request from IGT Testing Systems (https://www.igt.nl].

A test fofm similar to that shown in Figure 2 shall include a patchof'solid Black and should also include
a patch df three colour overprint (CMY) printed on only one side-of the sheet. The other side of the shept
shall rempain unprinted.

Key
1 front
2  back

Figure 2 — Test print for measuring print through resistance

—
—_—

The CIEJABL* value of a region of the substrate which is unprinted on both sides of the sheet (a) shd
be measured (L,).

The CIELAB L* value of each point at the centre(s) of each of the patches of solid process colour on the
reverse (unprinted) side of the sheet (b) shall be measured (Ly).

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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Print through resistance (R, is defined as Formula (4):

R =[Li ]x 100 % (4)

a

Measurements shall be made with black backing as specified in ISO 13655. The lower of the two values
calculated for patches "b" shall be reported along with the substrate type and name.

EXAMPLE Print through resistance: 95 % (super calendared uncoated, MyBrand BrandName).

4{3.3.8 Macroscopic uniformity

acroscopic distortions in prints reduce their perceived image quality. These distortions, generally
lqrger than a few millimetres, are typically visible across or down the page and are often des¢ribed as
banding, cording stripes or streaks. These artefacts are most noticeable in large segions where a single
colour is used. A perfect print should have no such artefact visible.

hen reporting macroscopic uniformity, the method defined in ISO/TS 18621-21 shall be used.

acroscopic uniformity score has no measurement unit but producega\number in the range |0 to 100.
The values should be rounded to the closest integer. The test form,(eglour of region and meaqurement
c¢ndition shall be reported.

NPTE For some uses, it can be important to provide details ofhow the print was made so that the tpst can be
rgpeated. Such details are out of scope for this document.

Macroscopic Uniformity Score may be abbreviated asqMUS, Sy;; or MUS-score.

53|

KAMPLES Macro-Uniformity-Score: 70
Test form: Fogra Homo-Testform A4;<185 x 155 mm,
Colour: CMYK = 20,15,15,15.

Measurement condition: M1, black backing
4{3.4 Detail rendition capabilities

3.4.1 General

4

Resolution (or sharpness) is a measure of the ability of a printing system to print fine detdil. It is a
perceptually complex concept, which has no single, simple, objective measure. Sometimes sharpness
and resolutionwill be further differentiated where sharpness of a printer refers to the capability of that
ptrinter to produce a distinct edge and the resolution of a printer refers to the capability of thdt printer
tq reproduce'‘fine details.

The attributes described in this subclause contribute to resolution perception.

4.3.4.2 Line width

Line width is a measure of the ability of a print to resolve fine detail accurately. Where this measure is
reported, the width of the line measured normal to the line from edge threshold to edge threshold as
defined 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).

0,1 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.

Measurements shall be reported as density which has no unit and shall be reported to two

significa

nt digits.

EXAMPLE 01 mmline darkness: 19

4.3.4.4

Blurrine
in outlin

Where b
be meas
both edg
horizont

Measure

EXAMPLJ

4.3.4.5

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

an edge
smooth ¢

Where r
threshol
raggedng
At least

specified

Measure
significa

EXAMPLJ

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.

0,1 mm horizontal 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.

0,14 horizontal line 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

18

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 Perceived resolution

Perceived resolution is a measure of the fine detail visible in prints. The perceived resolution depends on
nfany factors including printing system configuration, inks, substrates and invsome cases the|printing
environment. When assessing prints, details of how the print was produced should be recordef.

When perceived resolution is reported, one of the methods described in\ISO/TS 18621-31 shal| be used
(device specific, inherent or practical resolution capability).

a] Device-specific resolution capability should be measured foriengineering evaluations, for{example
when comparing capabilities of different states of a single’printing system.

b} Inherent resolution capability should be used to assess'the ultimate capability of a printinjg system
to depict fine detail.

c] Practical resolution capability should be used<to assess the capability of a printing system to
depict fine detail with full process colour in.theé context of normal colour managed printil% system

operation. Where possible, the colour caljbration aims should be a standardised reference printing
condition and where this is used the reference printing condition shall be indicated in the colour
management section of the report.

