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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

The purpose of this document is to provide a process for the objective measurement of print quality
characteristics that contribute to perceived resolution in pages printed on paper or similar opaque
materials using monochrome electro-photographic printing processes.

This document prescribes the following:
— Definitions of print quality characteristics that contribute to perceived resolution.

— Definitions of conformance methods to qualify a reflection scanner for use as a measuring device.

— Atesting|procedure based upon:
a) awell-documented printer and printing environment setup,
b) well-fontrolled printing of specified test pages, and

c) subsgquent measurement of print quality characteristics using reflection|scans of test gattern
elem¢nts on the printed test pages.

— Definitionps of methods for measuring the contributing print qualityCharacteristics using grinted
test pattérn elements of the specified test pages and analysing.the resulting data to detive an
assessmejnt of printer resolution.

— Requirenjents for the report of a printer resolution assessment that define the context|of the
assessment and describe the results of the assessment.

Printer resolfition, a quantification of the ability of a digital printing system to depict fine ppatial
detail, is a pgrceptually complex entity with no singleZsimple, objective measure. Five print guality
characteristi¢qs that meaningfully contribute to resolution are described in this document.|These
print quality characteristics are: native addressability, effective addressability, edge blurriness, edge
raggedness and the printing system spatial freqiiency response characteristic (SFR).

— Native or] physical addressability refers-to the imaging framework in a digital printing process,
usually a|rectangular grid of printable spots, which enables depiction of fine spatial detail. [Native
addressability specifies only one faget of the perceived resolution of a printing system. The cqmmon
unit for nptive addressability is'DPI (dots per inch).

— Effective pddressability is'a measure of the minimum pitch by which the centre of a printed|object
(e.g. line segment) canbe-displaced and evaluates the effects of imaged spot position modylation,
size modylation or expoesure modulation.

— Edge bluyriness prevides an optical measure of the geometric transition width of an edge bgtween
an unprinted Substrate region and a printed solid area region.

from a

— The spatial frequency response characteristic (SFR) describes the ability of a linear imaging system
to depict fine spatial detail. This is the spatial analogue of frequency response used to characterize
sound reproduction. A common synonym of the SFR characteristic is the modulation transfer
function (MTF). The ability to depict fine spatial detail is affected by edge blurriness and edge
raggedness as well as the spot size and shape of the printer's marking technology and any adjacency
effects that can occur in the reproduction of fine detail. Two measurement methods are described
that provide estimates of the printing system's spatial frequency response including contributions
from edge blurriness, edge raggedness, spot-size, spot shape and adjacency effects.

An essential part of the development of this document was verification that the specified measurement
methods correlate well with perceived printer resolution (the ability of a digital printing system to depict
fine spatial detail) and that the measurements are reproducible across laboratories and instruments.
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The steps in and results of this process to verify the utility of the measurement methods specified in
this document are presented in more detail in Annex F. The applicability of the measurement methods
specified in this document could be expanded by undertaking similar verification processes with other
printing technologies.
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Information technology — Office equipment — Test
pages and methods for measuring monochrome printer
resolution

1 Scope

This
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that contribute to the perceived resolution of reflection mode monochrome printed pages produced
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ital electro-photographic printers. The measurement methods of this docume
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ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.11

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

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

addressability
number of uniquely identifiable printable spot positions per unit distance

1)

PostScript® and Encapsulated PostScript® are registered trademarks for freely usable page description

formats controlled and defined by Adobe Systems Incorporated. This information is given for the convenience of

users o

f this document and does not constitute an endorsement by ISO/IEC.
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3.1.2
bitmap

two-dimensional rectangular matrix of values representing the pixels (3.1.21) in a printed page

3.1.3
cross-track
oriented perp

3.14

endicular to the direction of print substrate motion (cross-track direction)

cross-track addressability
addressability (3.1.1) of the printer in the direction perpendicular to the motion of the print substrate

through the printer

3.1.6

edge blurringss

appearance of being hazy or indistinct in outline, giving a noticeable transition of density’fron] a line
element to th¢ background substrate whose transition width is zero for an ideally sharp‘edge

Note 1 to entry} The measured optical width of the transition region perpendicular to the'straight edge boundary
between an unprinted substrate area and a solid printed area provides an assessment{ofiedge blurriness.

3.1.7

edge raggedness

appearance of geometric distortion of an edge from its ideal position

Note 1 to entry}: Measurement of the geometric deviations from straightfiess of a contour at a specific refl¢ctance
ratio in the edge boundary region between the unprinted substrate@area and the solid printed area of a requested
straight edge provides an assessment of edge raggedness.

Note 2 to entry: An ideal edge should be absolutely straight along the length of a straight line.

3.1.8

edge transition width

distance between the points of a normal edge profile (3.1.19) identified at 70 % of the edge trafsition
reflectance rgnge and 10 % of that reflectance range, the region in which edge blurriness (31.6) is
measured

Note 1 to entrly: The edge transition reflectance range is the reflectance difference between the maximum
measured refl¢ctance factor, Rpyax, typically of the substrate, and the minimum measured reflectance factor,
Rmin, typically pf a region printedata'maximum printing value.

3.19

edge spread function

normalized spatial signal distribution in the scanned output of a printing system resulting from
imaging a thepreticatinfinitely sharp edge

Note 1 to entryf: Iniuheasurement of the edge spread function, the tone-scale of the scanning system is cofrected

to belinearinr

3.1.10

erlectance. See 150 1Z2Z251.

effective addressability

one over the minimum pitch by which the centre of a printed object can be displaced, with the constraint
that the objects compared are of constant dimension in the direction parallel to the centroid position
change direction

Note 1 to entry: The effective addressability of a printer can be greater than its native addressability. This higher

effective addressability is generally controlled algorithmically within the digital data path processing of the
printer and is generally not accessible to a user of the printer.

