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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
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cond edition cancels and replaces the first edition (ISO/TS 18621:2020), which has been tech

iin changes are as follows:

subclause 5.5:

Formula (1) has been corrected, including interchanging symbols ‘f” and ‘g’;
in the NOTE the ‘Samplé’ and ‘Ref” arguments are switched;

p text for step 13 in s{ibclause 5.6 has been concretized;

b text in AnneX A, before Table A.2, has been concretized;
 text in'Ey2, 3rd paragraph, has been concretized;

blacement of the three PDF files in the ‘TestCharts’ folder at the ISO server for ‘Electronic Inser

sin

ps 18 and 19, al$ejin Figure 8, have been adapted with a change from ‘unacceptable’ to ‘suspedt’;

nically

ts’ by a

g]p ZIP file ‘TestCharts 2020caorrection 7ip'

Alisto

fall parts in the ISO 18621 series can be found on the ISO website.

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

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 printing system to maintain a desired spatial separation between
nearby elements printed on a substrate (the addressability of a printing system indicates what the minimum
spatial separation can be), the capability of the printing system to carry tonal differences (contrast) between
these 1 i ; it i i i detail.
The design of a test chart and an evaluation process for measuring a printing system’s capability‘tp carry
fine deftail must reflect these major contributors.

Fouriel analysis has proven very useful in analysing the reproduction capability of image forming systemsll.
In this|formalism, spatial separation is measured in terms of spatial frequency (e.g. cyclés per millimetre)
and coftrastis measured in terms of modulation (the dimensionless ratio of a change in perceived luminance
to its gverage luminance) at a particular spatial frequency. The ratio of the repreduced modulation to the
origingl (desired) modulation can be used to describe the capability of a printing system to reprdduce a
sinusoldal input at a particular spatial frequency. This ratio, taken over a range of spatial frequeincies is
called the modulation transfer function (MTF).

R HHIE
YAVAVAI

2 W

Key
spatial fequerncy
madulation of original (constant amplitude)

maedwlation of reproduction (with limited resolution)

w N o= XK

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 capability.
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 the capability of the
human observer to perceive detail. The capability of normal human vision to perceive spatial detail can be
characterized by a modulation transfer function (see Reference [2]). This is shown 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 4,5 cy/mm
at a viewing distance of 400 mm. At a viewing distance of 400 mm the human visual system response to
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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.

Y

Key

X  spstial frequency

Y coptrast QQQ
N
Figure 3 — Illustrative contrast sensitivity function (Reference [3])
$
Avisudl illustration of the dependence of perceptual&tail reproduction capability on both spatial frefjuency

(horizgntal axis) and contrast (vertical axis) is shown in Figure 3 (see Reference [3]). The perception|of fine
detail is frequency dependent and can be perg@yed well at high contrast, but not as well at low contrjst.

For giten viewing conditions (illuminati@?viewing distance, magnification), measurements at ektreme
spatiall frequencies are irrelevant to t aracterization of the perceived resolution of a printing syqtem as
their effects cannot be seen (e.g. tl§ar right side of Figure 2 or Figure 3).

The illlistration shown in Figurg1 3) so illustrates the peak in visual sensitivity in the mid spatial frefjuency
range and is a major motivation for the test chart design utilized in this method for evaluating the perceived
resolufion of a printing sy, @1 A test chart that explores modulation or contrast along one axis and|spatial
frequepcy along an oré}@onal axis covers a large fraction of the major contributors to the perceived
resolution of a printi@ stem. Figure 4 shows the Contrast-Resolution test chartl4l,

&
v
%&
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Figure 4 — Elements of the Contrast-Resolution test chart

In Figlire 3, contrast and spat&equency vary continuously. In Figure 4, each circularly symmetric
elemer]t explores a particular Qmpled contrast and spatial frequency - the individual patches in the|target.

The spptial frequency of ation of these circularly symmetric marks and spaces in each patch is|varied
logarithmically along ertical axis of the target and the contrast, or depth of modulation, is|varied
logarithmically alon horizontal axis. This logarithmic spacing mimics the largely logarithmic response
characteristics of the.Human visual system. This representation of contrast vs. spatial frequency respmbles
the Campbell a obson illustration flipped on its side. The circularly symmetric shape, and thg range
of values ex in the Contrast-Resolution test chart are well suited to the characterization of|digital
printing w, ows.

Inac n%ntional rinting 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 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

© IS0 2024 - All rights reserved
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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 reproduced - where no lines
or spaces are missing or overlap and where the level of moiré interference does not obscure the circles. For
each column in the target, an index value that is the row number (each row is a single spatial frequency)
of the last recognlzable patch is recorded Thls operatlon maps the threshold curve along columns in the

TeT py this
threshpld curve can be usedasa capability score for the prlntlng process In observatlon the c1rcu~l§f nature
of the lines in each pattern tends to average out any angular dependencies in system resolutloﬁ/Q

& 8 £ v 3
O.

Figués\cs)— Enlarged portion of a Contrast-Resolution target print

Figure|5 shows a arged portion of a print made with a 1 200 spot per inch addressability, utilizing a 133
line pef inch d reen. The circular patterns of the 2,91 cy/mm Row in Columns A through E are clear. The
circular pat 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 ci cul&%attern of the 4,85 cy/mm Row in Column A is present with some aliasing. The circular pattern
of the @j cy/mm Row in Column A is barely legible with significant aliasing. The resolution capaglllty 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 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

© IS0 2024 - All rights reserved
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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

resolut

Both o
proces
well m
verifie

ion-score procedure.

Contrast 100 5995 3594 2154 1292 774 464 278 1.67 1.0
sl 5 : : : 5 5 5 .

0.63

0.81

3.76
4.85

6.25

o
Figure 6 — Enclo%}f&rea above an index value threshold curve

-

bjective measurement a bjective evaluation of Contrast-Resolution test charts printe
5 colorants are minim ffected by the low levels of colorant mis-registration present in nf
aintained printing systems. The level of colorant mis-registration in printed test charts shq

1 to be low when @ ing the procedure specified in this document with process color printin

|4 specifies tl@@equirements of the workflow settings needed to effectively print the Co

d with
odern,
uld be

D
-

Clause ntrast-
Resolufion test c Ql' the setup requirements of the printer utilized to reproduce these test chafts, the
requirgments scanner characteristics needed to effectively digitize the information reproduced on the
printeal test s, and the requirements of the scanner data processing path needed to properly represent
this info n for automated evaluation.

Clause SOszpcc ifies-theresolution-seore-meastrementprocedure:

Clause 6 specifies the reporting of results obtained with the process specified in Clause 5.
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Graphic technology — Image quality evaluation methods for
printed matter —

Part 31:

Eva ] ] ] .
witi the Contrast-Resolution chart

1 Sdope

This dpcument specifies the Contrast-Resolution test chart, the requirements on-the printing process
needed to reproduce this test chart, the required characteristics of a high resolution scanner nedded to

digitiz
this di

printed material using the Contrast-Resolution test chart.

The pr
graphi

The fo
requir
the lat
ISO5 (

ISO 13

bcedure specified in this document is intended for a characterization of the perceived resolut
C arts production printing system using the Contrast-Resolition test chart.

2 N:[rmative references

bments of this document. For dated references;\only the edition cited applies. For undated refe
st edition of the referenced document (inclidding any amendments) applies.