The report structure shown below:shall be used. The evaluation intent shall be one of the fpllowing:
"Device-specific resolution capability”, "Inherent resolution capability" or "Practical resolution
capability”.

Resolution-score value is-a\ntumber in the range 0 100 which may be useful when comparing|printing
systems.
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REPORT

STRUCTURE

Test chart used:

Identifier (e.g. URL) of the Contrast-Resolution test chart utilized.

Printing system
evaluated:

Printing system Manufacturer and Model.

Printing system
addressability:

Printing system addressability used in printing test chart samples, e.g.
1200 ppi.

J

ubstrate surface:

Substrate surface characteristics (optional substrate manufacturer and namej.

]

Evaluation intent:

Practical resolution capability

Observed image

Single colorant or multiple process colours.

structure:
Colpur management: Colour management settings and ICC profiles employeq,
Method utilized or N/A if colour management not utilizedl.
Linearization method: Method utilized ("CIELab" if Lab target utilized) or"N/A if linearization nqt
utilized
Linearization | Measurement method ("Inherent” if Lab target utilized) or N/A if linearizatiop
measurement: not utilized.
Additional | Documentation of settings that may affectptinting system resolution capabilit}.
documentation:

Scannin

b system utilized:

Scanner manufacturer and Model.

Sci

hnner calibration:

Single-chajinel (specify which channel and CIE Y or CIE L¥) 9
ICC profile for CIELab colour calibration of RGB scans.

=

Scanner MTF
@ 12 cy/mm:

Evaluated value from scanner qualification.

Resollition-score value:

86

Number of prints
evaluated:

32

4.3.4.9

4.3.4.9.1

Problem

Registration

General

5 telated to the accurate positioning of printing elements on a printed sheet fall into one of the

following categories:

colour separation registration error: difference in the position of a colour separation relative 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,

alignment relative to sheet: location of printing elements relative to finishing references, for example

sheet edge, folding and cutting marks.

The following procedure allows the accuracy of positioning of printing elements to be measured and
reported.

20
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Register marks shall be printed using all of the process colours commonly used by the printing system

to 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 corner of the

sheet on both sides of the sheet.

The marks should be similar to those shown in Figure 3.

1N
N

OR

Kpy

[EnN

traditional cross-hair

N

RIT traffic light registration target
Figure 3~ Examples of registration target

The width of each line of theyregister mark should be less than 1,0 mm and the length of
element should be 5 mm orlonger.

Afditional register marks-should be printed at the centre points of each sheet edge and at the
thhe sheet. When pregent, 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 align
correspondingmark on the reverse of the sheet.

NPTE In) this document no consideration is made as to whether the measured registration ¢
agceptable or not, for example ISO 16762 provides guidance on front-to-back and page position re
rg¢quirements to ensure accurate folding.

bach line

centre of

bd with a

rrors are
bistration

4.3.4.9.2 Colour separation registration error

Colour separation registration error is determined by measuring the horizontal and vertical
between the edges of the lines printed in each of the separation colours (where visible) and th

distance
e edge of

each of the other separation colours for each mark. The maximum distance shall be measured for each
mark. The maximum value for all register marks on the sheet shall be reported as the colour separation

registration error.

EXAMPLE Colour separation registration error: 80 pm.

© IS0 2020 - All rights reserved
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4.3.4.9.3 Front-to-back alignment error
For non-opaque 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 holes will be punched and the print will be fixed on two rigid pins. The holes shall be sized and
positioned to accurately fit the pins. The Front/back register shall be determined by calculating the
maximum deviation for the process colour black and should be for the remaining process colours.

EXAMPLE Front-to-back alignment error: 100 um.

4.3.4.9.4 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 direction. Based on the 8 measurements per print the crop régister should be
computed by taking the standard deviation of all 8 x 25 measurements.

EXAMPLH Alignment relative to sheet: 200 um.
4.3.5 Permanence

4.3.5.1 | General

The follqwing requirements provide a basis for typical permahence behaviours. However, each pafrt
of ISO/TP 15311 can use and reference additional standardsvand procedures for physical propertie
permangnce behaviour and the effect of environmentalfactors on printing materials such as thoge
defined by ISO/TC 42.

g

4.3.5.2 | Indoor light stability (home and office display)

When rdported, the indoor light stability, shall be measured according to the method described |n
ISO 18937.