© ISO/IEC 2018 - All rights reserved
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3.1.11

human eye modulation response

response of the human visual system to viewed sinusoidal modulation (3.1.15) patterns as a function of
the spatial frequency of these modulation patterns

3.1.12
in-track
oriented along the direction of print substrate motion

3.1.13

in-track addressability
addressability (3.1.1) of the printer in the direction parallel to the motion of the print substrate through
the printer

3.1.14
limiting resolution
spatial frequency at which the modulation (3.1.15) of alternating printed high-contrast lirfes and spaces
is 10 % of the zero-frequency spatial frequency response of the printing system

3.1.15
modulation
differgnce between the maximum and minimum signal levels divided by the sum of these|two levels

3.1.16
modulation transfer function
MTF
spatial frequency response
SFR
ratio, ps a function of spatial frequency, of the measured modulation (3.1.15) resporse in a print
produg¢ed by a printing system, to the stimulus@iodulation presented to that printing sysfem

3.1.17
mono¢hrome
printing using a single colorant, in pafticular, a single black colorant

3.1.18
native addressability
one ovler the minimum piteh between adjacent spots (3.1.35) that can be independently dontrolled and
produged by the printer

3.1.19
normal edge profile
NEP
reflectlance trace across the transition region perpendicular to the boundary of a straight pdge between
an ungrinted substrate area and a solid printed area

Note 1 to entry: For the edge blurriness measurement specified 1n this document, the transition region is
measured between the 10 % and 70 % reflectance levels.

Note 2 to entry: The normal edge profile can be represented as the convolution of an edge spread function and
an infinitely sharp edge transition. In turn, for a linear system, the edge spread function is the Fourier transform
of the spatial frequency response (or modulation transfer function). For printing systems, which are usually not
linear systems, this latter relationship is only approximate.

3.1.20

Nyquist limit

Nyquist frequency

spatial frequency equal to one half the inverse of the sampling spacing for an adjacent pair of
sampling points

Note 1 to entry: This can also be expressed as one half of the spatial sampling frequency.

© ISO/IEC 2018 - All rights reserved 3
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3.1.21
pixel
smallest addressable element of a digital source image

3.1.22

raster image processor

RIP

component used in a printing system which produces a bitmap (3.1.2)

3.1.23

reflectance factor
ratio of the reflected flux as measured to the reflected flux under the same geometrical and spectral
conditions foif an ideal 100 % diffuse reflecting surface

3.1.24
resolution enphancement technology
control of the[printed spot (3.1.36) position to a pitch that is less than the native addressability (B.1.18)
of the printing system accomplished through local control of one or more spot characteristics

Note 1 to entfy: The spot characteristics are spot reflectance (gray-level modulation), size of a sp¢t (size
modulation) orflocal position of a spot (position modulation).

3.1.25

reflectance threshold

R
p

level in the reflectance gradient profile of an edge that is at some\Specified percentage of the tranpsition

from the minjmum reflectance factor, Ry (3.1.27), to the makimum reflectance factor, Rpax (3.1.26),

as. Rp = len T p%(RmaX - len)

3.1.26

Rmax
maximum mefasured reflectance factor (3.1.23), typically of the substrate

3.1.27
Rmin
minimum megsured reflectance factor (3,23), typically of a region printed at a maximum printing value

3.1.28
R10

contour of pofints of an image ‘element where the edge gradient profiles cross a reflectance leviel that
is 10 % of th¢ transition from' the substrate reflectance factor, Rmax (3.1.26), to the minimum|image
reflectance factor, Rmin 3:8227): R10 = Rmin + 10 % (Rmax — Rmin)

3.1.29
Rys

contour of pojintS-of an image element where the edge gradient profiles cross a reflectance leviel that
is 25 % of the transition from the substrate retlectance 1actor, Rmax (3-1.20), t0 the minimum image

reflectance factor, Rpin (3.1.27): R25 = Riin + 25 % (Rmax — Rmin)

3.1.30

R40

contour of points of an image element where the edge gradient profiles cross a reflectance level that
is 40 % of the transition from the substrate reflectance factor, Rmax (3.1.26), to the minimum image
reflectance factor, Rimin (3.1.27): R49 = Rmin + 40 % (Rmax — Rmin)

3.1.31

R70

contour of points of an image element where the edge gradient profiles cross a reflectance level that
is 70 % of the transition from the substrate reflectance factor, Rpax (3.1.26), to the minimum image
reflectance factor, Rpin (3.1.27): R70 = Rmin + 70 % (Rmax — Rmin)

4 © ISO/IEC 2018 - All rights reserved
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3.1.32

sampling efficiency

fraction of the Nyquist frequency (3.1.20) corresponding to the frequency where the spatial frequency
response characteristic (3.1.16) has dropped to 10% of its zero-frequency value

3.1.33

sampling frequency

spatial frequency of adjacent sampling points where sampling points are conventionally oriented along
the direction of print substrate motion, the in-track direction (3.1.12), or perpendicular to the direction
of print substrate motion, the cross-track direction (3.1.3)

3.1.34

scannpr tone-scale calibration
opto-¢lectronic conversion function
OECF
digital| signal conversion that adjusts the relationship between the reflectance®altes off large imaged
areas and the corresponding digital code values

Note 1|to entry: Code values are the reflection scanner response to a scannedsreflection stijnulus, e.g. test
elements (3.1.37). Scanner tone-scale calibration can be used to adjust the relationship betweern scanned pixel
values pnd large area reflectance to an aim relationship, e.g. scanned pixel'walues that have a lindar relationship
with masured print reflectance.