W11 parts), Photography and graphic technelogy — Density measurements

b55, Graphic technology — Spectralimeasurement and colorimetric computation for graphic arts

e the information reproduced on printed test charts, and the requirenients on the interpretdtion of
bitized data. It also specifies the resolution-score method for evaluating the perceptual resolytion of

on of a

owing documents are referred to in the text in stich a way that some or all of their content congtitutes

Fences,

images

[SO 14%24, Photography — Electronigstill-picture cameras — Methods for measuring opto-electronic conpersion
functions (OECFs)

ISO 16

D67-1, Photography —- Spatial resolution measurements of electronic scanners for photographic

— Part 1: Scanners for reflective media

3 Tdrms and definitions

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

ISO an

] [EC maintain terminological databases for use in standardization at the following addresses:

images

— IS

Unline browsing platiorm: available at https://www.1S0.01rg/0bp

— IEC Electropedia: available at https://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 2024 - All rights reserved
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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*

metrig
functid

achromatic stimuli

Note 1

or equal to 0,008 856, L* =903,3 (Y/Y,).

Note 2

3.4
ICC pr
Intern

e.g. from device colour coordinates to profile connection space, a§ part of a colour management syste

Note 1

3.5

modulation

differe

3.6
modul
MTF
ratio, §
printin

3.7

opto-dlectronic conversion function

OECF
relatio
digital

3.8

perceived resolition

subjecf

39

lightness
n of luminance factor, defined by the CIE which approximates the human visual system resp

o entry: For luminance factors greater than 0,008 856, L* = 116(Y/Y,)1/3 - 16. For luminance factors 14

o entry: Y, is the luminance factor of a white achromatic reference, typicallythe perfect reflecting diff

bfile
itional Color Consortium's file format used to store transformsfrom one colour encoding to a

o entry: The colour management system is standardized as\SO 15076-1[71.

nce between the minimum and maximum signal levels divided by the sum of these levels

ation transfer function

s a function of spatial frequency; of the measured modulation response in a print producg
g system, to the stimulus modulation presented to that printing system

hship between the input levels and the corresponding digital output levels for an opto-ele
image capture’system

ive impression of the capability of an imaging system to depict fine detail

bnse to

ss than

Ser.

hother,
m

d by a

Ctronic

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
resolu

tion

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

© IS0 2024 - All rights reserved
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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 m
printin
prints
a high
compa
Effecti
This m

42 |

4.2.1

Effecti
of Con

g system comprising both workflow and printing that correlates with perceived resolution.
bf the Contrast-Resolution test chart, ISO_ConRes20%), produced by a printing system.ar€ scan
resolution scanner. Evaluation of the fine detail carrying capability of the printing System is d
Fing these high resolution scans of the Contrast-Resolution test chart prints with'adefined ref
7e practice of this method places requirements on both the printing system anédthe scanning
ethod can be applied to most printing technologies and substrates.

\pparatus requirements

Printing system requirements

e interpretation of the Contrast-Resolution test chart depends upon printing a set of samplg

be util

rast_Resolution test chart with minimal mis-registration between the different colorants th|
zed in the printing process. This requirement is cohventionally met by either printing the

coloramt version of the Contrast-Resolution test chart usihg a single separation colorant, or by us
well cantrolled registration of a modern, well maintained;“éolour managed process colour printing syj

print o
for det

4.2.2

In the
surrog
of the

e of the process colour versions of the Contrast:Resolution test chart. Refer to Annex B and A

bthod specified in this document provides an evaluation of the fine detail carrying Capabillty of a

bample
ned by
one by
Erence.
ystem.

prints
At may
single
ng the
tem to
nnex C

hils.

Scanning system requirements

evaluation method specified in-this document, a high resolution scanning system is utilizg
ate for a human observer. This imposes strict requirements on the setup, calibration and perfoj
scanning system used in the\evaluation process. In simplest form, the measurement device g

calibr

optica
and ve
substr

ed and able to accurately capture luminance factor (CIE Y) or lightness information (CIE L*) af
resolution. A scanning.system with a useful optical resolution of 1 200 ppi in both the hor]
tical direction is required. If the Contrast-Resolution test chart has been printed on a stru
te, multi-directiorial illumination is required to minimize shadowing. A scanning syster

bd as a
mance
hall be
a high
izontal
ctured
h shall

olution

p g p p g sy
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 test chart to

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

en/.
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properly assess the resolution capability of a printing system. The three colour encoding variants
Contrast-Resolution test charts? are defined in Annex A and are summarized here:

of the

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

b) 1SO_ConRes20_sRGB.pdf which is intended for process colour resolution capability evaluation.

c) ISO_ConRes20_Lab.pdf which is intended for resolution capability evaluation utilizing the optional

linearization process defined in Annex C.

4.3.2 Evaluation intent

Six different evaluation intents are specified in this document for the evaluation of the perceived res
of diffg¢rent printing system workflows and assessment objectives; four are further specified-in A
and two are further specified in Annex C. Each of these different evaluation intents defines.a|proce
specifips the appropriate colour encoding variants of the Contrast-Resolution test chart, defined in Al
required to properly assess the resolution capability of the printing system workflow. The discussic
and the summary of evaluation intents provided in Table 1 are intended to aid in selecting the appr
intent.

plution
hnex B
ss that
hnex A,
n here
hpriate

1) Davice-specific evaluation of a printing system. This evaluation process‘i9 primarily for engir
evhluation of the resolution capability of a single printing system in diffexent printing setup cong
us|ng a single conforming reflection scanning system. Repeatabilityds dictated by the printing
stability. Device-specific evaluation may use any of the Contrast-Resolution test chart colour e
variants.

2) Single colorant evaluation of inherent resolution capabilityy where the printing system work]
sef up to provide a rendition of the single colorant ISO€onRes20_SepK.pdf3) version of the Cao
Refsolution test chart using a single colorant, usually ‘@nly the black colorant. This evaluation J
avpids any resolution degradation due to the mis-régister of multiple colorants and aligns
pefceived resolution capability of a printing system when printing text content or black and
graphics. Further discussion is found in Annex Bt

3) Prcess color evaluation of practical resolution capability, where the printing system work
sef up to provide a colour managed rendition of the ISO_ConRes20_sRGB.pdf¥ Contrast-Resoluti
chpart that is printed with multiple pfocess colorants, usually with a "rich" black. This setup
aligns with the perceived printing system resolution capability when printing image content. H
digcussion is found in Annex B.

4) Standardized process colour evaluation of the resolution capability of a printing system se|
sithulate a standardized printing application, e.g. commercial printing, packaging or newspri
evhluation process relies on the standard printing application ICC profiles available from w
.o1g to provide the-defined color reproduction aims of a standardized printing system work
conmercial interest/Standardized process colour evaluation uses colour managed interpretatiot
sRGB encoded version of the Contrast-Resolution test chart, [ISO_ConRes20_sRGB.pdf, and is parti
usgful in the.comparison of different printing systems

5) Linearized single colorant evaluation of printing system resolution capability. Linea
mgximizes the information content of the test chart through the printing process and the a

of the’resa ion capabili of a p ll: em b es a tone-scale that is no epresentd

eering
litions,
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flow is
ntrast-
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low is
on test
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urther

up to
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w.ECI
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of the
ularly

zation
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normal printing operations. This evaluation process utilizes the single colorant version of the Contrast
Resolution test chart, ISO_ConRes20_SepK.pdf?), and is aimed at engineering assessment of the ultimate
resolution capability of a single colorant in a printing system. Further discussion is found in Annex C.

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

en/.
3) The corresponding files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-2/en/.

4) This PDF file is provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-2/en/.
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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?luatlon SepK | sRGB | Lab Single Process color | Linearization Prgntlr_lg Engineering Purpose
intent colorant applications
Compare|printer
. configlirgtions.
(1) Davice- X X X X X N/A X X Restrieted to a
spedific ) .
Single printing
system.
Single cojorant
. } printing.