For inddors home and office displdy, “Simulated indoor daylight typical home display” conditign
stipulatgd in ISO 18937 shall be used:

The test fheet used to assess outdoor weathering shall include the set of control strip patches specifigd
in ISO 12647-8, and the mean-and maximum colour difference (CIEDE2000) between the measurements
of these patches before afid after the test shall be reported.

The test|chart should{also include pictures similar to those that are expected to be used in practide,
for exanjple photographs of people, landscapes, or food. Visual inspection of these images shall he
conductdd and €hanges in colour should be noted. Where changes in colour affect some aspects of thege
pictures|more\than others, this should be reported.

axzail

F 11 d tr".]n £ irlbhao tacting napfoand cbos ld o oo albla 1 o o 2
u etatrs—or—+tnie eSSt peTrToT T CO—STIo Tt ot TIrataC—av arra oI o st paratC— aotuTCre a

(Uniform Resource Indicator) provided.

EXAMPLE Colour stability (ISO 18937, indoors, <URI>): colour change 3,2 AE,, (max) 1,3 AE;, (mean). Note
that colour changes are visible on skin tones.

4.3.5.3 Indoor light stability (display window)

Indoor light stability for printed products displayed in a show window shall be measured according to
the method described in ISO/TS 21139-21.

Where the intended display conditions are not known, it shall be assumed that the primary stress factor
is light exposure with a light level of 10 Mlx-hr.
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The maximum and mean colour change for the end point analysis shall be reported as CIEDE2000
colour differences.

The estimated print life shall be reported as an integer number of weeks or years, rounding down to the
nearest integer value.

EXAMPLE End point colour change 5 AE (max) 2,5 AE;, (mean), estimated print life 100 weeks.

4.3.5.4 Weathering

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

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

The test chart should also include pictures similar to those that are expected’to be used in [practice,
qr example photographs of people, landscapes, or food. Visual inspection of these images|shall be
nducted and changes in colour should be noted. Where changes in colour affect some aspects of these
plctures more than others, this should be reported.

a =

Reported results shall indicate whether accelerated laboratory-testing (lab) or outdoor wegathering
t¢sting (outdoor) was performed.

111 details of the testing performed should be made available in a separate document ang its URI
rovided.

KAMPLE 2 Weathering (I1SO 18930, outdoor, <URI>): colour change 4,2 AE, (max) 3,1 AE;, (m¢an).

F
p
EKAMPLE1  Weathering (ISO 18930, lab, <URI>): coletf¥ change 4,2 AE, (max) 3,1 AE;, (mean).
E
Npte that colour changes are visible in blues of sky~and ocean.

3.5.5 Thermal stability

hsed on the test results, the expected print life stored at the specific environmental condition shall be

4

When reported, thermal stability.shall be measured according to the method described in ISP 18936.
B

estimated using Arrhenius prediction method described in ISO 18924.

Where the estimated printlife is less than one year, the number of days shall be reported, othewise the
ifftegral number of years (rounding down) shall be reported.

The lifetime cammet 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” tp qualify
the time period.

The endpoints chosen for the Arrhenius extrapolation, e.g. mean and maximum colour change shall be
r¢ported. Full details of the testing performed should be made available in a separate document and its
URIprovided

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 AE;,, mean
colour change 1 AE).

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

sistance shall be measured according to ISO 18935 as follows.

4.3.5.6.1 Method 1 — Standing water evaporation

Print a set of checkerboard patches using single colour and two-colour overprints with 100 % and 50 %
tone value for the printed regions as shown in Figure 4. Add a 0,1 ml drop of water on the centre of
each patch and allow to dry for 24 h in an environment with a temperature of 23 * 1 °C and Relative
Humidity of 50 + 5 %.

Followink the drying period, the patches shall be inspected and any deterioration in the printed patchy
noted. The notes should be accompanied by a photograph showing any visible marks.

Key
a 0,1 n
b Leav

4.3.5.6.2

Print a g
value for
patch. A

1 drop of water on each patch.
e to dry for 24 h ambient conditions environmental conditions of (23 + 1) °C and (50 * 5) % RH.

