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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 prdcedures used to develop this document and those intended for its further maintenance|ar
describg¢d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordancewith th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR CENY

-

Attentidn is drawn to the possibility that some of the elements of this document may'\be'the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patent-rights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

jw)

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as inforfation about ISO's adherence to th
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.orgl/
iso/foreword.html.

W

This do¢ument was prepared by Technical Committee {SO/TC 130, Graphic technology.

Alist of pll parts in the ISO 18621 series can be found on the ISO website.

=

Any feedlback or questions on this document should be directed to the user’s national standards body. /
completle listing of these bodies can be foundat www.iso.org/members.html.
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Introduction

Perceived resolution, the capability to perceive fine detail, is a measure of full system capability and
depends upon characteristics of the printing system (substantially more than just its addressability),
characteristics of the substrate, of the viewing conditions, and of the observer. Perceived resolution
depends critically upon tonal differences between elements of an image - there is no perceived
detail, hence no measure of resolution, when there is no tonal difference in an image. The three

major contributors to the perceived resolution of a printing system are the capability of a
ystem to maintain a desired cquiql separation hetween npnrhy elements prinfpd on - as

printing
1bstrate

the addressability of a printing system indicates what the minimum spatial separation can

test chart and an evaluation process for measuring a printing system’s capability te carry fi
hust reflect these major contributors.

ourier analysis has proven very useful in analysing the reproduction capability of image
ystemsll. In this formalism, spatial separation is measured in terms of spatial frequency (e.

eproduced modulation to the original (desired) modulation can becused to describe the capab

range of spatial frequencies is called the modulation transfer function (MTF).
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ipn perceived luminance to its average luminance) at a particular spatial frequency. The ratllo of the
1
)¢

be), the

dapability of the printing system to carry tonal differences (contrast) between these nearby|printed
dlements, and the capability of the human visual system to perceive the printed detail. The jesign of
1

e detail

forming
b, cycles

er millimetre) and contrast is measured in terms of modulation (the diménsionless ratio of 4 change

lity of a

rinting system to reproduce a sinusoidal input at a particular spatial frequency. This ratio, taken over

snatial feauency
£ ¥ 1 J

1 modulation of original (constant amplitude)
2 modulation of reproduction (with limited resolution)

3 modulation transfer function (decreases due to limited resolution)

Figure 1 — Modulation transfer function of a printing system

The MTF characteristic shows the ratio of the reproduced modulation to the original (input) modulation

as a function of spatial frequency and provides a very useful description of printing system ca

pability.

The decrease at high frequencies of the modulation transfer function shown in Figure 1 characterizes

the common degradation in printing system image detail capability at high spatial frequencies.
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In characterizing perceived resolution, a single component of the imaging chain cannot be isolated
since we look at the results of the complete system. The printing system imaging chain starts with the
process of placing marks on a substrate. In many printing systems, the individual marks can provide
only a limited number of tonal levels and the full tonal range is provided by subsequent area modulation
(screening) of the marks. This screening process can strongly affect the image detail capability of a
printing system. The characteristics of the substrate can affect both the effectiveness of placing these
marks (e.g. surface roughness) and affect the interplay between the placed marks and the illumination
required for viewing the printed image (e.g. light scattering in the substrate). Finally, perceived
resolution depends upon the viewing conditions (illumination, viewing distance, and magnification) as

well as glrecapabitity of threhumarobserver-topercetvedetatt—trecapabitity of mormat-hrumamrviston
to percdive spatial detail can be characterized by a modulation transfer function (see Reference-2}).
This is ghown in Figure 2.
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Figure 2 — Contrast sensitivity function of a human observer

The natural units for the perceptual contrast sensitivity function are cycles per degree, which are
independent of viewing distance. Shown as a dotted line on the right of Figure 2 is the ophthalmological
limit of visual acuity known as 6/6 vision in metric units which means a person being examined can see
the same level of detail at 6 m as a person with "normal” visual acuity would see at 6 m distance. This
visual limit corresponds to a spatial frequency of about 6 cy/mm at 300 mm viewing distance or about
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4,5 cy/mm at a viewing distance of 400 mm. At a viewing distance of 400 mm the human visual system
response to spatial detail peaks at about 0,4 cy/mm (0,5 cy/mm at 300 mm), decreasing in sensitivity at
both higher and lower spatial frequencies.

ey
contrast
spatial frequency

W
Figure 3 — lllustrativ?& 6ﬁ}trast sensitivity function (Reference [3])

o5
visual illustration of the depe@@ce of perceptual detail reproduction capability on both spatial
equency (horizontal axis) and ‘eentrast (vertical axis) is shown in Figure 3 (see Reference [3]). The
erception of fine detail is f@u’ency dependent and can be perceived well at high contrast, biit not as

ell at low contrast. O

or given viewing conditions (illumination, viewing distance, magnification), measurements at xtreme
patial frequencie@‘e irrelevant to the characterization of the perceived resolution of a printing
ystem as their ts cannot be seen (e.g. the far right side of Figure 2 or Figure 3).

he illustr er shown in Figure 3 also illustrates the peak in visual sensitivity in the mid spatial
equency range and is a major motivation for the test chart design utilized in this method for evpluating
e perceived resolution of a printing system. A test chart that explores modulation or contrast along
ne )?s”and spatial frequency along an orthogonal axis covers a large fraction of the major contfibutors
(he perceived resolution of a printing system. Figure 4 shows the Contrast-Resolution test c]llart[‘—‘].
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Figure 4 — El@eﬁts of the Contrast-Resolution test chart
In Figuile 3, contrast and sp@'g)frequency vary continuously. In Figure 4, each circularly symmetric
element] explores a parti r sampled contrast and spatial frequency - the individual patches ip
the target. The spatia Gye uency of separation of these circularly symmetric marks and spaces in
each pafch is varie arithmically along the vertical axis of the target and the contrast, or depth
of modylation, is ied logarithmically along the horizontal axis. This logarithmic spacing mimicp
the largely log ic response characteristics of the human visual system. This representation df
contrast vs. al frequency resembles the Campbell and Robson illustration flipped on its side. Thg
circular]y metric shape, and the range of values explored in the Contrast-Resolution test chart arp
well suitedto the characterization of digital printing workflows.

In a conventional printing system, there are processes at four spatial frequencies that interact with each
other to form an image on the substrate. The first frequency is the spatial frequency of detail in an imaged
scene (this is represented by the vertical axis of the Contrast-Resolution test chart). The second spatial
frequency is the sampling frequency of the pixel grid in the digital image to be reproduced. The Contrast-
Resolution test chart shown in Figure 4 is vector based, not a bitmap, therefore there are no image
pixels. The third spatial frequency is the addressability grid of the printing device. The printing system
raster image processor (RIP) maps the image pattern to the addressability grid and then decides, for
each individual addressability location, how to image that spot. For a binary printing device (e.g. offset or
flexo printing), the spot is either turned on or off. For a non-binary output device (e.g. some electrostatic
or inkjet systems), where the output spots can be imaged at more than one gray level, the RIP also
determines at which gray level the output spot needs to be imaged. These individual spots are utilized
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by the RIP to build the screening pattern that carries the tone scale of the image. The spatial repetition
frequency of this screen is the fourth frequency in this printing process. All of these frequencies have the
potential to interfere with one another, and hence have the potential to introduce moiré.

The Contrast-Resolution test chart was designed for visual evaluation. Evaluation starts at the top
of column A (lowest spatial frequency and highest contrast) and moves down the target towards
higher spatial frequencies - note how a moiré pattern gradually develops between the circular lines
and addressability grid of the printer. The observer is tasked to find, for each column of the target,
the patch at the highest spatial frequency at which the circular lines in the patch are still recognizably
rpprnﬂnr‘nd —where nolines or spaces-are miccihg or nvnr]np and where the level of moiré interference
does not obscure the circles. For each column in the target, an index value that is the 1}@ number
(each row is a single spatial frequency) of the last recognizable patch is recorded. This o ipn maps
the threshold curve along columns in the Contrast-Resolution target where circular e@ents are no
1
)¢

bnger recognizable. The area enclosed by this threshold curve can be used as a cap th't'y scorg for the
rinting process. In observation, the circular nature of the lines in each pattern tends to avefage out
ny angular dependencies in system resolution. Q)

& A B L D =

éQ?\ Figure 5 — Enlarged portion of a Contrast-Resolution target print

Ii%ﬂg 5 shows an enlarged portion of a print made with a 1 200 spot per inch addressability, fitilizing
1\}3 };uc CI ;ll\,h dUt OCLI CUIL. ThU Lil \,u}cu attcn 110 Uf thc 2 91 A\ /llllll RUVV ;ll CU}ulllllO A tl 10u h E
P P ; 7 g
are clear. The circular patterns of the 3,76 cy/mm Row in Columns A and B are clear, but are not legible
in Columns C, D or E. The circular pattern of the 4,85 cy/mm Row in Column A is present with some
aliasing. The circular pattern of the 6,25 cy/mm Row in Column A is barely legible with significant
aliasing. The resolution capability of this printer configuration degrades significantly as the contrast is
lowered - none of the other patches in Figure 5 shows a recognizably circular pattern. An illustration
of an index value threshold curve (white line) and its enclosed area (above the white line) is shown in

Figure 6.