(21501 lagrlliti X X No X Text, Ling-art and
B&W
reprodudtion.
Normal ojperation
of a printjng

(3) Prgcess- system.

colqur X X No - Photographic
reprodudtion
market.
*) Ssexélard- Compare]dif-
X Standardized N/A X ferent printing
procgss-
systems.
colqur
Maximum
(5) Lindarized resolutioh
single- X X External X capabilitly of
colofant single colorant
printing.
Maximum
(6) Lindarized resolutioh
prockss- X X Inherent X capabilitly of
colqur process-dolor
printing.
Users ¢f this document shall take gareful note of the image structure in printed Contrast-Resolutipn test
charts|to verify that the test chartsiare printed according to the desired evaluation intent.
4.3.3 | Printing and scanning
Print 3 set of at leastCkéwo sample prints of the appropriate Contrast-Resolution test chart, defined in
Annex|A, for the appropriate evaluation intent according to the printing system requirements spec|fied in
Annex|B and AnnexC. Discard the first, warm-up, print. Ensure that no geometric scaling is applied (the box
around the testchart 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 pripting of the assessment test chart will distort the evaluation of printing system resolution and|should
be avolded. For example, "Sharpen" or "Unsharp Mask" should be set to "None" in the workflow used f|o 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.

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

5) The Contrast-Resolution test chart files are provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-2/
en/.
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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 process used to evaluate the digital information captured with scans of the printed Contrast-Resolution
test charts shall follow the steps specified in Clause 5. Resolution-score processing, Processing shall conform
to the requirements specified in Annex E.

5 R [OTI-STOTE Processing

5.1 eneral

The pijinting system requirements specified in Annex B and C and the scanning system requirgments
specified in Annex D ensure that the scanned image of a Contrast-Resolution test chart print sample will
permitfa meaningful analysis. These requirements are essential for analysis and sheuld be checked prior to
any fufther processing.

5.2 Element identification

Suppli¢d with the three versions of the printable Contrast-Resolution test chart, is a reference bitmayp image
of the|Contrast-Resolution test chart, ISO_ConRes20_Reference_1200.tif%), representing the outppit of a
perfect printer, scanned by a perfect scanner at 1 200 ppi. This s the ideal case to which 1 200 ppli scans
of real|prints are compared. This reference bitmap image is 4tilized in the analysis of any versior] of the
printed Contrast-Resolution test chart.

qact locations of the circularly symmetric element&’in the scanned image of the Contrast-Resplution
test chart shall be identified, so that each of these élements may be compared with the corresppnding
elemerft in the reference bitmap image. Identical fiducial marks are provided in both the printallle and
reference Contrast-Resolution test charts to aid.itrlocating each region of interest (ROI). Significant{errors
in identification of the geometric position of an element with respect to its corresponding elemen{ in the

rmation of the CIE luminance factor, Y and this CIE L* representation of the scanned data |s used
dalculations. The means'to calibrate a scanning system to deliver this signal can be provid¢d by a
e linearization of @monochrome scan or is provided by scanner ICC profile creation applicatipns for
RGB sdans. See Annex-Dfor details. Analysis of the scanned Contrast-Resolution test chart print relids upon

A prop spatial
respornis S S S 10 cm.
This filter shghtly blurs the image and ellmlnates structure that a prlntlng system may be able to render
that would not be visible to a human observer at this viewing distance. The same spatial filter 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(:));

6) The corresponding file is provided in the URN: https://standards.iso.org/iso/ts/18621/-31/ed-2/en/.
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5.5 Normalized 2-D cross-correlation

Following registration of the scanned image with the reference image and spatial filtering to minimize
structure in the scanned image that would not be visible to a human observer, each of the elements of
the scanned Contrast-Resolution test chart is compared with its corresponding element in the reference
bitmap. A normalized two-dimensional cross-correlation calculation is used to provide the measure of
similarity between each scanned element and its corresponding reference element. The cross-correlation
calculation utilizes a range of horizontal and vertical pixel offset values sufficient to accommodate residual
mis-registration between the scanned elements and the corresponding reference elements. The position of
the peak value in the cross-correlation coefficient matrix between scanned and reference elements defines
the horizontal and vertical pixel offsets that shall be applied to an element of the scanned image bitmap to
best oyerlay the corresponding element in the reference image bitmap. I he magnitude of this peak yjalue in
the crgss-correlation coefficient matrix defines the needed measure of similarity. These cross-Correlation
peak vplue coefficients provide measures of similarity between each of the elements in the scanned pitmap
of a printed Contrast-Resolution test chart and the reference bitmap representing a perfect scan of a perfect
print.

The cr¢ss correlation operation is defined in Formula (1):

>, (F ) =F)(g(h-a.v-B)-7)

C(p.B)= — 2 0
h,v)— h—-o,v-B)-g
(2 S B)-FRY (g(h-av-B)-7)
where

o is the horizontal offset value of the scanned floatifigipoint image used in cross-correlation, in
integer pixels;

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

h is the horizontal coordinate of the floating-point scanned or reference bitmap imageg, in in-
teger pixels;

1% is the vertical coordinate of the floating-point scanned or reference bitmap images, in |nteger

pixels;

f(h,v)  isthe scanned image;

g(p.v) is the referenceimage;
]_f is the overall'mean value of the scanned image;
5 is the‘overall mean value of the reference image.

The pepk value®©fithe cross-correlation coefficient matrix, C(o, 8), is the cross-correlation coefficierft value

used afs a measure of similarity between the scanned bitmap image of a Contrast-Resolution tesf chart
elemer}t afnd ‘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 (Ref,
Sample); 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(o, ) of Formula (1)].

5.6 Resolution-score computation

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

1

2)

3)

4)

5)

6)

7)

8)

9)

(Preparation) Ensure that the Contrast-Resolution test chart, ISO_ConRes20, can be properly printed
for the evaluation intent with the workflow of the printing system (see Annex B specifications).

(Optional preparation) Linearization. See Annex C for details. Linearization is an optional process that
maximizes the information content of the Contrast-Resolution test chart through the printing and
analysis processes. The tone scale employed by the linearization process is not representative of normal
printing operations so linearization should not be employed if the evaluation intent is to assess the
resolution capability of a printing system in normal operation. Linearization should be employed if the

ule—ﬂ-n racaluticon-canabilbitur of o it g cuyctara tc b Sccnccn
Hate eSOttt tapaoity- ora Pt e Sy Steati5too0e-a55e55e6r

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

(Preparation) Calibrate the scanning system for a CIE L* or CIEL*a*b* interpretation using the pfinting
syftem colorant set (see Annex D specifications).

(Preparation) Ensure availability of the 1 200 ppi reference image bitmap of\the Contrast-Resplution
tegt chart, ISO_ConRes20_Reference_1200.tif.

(Sqmple) Print samples of the Contrast-Resolution target according to(Annex B specifications usfing the
appropriate workflow for the evaluation.

(Sample) Scan the printed samples of the Contrast-Resolution test chart according to Annex D
spgcifications.

(Sqmple) Read the uncompressed or lossless compressed bitmap image files of the scanned print
saples for analysis.

(Ahalysis) Convert the uncompressed bitmap images of the printed samples to an L* interprgtation
ac¢ording to Annex D specifications. This L* fepresentation of a scanned print sample bitmpp and
th¢ corresponding interpretation of the reference bitmap as an L* representation are the bdsis for
supsequent analysis.

© IS0 2024 - All rights reserved
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Ensure test chart printability

!