Figure 4 — Standing water evaporation assessment

Method 2 — Standing water plus wiping

et of checkerboard patches using single) colour and two-colour overprints with 100 % tor
the printed regions as shown in Figure 5. Add a 0,1 ml drop of water on the centre of eac
fter one minute, a 50 g weight applied to laboratory tissue shall be pulled once across t}

sample aft a speed of approximately 5 cm/s:

Patches

chall be inspected and any.'deterioration in the printed patches noted. The notes should |

accompaied by a photograph shiowing any visible marks.

15

LS

je
h
le

Key

a 1 min.
b 50 g weight.
¢ 50 g weight applied to laboratory tissue pulled once across the sample (~5 cm/s).

24

Figure 5 — Standing water plus wiping assessment
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4.3.5.6.3 Reporting

Report the primary failure mode, for example: colorant bleed, paper cockle, delamination, formation
of rings, loss of gloss, removal of colorant, colour to colour bleed, etc. Comparison to the control
(untreated) print is very helpful in this regard.

Overall water resistance shall also be assigned using the categories: (a) water resistant, (b) moderately
water resistant or (c) not water resistant.

Note conditions where the print is damaged to the point that image information is lost.

Record printer settings used to make the print sample.

NPTE Method 2 is generally only used in cases where the prints are intended to be used in wetenvironments
of where they are intended for outdoor use.

EKAMPLE In many cases, this method can 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 of rings not observed slight
Loss of gloss no change slight lost
Removal of colorant not obsérved not observed

These results may be summarised as:

L Sample A: water resistant

- Sample B: moderately water resistant (slight colorant bleed, very slight delaminatign, slight
formation of rings, slight loss ef'gloss)

413.5.7 Scratch resistance

S¢ratch resistance shall be/measured according to ISO 15184 which shall be modified so that fhe tip of
the pencil exerts a force of (4,0 £ 0,1) N on the printed surface.

NPTE1 ISO 15184is intended to be used on painted surfaces and specifies a force of 7,5 N but such alforce will
tdar most papepsubstrates.

Alset of patches of the solid process colours and two-colour overprints shall be printed and tested using
the set of pencils with different hardness.

NPTE 2  The diameter of the pencil lead used and the shape of the tip when sharpened is important.|Guidance

f et B o e arzid o d S TCN 10104,20000 1o, Q
Tt 15 provIiaCo T TOU T TO 1. 204U, Grauastor

NOTE3  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 visible artefacts. The report shall be accompanied by a photograph.
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Abrasion resistance (transportation of sheets)

4.3.5.8.1 General

Abrasion 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 from a printing site
to a finishing site. Three levels of testing are conducted to reflect light handling (10 cycles), moderate
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 fI

surface g

NOTE 1
ISO 1894/

The rece

The printed image area shall include patches of approximately 25,4 mm x 25,4 mmcorresponding

100 % bl
of each s

The prin

The test
shall be 1

s described in Annex A with a weight that produces a force equivalent to 0,342 N/cm?2.

The Sutherland Rub Tester is an example of a widely used rubbing tester of the type described
:2013, A.1.

ptor shall be an unprinted sheet of the same substrate as the print to be tested.

ack and coloured prints shall include a 100 % CMY overprint patch and patches of 100 % to
bparation colour. Patches shall have an unprinted border of at least 12,7 mm.

[ stabilisation period shall be 1 day.

result shall be reported following 10 cycles and 50 cycles afid where rough handling is like

eported following 100 rub cycles. Where a different numbey of rub cycles is used, the numb¢

1

of cycles|used shall be reported.
The metlpod of printing and handling of printed samples shall bé consistent with the anticipated produ
end use.
The test procedure is illustrated in Figure 6.
5
]
f )
®@
a
1 2 3 4
Key
1 printing
2 preparation
3  testing
4  measurement
5 conditioning and testing at 23° and 50 % RH
6 0,342 N/cm?
7  rub tester
a  Test specimens shall be conditioned uncovered for at least 24 h.
b,c Measure colour and gloss of each patch and its surround.
Figure 6 — Abrasion resistance assessment method
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NOTE 2  Where the substrates used by printing systems are different, it might not be appropriate to compare
these test results directly. It is never appropriate to compare the results of printing on coated with uncoated
substrates.