3.1.35
spot

smallgst mark that can be placed under user controlyat a desired position on a printed page,
indepgndently from all other adjacent marks

3.1.36
tangential edge profile
TEP
array pf geometric positions of a contoursat a specific reflectance threshold (3.1.25) along the printed
renditjon of a perfectly straight edge-boundary between an unprinted substrate area and a solid
printefl area

Note 1|to entry: For the edge raggeddness measure specified in this document, the contour is taken at a 40 %
reflectyince level.

3.1.37
test element
elemental part of a teSt/pattern used to assess a particular aspect of a printing system

3.1.3

test page
arrangemeént'in a printable page of test elements (3.1.37) or test patterns (3.1.39) designed to test one or
more particular aspects of a printing system

3.1.39

test pattern

specified arrangement of printable objects [test elements (3.1.37)] designed to test a particular aspect
of a printing system

3.1.40
test suite
set of printable test pages (3.1.38) designed to test a number of different aspects of a printing system

© ISO/IEC 2018 - All rights reserved 5
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3.2 Abbreviations

Abbreviation

cy/mm

dpi (DPI)

Term

cycles per millimetre

NOTE 1 This is the unit for specifying spatial frequency.
dots per inch

NOTE 2  This is the common unit for printing system native addressability.

Ip/mm

MTF
NEP

ppi (PPI)

RIP
TEP
SFR

spi (SPI)

4 Print rgsolution characteristics — Methods for measurement and analysis

[ine pairs per millimetre

NOTE 3  This is the unit for specifying resolution in terms of the number of.equa
black and white line pairs per millimetre that can be resolved according to acritérion
limiting resolution (3.1.14).

modulation transfer function (3.1.16)

normal edge profile (3.1.19)

pixels per inch

NOTE 4  This refers to the physical addressability of a digital scanning system.
raster image processor (3.1.22)

tangential edge profile (3.1.36)

spatial frequency response (3.1.16)

spots per inch

NOTES5 The printing systemnative addressability can be expressed in spots per in
is an alternative to the moré.common term DPI.

4.1 Conformance requirements

4.1.1 General

The print repolution characteristic measurement methods defined in this document rely
objective evaluation of digital images scanned from printed test pages. The single exception to

width
such as

h. This

bn the
this is

the method for native addressability which Telies on the visual evaluation of a printed test page.

The test pages, the printing process employed to print test page samples for evaluation, the
characteristics of the scanner employed for objective evaluation and the measurement methods utilized
shall all meet conformance requirements to ensure that the reported measurements are valid.

4.1.2 Test page conformance

The test pages used with the measurement methods specified in this document are available from http:
//standards.iso.org/iso-iec/29112/ed-1/en in the ZIP file named Test pages.zip.

— The latest collection of these test pages shall always be used.

— The test page name and version used in printer resolution assessment shall be recorded in the

test report.

© ISO/IEC 2018 - All rights reserved


http://standards.iso.org/iso-iec/29112/ed-1/en
http://standards.iso.org/iso-iec/29112/ed-1/en
https://iecnorm.com/api/?name=7a25da8db6b4390ef4ad2d48587813b5

ISO/IEC 29112:2018(E)

— Test page names referred to in this document are base file names without a version number suffix.
Version numbers will be incremented in later collections of test pages.

These test pages are provided for PostScript compatible printers in Encapsulated PostScript (EPS)
format and in PostScript Document Format (PDF). The EPS format, that permits automatic matching of
the test page content to the addressability characteristics of the printer's raster image processor (RIP),
is the preferred format for use in printing test pages for evaluation using the measurement methods
specified in this document. For printing systems with a native addressability known to be either
600 spi or 1 200 spi, test pages for these known addressabilities are also provided in PostScript-based
PDF format.

Test pages provided for use with the measurement methods specified in this document are encoded
as se;zfratlon black which avoids colour re-interpretation in most workflows so that dnly the black

printef colorant is used. Colour mixtures and half-tone reproduction of test pages shall b¢ avoided. The
provided EPS files can be edited to evaluate the resolution capability of printing 'systdms using any
separdtion colorant. The black separation colorant provides the highest contrastfor' meaqurement.

The name and version of a test page used in printer resolution assessmeft shall be refcorded in the
test repport.

4.1.3 | Printing process conformance

The printing process specified in this document avoids the re-interpretations of test|page content
provi}ed by many imaging or graphics applications. The assessient of printer resolution characteristics

is thuy made independent of application features and-is therefore representative of|the inherent
capabillity of the printer.

The pijocedure specified in Annex A shall be used-te' submit the test pages for this prinfer resolution
assessment to the printer being assessed. The name of the printer, the settings of the lowilevel printing
application used to submit the test pages and-a.Specification of the printing application, ds specified in
6.2 angl in Annex A, shall be recorded in the test report.

To enqure that the printer is properly~warmed up, one or more pages shall be printgd prior to an
assessment.

4.1.4 | Scanner characteristics'conformance

Many ¢f the measurementimethods utilized in this document employ a reflection scannerfas an analytic
measurement device,-These measurements provide an accurate assessment of prinfer resolution
charadteristics only.if‘the scanner capabilities are high enough, so that the scanner itself{does not limit
the asgessment, aiid*if the scanner control application is configured to deliver accurate ajnd repeatable
imagely. Annex B specifies the conditions that shall be met by a reflection scanner and its scanner
contrgl application for qualification as a measurement device with the measurement metlhods specified
in this|document.

4.1.5 Measurement method conformance

The procedures specified in Annex C shall be used to qualify the measurement method implementations
specified in this document.

Failure to use a compliant implementation of the measurement methods specified in this document shall
invalidate any test results obtained using that implementation. The name of the implementation and its
conformance shall be recorded in the test report as specified in 6.2 for each measurement method used
in printer resolution assessment.