1 P
to Annex B specifications J Scan the printed samples of the )
7 Contrast - Resolution test chart
(to Annex D specifications)
s “ d
2 Optional Linearization (Annex C) l
\ y Read the bitmap images of the )
8 scanned sample prints and of the
reference bitmap for analysis )
3 i Qualify 1200 ppi reflection scanner i
(Annex D specifications) v
Convert the scanned print sample
v 9 bitmap images to an L* representation
A ( Calibrate scanner to deliver Convert the rgference bltmap Hnage
CIE L* or CIELab (Annex D) to an L* representation
! |
Ensure availability of the 1200 ppi Find corner positions of the outer
5 reference bitmap image of the 10 bounding 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
the Contrast-Resolution chart elements

10) (Apalysis) Register the position of*each element of the scanned Contrast-Resolution test chart
wikh the position of the corresponding element in the reference bitmap. This is normally a ty

!

To Step 12

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

prpcess: First find the cornersyof the outer box surrounding the Contrast - Resolution target.

11) (Apalysis) Register the/position of each element of the scanned Contrast-Resolution test chart
with the position of the corresponding element in the reference bitmap. This is normally a ty
prpcess: Second, détermine the locations of the circular fiducial elements at the corners of each e

of the Contrast~Resolution target. Use these locations to register the elements.

Analydis A refersto processing of filtered elements.

Analysdis B.refers to processing of unfiltered elements

12) (A

bitmap
o-step

bitmap
fo-step
lement

fanned

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.
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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

v v
(Extract full ROIs for each of the elements ( Extract full ROIs for each of the elements\
13 of the Contrast - Resolution test chart 13 of the Contrast - Resolution test chart
in the filtered sample bitmap and in the unfiltered sample bitmap and
in the filtered reference bitman inthe unfiltered reference hitman
™ L y

4
l’ A\ 4

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

14 || between corresponding element ROIs of 14 between corresponding element'ROIs of

the filtered sample and reference bitmaps | the unfiltered sample and refgrence bitmap$

, L

Select constrained ROIs (33 x 33 pixels for 1200 (Select constrained ROIs (83x 33 pixels for 1200
15 || PPi bitmaps) centered in the normalized cross- 15 | ppi bitmaps) centered-in the normalized crogs-
correlation arrays computed from filtered correlation arrays eomputed from unfilteregl

sample and reference bitmap elements S sample and feference bitmap elements

, |

Identify the position and amplitude of the 4 Identify the position and amplitude of the
maximum value in the constrained ROI of the maximum value in the constrained ROI of the
16 || normalized cross-correlation array for each 16 [ normalized cross-correlation array for each
Contrast - Resolution test chart element. Contrast - Resolution test chart element.
Compute the standard deviation of these ROIs \\Compute the standard deviation of these ROIs
y \ 4
Check identified peak position ( Check identified peak position
17 || If out of range: Re-compute registration 17|  If out of range: Re-compute registration
and re-run Steps 13 - 16 L and re-run Steps 13 - 16 )

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

NO YES
\_ Mark as Acceptable Mark as suspect

Q@

\ 4
19 [Fheck suspectelements: if maximum peak
value@ppears invalid set it to zero

y

CGompute sum of the squares of each maximum
20 1101 llld}iLCd CIUSSTLUIT C}CltiUll PCd}\ Vd}qu fUl J

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

-

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

13) (Analysis A and B) From the registered positions of the scanned sample bitmap image and the reference
bitmap image, extract a full size region of interest (ROI) for each element of the unfiltered and the filtered
scanned sample bitmap image and from the corresponding unfiltered and filtered reference bitmap
image. Include as much as possible of each element but carefully avoid the inclusion of any margins. The
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edges of the extracted ROIs shall be indented, horizontally and vertically, from the edges of the rectangle
drawn between the center positions of the four fiducial marks surrounding each Contrast-Resolution
test element, by half the margin width between elements (0,67 mm) and an additional 0,25 mm (to
accommodate small rotations). The extracted ROIs shall be centered in each element

NOTE1 Due to geometric distortion, the full size extracted scanned sample ROIs may not be square.

NOTE2 2*(0,67 +0,25)*1200/25,4 = 87 pixels at 1 200 ppi, bringing the ROI size from 490 pixels (between
fiducials) to 403 x 403 pixels.

NOTE3 Due to geometric distortion, the test elements extracted from a scanned print will only be 'nearly’
centered in the ROI.

(Apalysis 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 scannedbitmap image
of [the printed test chart sample and the corresponding ROI element of the reference target bitmap.
Paly attention to the requirements of the algorithm that is used - some algorithms réquire a reference
elgment ROI that is larger and inclusive of the test element ROI size

15) (Apalysis A and B) Select a constrained size ROI from the normalized crossrcorrelation result|that is

centered at the expected position of the peak in the cross-correlation result and extends horizpntally
and vertically about this centre to a distance corresponding to two periods of the highest frefjuency
elgment in the test chart. At 1 200 ppi, this is a 33 x 33 pixel region, uséd)in the analysis of all tedt chart
eldments. With careful attention to registration (Step 11), the expecte@peak position should be near the
centre of the normalized cross-correlation array.

NQTE 4  This size constraint avoids incorrect use of false peaks®fithe cross-correlation function due tq border
effpcts, aliasing or halftone noise. This constraint is particularlyuseful in the case of low-contrast elementf where
print noise can be a significant factor.

16) (Apalysis A and B) Analyse the coefficient matrix fronvthe normalized cross-correlation of the unfiltered

copstrained size element ROIs to identify the position and amplitude of the maximum value in thg cross-
cofrelation matrix. The maximum value is denoted Cpeak(i,j) for each element. Compute the standard
depiation of the cross-correlation values withiir'this ROL.

NJTE5 Indicesiand jrepresentindices of rows and columns, respectively, of an element in the test chgrt.

17) (Apalysis A and B) If the position of the maximum peak is at or immediately adjacent to a border of the

copstrained size ROI, then registration of the test ROI with the reference ROI is not sufficiently precise
to|provide a valid measurement - a result of improper element registration. In this case, the fhll size
R({ls extracted from the cofresponding element of the scanned target bitmap and from the reference
bitfmap shall be offset from/each other to properly center the maximum peak in the cross-corrfelation
result.

NJTE 6  For lowerfrequency elements of the Contrast-Resolution test chart, the size of the constrained size
ROI can be increased to include two periods of this lower frequency both horizontally and vertically arojind the
expected positien of the peak in the cross-correlation result to assist in locating the peak and properly|setting
thg full sizeROI offsets to center this peak in the cross-correlation result to within a few pixels. This is nprmally
unhecessary:

NQTE~7* If, after registration adjustment, the identified peak remains at or adjacent to a border] of the
colrstraimed=size ROt or-ifnmotsedomimates-thecross-corretationr resutt-imrtheunfiteredconstratmed=sizet cross-

correlation ROI (see step 18), apply step 19 and continue to step 20.

18) (Analysis B) Determine when noise may dominate the cross-correlation result in the unfiltered

constrained size cross-correlation ROI. This occurs when multiple peaks are found in analysis of the
cross-correlation result within one standard deviation (see step 18) of the identified ROI peak value.
Mark these elements as ‘suspect’ for an invalid contribution to the Resolution-score.

19) (Analysis) Check for each of the elements that are marked as suspect by the analysis in path B if the

maximum value Cpeak(i,j) of the filtered cross-correlation array is in a valid range based on a visual
inspection of the sample print and the values of surrounding elements. Set the value of the corresponding
local maximum value, Cpeak(ij), of both the unfiltered and the filtered cross-correlation arrays (a
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measure of printing system capability) to zero for the elements that are concluded to have invalid cross-
correlation values.