4.3.5.8.2 Alternative test method

In some cases, it may be appropriate to use other test specimen and receptor dimensions, applied
loads and rub cycles where the intended conditions of use are such that the specified parameters
and conditions produce results that do not adequately correlate to the abrasion, smudge, or scuff
experienced under the intended conditions of use. In these cases, the test method and reporting shall be
a$ described in ISO 18947. Full details of the test method used shall be provided.

4{3.5.8.3 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 diffetence shall be iflentified
and the colour difference between measurements made before and after testing shall be r¢ported,

— Smudge Resistance: the patch having the largest CIEDE2000 cqlour difference in the unprinted
margin shall be identified and the colour difference between méasurements made before and after
testing shall be reported,

— Colorant Transfer: the patch producing the largest CIEBE2000 colour difference change of the
receptor shall be identified and the colour difference between measurements made before and after
testing shall be reported,

— Scuff: all significant changes in gloss of the colout patches or unprinted margin of each colgur patch
shall be reported.

Describe any visible change not accounted fordy changes in gloss, optical density, or colorimefry.

-]

Finter settings shall be recorded.

33!

KAMPLE Abrasion resistance:

— Abrasion Resistance: 1,5 AEq, (CMY),

— Smudge Resistance: 0,5.AEg, (Magenta),

— Colorant Transfer: 2,0)AE,, (CMY),

— Scuff: no signifieant changes,

— General observations: light streaking observed,

— Printergsettings: <URL> or description.

4136~ Artefacts

4.3.6.1 General

When structuring and classifying image quality attributes it is sometimes not easy to find a clear
correspondence between an image quality metric or significant characteristic and one of the three
groups defined above, namely colour and surface finish, homogeneity and resolution. For the sake
of simplicity, the remaining attributes clause covers all the criteria that haven’t been grouped so far.
Those attributes are prone to cause a loss in overall image appearance when evident and are typically
technology dependent.
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4.3.6.2

Contouring

Smooth transitions in device RGB or CMYK are printed and inspected for smoothness and absence of
artefacts by expert visual inspection and/or psychophysical experiment.

4.3.6.3

Background extraneous marks and voids (monochrome)

The method described in ISO/IEC 24790 (Background extraneous mark) shall be used to assess prints
for background extraneous marks and voids.

NOTE

processesy.

4.3.6.3.1

Extraned
or reporf

Voids: re
total are

EXAMPLJ

4.4 Pr

The acty

quality df the printed material; therefore, the actual printing‘cenditions shall be reported to the extent

necessarn

NOTE
to anothe
settings:

settings, Yini- or bi-directional printing, resolution and any other adjustments made that can influence the qualify

of the find

Background extraneous marks are often caused by "scumming” or "ghosting” for some printing

Reporting

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

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

Refer to ISO/IEC 24790.

inting conditions
al printing conditions used to print a document or test chart play a significant role in the
y to permit an accurate reproduction of the printawhose metrics are being reported.

The information necessary to allow repeat prints to be made varies substantially from one system
r and so standardized reporting is not possihleZThe following items are examples of typical printer

brint mode, print speed, number of passes, gorrections for offset and miss-registration, heating/fusing

1 output.

28
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Annex A
(informative)

Sampling of sheets

A1 Calculating the number of sheets to be sampled

—3

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

—

5]

survey for public opinion polls.

[

prmula (A.1) is used for calculating the number of sheets to be sampled:
N

Hit=s

N is the total number of sheets in the set of sheets tode sampled;

n=

where

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. TheObjective is that the statistical error should be significantly sm4

formula

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

(A1)

and the
ller than

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

sampling error requires a-large increase in the number of sheets sampled. For example, apprg
half of the sheets need-to be sampled when the set of printed sheets to be assessed is small (
100 sheets).

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

I1) order to satisfy these conditions, a desired maximum error, E, of 0,25 (25 %) is used. Table A

ximately
ess than

that the
rariation

.1 shows

thenumber of sheets from a set of 1 000 sheets that need to be measured for different values g

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

N E Y 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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