The procedure specified in this document provides an automated, objective measurement surrogate of
the detailed visual examination process previously used in the evaluation of the Contrast-Resolution
test chart. The initial form of this procedure, developed by Liensberger[2], provided a single valued score
(L-score) that correlated well with subjective impression, based upon the area of a threshold curve
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derived from normalized cross-correlation coefficients. A refinement of this automated procedure
proposed by Uno and Sasaharal®l and called resolution-score forms the basis for this document. An
international verification test was conducted, involving both objective measurements, using this
improved procedure, and subjective evaluation of Contrast-Resolution test charts printed with a variety
of printing systems. These experiments showed very good correlation of objective measurements with
subjective evaluations using the improved resolution-score procedure.

contrast 100 5995 3594 2154 1292 774 464 278 167 1.0

0.81 2
1.04 3
1.35 4
1.74 0
2.24 6
2.91 7
3.76 8
4.85 9
6.25 10

o
Ref. TV = 50% N\

Figure 6 —<Enclosed area above an index value threshold curve

Both oljective measufement and subjective evaluation of Contrast-Resolution test charts printe
with process colorafits-are minimally affected by the low levels of colorant mis-registration present i
modern| well maintained printing systems. The level of colorant mis-registration in printed test chart
should Be verifiedto be low when utilizing the procedure specified in this document with process colo
printing.

Lo SV o R =

Clause 4 cpnr‘ifinc the reguirements of the workflows settings needed to pfﬁar‘ﬁvply print the Contrastl

Resolution test chart, the setup requirements of the printer utilized to reproduce these test charts, the
requirements of the scanner characteristics needed to effectively digitize the information reproduced
on the printed test charts, and the requirements of the scanner data processing path needed to properly
represent this information for automated evaluation.

Clause 5 specifies the resolution-score measurement procedure.

Clause 6 specifies the reporting of results obtained with the process specified in Clause 5.

X © IS0 2020 - All rights reserved
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020(E)

Graphic technology — Image quality evaluation methods
for printed matter —

Part 31:

Cvalitation ofthe norcoived rncn!“tien Pay rinl—

ot

N

ms

3 Termsand definitions

A a) o
([ VUILIUVUUCLIVUIIL Ul Ciio l’\'l CWIVOLCH I VUV AL UK Pl IS ll&

with the Contrast-Resolution chart

| Scope

'his document specifies the Contrast-Resolution test chart, the requirements-en the printing
eeded to reproduce this test chart, the required characteristics of a high reselution scanner n

f this digitized data. It also specifies the resolution-score methed\for evaluating the pe
esolution of printed material using the Contrast-Resolution test cliart.

'he procedure specified in this document is intended for a characterization of the perceived re|
fa graphic arts production printing system using the Contrast-Resolution test chart.

' Normative references

'he following documents are referred to in the‘text in such a way that some or all of their

ndated references, the latest edition of thefeferenced document (including any amendments)
SO 5 (all parts), Photography and graphic-technology — Density measurements

SO 14524, Photography — Electranic still-picture cameras — Methods for measuring opto-e
onversion functions (OECFs)

SO 13655, Graphic technelogy — Spectral measurement and colorimetric computation for
rts images

SO 16067-1, Photography — Spatial resolution measurements of electronic scanners for phot
mages — Part 1: Scanners for reflective media

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

[

process
beded to

igitize the information reproduced on printed test charts, and the requirements on the interpjretation

rceptual

solution

content

onstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.

ectronic

graphic

pgraphic

SO0’and IEC maintain terminological databases for use in standardization at the following addrj

£SSes:

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

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

3.1

aliasing
output image artifacts that occur in a sampled imaging system for input images having significant
energy at frequencies higher than one half the spatial sampling frequency of the system

© IS0 2020 - All rights reserved
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3.2

luminance factor

CIEY

Y

dimensionless ratio of the luminance of the surface element, in the given direction, to that of the perfect
reflecting diffuser identically illuminated and viewed

Note 1 to entry: It is defined by the CIE and denoted as CIE Y.

Note 2 to entry: The luminance factor of the perfect reflecting diffuser identically illuminated is 100.

3.3
CIE L*
L*
metric lightness
functior of luminance factor, defined by the CIE which approximates the human visual system responsg
to achrdmatic stimuli.

Note 1 tq entry: For luminance factors greater than 0.008856, L* = 116(Y/Y,)!/3 - 16. Fer-luminance factors less
than or dqual to 0,008 856, L* =903,3 (Y/Y,).

)

Note 2 tp entry: Y, is the luminance factor of a white achromatic reference, typically the perfect reflecting
diffuser.

3.4
ICC profile

Internz;Tonal Color Consortium's file format used to store transfornis from one colour encoding to anothet,
e.g. fron} device colour coordinates to profile connection space)ds part of a colour management system

Note 1 td entry: The colour management system is standardized as ISO 15076-1[Z],

3.5
modulation
differenice between the minimum and maximuni-signal levels divided by the sum of these levels

3.6
modulation transfer function
MTF
ratio, asla function of spatial frequency, of the measured modulation response in a print produced by
printing system, to the stimulus.modulation presented to that printing system

-

3.7
opto-elgctronic conversion function
OECF
relationghip between‘the input levels and the corresponding digital output levels for an opto-electroni
digital image capture system

(@]

3.8
perceivedresolution
subjective impression of the capability of an imaging system to depict fine detail

3.9

reflectance factor

dimensionless ratio of the radiant or luminous flux reflected in the directions delimited by the given
cone to that reflected in the same directions by a perfect reflecting diffuser identically irradiated or
illuminated

3.10
resolution
measure of the ability of a digital imaging system to depict fine detail

2 © IS0 2020 - All rights reserved
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3.11

scanner dynamic range

difference of the maximum density where the incremental gain is higher than 0,5 and the minimum
density that appears unclipped

Note 1 to entry: The dynamic range is determined according to ISO 21550.

4 Requirements

4.1 General

The method specified in this document provides an evaluation of the fine detail carrying capgbility of
d printing system comprising both workflow and printing that correlates with perceived regolution.
Jample prints of the Contrast-Resolution test chart, ISO_ConRes20Y, produced by a printing sygtem are
gcanned by a high resolution scanner. Evaluation of the fine detail carrying capability of the printing
qystem is done by comparing these high resolution scans of the Contrast-Résolution test chart prints
with a defined reference. Effective practice of this method places requirements on both the printing
dystem and the scanning system. This method can be applied to miost printing technologies and
qubstrates.

4.2 Apparatus requirements

4.2.1 Printing system requirements

Bffective interpretation of the Contrast-Resolution test chart depends upon printing a set of sample
prints of Contrast_Resolution test chart with mininyal mis-registration between the different cplorants
that may be utilized in the printing process. This.requirement is conventionally met by either printing
the single colorant version of the Contrast-Re§olution test chart using a single separation colgrant, or
by using the well controlled registration ofi\a‘modern, well maintained, colour managed procegs colour
Qrinting system to print one of the process colour versions of the Contrast-Resolution test chaft. Refer
to Annex B and Annex C for details.

4.2.2 Scanning system requirements

In the evaluation methodspecified in this document, a high resolution scanning system is|utilized
ds a surrogate for a human’observer. This imposes strict requirements on the setup, calibration and
performance of the scanning system used in the evaluation process. In simplest form, the measfirement
device shall be calibrated and able to accurately capture luminance factor (CIE Y) or ljghtness
information (CIEQdZ%) at a high optical resolution. A scanning system with a useful optical resolution of
1200 ppi in beth/the horizontal and vertical direction is required. If the Contrast-Resolution t¢st chart
Has been printed on a structured substrate, multi-directional illumination is required to npinimize
ghadowirg,)A scanning system shall conform to the specifications defined in Annex D.

4.3 Procedure

4.3.1 Test chart

The exact procedure specified in this document for evaluating perceived printing system resolution
depends upon the structure of the printing system workflow that is being assessed and the objective
of the assessment. Evaluation intents are specified in this document to assess the different workflow
structures and to meet the objectives of printing application and engineering assessments. Each of these
specified evaluation intents utilize one of three colour encoding variants of the Contrast-Resolution

1) The Contrast-Resolution test chart files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/
ed-1/en/.
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test chart to properly assess the resolution capability of a printing system. The three colour encoding
variants of the Contrast-Resolution test charts?) are defined in Annex A and are summarized here:

a)

b)
‘)

4.3.2 IEvaluation intent

Six diff¢rent evaluation intents are specified in this document for the evaluation of the /perceived
resolutipn of different printing system workflows and assessment objectives; four are further specifiefl
in Annek B and two are further specified in Annex C. Each of these different evaluationintents definep
a proceps that specifies the appropriate colour encoding variants of the ContrastcResolution tegt
chart, defined in Annex A, required to properly assess the resolution capability of the printing systern
workflow. The discussion here and the summary of evaluation intents provided iit/Table 1 are intendegl
to aid infselecting the appropriate intent.

1y

2)

3)

4)

5)

ISO_ConRes20_SepK.pdf which is intended for single colorant (black) resolution capability
evaluation.

ISO_ConRes20_sRGB.pdf which is intended for process colour resolution capability evaluation.

ISO_ConRes20_Lab.pdf which is intended for resolution capability evaluation utilizing the optional
linearization process defined in Annex C.

Deyice-specific evaluation of a printing system. This evaluation’ process is primarily fo
englneering evaluation of the resolution capability of a single printing system in different printin
setyp conditions, using a single conforming reflection scanning’system. Repeatability is dictate
by the printing system stability. Device-specific evaluation may/use any of the Contrast-Resolutio
testichart colour encoding variants.

Single colorant evaluation of inherent resolution ‘capability, where the printing systen
wotlkflow is set up to provide a rendition of the sixgle colorant ISO_ConRes20_SepK.pdf3) versio
of the Contrast-Resolution test chart using a single colorant, usually only the black colorant. Thi
evaluation process avoids any resolution degradation due to the mis-register of multiple colorant
and|aligns with the perceived resolution capability of a printing system when printing text content
or hlack and white graphics. Further discussion is found in Annex B.

Process color evaluation of practical\résolution capability, where the printing system workflow i
set lip to provide a colour managed réndition of the ISO_ConRes20_sRGB.pdf* Contrast-Resolutio
test] chart that is printed withamultiple process colorants, usually with a "rich" black. This setu
clodely aligns with the perc€eived printing system resolution capability when printing imag
content. Further discussion.is found in Annex B.