20) (Analysis A) Compute the sum of squares of the filtered normalized cross-correlation local maximum
or peak values, Cpeak(ij), determined in the previous steps for each of the elements (for all rows and
columns) of the Contrast-Resolution test chart. This summed value is the Resolution-score value for the
printing system under evaluation. This computation is shown in Formula (2).

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

RscorezZ(Cpeak[i,j))"Z (

where

column j of the filtered Contrast-Resolution sample bitmap with the filtered Contrast-Resolution ref

bitmap

These
chart,
capabi

6 Reporting

57
Cpeak(ij) is the local maximum value of the normalized cross-correlation function forrov

in each constrained size cross-correlation ROI.

50 simple addition of squared values suffices. Resolution-score values range bétween 0 (no res
ity) and 100 (perfect print).

2)

UV i and
erence

ocal maximum values range between 0 and 1. There are 100 elements in the Contrast-Resolutjon test

plution

Table P specifies the documentation required to define the conteXt of a report of a resolution-score
evaluation. The printing system shall be set up according to the requirements of Annex B and AnnEx Cto
deliverl sample prints of the test chart specified in Annex A with itftage structure consistent with the dlesired
evaluafion intent. The scanning system shall be set up and calibrated, as specified in Annex D, in a rthanner
consisfent with digitization of the sample prints for Resolution-score evaluation according to the dlesired
evaluafion intent.
Table 2 — Report structure
Test chart used: |Filename of the Contrast-Resolution test chart utilized.
Printing system evaluated: | Manufacturer and-Model.
Printing system addressibility: | Printing systém addressability used in printing test chart samples, e.g. 1 200 ppi.
Substrate surface:|Substrate'surface characteristics (optional substrate manufacturer and namej).
Evaluation intent: | Name.of the evaluation intent utilized, as listed in Table 1.
Observed image structure:|Single colorant or multiple process colours.
Golour management settings and ICC profiles employed,
Colour management: — : —
Method utilized or N/A if colour management not utilized.
Linearizationsmethod: | Method utilized ('CIELab' if Lab target utilized or N/A if linearization not utiliged)
Lineprization measurement: | Measurement method ('Inherent' if Lab target utilized or N/A iflinearization not utilized).
Additional documentation: | Documentation of settings that may affect printing system resolution capabiljty.
S¢anningsystem utilized: | Scanner manufacturer and Model.
Scanning system
addressahility-11 200 nni
J rr
Additional documentation: | Documentation of scanning system settings that may affect scanning system capability
Scanner calibration: |Single-channel (specify which channel and CIE L* calibration method) or
ICC profile for CIELab colour calibration of RGB scans.
Scanner MTF @ 12 cy/mm: | Evaluated value from scanner qualification.
Resolution-score value: |Evaluated value (averaged over measurements of multiple print samples).
Number of prints evaluated:|Number of print samples utilized in the measurement.

The first items in the report documents the manufacturer and model of the printing system being evaluated

as well

as the name of the test chart utilized in the evaluation.
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The "Printing system addressability” item 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 analysed 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 documents the patch
measufenment process Used for obtaimng data for the fineartzation method or N/A If Hneartzation is not
employed. Any additional documentation required to reproduce the printing system state shall be'irlcluded
in the JAdditional documentation” item.

The Sdanner utilized for Resolution-score evaluation shall conform to the scanning system'requirgments
specifipd 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 injtent.

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

The schnning system shall be set up as specified in Annex D. Careful attention to the details specified in
Annex[D is essential for obtaining usable scan data. Any qualms in the setup;ef a scanner to the specifigations
of Anngx D should be documented in the report.

For single colorant evaluation, used to provide an estimate of thefinherent capability of a printing Jystem,
the scgnner calibration method shall utilize a single sensor arrayof the scanner (usually the green clannel)
thus ayoiding any degradation due to mis-registration between the scanning system color sensors)| Single
coloranmt evaluation shall utilize a simple scanner calibrationrthat is linear in CIE L* based upon thq single
colour|sensor array most responsive to the print colorant, as specified in Annex D. These steps avpid any
mis-registration in printing or between scanning system colour sensors. For process colour evaluat;tm, the
Contrajst-Resolution test chart shall be scanned using scanner calibration software that delivers CIE|L*a*b*
scan files according to the procedure defined in’&nhnex D. The "Scanner calibration” item documepts the
scanngr setup utilized for scanning print samptes of the appropriate Contrast-Resolution test chart.

The "Sganner MTF @ 12 cy/mm" item repornts the scanner MTF value obtained in qualifying the scanner for
use with this document as specified inAnnex D and shall meet or exceed an MTF level of 0,2 at 12 cydles per
millimptre.

The repolution score shall be reported as a value between 0,0 and 100,0, rounded to one decimal pldce and
may b¢ obtained by averaging-the evaluations of a number of printed Contrast-Resolution test chaygt print
samplgs. The process used.to evaluate Resolution score values shall be in compliance with the process
specifipd in 5.6. The nimber of prints evaluated records the number of print samples utilized|in the
statist]cal estimation-of+the reported resolution-score value.

The "Aflditional dgeumentation” field is provided to document any workflow and evaluation operations that
can affect thesmeéasurement of perceived resolution such as intentional inclusion of image enhanfement
operatjons nermally part of a production workflow or a noticeable level of mis-registration in the fample
prints.
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Annex A
(normative)

Test chart and reference files — Availability

The Contrast-Resolution test chart required for the evaluation of printer resolution as specified in this
document is provided in three different printable versions in PDF format. These three PDF format files can

colour

ses the

be founpd in https://standards.iso.org/iso/ts/18621/-31/ed-2/en/: ™
1) ISQ_ConRes20_SepK.pdf which is intended for single colorant resolution capability evalua@tﬁﬂ/
2) ISQ_ConRes20_sRGB.pdf which is intended for process colour resolution capabé}t}} evaluation.
Information in the ISO_ConRes20_sRGB.pdf test chart is encoded using a stan(}i:dized sRGB
sphce. No additional sRGB profile need be embedded in the PDF file. Q)b
3) IS(Q_ConRes20_Lab.pdf which is intended for resolution capability evaluat%r{,\and inherently u
oplional linearization process defined in Annex C. 6
Contrast-Resolution Test Target w0 O
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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
printable version of the test chart, can be found in https://standards.iso.org/iso/ts/18621/-31/ed-2/en/.
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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-2/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 contained
in the Conformance.zip file along with additional files required for conformance evaluation (see Annex E).

A renditi ercion s R . wrin Fisure At fabiasing may
be pre frequency elements of this re duction constraints), \'Fhe 100
individual test elements are each nominally 9 mm. square with an approximately 1,35 mm. margivb¢tween
each patch. A twelve element tone-reproduction step tablet is provided below the array of circular Coptrast-
Resolufion elements to provide a check on the printing system tone scale and for use in“the linearfization
procesp defined in Annex C.

The small circular fiducial marks that surround each test element are centered in th€inargin areas. Ap inner
rectangular border is written around the outside of the 10 x 10 array of test elements and the 11 x 1] array
of fidug¢ial marks. An outer rectangular border is written one patch size outsidé the inner rectangular|border
and sufrounding the tone scale step tablet below the array of test elementsy'\Determination of the lpcation
of the puter boundary enables simple prediction of the inner fiducial mdrKk positions. Determination of the
centrolds of the fiducial mark positions permits a precise location of arikROI consisting of a test element with
no included margin. In practice, a 'full-size' test element ROI will he stightly smaller than its maximym size
to allo for slight rotations of printed samples when placed ona seanner bed for scanning. Table A.1 lists
the expected positions of the four corners of the outer boundary surrounding the array of the Coptrast-
Resolufion elements and the expected positions of the four ¢orners of the boundary surrounding tle tone
scale step tablet test chart in pixels at 1 200 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 6 855
LLC 0 5816 LLC 0 6 855

The exjpected positions of-the circular fiducial marks that surround each test element are predicted based
upon the corner positions-of the outer boundary of the test chart and the expected horizontal axis and
verticql axis offsets of the rectangular grid on which the circular fiducial marks are written. Table A.2 lists
these dgxpected 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 horizontal axis|offsets
and th¢ 11 vertical axis offsets. The outer edges of the individual Contrast-Resolution test chart elements are
half the niargin size, about 32 pixels at 1 200 ppi, within the rectangle connecting adjacent fiducial pofitions.