© ISO/IEC 2018 - All rights reserved 7
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4.2 Native addressability

4.2.1 General

Native addressability, often referred to as physical addressability, or simply addressability, can differ in
the in-track direction and in the cross-track direction of the printing process.

A PostScript printer RIP provides a value for the printer addressability when queried. When printed,
the EPS version of the native addressability test page automatically obtains addressability values from
the RIP.

NOTE In most cases, an evaluation of the printed target simply verifies the native addressability reported by
the printer's R]P.

4.2.2 Methpd for measuring native addressability

Unlike the other measurement methods specified in this document, visual evaluation is used to
determine thp native addressability of a printing system. This visual evaluatign)procedure tan be
iterative. The|context for printing the test page and evaluating the native addressability of a printing
system is sunjmarized in Table 1.

Table 1 — Native addressability

Test page: |[TP1_NativeAddr.eps (from latest Test page’s.zip)

[est page editing: | (Optional) To over-ride addressability)values reported by the RIP

Printing method: [ According to the procedure spegified in Annex A

Samples to print:|Single printed sample

Analysis method:|Visual evaluation

Print the test page TP1_NativeAddr.eps according 'to the method specified in Annex A. The |native
addressability test page contains four types of elements as shown in Figure 1.

X-Y Addressability Indicator.s

I

Figure 1 — Native addressability test page

m H —

Printing status and configuration check elements:

Element type 1 shows the native addressability reported by the RIP. Element type 2 indicates the
two check elements to be visually evaluated to verify that the printing configuration allows correct
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native addressability assessment. All four checkerboard patterns and all eleven levels of the tone
scale ramp shall be evident and distinct. If not evident and distinct, a workflow or RIP configuration
error is indicated (improper resolution, high-contrast tone-scale, binary rendition, etc.) which shall be
remedied before utilizing this target.

Coarse native addressability assessment scales:

Element type 3 indicates cross-track and in-track scales used to estimate the approximate native
addressability of a printing system. Moiré patterns in these elements disappear at the printer resolution.
Visual assessment of these scales provides an indication of the approximate native addressability.

Fine native addressability assessment scales:

Eleme
addres

Visual
precis

The T
proces
charad

NOTE }
addres

Visual

ht type 4 indicates cross-track and in-track scales used for precise estimat
sability.

assessment of the position where the moiré patterns in these elements disappear p
b and accurate measure of the native addressability of the printing system under as

P1_NativeAddr.eps file queries the addressability characteristics of'the printer's
sor (RIP) and adjusts the test page content to exactly match these reported 3
teristics.

In most cases, the evaluation of a printed page of the TP1,NativeAddr.eps file simply ver
Gability that is reported by the printer RIP and displayed inthe upper right corner area of 't

e native addressability indicated by examination of the coarse native addressabili
hles is within two percent of the native addressability reported by the RIP.

e native addressability indicated by examination of the fine native addressabilit
hles is within 0,2 pixels per centimetre (or 0,5 pixels per inch) of the native §
ported by the RIP.

isual inspection results differ from the value reported by the RIP by more than two
e assessment scales are out.of range and do not provide an unambiguous measure

's true native addressability. Further investigation is required and consists of thre

en a renamed copy-of the TP1_NativeAddr.eps file in a text editor and edit the

this PostScript-text file that is used to over-ride use of the RIP queried values fo
bss-track native-addressability values to reflect the values determined by visual ing
iginal sample print of the native addressability target. The /SetDPT line of the P
e is illustrated below.

on of native

Fovides a very
sessment.

raster image
iddressability

ifies the native
he target.

assessment of the native addressability test pageis complete when these two conditions are met:

[y assessment

y assessment
iddressability

percent, then
df the printing
P steps:

SetDPT line
I in-track and
pection of the
ostScript text

1) TH
scC
2) Th
scC
re
If the v
the fin|
syste
1 OrI
in
cr
or
fil
/SetDP

1 U derl You can set the DPI that the program will adapt to. When

set to zero, this will be done automatically, by checking the
number of addressability steps per inch of the output device.
Zero should be the normal setting. But, if it is necessary to
adjust the center spi to show in the large squares (because
the automatic adjustment is off center) then it is possible to

set it here.

2) Print and evaluate the edited and saved test page. When the coarse in-track and cross-track native
addressability obtained by evaluation of the most recently printed test page are each within two
percent of the addressability values entered through the text editor into the defining fields of the
test page file, then the fine native addressability scales are in range and visual evaluation can
provide a measurement of the true native addressability of the printing system that is accurate to
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within 0,2 pixels per centimetre (or 0,5 pixels per inch). This is the tolerance required for evaluation
of printer native addressability.

3) If the visual inspection of the printed test page still indicates an addressability outside the
two percent range of the fine native addressability scales, continue to refine the edited native
addressability setting in the Postscript file in order to evaluate the printing system native
addressability by repeating steps 1 to 3.

NOTE 2  Usually, one iteration of this process is sufficient to provide an accurate estimate of the native
addressability of a printing system.

NOTE3 If edltmg the EPS file, the PRange variable controls the fine addressability range displayed in

a print This—vasia bhla can ba changad +0 d3 nn]—\n a—differeptrapse-apd—assess—printeraddressa hil ty to a

Tro—v ot roroTe—Cor o et g e aro—arop T5¢ oSS eSS pr ettt o oToTT

different dccuracy.

The values oljtained through this evaluation process for in-track native addressability and’ for|cross-
track native addressability shall be entered into the printer resolution test report as described ip 6.3.