WO =W

=

Stapdardized process’colour evaluation of the resolution capability of a printing system set u
to sjmulate a standardized printing application, e.g. commercial printing, packaging or newsprinf{.
Thi$ evaluation/precess relies on the standard printing application ICC profiles available fron
wwjw.ECL.org to-provide the defined color reproduction aims of a standardized printing systen
workflow of\commercial interest. Standardized process colour evaluation uses colour managel
intdrpretation of the sSRGB encoded version of the Contrast-Resolution test chart, ISO_ConRes20
sRGB,pdf'and is particularly useful in the comparison of different printing systems

— )

Linearized single colorant evaluation of printing system resolution capability. Linearization
maximizes the information content of the test chart through the printing process and the analysis
of the resolution capability of a printing system but utilizes a tone-scale that is not representative
of normal printing operations. This evaluation process utilizes the single colorant version of the
Contrast Resolution test chart, ISO_ConRes20_SepK.pdf2), and is aimed at engineering assessment

2) The Contrast-Resolution test chart files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/

ed-1/en/.

3) The corresponding files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-1/en/.

4) This PDF file is provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-1/en/.
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of the ultimate resolution capability of a single colorant in a printing system. Further discussion is
found in Annex C.

6) Linearized process colour evaluation of printing system resolution capability. Linearization
maximizes the information content of the test chart through the printing process and the analysis
of the resolution capability of a printing system but utilizes a tone-scale that is not representative
of normal printing operations. This evaluation process utilizes the CIELab encoded Contrast
Resolution test chart, ISO_ConRes20_Lab.pdf>), and is aimed at engineering assessment of the
ultimate resolution capability of a process colour printing system. Further discussion is found in

Annex C

Table 1 — Comparison of evaluation intents
Ev:aluatlon SepK | sRGB | Lab Single Process color | Linearization Pr}ntu.xg Engineering Pufrpose
intent colorant applications
Compalre printer
. configfyirations.
(15) Z‘Z‘I’f‘fce X X X X X N/A X X Restridted to a
P single printing
systen{.
Single folorant
. } printing.
(2) Single X X No X Text, Line-art
colorant and BAW
reproduction.
Normall opera-
tion offa printing
(3) Process- systen].
colour X X No X Photogdraphic
reproduction
markef.
Q) Sf;:éiard- Compdre dif-
X Standardized N/A X ferent printing
process- systens
colour '
Maximum
(5) Linearized resolufion
single- X X External X capabllity of
colorant single folorant
printing.
Maximum
(6) Linearized resolufion
process- X X Inherent X capab{lity of
colour procesg-color
printinjg.
Users of this decument shall take careful note of the image structure in printed Contrast-Resolution
tiest charts to/yerify that the test charts are printed according to the desired evaluation intent.
4.3.3 . Printing and scanning
Rrint\a set of at least two sample prlnts of the approprlate Contrast—Resolutlon test chart, ddfined in
pecified

in Annex B and Annex C. Dlscard the first, warm-up, prmt Ensure that no geometric scaling is applled
(the box around the test chart should be square with sides of 109,7 mm.). For example, "Scale to page"

should be set to "No Scaling" and "Magnification” should be set to "100 %". In general, any spatial
enhancement applied in the printing of the assessment test chart will distort the evaluation of printing
system resolution and should be avoided. For example, "Sharpen” or "Unsharp Mask" should be set to
"None" in the workflow used to print the Contrast-Resolution test chart. For an accurate evaluation of a
printing system and its workflow, the printing system should be configured as it is intended to be used.

5) The Contrast-Resolution test chart files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/
ed-1/en/.
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Scan the sample prints of the Contrast-Resolution test chart produced in the printing process using
a scanning system that meets the requirements of Annex D. Ensure that the scanning system can
accurately capture the high resolution lightness information of the printed test charts. Ensure that the
print is unrotated and aligned with the scanner platen. Colour enhancement and spatial filtration in the
scanning system data path shall be disabled. Colour calibration of the scanning system is required to
provide CIE Lightness for resolution-score processing (see Annex D). Evaluating multiple print samples
permits better statistical estimation of the true resolution-score in the presence of printing system and
scanning system noise.

4.3.4 [Evaluation process

The prdcess used to evaluate the digital information captured with scans of the printed Contrdst
Resolution test charts shall follow the steps specified in Clause 5. Resolution-score proce€ssing,
Processjng shall conform to the requirements specified in Annex E.

5 Resolution-Score processing

5.1 General

The printing system requirements specified in Annex B and C and the seanhing system requirementf
specifief in Annex D ensure that the scanned image of a Contrast-Resolution test chart print samplp
will permit a meaningful analysis. These requirements are essentialkfor analysis and should be checked
prior tojany further processing.

5.2 Element identification

Supplied with the three versions of the printable Contrast-Resolution test chart, is a reference bitma
image qf the Contrast-Resolution test chart, ISO_ConRes20_Reference_1200.tif%), representing th
output ¢f a perfect printer, scanned by a perfect seahner at 1 200 ppi. This is the ideal case to whic
1 200 ppi scans of real prints are compared. This reference bitmap image is utilized in the analysis d
any vergion of the printed Contrast-Resolution test chart.

—— s D

The exdct locations of the circularly symmetric elements in the scanned image of the Contrast
Resolution test chart shall be identified, so that each of these elements may be compared with th
corresppnding element in the reference bitmap image. Identical fiducial marks are provided in bot
the prirtable and reference Contrast-Resolution test charts to aid in locating each region of interes
(ROI). Sjgnificant errors in identification of the geometric position of an element with respect to it
corresppnding element in the-reference bitmap image will degrade the analysis results.

Ul e = D

5.3 S¢anning signalinterpretation

The scqnning system shall deliver a calibrated lightness signal, CIE L*. CIE L* is a well-define
mathenlatical transformation of the CIE luminance factor, Y and this CIE L* representation of th
scanned datafis used in all calculations. The means to calibrate a scanning system to deliver thi
signal cafrbe provided by a suitable linearization of a monochrome scan or is provided by scanner IC
profile creation applications for RGB scans. See Annex D for details. Analysis of the scanned Contrast-
Resolution test chart print relies upon the nearly uniform perceptual characteristics of differences in
the CIE L* quantity.

CIU L

5.4 Spatial filtering

A properly dimensioned Gaussian spatial filter is applied to the scanned bitmap image to mimic the
spatial response characteristics of the human visual system (HVS) at a standard viewing distance of
40 cm. This filter slightly blurs the image and eliminates structure that a printing system may be able
to render that would not be visible to a human observer at this viewing distance. The same spatial filter

6) The corresponding file is provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-1/en/.
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is used in processing the ideal reference bitmap image. The bitmap of a perfect scan of a perfect print,
filtered in this manner, will exactly match the similarly filtered reference bitmap image and represents
the detail that a human observer would be capable of seeing at the standard viewing distance of
40 cm. The Gaussian spatial filter appropriate for a viewing distance of 40 cm. is specified in Annex F
(normative), Spatial filter.

NOTE A Matlab example of the application of this Gaussian spatial filter to an input image to create afiltered
imageis: FiltImage = conv2 (double (Image), kernal, 'same')/sum(kernal (:));

I

q

Q

leference bitmap. A normalized two-dimensional cross-correlation calculation issused to proyide the
theasure of similarity between each scanned element and its correspondingreference element. The
dross-correlation calculation utilizes a range of horizontal and vertical pixehoffset values spfficient
to accommodate residual mis-registration between the scanned elements and the corresponding
leference elements. The position of the peak value in the cross-correlation coefficient matrix petween
qcanned and reference elements defines the horizontal and vertical(pixel offsets that shall bel applied
to an element of the scanned image bitmap to best overlay the corfesponding element in the reference
image bitmap. The magnitude of this peak value in the cross-corkelation coefficient matrix defines the
rneeded measure of similarity. These cross-correlation peak value coefficients provide meapures of
dimilarity between each of the elements in the scanned bitimap of a printed Contrast-Resolution test
dhart and the reference bitmap representing a perfect scan of a perfect print.

The cross correlation operation is defined in Formuld\I*

> (f(hv)-F)glh-o,v—B)=g)

Cla,B)=—== — — (1)
N (f(hv)-)2Y (9(h~e,v-B) -g)
X,y X,y
Where
o is the horizontaloffset value of the scanned floating-point image used in cross-corfelation,

in integer pixels;

B is the ventical offset value of the scanned floating-point image used in cross-corfelation,
in integer pixels;

h is.fhe horizontal coordinate of the floating-point scanned or reference bitmap inpages, in
integer pixels;

1% is the vertical coordinate of the floating-point scanned or reference bitmap injages, in
integer pixels;

L L Y . 1 £ .
J UL V) IS e reierceice liidge,
g(h,v)  isthe scanned image;

7 is the overall mean value of the reference image;
g is the overall mean value of the scanned image.

The peak value of the cross-correlation coefficient matrix, C(e, 8), is the cross-correlation coefficient
value used as a measure of similarity between the scanned bitmap image of a Contrast-Resolution

© IS0 2020 - All rights reserved 7
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test chart element and the corresponding element of the reference bitmap image that represents a
perfect print.

NOTE A Matlab example of the application of normalized 2-D cross-correlation is: XCoeff =
normxcorr2 (Sample, Ref); Where Sample and Ref are the matched scanned and reference Contrast -
Resolution test chart ROI elements. XCoeff is the matrix of normalized cross-correlation coefficients [ C(ct, 8) of

Formula (1)].

5.6 Resolution-score computation

The steps to evaluate the Resolution-score from the elements of a scanned Contrast-Resolution. tegt
chart are specified in the following list and in Figures 7 and 8. Measurement follows two parallelpathg:
(A) involving scanned and reference bitmaps to which a spatial filter simulating human visual capabilit
at a 40 |cm. viewing distance has been applied, and (B) involving unfiltered scanned and-referenc
bitmapg that evaluate the capability of the printing system without visual filtering.