The maximum size of an extracted Contrast-Resolution test chart element (avoiding the margins between
elements) is then about 426 x 426 pixels. Allowing an additional indent of 0,25 mm to accommodate
misalignment of the test chart on the scanner platen, individual element ROIs are expected to be about
403 x 403 pixels at 1 200 ppi (accommodating a 2° rotation angle).
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Table A.2 — Expected offsets of circular fiducials from ULC of outer boundary

The th
underl
indepe
definit

A web
Contra
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— Te
sp

— Af
to

mgq
mgq

Horz. Vert.

ULC 458 458
2 948 948
3 1438 1438
4 1928 1928
5 2418 2418
6 2908 2908
7 3-398 3-398
8 3888 3888
9 4378 4378
10 4868 4868
LLC 5358 5358

ree versions of the printable Contrast-Resolution test chart are providéd“in PDF form:
ying code that implements the structure of the test charts are vector specifications that are
ndent of the addressability of the printing system being evaluated. See Annex B or Annex C
on of printing processes that conform to the specifications of this dgcument.

site at www.conres.io has been made available to provide support for the use and analysis
st-Resolution test chart in the assessment of printing system résolution capability. This site pr

ditional information about the use and interpretation ofthie/Contrast-Resolution test chart.

Chnical assistance to enable adaptation of the measurement process described in this docun
bcial printing circumstances.

ree service for the analysis of scanned bitmaps of printed Contrast-Resolution test charts acd
the analysis procedure defined in this document:

Share a scanned bitmap of a printed €Conhtrast-Resolution test chart via a file-sharing service
Receive back a detailed analysisiefthe resolution capability of that printing system.

issue management mechanisni to provide user feedback regarding the usefulness of the measu
thod defined in this docuinient. User feedback is essential for the refinement of this measu
thod.

Are there areas in this evaluation of printing system contrast and resolution capability that]
match your perceived impression of the evaluated printing system’s resolution capabilities?

reported by this measurement method?

A small set of PDF RIPs do not strictly follow Adobe® Red Book Postscript specifications and can int
geomefric‘errors when interpreting the concentric circle patterns of the Contrast-Resolution test
These jnterpretation errors usually show as lighter or darker circular rings, primarily in the high

it. The
largely
for the

of the
pvides:

hent to

ording

and

fement
rement

do not

In what manrer does your perception of printing system resolution capability differ from that

roduce
charts.

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

B.1 Printing system requirements

The prjinting system under evaluation shall be stable, providing the same measured print tonessca
definedl set of input values. Without stability, calibration, linearization and reproducible measunrem
all megningless. Print-to-print tone-scale variation should be repeatable within +1 AE.

Both dbjective measurement and subjective evaluation of Contrast-Resolution test c¢harts printe
procesk colorants are only slightly affected by the low levels of colorant mis-registration’ present in ny
well maintained printing systems. The level of colorant mis-registration in printed test charts shq
verifiefl to be low when utilizing the procedure specified in this document with/process color printin

The cl¢arest measure of the inherent resolution capability of a printing system will be provided t
evaluation of a Contrast-Resolution test chart printed with a single process¢olorant where any measu

e for a
bnt are

d with
odern,
uld be

j-
b

hrough
rement

degradation due to process colour mis-registration is absent - the perceived resolution that a pfinting

delivers when reproducing black text. The clearest measure-of the practical resolution caj

The optional Linearization process (see Annex C) maximizés the information content of the test chartt
the printing process and the analysis of the resolution-capability of a printing system but utilizes
scalet
chart, ]SO_ConRes20_Lab.pdf, is provided for linearized evaluation of process colour resolution capal

pability
d with
colour

hrough
h tone-

atis not representative of normal printing operations. A third version of the Contrast-Resolutjon test

ility.

In all cpses, the printing procedure shall maintain 100 % of the original size of the Contrast-Resolution test

chart.

Avoid gny sharpening or enhancement operations that are not part of the intended printing system wo
to be dvaluated. If enhancement-@perations are to be evaluated, the settings of these operations s
documiented in the "Additional-decumentation” field of the test report.

RIPs g¢nerally accept a PDF\format file directly, but there is a remote possibility that the vector code
the PDF versions of the-Contrast-Resolution test chart can be misinterpreted by a printing system §
PDF file is mis-interpreted or cannot be accepted by a printing system RIP, the reference TIFF ima
be submitted instead; in the appropriate representation for the evaluation intent and as long as t
1 200 ppi bitmap.addressability is maintained throughout the workflow.

B.2 Printing process

rkflow
hall be

within
IP. If a
be may
he full

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
of resolution and columns are at discrete logarithmically spaced values of contrast.

values

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 p

rinting

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 ton
that is not representative of normal printing operations. See Annex C for details about linearized eva
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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 in
engineering evaluation, are discussed in Annex C, the four evaluation intents most useful for the assessment
of printing system resolution capability in normal printing operations are discussed here in Annex B.

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

This primtimgprocess s vatidomnty for evatuatiomamd—comparisomrof different states of asimglte printing
systen] and may be useful in engineering evaluation. A single conforming reflection scanner is castgmarily
used fqr evaluation consistency. The Contrast-Resolution test chart is supplied directly to a priating pystem
that is|set up in a particular condition. Documentation of the setup of the printing system to'this condition
is required in the test report to enable subsequent return to this condition for further evaluation. Device-
specifit evaluation may use any version of the test chart.

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

To avofd resolution degradation inherent in even low levels of mis-registratiei of multiple coloran([s, this
evaluation setup employs printing with only a single process colorant, typically the black separatign. The
single [colorant version of the Contrast-Resolution test chart, ISO_ConRes20_SepK.pdf, defines |spatial
informjation in a device-dependent separation-black colour space. In<most printing systems, information
in this|colour space completely bypasses the printing system colodr management system and specifies the
amounft of the single printing system black colorant to be used in‘printing a feature. If this informatign does
not by'§ass the printer's colour management system, some colorant other than the intended colorant may be
printed in some areas of the test chart. Print samples for eyaluation shall be printed with a single cqlorant.
The uspr of this document shall take careful note of the image structure in printed Contrast-Resolution test
charts[to verify that all elements are printed with a single colorant (see NOTE). Please consult the Coptrast-
Resolufion test chart support site at www.conres.io for assistance in specialized applications.

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

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

Key
A The specified single colorant'Cantrast-Resolution test chart, ISO_ConRes20_SepK.pdf.

B Thi printing system interprets the Separation-K values and produces sample prints using a single printing system
colorant.

C  The hardcopy printed samples using a single printing system colorant are produced in conformance with Ajnex B.
NOTE If additional colorants are printed, the use of a black preserving DeviceLink profile, usually K=K, o1 paying

special|attention t0 workflow specific settings (e.g. disabling colour management) can provide the requiredl single
coloranft printing intent.

Figure b.1 — Single colorant Contrast-kesolution test chart printing procedure

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 sSRGB 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
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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.