4.3 Effectiye addressability

4.3.1 General

The effective| addressability of a printer can be greater than its native addressability. This fhigher
effective addifessability is generally controlled algorithmically withiirthe digital data path prodessing
of the printer]and is generally not accessible to a user of the printer. The effective addressability of a
printer can difffer in the in-track direction and in the cross-traek direction.

4.3.2 Methpd for measuring effective addressability

Create a renamed copy of the files TP2-H2x_EffAddrHorz.eps and TP2-V2x_EffAddrVert.eps. Open these
copies in a text editor and edit the line that specifiesthe native addressability of the printer to be fested.

Print the edited and saved test page files according to the method specified in Annex A. The effective
addressability test pages shall be edited, saved and printed separately to evaluate in-track effective
addressability and to evaluate cross-track effective addressability. The context for printing the test
page and evaluating the effective addfessability of a printing system is summarized in Table 2.

Table 2 — Effective addressability

Test page:{ TP2-H2x_EffAddrHorz.eps (from latest Test pages.zip)
TP2-V2x_EffAddrVert.eps (from latest Test pages.zip)

Test page.editing: | (Required) To specify addressability

Printing method: | According to the procedure specified in Annex A

Samples to print:|Single printed sample of each test page

Scanner conformance: [ According to the procedure specified in Annex B

Scanner OECF:|Reflectance

Measurement conformance: | According to the procedure specified in Annex C
Measurement method: | ISOIEC29112_EffectiveAddressability (.exe or .m) (Use latest version)

The set of sample prints created by printing the edited and saved test page files shall be scanned at a
resolution equal to or greater than the native addressability of the printing system being assessed, at
a scanning resolution that is at least half of the effective addressability of the printing system being
assessed or 1 200 ppi, whichever is greatest. Each of the sample prints of an effective addressability test
page shall be rotated ~45° on the platen of the scanner. Measurement of effective addressability can
require re-scanning at a higher scan resolution. The test page and measurement procedure are designed
to allow the effective addressability to exceed the scan resolution. The scanner characteristics at this
resolution shall conform to the requirements specified in Annex B to provide valid lossless image files
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for analysis. An illustrative region of a printed TP2-H2x_EffAddrHorz.eps file is illustrated in Figure 2.

The direction of paper motion in Figure 2 is from right to left. The element labelled 1 indicates printed
line segments spaced from a fiducial line, element 2, at fractions of the native addressability. Printer

capability quantizes these spacings.

1

Figure 2 — Horizontal effective addressability test page

| 2 illustrates measurement of in-track effective addressability~using the TP2-H2x EffAddrHorz

Figure
test page. Horizontal and vertical refer to the direction of centre_displacement being ¢valuated in a
nting system.

test p3
Cross-

Analy{
this dd
is obt4
addreg
shows

1.

3. Th

ge. In-track refers to the direction of paper motion (or paper track) through the pr
[rack refers to the direction that is perpendicular to theydirection of paper motion.
d specified in
y the analysis
, the effective
| the analysis
follows:

e the scanned image files using the effective addressability measurement metho
cument. If the analysis shows two peaks, the effective addressability reported b
ined from the position of the second peak. {f the analysis shows only a single peaKk
sability test pages shall be renamed, edited, saved, reprinted and reanalysed unt
two peaks. The process to be followed if\the analysis shows only a single peak is ag

Open a re-named copy of the effective addressability test pages and edit the PpstScript line

splecifying the target resolution. Increase the target resolution multiplier by a factor of two from
itd previous value (the initial value of the target resolution multiplier in any evaluatipn shall be 2).
The effective addressability, of the printing system being assessed is the target resolution times the

target resolution multiplier.
Save and print the edited copies of the effective addressability test pages according {
splecified in Annex A:

ese newly printed samples shall be scanned at a resolution equal to or greater th
addressability-of the printing system being assessed, at a scanning resolution that i
of[the efféctive addressability of the printing system being assessed, or 1 200 ppi
greatest,The scanner characteristics at this resolution shall conform to the requirem|
in[Arinex B to provide valid lossless image files for analysis. Each sample page shall bg
0
Analyse the scanned image files using the effective addressability measurement method specified

o the method

an the native
s at least half
whichever is
ents specified
rotated ~45°

the nlaten for scanning
| 3¢ o

4,
in this document. If the analysis shows two peaks, the effective addressability reported by the

analysis is obtained from the position of the second peak. If the analysis shows only a single peak,
the process outlined in these steps 1 to 4 shall be repeated until two peaks are identified.

Theresultreported by this measurement method provides a measurement of the effective addressability
value of the printer for the selected test page orientation. In-track effective addressability and cross-
track effective addressability are measured separately based on scans of the printed test page sets
created for each of these two orientations. The values obtained for both in-track and cross-track

effective addressabilities shall be entered into the printer resolution test report as specified in 6.3. In-
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track effective addressability is a measure of the minimum pitch by which the centre of a printed object
can be displaced along the direction of paper motion through the printing system.

Depending on the orientation of the substrate being transported through the printing system, in-

track effective addressability can be measured using either the horizontal or the vertical effective
addressability test page.