~

11°

1) (Preparation) Ensure that the Contrast-Resolution test chart, ISO_ConRes20;-can be properl
printed for the evaluation intent with the workflow of the printing system (see Annex
spefifications).

W=

2) (Optfional preparation) Linearization. See Annex C for details. Linearization is an optional proces
that maximizes the information content of the Contrast-Resolution test’chart through the printin
and|analysis processes. The tone scale employed by the linearization process is not representativ
of normal printing operations so linearization should not be employed if the evaluation intent is t
asséss the resolution capability of a printing system in normal/operation. Linearization should b
employed if the ultimate resolution capability of a printing:system is to be assessed.

WO WUy WU

3) (Preparation) Identify a qualified scanner for scanningprints of the Contrast-Resolution test charjt
at the required resolution of 1 200 pixels per inch (ppi) (see Annex D specifications).

14°

4) (Pre¢paration) Calibrate the scanning system:for a CIE L* or CIEL*a*b* interpretation using th
printing system colorant set (see Annex D specifications).

5) (Pre¢paration) Ensure availability of the- 1 200 ppi reference image bitmap of the Contrast
Resplution test chart, ISO_ConRes20-Reference_1200.tif.

6) (Sapnple) Print samples of the Contrast-Resolution target according to Annex B specifications usin
the pppropriate workflow forthe evaluation.

9]

14

7) (Saple) Scan the printed Samples of the Contrast-Resolution test chart according to Annex |
spefifications.

8) (Saple) Read the uncompressed or lossless compressed bitmap image files of the scanned print
sanjples for analysis.

9) (Anplysis).Convert the uncompressed bitmap images of the printed samples to an L* interpretatio
according@to Annex D specifications. This L* representation of a scanned print sample bitmap an
the [corresponding interpretation of the reference bitmap as an L* representation are the basis folr

Lomiont analucic
su
SeeeRtaiary-SiS-

o mpye)
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!

1 Ensure test chart printability
. to Annex B specifications ) Scan the printed samples of the )
7 Contrast - Resolution test chart
(to Annex D specifications)
s N S/
2 Optional Linearization (Annex C) l
L y Read the bitmap images of the )
8 scanned sample prints and of the
v reference bitmap for analysis )
3 Qualify 1200 ppi reflection scanner
(Annex D specifications)
Convert the scanned prinsample
9 bitmap images to an L*répresentation
4 ( Calibrate scanner to deliver Convert the r:ference bltm_ap image
\ CIE L* or CIELab (Annex D) ) to an L* representation
Ensure availability of the 1200 ppi Find Cornher positions of the outer
5 reference bitmap image of the 10 béunding box in the sample and
Contrast - Resolution test chart the reference bitmaps
Contrast - Resolution test chart Find the positions of the circular
printed to Annex B specifications 11 fiducial elements surrounding each of’

AnalySis'A refers to processing of filtered elements.

Analysis B refers to processing of unfiltered elements

Figure 7 — Flow-chartof Steps 1 through 11 in resolution-score analysis

the Contrast-Resolution chart elements

!

To Step 12

10) (Analysis) Register theposition of each element of the scanned Contrast-Resolution test charf bitmap
with the position of the-Corresponding element in the reference bitmap. This is normally a fwo-step
process: First findthe corners of the outer box surrounding the Contrast - Resolution target

11) (Analysis) Register the position of each element of the scanned Contrast-Resolution test chart
bitmap with'the position of the corresponding element in the reference bitmap. This is nofmally a
two-stepprocess: Second, determine the locations of the circular fiducial elements at the cqrners of
each element of the Contrast - Resolution target. Use these locations to register the elemerits.

12) (Analysis A) The spatial filter specified in 5.4 shall be applied to the L* interpretation of the scanned
sample bitmap images and the filtered image set shall be saved in its linear L* interpretation. The
spatial filter specified in 5.4 shall be applied to the L* interpretation of the reference bitmap image
and the filtered image set shall be saved in its linear L* interpretation.

13) (Analysis A and B) From the registered positions of the test bitmap and the reference bitmap,
extract a full size region of interest (ROI) for each element of the unfiltered and the filtered
reference image and from the corresponding unfiltered and filtered bitmaps of the scanned sample
print for analysis. Include as much as possible of each element but carefully avoid the inclusion of

any margins.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=f3211885dc0cd941fceb640f1dfa7ff3

ISO/TS 18621-31:2020(E)

From Step 11

Path A ||, Path B
Apply the spatial filter (Clause 5.3) ]

12 to both the scanned sample bitmaps
and the reference bitmap image

\& \4
e
(Extract full ROIs for each of the elements] Extract full ROIs for each of the elements]
13 ofthe Contrast - Resolution test chart = of the Contrast - Resolution test chart
in the filtered sample bitmap and in the unfiltered sample bitmap and
L in the filtered reference bitmap 9 in the unfiltered reference bitmap

| |

4 . . 4 B B
Compute the normalized cross-correlation ] 14 Compute the normalized cross-correlation

14 | bgtween corresponding element ROIs of between corresponding elemént'ROIs of
_thq filtered sample and reference bitmaps | the unfiltered sample and reférerice bitmaps

L

(Sel¢ct constrained ROIs (33 x 33 pixels for 1200 (Select constrained ROIg (33 x 33 pixels for 1200 |

15 | PP bitmaps) centered in the normalized cross- 15 | ppi bitmaps) centeréd)in the normalized cross-
orrelation arrays computed from filtered correlation arrays-¢omputed from unfiltered

sample and reference bitmap elements 9 sample and.reference bitmap elements

| |

\

(1 entify the position and amplitude of the 4 Identify the position and amplitude of the
makimum value in the constrained ROI of the maxium value in the constrained ROI of the
16 | normalized cross-correlation array for each 16| rigrmalized cross-correlation array for each
(ontrast - Resolution test chart element. Contrast - Resolution test chart element.
\Conppute the standard deviation of these ROIs \.€ompute the standard deviation of these ROls
, } !
Check identified peak position ( Check identified peak position
17 | If qut of range: Re-compute registration 171 If out of range: Re-compute registration
L and re-run Steps 13 - 16 L and re-run Steps 13 - 16

|

Determine whether there are any peaks in the
constrained ROIs that are within one standard
18 deviation of the maximum peak value

NO YES
Mark as Acceptable = Mark as unacceptable

A\ 4

19 Set maximum peak values of
unaceeptable elements to zero

(COmpute sum of the squares of each maximum

normalized cross-correlation peak values for

all elements in the Contrast-Resolution chart
= Resolution-score

20

g

Figure 8 — Flow-chart of steps 12 through 20 of resolution-score analysis

14) (Analysis A and B) For each of these corresponding pairs of full size element ROIs (unfiltered pair
and filtered pair), compute the normalized cross-correlation of the ROI element of the scanned
bitmap image of the printed test chart sample and the corresponding ROI element of the reference

10 © IS0 2020 - All rights reserved
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target bitmap. Pay attention to the requirements of the algorithm that is used - some algorithms
require a reference element ROI that is larger and inclusive of the test element ROI size

15) (Analysis A and B) Select a constrained size ROI from the normalized cross-correlation result
that is centered at the expected position of the peak in the cross-correlation result and extends
horizontally and vertically about this centre to a distance corresponding to two periods of the
highest frequency element in the test chart. At 1 200 ppi, this is a 33 x 33 pixel region, used in the
analysis of all test chart elements. With careful attention to registration (Step 11), the expected
peak position should be near the centre of the normalized cross-correlation array.

NOTE 1 This size constraint avoids incorrect use of false peaks of the cross-correlation funetign due to
border effects, aliasing or halftone noise. This constraint is particularly useful in the case of loWjcontrast
elements where print noise can be a significant factor.

16) (Analysis A and B) Analyse the coefficient matrix from the normalized cross-correlatiopn of the
unfiltered constrained size element ROIs to identify the position and amplitude of the mpximum
value in the cross-correlation matrix. The maximum value is denoted Cpéak(i,j) for each ¢lement.
Compute the standard deviation of the cross-correlation values within this’ROI.

NOTE 2 Indicesiand jrepresent pixel rows and columns, respectively,of ah element in the test chart.

17) (Analysis A and B) If the position of the maximum peak is at ordnimediately adjacent to a blorder of
the constrained size ROI, then registration of the test ROI with'the reference ROI is not sufficiently
precise to provide a valid measurement - a result of impreper element registration. In this ¢ase, the
full size ROIs extracted from the corresponding elementof the scanned target bitmap and from the
reference bitmap shall be offset from each other to prepérly center the maximum peak in the cross-
correlation result.

NOTE 3  For lower frequency elements of the Contrast-Resolution test chart, the size of the corstrained
size ROI can be increased to include two periods of this lower frequency both horizontally and Yertically
around the expected position of the peak in the cross-correlation result to assist in locating the peak and
properly setting the full size ROI offsets to\éenter this peak in the cross-correlation result to within a few
pixels. This is normally unnecessary.

NOTE 4 If, after registration adjustment, the identified peak remains at or adjacent to a border of the
constrained-size ROI or if noise-dominates the cross-correlation result in the unfiltered constrajned-size
cross-correlation ROI (see step 18), apply step 19 and continue to step 20.

18) (Analysis A and B) Determine when noise dominates the cross-correlation result in the unfiltered
constrained size cro§s;correlation ROI. This occurs when multiple peaks are found in analydis of the
cross-correlationesult within one standard deviation (see step 18) of the identified ROI peak value.

19) (Analysis A and B) Set the value of the corresponding local maximum value, Cpeak(i,j), of both the
unfiltered@nd the filtered cross-correlation arrays (a measure of printing system capahility) to
zero when noise dominates the unfiltered cross-correlation result.