To enable comparison of the practical resolution capability of different printing systems each evaluated
printing system should be individually set up to as similar as possible tone-reproduction aims. Figure B.2
illustrates the printing procedure for measurement of Resolution-score, as specified in 5.6, with the intent of
evaluating the practical resolution capability of a commercial print operation.

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

Key
A The specified process colour Contrast-Resolution test chart, ISO_ConRes20_sRGB.pdf.
B Thi printing system colour management system interprets the SRGB values and provides processleolorant gmounts

fo1| printing a process colour sample print of the Contrast-Resolution test chart using a recent custom printing
system output ICC profile.

C  Thle hardcopy printed samples are produced in conformance with Annex B using processycolorants.
Figure B.2 — Process colour Contrast-Resolution test chart printing procedure

The sRGB encoded version of the Contrast-Resolution test chart is submittéd directly to the printing fystem
to obt3in sample prints. A stable and reproducible context for resoltition score evaluation is provided by
color managed implementation of normal printing system operatied. For accuracy, a custom ICC profjle 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 ¢f equal

RGB vdlues (R=G=B) as a single process black colorant (unless evaluation of single colorant inherent regolution
capabiljty is actually desired).

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

rdized process colour evaluation.of;the practical resolution capability of a printing system|(setup
4) invglves a small change in the workflow specified in B.2.4. As illustrated in Figure B.3, the |output
colour|interpretation of the printing System shall be set up to simulate the colour reproductioh aims
mercially important printing application. This aim may be achieved in multiple ways. Seq NOTE
for exdgmples. This simulation-aim ensures the closest possible reproduction of the colour aims|of the

evaluated. The sRGB encoding of the Contrast-Resolution test chart is utilized by the RIP colour management
to provide an interpretation of the neutral tints of the test chart as process colours. For accyracy, a
ICC profile thatis built from the measured characteristics of the printing system being evaluated
shall ble utilized as.the output transform of the colour management system. Print samples for evajuation
printed-with multiple process colorants (see NOTE below). The user of this document shdll take
careful note efithe image structure in printed Contrast-Resolution test charts to verify that the test|charts
are printed wsing multiple process colorants.
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(Printing system colour management, sRGB input)

[PDF format] mep [Simulation] ===p [Printing System] ===p [Printed Sample]
A B C D

A The specified process colour Contrast-Resolution test chart, ISO_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 printing system colour management system interprets the simulated test chart specifications to provide process
colorant amounts (using a custom ICC profile that is built from the measured characteristics of the printing system
being evaluated) for printing process colour sample prints of the Contrast-Resolution test chart.

D  Thle hardcopy printed samples are produced in conformance with Annex B using process colorants.

Figure B.3 — Standardized process colour Contrast-Resolution test chart printing procedyre

To sim
availah

systen] being evaluated. For simulation of other printing applications, the Standardized ICC
appropriate for simulation of that printing application is substituted. To evaluate a news print application,

the IS

evalua

NOTE
device

Dnewspaper26v4.icc profile available from wwwe.eci.org or from www.ifra.com can be u

One method of achieving the simulation of a commercially impetrtant printing application is to
ink profile constructed from the standardized ICC profile of a @ommercially important printing ap

and a dustom ICC profile built from the measured characteristics of¢he printing system being evaluated.

method

printin

b application to be simulated: first through the PCS to device'table of the profile of the device to be si

1late a standard commercial offset printing application on coated stock, an ISQgoated-v2 ICC|profile
le from www.eci.org can be utilized in combination with the custom ICCptofile for the pfinting

profile

ged. To

fe gravure printing, the PSR_papertyp_V2_M1.icc profile, availablefrom www.eci.org can be uped.

tilize a
ication
nother

to achieve the same aim would be to send the test chart data through a round-trip of the ICC profile of the

ulated,

using the current rendering intent, and then back to PCS using the colorimetric intent of that same profile's device to

PCS tab

profile.

Depending on whether simulation of the printing system application paper colorimetry is desired or

colorinjetric intents would be absolute or relative.

le. The resulting data would then be passed through tlie' PCS to device colorimetric table of the actual|printer

hot, the
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Annex C
(normative)

Linearization

C.1 Linearization process

Non-lirlearities in the printing system tone-scale of a production workflow may result in some C(Llumns

(contr4g
resulti

The aiin of the linearization process is to compensate for any printing system tone-scale'non-linearit

provid
in the
tone sd

This aim is approached by utilizing the nearly uniform L*a*b* scale of colour'difference perception (

by the

The mg¢
proces
the rep

Linear

and linearization of standardized process colour resolution‘capability defeats the purpose of that eva

intent

C2 1

Linear
be acc
lineari
systen]
lineari

The ail
provid
to the

Lightn
Lightn

reproduction relationship between measured Lightness (L*) and printing specification (%dot) prov|

the ISQ
L*

st) of the Contrast-Resolution test chart printing well while other columns may be gompr
hg in an overall degradation of measured resolution capability.

e the greatest possible amount of spatial information to the surrogate of a human observer pr
ale provided by the printing system to the characteristics of human perception as closely as p

CIE. Measurement of CIE L*a*b* values are specified in ISO 13655.

thod used for linearization shall be specified in the "Linearization method" item of the report
5 used for obtaining measurement data shall be specified in the-"Linearization measurement”
ort, see Clause 6.

zation is completely unnecessary in device-specific evaluation of resolution capability (seé

[see B.2.5).
Linearized single colorant resolution capability (setup 5)

bmplished at several points in the (@rinting system workflow and the process used to prov

s have a built-in linearization system (sometimes called calibration) that may be used to prov
ved printing system aim, often provided by a one-dimensional look-up-table (LUT).

m tone reproduction characteristic for linearized single colorant inherent resolution capabili
e a linear relationship-between printing specification (%dot) and measured Lightness (L*) acd
hppropriate measurément process specified in ISO 13655 (M0, M1 or M2). The maximum me|
pss, L* . COrr€sponds to printed areas of zero percent-dot (media white) and the minimum me
pss, L* i, corrésponds to regions printed with maximum colorant, 100 percent-dot. The ai

_ConRes20_SepK.pdf test chart is given by Formula (C.1).
nim =L*min + ((L*max - L*min) X (100 —%dOt)/lOO) (C

bmised

es and
ovided

analysis process for resolution capability evaluation. This translates to matching the sample print

pssible.
lefined

ind the
item of

B.2.2)
uation

zation of the printing system specifications encoded in the ISO_ConRes20_SepK.pdf test chart may

de the

zation aim tone reproduction characteristic will vary depending on workflow specifics. Many pfinting

ide the

Ly is to
ording
asured
asured
n tone
ided in

1)

Linear

(between 0 and 100 %dot) plotted against the aim tone reproduction characteristic, L*

regression of the measured tone reproduction characteristic, L* of astep tablet of atleast 1

meas’

aim’

1 steps

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 "Linearization method" item in the
report (see Clause 6) should indicate "CIE L*a*b*" input and the "Linearization measurement" item in the
report (see Clause 6) should indicate that linearization is "Inherent"” in the CIELab encoding of the Contrast-
Resolufion test chart.
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Annex D
(normative)

Scanner conformance requirements

D.1 General

The measurement method utilized in this document to evaluate the perceived resolution ofra pLinting

employs a reflection scanner as an analytic measurement device. Measurements provide.an a
assessment of printer resolution characteristics only if the scanner capabilities are sufficieéntly hi
the scqnner itself does not limit the assessment and if the scanner control application Is configt
deliver| pristine imagery. This Annex specifies the conditions that shall be met by a reflection scanner
scanndr control application to qualify a scanner as a usable measurement device for,use with this Te
Specification.