Similarly, cross-track effective addressability is a measure of the minimum pitch by which the

centre of a printed object can be displaced perpendicular to the direction of paper motion through

the printi

4.4 Edgeb

ng system.

urriness and edge raggedness

4.4.1 Gene

Two characte

— The normal edge profile (NEP) illustrates how rapidly a transition is made-perpendicul;

straight ¢
printing s

— The tang

requested straight line behaviour. The magnitude of the deviatians.from straight line behav

directly 1

These two ed

ﬁ

ral

Fistics of straight edges are of particular importance in characterizing a printing sy

dge. The width of this transition is directly related to the perceived’edge blurring
ystem.

bntial edge profile (TEP) illustrates how much a straight/printed edge deviates fj

elated to the perceived edge raggedness of a printing system.

be characteristics are illustrated in Figure 3.

i

4.4.2 Edge

The measuredl width of the transition region perpendicular to a straight edge between a solid 1
e substratesarea correlates well with the perceived blurriness of a printing system|.

area and a ba

A smaller
edge shar

a. NEP b. TEP c. Both NEP & TEP

Figure 3 — Edgeblurriness and edge raggedness

blurriness

transition width correlates with smaller perceived edge blurriness (i.e. greater per
pness)s

stem:
r to a

ss of a

om its
iour is

rinted

ceived

rineéss is a characteristic of the normal edge profile (NEP) of a printed edge that

is also

Edge blu

defined in ISO/IEC 24790.

The blurriness of a printed edge is evaluated across the transition region between an unprinted
substrate area, with a measured reflectance factor Ryax, and a printed solid area, with a measured
reflectance factor Ryjn as shown in Figure 4 a) and b).
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/4‘

The re
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the unprinted area and 2 mm into the printed area. The scanned image of this ROI, co

OECF

contoy
contoy
R7¢ co

and thle R1o contour [element 2 in Figure 4 b), corresponding to the contour line in the I
|4 a)] are not always parallel, the average distance between the R709 and R1o cont

a) Edge transition b) Edge blurriness comput

Figure 4 — Edge transition and edge blurriness computation

oion of interest (ROI) used in the evaluation of edge blurriness shall extend at leasf
nted edge and at least 4 mm perpendicular to the printed edge, extending at lec

LUT to provide a reflectance measure, is analysed o determine the constant reflg
rs within the transition region at reflectance thfeshold values of 70 %, and 10 %
rs). The R70, and R1p contours are then each fitted to a straight line. Since the ling
htour (element 1 in Figure 4 b), correspondingto the contour line in the light region

ation

10 mm along
st 2 mm into
'rected by an
ctance factor
(R70, and R1o
s fitted to the

of Figure 4 a)
ark region of

Figure urs, d79-10, is
calculgted by averaging the two distances at the ends of the fitted line segments [elemepts 3 and 4 in
Figurel4 b), respectively], according to Fofinula (1).

The fial edge blurriness value, &, is the average distance between the two fitted lines, d7

p-10, weighted

by the|square root of the average density of the printed solid area region, according to Formula (2).
o :d70—10 /\/Davg (2)
The printed solid.area density, Dayg, is measured in an area of at least 10 mm?2 within the Rpyin solid

in Fi

illustrptedin

area, %least Imm away from any edge or light area (e.g. at the centre of one of the eleme

re 5))'Edge blurriness is measured using the edge transitions along the sides
Figure 5.

nts illustrated
pf the objects

4.4.3

Edge raggedness

Edge raggedness is a measure of the deviations of a printed straight edge from its expected straight line
behaviour.

Edge raggedness is a characteristic of the tangential edge profile (TEP) of a printed edge.

The raggedness of a printed edge (also defined in ISO/IEC 24790) is evaluated within the transition
region between an unprinted substrate area, with a measured reflectance factor Rpnax, and a printed
solid area, with a measured reflectance factor Ruyin.

— The region of interest (ROI) used in the evaluation of edge raggedness shall extend at least 10 mm
along the printed edge and at least 4 mm perpendicular to the printed edge, extending at least 2 mm
into the unprinted area and 2 mm into the printed area.
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— The scanned image of this ROI, corrected by an OECF LUT to provide a reflectance measure, is
analysed to determine the constant reflectance factor contour within the transition region at a
reflectance factor of 40 % (R40 contour).

The edge raggedness measure, f, is the standard deviation of the distances between the R4o contour
and a straight line fitted through the R4 contour, according to Formula (3).

(3)

where r represents the residuals from a line.

4.4.4 Methpd for measuring edge blurriness and edge raggedness

Print the test] page file TP3_EdgeMeasures.eps according to Annex A. A printed versien of thiq file is
illustrated in Figure 5 and contains elements used to estimate the edge characteristic$of a printer. The
context for printing and evaluating the edge characteristics of a printing systemCare summarjzed in

Table 3.

a) 0°orientation b) 8° orientation c) 24° orientation

Figure 5 — Edge characteristics test page elements

The set of sarhple prints created by printing(the test page file shall be scanned at a resolution greater
than or equalto the native addressability*6f the printing system being assessed or 1 200 ppi, whichever
is greater.

Table 3= Edge blurriness and edge raggedness

Testpage:|TP3_EdgeMeasures.eps (from latest Test pages.zip)

Printing'method:| According to the procedure specified in Annex A

Samples to print: | Single printed sample (single angle, at least 5 instances)

Scanner conformance: | According to the procedure specified in Annex B

Scanner OECF:|Reflectance

Measurement conformance:| According to the procedure specified in Annex C

Measurement method: | ISOIEC29112_EdgeMeasures (.exe or .m) (Use latest version)

The scanner characteristics at this resolution shall conform to the requirements specified in Annex B to
provide valid lossless image files for analysis.

Select each of the appropriate angled elements in the scanned image files for separate, independent
analysis using the conforming blurriness and raggedness measurement methods initially defined in
ISO/IEC 24790 and specified in 4.4.2 and 4.4.3. The results reported by these measurement methods
provide measurements of the blurriness and raggedness of the printer for the selected test page
orientation.

The values reported for edge blurriness and for edge raggedness shall be entered into the printer
resolution test report as specified in 6.3.
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4.5 Spatial frequency response

4.5.1 General

The spatial frequency response of a printing system provides an effective method of describing the
capability of a printing system to depict detail as a function of spatial frequency. In this document, two
methods for estimating complementary aspects of detail rendition capability are specified.