40) (Analysis A) Compute the sum of squares of the filtered normalized cross-correlatipn local
maximum or peak values, Cpeak(i,j), determined in the previous steps for each of the elem¢nts (for
all rows and columns) of the Contrast-Resolution test chart. This summed value is the Reqolution-

1 £ d=l . d b 1 1 dn La ak PR PR . 1 . I
SLUTT VAIUCT 101 LT PIIHIULITE Sy SLTIT UITUCT TV AIUdUUIL TIIIS COIITPULAUIUIT IS SITOWIT T I"UT TITU d '2 l

Formula (2) shows calculation of the resolution-score value for an analysed sample print.

Rscore=Z(Cpeak(i,j))"2 (2)
i,j
where Cpeak(ij) is the local maximum value of the normalized cross-correlation function for row i

and column j of the filtered Contrast-Resolution sample bitmap with the filtered Contrast-Resolution
reference bitmap in each constrained size cross-correlation ROI.

© IS0 2020 - All rights reserved 11
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These local maximum values range between 0 and 1. There are 100 elements in the Contrast-Resolution
test chart, so simple addition of squared values suffices. Resolution-score values range between 0 (no
resolution capability) and 100 (perfect print).

6 Reporting

Table 2 specifies the documentation required to define the context of a report of a resolution-score
evaluation. The prlntlng system shall be set up accordmg to the requlrements of Annex B and Annex C

desired [evaluation intent. The scanning system shall be set up and calibrated, as specified in Annex},
in a manner consistent with digitization of the sample prints for Resolution-score evaluation accerding
to the desired evaluation intent.

Table 2 — Report structure

Test chart used: | Filename of the Contrast-Resolution test chart utilized.

Print|ng system evaluated: | Manufacturer and Model.

Printing system addressibil-
ity:|Printing system addressability used in printing testichart samples, e.g. 1 200 ppi

Substrate surface: |Substrate surface characteristics (optional substrate manufacturer and name).

Evaluation intent: | Name of the evaluation intent utilized, as listed.in Table 1.

Observed image structure:|Single colorant or multiple process coloufs:

Colour management settings and ICCprofiles employed,

Colour management: — - —
Method utilized or N/A if colour management not utilized.

llinearization method: | Method utilized ('CIELab' if Lab-target utilized or N/A if linearization not utilized]

Measurement method ('Inherent’ if Lab target utilized or N/A if linearization no
utilized).

Additfional documentation: | Documentation of settings that may affect printing system resolution capability,

Linearjzation measurement:

Scarnning system utilized: | Scanner manufacturér and Model.

Scanning system
addressability: |1 200 ppi

Documentation of scanning system settings that may affect scanning systen
Additional documentation: | capability

Scanner calibration: |Single-channel (specify which channel and CIE L* calibration method) of
ICC profile for CIELab colour calibration of RGB scans.

Scanijer MTF @ 12 cy/nm:[Evaluated value from scanner qualification.

Resolution-score,value: | Evaluated value (averaged over measurements of multiple print samples).

Numbgr of prints éyaluated: | Number of print samples utilized in the measurement.

The firgt items.ih the report documents the manufacturer and model of the printing system bein
evaluat¢d as well as the name of the test chart utilized in the evaluation.

Uy

The "Printing system addressability  1tem documents the addressability of the printing system
workflow used for printing samples of the Contrast-Resolution test chart. The "Substrate surface" item
documents the surface structure of the substrate - which can significantly affect the results of the
evaluation.

The printing procedure and printing system workflow used in printing the Contrast-Resolution test
chart are documented by the "Evaluation intent" item as specified in Annex B or Annex C. The image
structure observed under magnification in the printed and analyzed test charts is documented in the
"Observed image structure" item. The "Colour management" item shall record how the printing system
colour interpretation of the Contrast-Resolution test chart was set up for the desired evaluation intent.
The printing system "Linearization method" item documents the method used to obtain the tone scale
utilized in the evaluation or N/A if linearization is not employed. The "Linearization measurement” item

12 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=f3211885dc0cd941fceb640f1dfa7ff3

ISO/TS 18621-31:2

020(E)

documents the patch measurement process used for obtaining data for the linearization method or
N/A if linearization is not employed. Any additional documentation required to reproduce the printing

system state shall be included in the "Additional documentation” item.

The Scanner utilized for Resolution-score evaluation shall conform to the scanning

system

requirements specified in Annex D. The scanning system set up and scanner calibration method shall
be matched with the type of sample prints employed (single colorant or process colour) and with the

desired evaluation intent.

The required scanning system addressability is 1 200 ppi (see Annex A and Annex D).

The scanning system shall be set up as specified in Annex D. Careful attention to the details-§
in Annex D is essential for obtaining usable scan data. Any qualms in the setup of a(scanne
gpecifications of Annex D should be documented in the report.

or single colorant evaluation, used to provide an estimate of the inherent capability of a
ystem, the scanner calibration method shall utilize a single sensor array of the/scanner (ust
reen channel) thus avoiding any degradation due to mis-registration between the scanning

[E L* based upon the single colour sensor array most responsive to the\print colorant, as spe
\nnex D. These steps avoid any mis-registration in printing or betweén scanning system colour
Hor process colour evaluation, the Contrast-Resolution test chaft’shall be scanned using
dalibration software that delivers CIE L*a*b* scan files according'to the procedure defined in 4
The "Scanner calibration" item documents the scanner setuplatilized for scanning print sampl
gppropriate Contrast-Resolution test chart.

The "Scanner MTF @ 12 cy/mm" item reports the scannetr MTF value obtained in qualifying the
fpr use with this document as specified in Annex.D ‘and shall meet or exceed an MTF level
12 cycles per millimetre.

The resolution score shall be reported as a.value between 0,0 and 100,0, rounded to one decin
gdnd may be obtained by averaging the evaluations of a number of printed Contrast-Resolution t¢
Qrint samples. The process used to evaluate Resolution score values shall be in compliance
1
t

he statistical estimation of the reported resolution-score value.

The "Additional documentation" field is provided to document any workflow and ev
dperations that can affect'the measurement of perceived resolution such as intentional incl
image enhancement opérations normally part of a production workflow or a noticeable leve
registration in the sample prints.

i
9
g
dolor sensors). Single colorant evaluation shall utilize a simple scannerc¢alibration that is linear in
@
/

pecified
r to the

printing
ally the
system

cified in
Kensors.
scanner
\nnex D.
bs of the

scanner
bf 0,2 at

al place
st chart
vith the

rocess specified in 5.6. The number,ofprints evaluated records the number of print samples utfilized in

hluation
Lision of
of mis-
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Annex A
(normative)

Test chart and reference files — Availability

nt is provided in three different printable versions in PDF format. These three PDF forma?@)
pund in https://standards.iso.org/iso/ts/18621/-31/ed-1/en/: Q
| ConRes20_SepK.pdf which is intended for single colorant resolution capability eva]géﬁén.
/
rmation in the ISO_ConRes20_sRGB.pdf test chart is encoded using a standa

Ce. No additional sRGB profile need be embedded in the PDF file.

| ConRes20_Lab.pdf which is intended for resolution capability evah&’g{%n, and inherently use
optional linearization process defined in Annex C.

Contrast-Resolution Test Target v \
woomest 100 59.95 35.94 2154 1292 774 464 278 7010

iprmm [y -
063 (

2.90

3.75

Q&zs S
e
% Ref. TV =50.0% 1200 spi

[ ConRes20_sRGB.pdf which is intended for process colour resolution capabi '} evaluatior].
d sRGB coloufr

1%2]

1%2]

s |

NOTE

¢} 50 100 200 30.0 400 50.0 60.0 70.0 80.0 90.0 100

% Tone Values ALT00% magnification, the oulside frame of the targel is 123.6 mm wide and 145.6 mm high.

From (ISO_ConRes20_sepK.pdf).

Figure A.1 — Contrast-Resolution test chart

The reference bitmap file, ISO_ConRes20_Reference_1200.tif, required for the evaluation of printer
resolution capability as specified in this document through comparison with the scanned print of either
e version of the test chart, can be found in https://standards.iso.org/iso/ts/18621/-31/ed-1/en/.

printabl
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This lossless, LZW-compressed, TIFF format bitmap file is a perfect reproduction of the Contrast-
Resolution test chart with no visual filter applied (as specified in 5.3). This 8-bit bitmap file is encoded
with 0 - 255 corresponding to 0 - 100 L* values. This mimics the processing flow of the scan of a printed
test page, but printed with a 'perfect’ printer and scanned with a 'perfect’ 1 200 ppi scanner, so the
scanned test page elements and the reference elements are directly comparable.

All of the digital files required for the use of this document are available from ISO at the web site:
https://standards.iso.org/iso/ts/18621/-31/ed-1/en/. The Test Charts.zip file contains the three PDF
format Contrast-Resolution test charts. The reference bitmap file, ISO_ConRes20_Reference_1200.tif, is

ontained in the Conformance zip file n]nng with additional files rnnlnirnd for conformance evaluation

see Annex E).

A rendition of the SepK version of the Contrast-Resolution test chart is shown in Figufe A.1 (aliasing
thay be present in the high frequency elements of this rendition due to reproduction constraints). The
100 individual test elements are each nominally 9 mm. square with an approximately-1,35 mm| margin
Retween each patch. A twelve element tone-reproduction step tablet is provided below the prray of
dircular Contrast-Resolution elements to provide a check on the printing system tone scale and for use
ip the linearization process defined in Annex C.

The small circular fiducial marks that surround each test element are centered in the margin areas.
An inner rectangular border is written around the outside of the10-% 10 array of test elemgnts and
the 11 x 11 array of fiducial marks. An outer rectangular border is-written one patch size ouflside the
inner rectangular border and surrounding the tone scale step tablet below the array of test elements.
IPetermination of the location of the outer boundary enables-sitnple prediction of the inner fiducjal mark
gositions. Determination of the centroids of the fiducial myark positions permits a precise locatjon of an
ROI consisting of a test element with no included margin.'In practice, a 'full-size' test element ROI will
he slightly smaller than its maximum size to allow féislight rotations of printed samples wheh placed
dn a scanner bed for scanning. Table A.1 lists the @xpected positions of the four corners of the outer
houndary surrounding the array of the Contrast=Resolution elements and the expected positiofs of the
fpur corners of the boundary surrounding the:tone scale step tablet test chart in pixels at 1 20(] ppi.