Six characteristics of a reflection scanner system shall be evaluated in orderte qualify a reflection s
for uselwith 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 scanner;
— THe scan uniformity over the tone scale and stability overtime;

— The MTF characteristics and usable addressability of-the scanner;

— Scanner MTF uniformity over the area required for assessment; and

— THe capability of the scanning system to be calibrated to provide an accurate measure of CIE L¥,
usgd in all of the calculations to evaluatesperceived resolution.

Severa] other characteristics of a reflection scanner can affect the measurement process specified
documgent, but are generally sufficiently well controlled in commercially available reflection scanne
of small concern in application to printing system resolution characterization using most types of subs
These tharacteristics are:

— THe scanner dynamic gange capability (minimum to maximum density, free of saturation €
[SQ 21550 specifies amedsure of this property. A qualified scanner should cover a dynamic range
than that of the printing system being evaluated.

— The illuminatién-geometry of the scanner. If the Contrast-Resolution test chart has been prin
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a §tructured, substrate, multi-directional illumination is required in the scanner optics to minimize

shadowing:

— THeflare 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 resolution 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
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hnner spatial uniformity and temporal stability shall permit calibration of the scanner ¢o pr
bnic OECF characteristic with at least 256 steps that does not saturate at either end oflits ra
lection characteristics of the printed test charts utilized in this document. This cerrespond
n 8-bit scanning system data path and provides headroom for OECF calibration, The calibrate
Leristic is for CIE L* measurement.

The step tablet used for creation of an OECF characteristic shall have twelve or'more steps with anj
range that completely includes the printing system density range.

Method for evaluating the scanner OECF characteristic

populated look-up-table (LUT) that captures the calibration of the scanner is required
ment methods specified in this document. Calibration of-alreflection scanner in the form
ed LUT shall be done in accordance with the proceduredefined in ISO 14524. The standard &
nner calibration shall be less than 1 % of the required scanner dynamic range (< 1 CIE L*
e a sufficiently stable OECF calibration.

tails of the scanner calibration methods required for single colorant and for process colour eva
lution score values are specified in D.4.

Required scanner OECF stability.

r OECF repeatability shall be evaluated by performing sixteen consecutive scans of the sam

calibrdtion test element (e.g. ISO 160671 0or equivalent test page) at a scanning resolution of 1 200 pi
inch. The OECF characteristic for each of these sixteen consecutive scans shall be evaluated. The devid
the OELCF characteristic for any individual scan from the averaged OECF characteristic of the sixteen scans
shall r¢main within 1 CIE L* unjt'over the entire tone scale.
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The surface texture of an OECF calibration test page can introduce noise in OECF caljbration

ng on the scannerilumination geometry. Minimum texture or a gloss surface is preferred.

jcanner MTF characteristic

General

)

The M

e 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
[SO 16067-1 Photography: Spatial resolution measurements of electronic scanners for photographic images.
The Matlab function sfrmat3[8l or the MTFmapperl2l 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
frequency of 12 cy/mm.

D.4.3 Required target placement

spatial

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.

To be qualified to evaluate the resolution capability characteristic of a printing system, the scanning system

shall nraimtaimrits Mt Fcapabitity at 12 cy/mmrwithimatotat range of 8,635 tout of Hover the ptate

used fqr evaluation.

If the MTTF characteristics of a qualified scanner have been measured to be effectively constant/over 3

n area

larger

fractioh of the platen along an axis (e.g. slow-scan), then measurements may be made over the'fraction of the

platen where the MTF shift at 12 cy/mm is within a total range of 0,035 (out of 1).

D.5 Methods for scanner signal calibration

D.5.1 | General

The calibration method utilized for reflection scanner measurement of a printed Contrast-Resolutipn test

chart ip 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 channel (e.g
chpnnel) CIE Lightness calibration, defined in D.5.3 shall:be used.

2) Fof the process colour printing workflow specified, in Figurer D.2, colorimetric calibration
reflection scanner to deliver accurate CIELab meastirements, as defined in D.5.3 shall be used.

D.5.2 | Scanner signal calibration for a singlé-colorant printing system evaluation

In single colorant printing system evaluation; printed samples of the Contrast-Resolution test ch

produded by a press system using a single_process colorant. Calibration of the scanner OECF charact

according to the process defined in 1SO 14524 shall use a scan of a printed step tablet encompass
printirlg system density range in atleast twelve steps, printed using the process colorant or coloran
in printing the Contrast-Resolutign:test chart, and measured according to ISO 5 (all parts) densitg
colorimetry or spectrophotometry to evaluate the CIE Lightness (CIE L*) of the step tablet patch
procesp conditions for production of the single colorant step tablet should be slightly over-driven to
a colorpnt density range stightly greater than that normally provided by the press to ensure that calil
limits pnd subsequenteasurement clipping are never encountered during evaluation. The steps
calibration process ate)defined in Figure D.1.
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For black colorantievaluation, a commercially available step tablet with at least twelve steps encompassing

slightly more_than the density range of the printing system to be evaluated may be used. Densito
colorimetricyor spectrophotometric measurement of the commercially available step tablet to e
CIE Li htness (CIE L*) that is utilized in the calibration is still required. Steps (B), (C), (D), (E) and

metric,
Faluate
(F) of
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[Separation colorant patch specifications] === [Step-tablet Sample] m—
A

[CIE L* measurements] p—
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[OECF LUT] G []SO 14534 compliant OECF calibration utility] <=
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tain a step tablet of sufficient density range and steps (atleast 12) by single colorant printing or from a’dg
irce.

asure the CIE Lightness (CIE L*) of each step of the step tablet by densitometry (density, converted to refl
tor, converted to CIE L*), colorimetry (direct CIE L*), or spectrophotometry (CIE L* available through cal
m spectra).

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

n this just-measured step tablet according to the scanner setup specified in this Annex, saving the scan d
h-colour managed RGB file.

E  RunanISO 14524 compliant OECF calibration utility that takes as inputs the RGBformat scanned step tablet

(fr
ch
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me

F Th

D.5.3

In pro
produd
colorin
format
taken.
proces

1) Ut

This pi
test ta
ICC pr¢
utility
differe
dyes u

pbm step C) using the scanner signal channel that shows the largest response to the printed colorant
hnnel for neutral printing) and the measured Lightness values of the steps in this step tablet (from stg
duce a calibration OECF look-up-table (LUT) relating scanner code>value to Lightness for use in Resolutig
asurement.

e calibration OECF look-up table (LUT) produced in step E.

Figure D.1 — Single colorant;scanner calibration

Scanner signal calibration for a proc¢ess colour printing system evaluation

fess colour printing system evaluation, printed samples of the Contrast-Resolution test ch
ed by a press system using a standard combination of process colorants. Scanner calibratig
hetric aims so as to provide bitmaps of the Contrast-Resolution test chart in a calibrated CIE

[f only neutral process colourprints are to be evaluated, either approach will work well. If non-
5 prints are to be evaluated,the second approach illustrated below will provide more accurate 1

lizing a standard RGB scanner calibration utility to create an ICC profile for the scanner.

ocess, utilized by most scanner colour calibration utilities, is illustrated with the use of a Kod4
rget (which employs a standard set of colour patches produced using photographic dyes) to cr
file for thescanner. In practice, the reflection colour patch set provided with the scanner calil
should be used. This process will create a profile that is fairly accurate for near-neutral cold
hces innumber and spectral shape for the colorants in graphic arts printing and for the photog
ced in' this calibration can cause some calibration error for scans of graphic arts content wif
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for subsequent Resolution-score evaluation. Two different scanner calibration approaches nay be
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colours.

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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