4.5.2 Printer SFR estimation from edge characteristics

Slanted-edge SFR (spatial frequency response) analysis of printed edge transition characteristics
contri i : i i
edge spread function. This estimate of the printer SFR characteristic reflects the contri
sharpnpess to the perceived resolution of a printing system.

The TP3_EdgeMeasures.eps test page, illustrated in Figure 5, contains objegts/that cdn provide an
estimgte of the printer SFR characteristic based on the slanted-edge SFR methed; see 4.5)3.

SFR egtimates can be made using in-track, cross-track or slanted edges. These estimates|of the printer
SFR cHaracteristic reflect the contribution of edge sharpness to the.pérceived resolution of a printing
systenh. A choice is available to select between three sets of edgesprovided in the TP3_EldgeMeasures.
eps test page: 0° and 90° in-track and cross-track edges, 8° anfd,98° slanted edges and|24° and 114°
slantedl edges.

4.5.3 | Method for measuring printer SFR from edge‘characteristics

Print ghe test page file TP3_EdgeMeasures.eps according to Annex A. The elements used|to provide an
estimgte of the printer’s SFR characteristic are_illustrated in Figure 5. The context foi| printing and
evaluating the SFR characteristic from the EdgeMeasures test page is summarized in Table 4.

Table 4 — SFR from edge characteristics

Test page: | TP3_EdgeMeasures.eps (from latest Test pages.zip)

Printing method:| AcCaording to the procedure specified in Annex A

Samples to print:{Single printed sample (single angle, at least 5 instances)

Scanner conformafice:| According to the procedure specified in Annex B

Scannet OECF:| Reflectance

Mg¢asurement conformance: | According to the procedure specified in Annex C
Measurément method:|ISOIEC29112_SlantedEdge_PrinterSFR (.exe or.m) (Use latest vprsion)

The set of sample prints created by printing the test page file shall be scanned at a reso|ution greater
than of equal to the native addressability of the printing system being assessed or 1 200 ppi, whichever
is greqterThe scanner characteristics at this resolution shall conform to the requirements specified in
Annex B to provide valid lossless image files for analysis.

The slanted-edge SFR measurement method was developed in ISO 12233 and is specified for use
with reflection scanners in ISO 16067-1. The ISOIEC29112_SlantedEdge_PrinterSFR reference
implementation of this measurement method, provided for use with this document, is an extension
of the ISO 16067-1 Matlab®2) routine sfrmat3 that employs ROI size and position variation, defined in
4.6, and scanner SFR normalization, defined in B.4.4. Results reported by this measurement method
provide measurements of the SFR characteristic of the printer based on edge characteristics for the
selected test element orientation.

2) Matlab® is aregistered trademark of The Mathworks Corporation. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC.

© ISO/IEC 2018 - All rights reserved 15


https://iecnorm.com/api/?name=7a25da8db6b4390ef4ad2d48587813b5

ISO/IEC 291

12:2018(E)

Printer SFR characteristic estimates provided by the slanted-edge SFR method are as follows:

— The spatial frequency at 50 % modulation provides an estimate of the perceived sharpness of edge
detail, and the spatial frequency at 10 % modulation provides an estimate of the limiting resolution of
edge detail. Sampling efficiency provides a Nyquist frequency normalization of the 10 % modulation
frequency.

— The cascaded modulation transfer acutance, CMTAIZ2], a weighting of the printing system SFR by the
human eye modulation response function, provides an overall figure of merit for printing system
sharpness.

— These measurements shall be recorded in the printer resolution test report as described in 6.3.

4.5.4 Print

Patterns that]
SFR characte
measurement
square-wave
spot size, spo
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in the manner illustrated in Figure 6, the horizontal orientation test element wit
at several different spatial frequencies along the\direction of paper motion is u
n-track SFR.
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e direction of paper motion is used to measure cross-track SFR.
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ve, spot shape and adjadency effects to the perceived resolution of a printing systen
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hs well
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Vertical orientation Paper motion —  Horizontal orientation

Figure 6 — Line characteristics test page

4.5.5 Method for measuring printer SFR from 1-D repeating pattern characteristics

Print the test page file TP4V_SquareWaveSFR.eps according to Annex A. The elements used to provide
an estimate of a printer's SFR characteristic are illustrated in Figure 6. It is critically important in
printing the test page for square-wave SFR evaluation that the addressability of the test page exactly
matches the printing system addressability. Annex E provides an illustration of the aliasing that

16
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occurs if test page and printing system addressabilities do not match. A bitmap version of this test
page (TP4B_SquareWaveSFR.eps) is provided for use if the vector code of TP4V_SquareWaveSFR.eps is
mis-interpreted by the printer RIP. Preset test page files are distributed for 600 dpi and for 1 200 dpi
printing systems. The context for printing and for evaluation of the SFR characteristics from the square-
wave test page is summarized in Table 5.

If the printing system being assessed has an addressability different than 600 spi, editing a copy of the
distributed TP4V_SquareWaveSFR.eps test page is required.

1) Open a renamed copy of the TP4V_SquareWaveSFR.eps file or the TP4B_SquareWaveSFR.eps file
in a text editor and edit the /SetDPI line in this PostScript text file that is used to over-ride
use of the RIP queried values for in-track and cross-track native addressability values to reflect
thf actual addressabilities of the printing system. The /SetDPT Iine of the PostSciipt text file is
illpistrated below.