Table A.1 — Expected corner positions of the fiducials in the outer bounding rectangle

a) Element array b) Step tablet
Horz. Vert. Horz. Vert.
ULC 0 0 ULC 0 5816
URC | 5816 0 URC | 5816 | 5816
LRC | 5816 | 5816 LRC | 5816 | 6855
LLC 0 5816 LLC 0 6 855

The expected-positions of the circular fiducial marks that surround each test element are predicted
hased uponithe corner positions of the outer boundary of the test chart and the expected hdrizontal
gxis and.vertical axis offsets of the rectangular grid on which the circular fiducial marks are written.
Table A.2 Tists these expected offsets from the ULC of the outer boundary in pixels at 1 200 ppi.

The)11 x 11 grid of circular fiducial positions is created from combinations of the 11 horizoptal axis
offsets and the 1T vertical axis offsets. The outer edges of the individual Contrast-Resolution test chart
elements are half the margin size, about 32 pixels at 1 200 ppi, within the rectangle connecting adjacent
fiducial positions.

The maximum size of an extracted Contrast-Resolution test chart element is then about 426 x 426 pixels.
Allowing some additional margin to accommodate misalignment of the test chart on the scanner platen,
areasonable individual element ROI is 410 x 410 pixels at 1 200 ppi (accommodating a 2° skew angle).
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Table A.2 — Expected offsets of circular fiducials from ULC of outer boundary

Horz. Vert.

ULC 458 458
2 948 948
3 1438 1438
5 2418 2418
6 2908 2908
7 3398 3398
8 3888 3888
9 4378 4378
10 4 868 4 868
LLC 5358 5358

The thrpe versions of the printable Contrast-Resolution test chart are ptevided in PDF format. Th
underlyjng code that implements the structure of the test charts arekvector specifications that ar
largely [ndependent of the addressability of the printing system beéing evaluated. See Annex B o
Annex ( for the definition of printing processes that conform to the-specifications of this document.

(D (D

-

A web gite at www.conres.io has been made available to provide support for the use and analysis @
the Confrast-Resolution test chart in the assessment of printing system resolution capability. This sit
providep:

D

— Additional information about the use and interprétation of the Contrast-Resolution test chart.

— Technical assistance to enable adaptation of the measurement process described in this documenjt
to special printing circumstances.

— A free service for the analysis of scatnined bitmaps of printed Contrast-Resolution test chartp
according to the analysis procedure'defined in this document:

— |Share a scanned bitmap of ajprinted Contrast-Resolution test chartvia a file-sharing service, angl

— |Receive back a detailed.analysis of the resolution capability of that printing system.

D

— An [issue management~“mechanism to provide user feedback regarding the usefulness of th
medsurement method defined in this document. User feedback is essential for the refinement of thi
medsurement niethod.

1%2]

— |Are thereareas in this evaluation of printing system contrast and resolution capability that d
notritatch your perceived impression of the evaluated printing system'’s resolution capabilities

-~ O

— |Inowhat manner does your perception of printing system resolution capability differ from that
reported by this measurement method?

A small set of PDF RIPs do not strictly follow Adobe® Red Book Postscript specifications and can
introduce geometric errors when interpreting the concentric circle patterns of the Contrast-Resolution
test charts. These interpretation errors usually show as lighter or darker circular rings, primarily in the
high spatial frequency regions of the Contrast-Resolution test chart elements. Each of the 100 circular
pattern elements in the test chart should be uniform and the visual weight of rows and columns of a
printed test chart should be uniform. Use the technical assistance available at www.conres.io to help us
resolve these issues.

The www.conres.io web site is provided to assist in the refinement of this measurement method.
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Annex B
(normative)

Printing process and data path requirements

.1 Printing system requirements

he printing system under evaluation shall be stable, providing the same measured printitone-fcale for
defined set of input values. Without stability, calibration, linearization and reproducible measfirement
re all meaningless. Print-to-print tone-scale variation should be repeatable within #T AE.

oth objective measurement and subjective evaluation of Contrast-Resolution-test charts prinfed with
rocess colorants are only slightly affected by the low levels of colorant mis-registration priesent in
odern, well maintained printing systems. The level of colorant mis-registration in printed tegt charts
hould be verified to be low when utilizing the procedure specified inthis document with procg¢ss color
rinting.

he clearest measure of the inherent resolution capability of a printing system will be provided fhrough
valuation of a Contrast-Resolution test chart printed with a single process colorant where any
easurement degradation due to process colour mis-registration is absent - the perceived resolution
at a printing system delivers when reproducing blagk text. The clearest measure of the practical
esolution capability of a printing system is best provided through evaluation of a Contrast-Refsolution
st chart printed with full process colorants - the perceived resolution that a printing system|delivers
hen reproducing colour images.

he optional Linearization process (see Annéx C) maximizes the information content of the tgst chart
rough the printing process and the analysis of the resolution capability of a printing sysftem but
tilizes a tone-scale that is not representative of normal printing operations. A third version of the
ontrast-Resolution test chart, ISO.ConRes20_Lab.pdf, is provided for linearized evaluation of{process
olour resolution capability.

all cases, the printing procedure shall maintain 100% of the original size of the Contrast-Rejsolution
st chart.

void any sharpening or enhancement operations that are not part of the intended printing system
orkflow to be evaluated. If enhancement operations are to be evaluated, the settings pf these
perations shall-be’documented in the "Additional documentation” field of the test report.

[Ps generally accept a PDF format file directly, but there is a remote possibility that the vector code
ithin thie JPDF versions of the Contrast-Resolution test chart can be misinterpreted by a printing
ystem RIP. If a PDF file is mis-interpreted or cannot be accepted by a printing system RIP, the reference
[EF\image may be submltted instead, in the approprlate representatlon for the evaluation infent and

B.2 Printing process

B.2.1 General

The contrast-resolution test target samples the capability of a printing system to resolve spatial detail
with a two-dimensional matrix organization of test elements. Rows are at discrete logarithmically
spaced values of resolution and columns are at discrete logarithmically spaced values of contrast.

Local variations in the printing system tone scale can adversely affect the measurement of perceived
resolution. Linearization of the printing system to provide equal CIE Lightness steps for equal printing
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specification steps provides a mechanism that maximizes the information content of the test chart
through the printing process and the analysis of the resolution capability of a printing system but
utilizes a tone-scale that is not representative of normal printing operations. See Annex C for details
about linearized evaluation of printing system resolution capability. If the linearization process
specified in Annex C is utilized, the process used for linearization shall be specified in the linearization
items of the report, otherwise these item shall be marked N/A (for not applicable). See Table 1.

Six different processes have been defined to address different evaluation intents in the assessment of
printing system resolution capability. The two evaluation intents involving linearization, primarily
useful 1 nnginnnring evaluation are discussed in Annex C the four evaluation intents most useful fi
the ass¢ssment of printing system resolution capability in normal printing operations are discussegl
here in Annex B.

B.2.2 Evaluation of device-specific resolution capability (Setup 1)

This printing process is valid only for evaluation and comparison of different states of-d single printin
system |and may be useful in engineering evaluation. A single conforming refléction scanner i
customarily used for evaluation consistency. The Contrast-Resolution test chart is supplied directl
to a prinpting system that is set up in a particular condition. Documentation of the-Setup of the printin
system fo this condition is required in the test report to enable subsequent return to this condition fo|
further pvaluation. Device-specific evaluation may use any version of the testchart.

= 09 X~ @ J9

B.2.3 Evaluation of single colorant inherent resolution capability (Setup 2)

To avoid resolution degradation inherent in even low levels of miszregistration of multiple colorants, this
evaluation setup employs printing with only a single process.colorant, typically the black separatior.
The single colorant version of the Contrast-Resolution test’chart, ISO_ConRes20_SepK.pdf, define
spatial |nformation in a device-dependent separation-hlaek colour space. In most printing systemsg,
informaltion in this colour space completely bypasses the printing system colour management systen
and spefifies the amount of the single printing system black colorant to be used in printing a featurg.
If this information does not bypass the printer's celour management system, some colorant other tha
the intended colorant may be printed in somé.areas of the test chart. Print samples for evaluatio
shall be|printed with a single colorant. The user of this document shall take careful note of the imag
structure in printed Contrast-Resolution-test charts to verify that all elements are printed with a singl
colorant (see NOTE). Please consult the ‘€ontrast-Resolution test chart support site at www.conres.i
for assidtance in specialized applications.

vl

—

AR CECE=E=

The single colorant printing prdcess for the evaluation of inherent resolution capability is illustrated in
Figure B.1.

< Sep-K>
[PDF format] === [Printing System] ====p [Printed Sample]
A B C

Key
A Thelspecified single colorant Contrast-Resolution test chart, ISO_ConRes20_SepK.pdf.

B  The|printing system interprets the Separation-K values and produces sample prints using a single printin
system-colorant

gg

C The hardcopy printed samples using a single printing system colorant are produced in conformance with
Annex B.

NOTE If additional colorants are printed, the use of a black preserving DeviceLink profile, usually K=K,
or paying special attention to workflow specific settings (e.g. disabling colour management) can provide the
required single colorant printing intent.

Figure B.1 — Single colorant Contrast-Resolution test chart printing procedure
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B.2.4 Evaluation of process colour practical resolution capability (Setup 3)

The sRGB encoding of the Contrast-Resolution test chart, ISO_ConRes20_sRGB.pdf shall be used for
the evaluation of practical colour resolution capability. The sRGB encoding of this test chart aids in
the required interpretation of the neutral tints of the test chart as process colours by the RIP colour
management system. This permits straightforward evaluation of any colour managed workflow and
rendering intent that is relevant for a particular printing operation. For accuracy, a custom ICC profile
that is built from the measured characteristics of the printing system being evaluated shall be utilized

for the output transform of the colour management system. Print samples for evaluation shall be
rv-vﬂ-nrl wath e ltinla v snce oot (can NOTE bhalaoxan) Tho yncne ~f e dooia it o Lhall +o1]-0 Careful

TIITCC T vy ol o crpreprott oS CoOTOT oIt (OCCINVO T L OCTO VY T T IIC oSt OT S uu\.uxnu.nu. STIoTT CorIsy

fjote of the image structure in printed Contrast-Resolution test charts to verify that the test'charts are
rinted using multiple process colorants.

¢

To enable comparison of the practical resolution capability of different printing systems each eyaluated
Qrinting system should be individually set up to as similar as possible tone:reproductign aims.
Higure B.2 illustrates the printing procedure for measurement of Resolution-seore, as specified in 5.6,
with the intent of evaluating the practical resolution capability of a commercialjprint operation.

<sRGB>
[PDF format| sem=p [Printing System| === [Printed Sample]
A B C

A The specified process colour Contrast-Resolution test chart, ISO_CenRes20_sRGB.pdf.
B The printing system colour management system interprets{the sRGB values and provides process|colorant

amounts for printing a process colour sample print of the Contrast-Resolution test chart using a receijt custom
printing system output ICC profile.

(¢ The hardcopy printed samples are produced in conforniance with Annex B using process colorants.
Figure B.2 — Process colour Contrast-Resolution test chart printing procedure

The sRGB encoded version of the Contrast-Resolution test chart is submitted directly to the printing
dystem to obtain sample prints. A stable and reproducible context for resolution score evalyation is
provided by color managed implementation of normal printing system operation. For accuracy, 4 custom
ICC profile that is built from the measured characteristics of the printing system being evaluated shall
Be utilized as the output transform of the colour management system.

NOTE Special attention/to colour management system settings should be taken to avoid interpretation
df equal RGB values (R=G=B) as a single process black colorant (unless evaluation of single colorant|inherent
rlesolution capabilityisactually desired).

.2.5 Evaluation of standardized process colour practical resolution capability
Setup 4)

qtandardized process colour evaluation of the practical resolution capability of a printing| system
KetUp *4) involves a small change in the workflow specified in B.2.4. As illustrated in Figure|B.3, the
utput colour interpretation of the printing system shall be set up to simulate the colour reprgduction
aims of a commercially important printing application. This aim may be achieved in multiple ways.
See NOTE for examples. This simulation aim ensures the closest possible reproduction of the colour
aims of the standardized printing application using the colour reproduction capabilities of the printing
system being evaluated. The sRGB encoding of the Contrast-Resolution test chart is utilized by the
RIP colour management system to provide an interpretation of the neutral tints of the test chart as
process colours. For accuracy, a custom ICC profile that is built from the measured characteristics of
the printing system being evaluated shall be utilized as the output transform of the colour management
system. Print samples for evaluation shall be printed with multiple process colorants (see NOTE below).
The user of this document shall take careful note of the image structure in printed Contrast-Resolution
test charts to verify that the test charts are printed using multiple process colorants.
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Key
A The

(Printing system colour management, sSRGB input)
[PDF format] eee=p [Simulation] === [Printing System] =p [Printed Sample]
A B C D

specified process colour Contrast-Resolution test chart, [SO_ConRes20_sRGB.pdf.

B As part of the printing system colour management, provide simulation of a commercially important printing
application from sRGB input.

C The

Figur¢ B.3 — Standardized process colour Contrast-Resolution test chart printing procedure

To simullate a standard commercial offset printing application on coated stock, antSOcoated-v2 IC

profile
printing
profile 4
applicat]
be used
can be y

NOTE

utilize a
applicati
evaluate
of the IC
of the dd
intent of]
device ¢
applicati

printing system colour management system interprets the simulated test chart specifications to provide
alVa - 0 a -l ‘aVaal :-- a 1 a 1 alaa' a¥a nQ Qd a) arl 1 : e

being evaluated) for printing process colour sample prints of the Contrast-Resolution test chast.
hardcopy printed samples are produced in conformance with Annex B using process colorants.

vailable from www.eci.org can be utilized in combination with the custom ICC profile for th
system being evaluated. For simulation of other printing applications, the standardized IC
ppropriate for simulation of that printing application is substituted. To evaluate a news print
ion, the ISOnewspaper26v4.icc profile available from www.eci.oxg_or from www.ifra.com cafp
To evaluate gravure printing, the PSR_papertyp_V2_M1.icc profile, available from www.eci.orf
sed.

CJato U

One method of achieving the simulation of a commercially important printing application is t
device link profile constructed from the standardized ICC profile of a commercially important printin
pbn and a custom ICC profile built from the measured“characteristics of the printing system bein|
. Another method to achieve the same aim would be.to send the test chart data through a round-tri
C profile of the printing application to be simulated:\first through the PCS to device table of the profil
vice to be simulated, using the current renderingintent, and then back to PCS using the colorimetri
that same profile's device to PCS table. The resulting data would then be passed through the PCS t
lorimetric table of the actual printer profile. Depending on whether simulation of the printing syster
pn paper colorimetry is desired or not, the eolorimetric intents would be absolute or relative.

= O () b © 09 09 O
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Annex C
(normative)

Linearization

(|2.1 Linearization process

Non-linearities in the printing system tone-scale of a production workflow may result in some ¢olumns
(kcontrast) of the Contrast-Resolution test chart printing well while other columns may,be compfomised
fesulting in an overall degradation of measured resolution capability.

The aim of the linearization process is to compensate for any printing systemdene-scale non-lirjearities
dnd provide the greatest possible amount of spatial information to the surrogate of a human gbserver
provided in the analysis process for resolution capability evaluation. Fhis'translates to matching the
dample print tone scale provided by the printing system to the characteristics of human pefception
ds closely as possible. This aim is approached by utilizing the nearly uniform L*a*b* scale df colour
difference perception defined by the CIE. Measurement of CIE L*a*b* values are specified in ISQ 13655.

The method used for linearization shall be specified in<the "Linearization method" item of the
report and the process used for obtaining measurement data shall be specified in the "Linearization
heasurement” item of the report, see Clause 6.

llinearization is completely unnecessary in devigerspecific evaluation of resolution capability (see
B.2.2) and linearization of standardized process‘cglour resolution capability defeats the purpose of that
gvaluation intent (see B.2.5).

(.2 Linearized single colorantresolution capability (setup 5)

Ilinearization of the printing system specifications encoded in the ISO_ConRes20_SepK.pdf tdst chart
thay be accomplished at several.points in the printing system workflow and the process used to|provide
the linearization aim tone repreduction characteristic will vary depending on workflow specifi¢s. Many
Qrinting systems have a bulilt-in linearization system (sometimes called calibration) that may bg used to
provide the linearized printing system aim, often provided by a one-dimensional look-up-table|(LUT).

The aim tone reproduction characteristic for linearized single colorant inherent resolution cdpability
ip to provide a-libear relationship between printing specification (%dot) and measured Lightness
(IL*) according te the appropriate measurement process specified in ISO 13655 (M0, M1 or NI2). The
thaximum easured Lightness, L* .., corresponds to printed areas of zero percent-dot (medip white)
gnd the mipimum measured Lightness, L* ;,, corresponds to regions printed with maximum dolorant,
100 percent-dot. The aim tone reproduction relationship between measured Lightness (L*) and printing
gpecification (%dot) provided in the ISO_ConRes20_SepK.pdf test chart is given by Formula (C.1).

L* . =L* .+ ((L*

amm min

L* ) x (100 —%dot)/100) (C.1)

max

Linear regression of the measured tone reproduction characteristic, L* .., of a step tablet of at least
11 steps (between 0 and 100 %dot) plotted against the aim tone reproduction characteristic, L*,;,,
should be a linear characteristic with a standard fit error (rms of fit error from aim) of less than 1 % of
the measured range.

If the spot colour tone value (SCTV) scale specified by ISO 20654 is more familiar, SCTV value may
be substituted for L* in Formula C.1 and in the linear regression fit to achieve the same aim tone
reproduction characteristic.
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C.3 Linearized process colour resolution capability (setup 6)

Linearized evaluation of process colour resolution capability is very simply provided through use of
the third version of the Contrast-Resolution test chart provided with this document, ISO_ConRes20_
Lab.pdf. In this version, printing specifications are provided as CIE-based, neutral-scale CIE L*a*b*
values. Submission of this test chart to a colour managed printing system with the input interpretation
set to relative colorimetric and the output transform of the colour management system utilizing a
custom ICC profile built from the measured characteristics of the printing system being evaluated will
provide prints with the desired linearization aim tone-reproduction characteristic for evaluation. The

. . a v £

"Linearization measurement"” item in the report (see Clause 6) should indicate that linearizatien i
"Inherent” in the CIELab encoding of the Contrast-Resolution test chart.
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Annex D
(normative)

Scanner conformance requirements

020(E)

D.1 General

'he measurement method utilized in this document to evaluate the perceived resolution of a
ystem employs a reflection scanner as an analytic measurement device. Measurements pr
ccurate assessment of printer resolution characteristics only if the scanner capabilities are suf

is configured to deliver pristine imagery. This Annex specifies the conditions that shall be 1
eflection scanner and its scanner control application to qualify a scanner as a usable meas
evice for use with this Technical Specification.

Jix characteristics of a reflection scanner system shall be evaluated’in order to qualify a rq
dcanner for use with this document. These characteristics are:

+ Interpolation effects in the sensor filter array of the scanner;

+ The tone-scale or opto-electronic conversion function’(OECF) characteristics of the scanne|
4+ The scan uniformity over the tone scale and stability over time;

+ The MTF characteristics and usable addressability of the scanner;

+ Scanner MTF uniformity over the area fequired for assessment; and

+ The capability of the scanning system to be calibrated to provide an accurate measure o
which is used in all of the calculations to evaluate perceived resolution.

everal other characteristics of a reflection scanner can affect the measurement process g
h this document, but are_generally sufficiently well controlled in commercially available r¢g
canners to be of small cencern in application to printing system resolution characterizatig
host types of substrates;-These characteristics are:

—~ _n = N

+ The scanner dynamic range capability (minimum to maximum density, free of saturation

greater than'that of the printing system being evaluated.

+ Thedilumination geometry of the scanner. If the Contrast-Resolution test chart has been prj

shadowing.

]
q
Righ that the scanner itself does not limit the assessment and if the scannepr control application
i
1
Q

printing
vide an
ficiently

het by a
irement

flection

f CIE L*

pecified
flection
n using

effects).

[SO 21550 specifies a measure of this property. A qualified scanner should cover a dynamjic range

inted on

astructured substrate, multi-directional illumination is required in the scanner optics to njinimize

— The flare or integrating cavity effects of the scanner.

— The geometric distortion of the scanner.

D.2 Scanner sensor array requirement

The filter array of the sensor in a qualified scanner shall not compromise the spatial resol

ution of

scanned data. Scanners utilizing independent, full resolution sensor arrays, one for each colour can

qualify for use with the measurement methods specified in this document. Scanners utilizing

a single

linear sensor with an alternating colour filter array will compromise the spatial resolution of scanned
data and shall not be used since spatial information is interpolated. Full fast-scan resolution is required

for scanner conformance.
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A reflection scanner qualified for use with the measurement methods specified in this document shall
have a sufficiently large field of view to scan an entire A4 or Letter-size test page without re-positioning
the test page. A qualified reflection scanner shall have a scanning resolution of 1 200 ppi over this area.

For comparison between measurements made with different scanning systems, the scanners
employed should have similar characteristics: addressability, illumination, tone scale, spatial response
and spectral response.

D.3 Scanner OECF characteristics

D.3.1 [General

The scanner spatial uniformity and temporal stability shall permit calibration of the scanner, te provid
a monotonic OECF characteristic with at least 256 steps that does not saturate at either end.of its rang
for the 1jeflection characteristics of the printed test charts utilized in this document. This correspond
to at lepst an 8-bit scanning system data path and provides headroom for OECE-ealibration. Th
calibratpd OECF characteristic is for CIE L* measurement.

AR Y

=]

NOTE The step tablet used for creation of an OECF characteristic shall have twelve or more steps with a
optical density range that completely includes the printing system density range,

D.3.2 Method for evaluating the scanner OECF characteristic;

A fully populated look-up-table (LUT) that captures the calibratien of the scanner is required by th
assessment methods specified in this document. Calibration of a‘reflection scanner in the form of thi
requiredl LUT shall be done in accordance with the procedure defined in ISO 14524. The standard erro|
of the sdanner calibration shall be less than 1% of the requjred scanner dynamic range (< 1 CIE L* unit
to provide a sufficiently stable OECF calibration.

= o1 (D

The dethils of the scanner calibration methods required for single colorant and for process coloufr
evaluation of Resolution score values are specifiedsin D.4.

D.3.3 Required scanner OECF stability

Scanner] OECF repeatability shall be evaluated by performing sixteen consecutive scans of the sam
OECF cqlibration test element (e.g«.ISO 16067-1 or equivalent test page) at a scanning resolution @
1 200 pixels per inch. The OECFE characteristic for each of these sixteen consecutive scans shall b
evaluat¢d. The deviation of the-QECF characteristic for any individual scan from the averaged OEC
charactg¢ristic of the sixteen scans shall remain within +1 CIE L* unit over the entire tone scale.

T 0 ~n (D

NOTE The surface texture of an OECF calibration test page can introduce noise in OECF calibratiop
dependimg on the scannerillumination geometry. Minimum texture or a gloss surface is preferred.

D.4 S¢annerMTF characteristic

D.4.1 [General

The MTF characteristic of a scanning system describes that scanning system’s capability to resolve fine
spatial detail - a characteristic central to the evaluation of a printing system’s perceived resolution and
to the evaluation of a printing system’s Resolution-score.

D.4.2 Required scanner MTF characteristic

The detail carrying capability of a scanner shall be evaluated in accordance with the procedure defined
in ISO 16067-1 Photography: Spatial resolution measurements of electronic scanners for photographic
images. The Matlab function sfrmat3[8] or the MTFmapper(?l application implements this procedure.
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To be qualified to evaluate the resolution capability characteristic of a printing system, the scanning
system shall provide an MTF characteristic that maintains a modulation level of at least 0,2 up through
a spatial frequency of 12 cy/mm.

D.4.3 Required target placement

The printed Contrast-Resolution test chart shall be placed in the central third of the scanner platen
along both the slow-scan and fast-scan axes of the scanner to avoid potentially significant variations in
the scanner MTF characteristic.

0 be qualified to evaluate the resolution capability characteristic of a printing system, thé gcanning
ystem shall maintain its MTF capability at 12 cy/mm within a total range of 0,035 (outof ) pver the
laten area used for evaluation.

If the MTF characteristics of a qualified scanner have been measured to be effectively constant over a
larger fraction of the platen along an axis (e.g. slow-scan), then measurementsnay be made pver the
action of the platen where the MTF shift at 12 cy/mm is within a total range0f0,035 (out of 1).

.5 Methods for scanner signal calibration

.5.1 General

The calibration method utilized for reflection scanner measurement of a printed Contrast-Rejsolution
test chart is specific to the workflow path used to print the'sample for measurement.

1) For the single colorant printing workflow specified in Figure D.1, a single scanner chanel (e.g.
green channel) CIE Lightness calibration, defined in D.5.3 shall be used.

Do
L

For the process colour printing workflow, spécified in Figurer D.2, colorimetric calibratidn of the
reflection scanner to deliver accurate CIELab measurements, as defined in D.5.3 shall be uged.

ID.5.2 Scanner signal calibration for a single colorant printing system evaluation.

Ih single colorant printing systemizevaluation, printed samples of the Contrast-Resolution test chart
dre produced by a press systemusing a single process colorant. Calibration of the scanng¢r OECF
dharacteristic according to the process defined in ISO 14524 shall use a scan of a printed stgp tablet
gncompassing the printing system density range in at least twelve steps, printed using the|process
dolorant or colorants used in printing the Contrast-Resolution test chart, and measured according to
ISO 5 (all parts) densitometry, colorimetry or spectrophotometry to evaluate the CIE Lightness (CIE
|
q
!
€

f
€
I
tablet to evaluate CIE Lightness (CIE L*) that is utilized in the calibration is still required. Steps (B), (C),

(D), (E) and (F) of Figure D.1 apply.
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[Separation colorant patch specifications] =========p [Step-tablet Sample] —
A

[CIE L* measurements| <

lD B

[OECF LUT] == ]SO 14534 compliant OECF calibration utility] <=
F E C

The step$ in the single colorant scanner calibration process are:

A Obtdin a step tablet of sufficient density range and steps (at least 12) by single colorant printing or“from
comimercial source.

j>)

B Meapure the CIE Lightness (CIE L*) of each step of the step tablet by densitometry (density, converted t
reflgctance factor, converted to CIE L*), colorimetry (direct CIE L*), or spectrophotometriy~(€IE L* availabl
throjugh calculation from spectra).

IS

C  Entgr the measured Lightness values (step B) in a CSV table as [Step# Measured-Lightness-value] pairs.

D  Scar] this just-measured step tablet according to the scanner setup specified in this Annex, saving the scan dat]
as ajnon-colour managed RGB file.

E  Run|an ISO 14524 compliant OECF calibration utility that takes as inputs the RGB format scanned step tablé
bitnjap (from step C) using the scanner signal channel that shows the largest response to the printed coloran
(grepn channel for neutral printing) and the measured Lightness value§ of the steps in this step tablet (fror
step| D) to produce a calibration OECF look-up-table (LUT) relating’scanner code-value to Lightness for use i
Resg¢lution-score measurement.

F  Thelcalibration OECF look-up table (LUT) produced in step E.

js)

= =t

Figure D.1 — Single coloraiit scanner calibration

D.5.3 Bcanner signal calibration for a process colour printing system evaluation.

In procgss colour printing system evaluation, printed samples of the Contrast-Resolution test chart ar
producgd by a press system using a standard combination of process colorants. Scanner calibratio
is to colorimetric aims so as to provide bitmaps of the Contrast-Resolution test chart in a calibrate
CIE L*afb* format for subsequent“Resolution-score evaluation. Two different scanner calibratio
approadhes may be taken. If only neutral process colour prints are to be evaluated, either approach wi
work well. If non-neutral process prints are to be evaluated, the second approach illustrated below wi
provide|more accurate results.

Pt et ) e pd (L

1) Utilizing a standard/RGB scanner calibration utility to create an ICC profile for the scanner.

This prqcess, utilized by most scanner colour calibration utilities, is illustrated with the use of a Koda
Q-60 test target(which employs a standard set of colour patches produced using photographic dyes
to create ar ICC profile for the scanner. In practice, the reflection colour patch set provided with th
scanner] catlibration utility should be used. This process will create a profile that is fairly accurate fo
near-neutral colors, but differences in number and spectral shape for the colorants in graphic arts
printing and for the photographic dyes used in this calibration can cause some calibration error for
scans of graphic arts content with non-neutral colours.

o — o~

=

A tolerable error in Resolution-score evaluation is introduced by this calibration process as long as the
measurements of the printing system primaries obtained through this calibrated ICC profile differ from
colorimetric measurements of the corresponding patches of the scanned printing system primaries by
less than five dE. Figure D.2 shows the calibration process.
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