Table 5 — SFR from line characteristics

Test page:| TP4V_SquareWaveSFR.eps (use latest Test pages zip)

TP4B_SquareWaveSFR.eps (bitmap version)

Test page editing: | (Required) To specify addressabilty

Printing method:| According to the procedure specified-in Annex A

Samples to print:| Single printed sample (horz and vert;at least five instances each)

Scanner conformance: | According to the procedure specified in Annex B

Scanner OECF:| Reflectance

Mg¢asurement conformance: | According to the procedure specified in Annex C

Measurement method: | ISOIEC29112_SquareWave_PrinterSFR (.exe or .m) (use latest vgrsion)

/SetDHI 0 def % You can set the DPI $fhat the program will adapt to. When
% set to zero, thiswill be done automatically, by checking the

% number of addpessability steps per inch of the output device.

2) Pryint and evaluate the edited and saved test page. When the bars of the square wavg elements all
priint uniformly, proceed with the evaluation.

Scan the set of sample prints created by printing the test page file, at a resolution greater|than or equal
to the pative addressability of the printing system being assessed or 1 200 ppi, whicheve] is greater.

The schnner characteristics at this resolution shall conform to the requirements specifiedin Annex B to
provide valid losstess image files for analysis.

Alignment,efithe printed page on the platen is critical for correct assessment using this measurement
method.An-edge of the printed page shall be aligned with an edge of the platen.

— Misalignment by 0,25° or more can affect the measurement results.
— The reference implementation specified in Annex C verifies alignment.

Analyse the scanned image files using the square-wave SFR measurement method specified in Table 5.
The results reported by this measurement method provide measurements of the SFR characteristic of
the printer based on line characteristics for the selected test page orientation.

From the printer SFR characteristic estimates provided by the square-wave SFR method:

— The spatial frequency at 50 % modulation provides an estimate of the perceived sharpness of
repeated detail, and the spatial frequency at 10 % modulation provides an estimate of the limiting
resolution of repeated detail. Sampling efficiency provides a Nyquist frequency normalization of the
10 % modulation frequency measure.
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— The cascaded modulation transfer acutance, CMTAI2], based on a weighting of the printing system
SFR by the modulation response function of the human eye, provides an overall figure of merit for
printing system sharpness.

— These measured characteristics shall be entered into the printer resolution test report as
described in 6.3.

4.6 ROIsize and shape variation

The size and shape of the ROI chosen for use in the measurement methods specified in this document
can affect the measurement result. Windowing techniques have been developed to minimize similar
sensitivity in fraditional Fourier analysis

An effective cpmpensation technique utilized in this document is to perform analysis on an enselLble of
ROI positions|and sizes, then utilize the mean value of the resulting distribution as the répptted value
from the analysis.

— An ensenpble of 81 variations (three variations in X position, three variations.n Y position} three
variationf in ROI width and three variations in ROI height) has proven effective in drivipg this
sensitivitly from an approximately 10 % noise level to well below a 2 %’ level. More detail fan be
found in J.1.2.

— Averaging of the analysis results from this ensemble of variationsisimplemented in the reference
implementations of the measurement methods for scanner SFRyedge blurriness, edge raggqdness,
slanted-efge printer SFR and square-wave printer SFR.

5 Test set-up, configurations and procedure

5.1 Printer set-up and configuration

The printer shall be set up on a level surface accerding to the installation guide provided by the printer
manufacturer. The most recent software (printer driver, etc.) available from the manufacturer shall
be used. Chedk the manufacturer's website for the most recent printer driver that is compatible with
the computel] operating system that will'be used for testing. The printer driver version should be
documented in the test report.

Printer mainfenance shall be performed according to the printer manufacturer's user's manyal. All
printing devi¢e consumables-and operating components shall be those specified as acceptable for use
by the manufacturer (or otherwise noted).

Prior to the gtart of the(test, the state of the replaceable printing system components, usually toner
cartridges, shall be_ doetimented in the component condition field of the test report. This usually takes
the form of the, percentage of expected life remaining or the total number of prints made ysing a
cartridge.

The operating configuration in which a printing system is assessed is as important as the measurement.
A particularly important operating configuration is the manufacturer's default configuration.

— This configuration provides an assessment representative of the majority of a printer's usage. Many
manufacturers also define a “best practice” configuration for achieving optimal print quality.

— The “best practice” configuration can utilize specialty substrates or operate more slowly than
the default configuration, but an assessment of this configuration is apt to evaluate the optimized
capability of a printing system.

— The printer configuration used in testing shall be documented in the test report.

— Conditions and settings that differ from the printing device defaults shall be documented in the
test report.
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To assure that the test pages utilized in an assessment of printer resolution are printed correctly, no
page size modifiers such as “Fit to Page” shall be used and font substitution shall be turned off.

— The test pages shall be printed using the fonts embedded in the file and shall be rendered on the
page in a size corresponding to the dimensions specified in the test page description.

— Page placement modifiers such as page centring can be used to place the image properly on the page.

5.2 Printer testing environment

The test environment, including temperature and humidity, shall be within the ranges recommended
by the manufacturer for operating the printer. If no recommendation is available, the following ranges
shall apply:

— Temperature: 18 °Cto 25°C
— Relative humidity: 30 % to 70 %

The prfinter, all supplies, consumables, etc. shall be acclimated to the test-environment forp minimum of
24 hoyrs. Record the temperature and relative humidity at the time ofthe‘assessment in the test report.

The prfinter shall be connected to a supply of power that is within.theé manufacturer specified operating
voltage and operating frequency range.

5.3 S$ubstrate

The sybstrate used in printer resolution assessment shall represent a compatible subptrate for the
printef and shall conform to the manufacturer's list.of approved substrates.

— THRe substrate weight, coating and surface characteristics shall be documented in the|test report.

— THhe substrate manufacturer and subsfrate name should be documented in the test report.

5.4 Test platform connection,tothe printer

Conneftion to the computer sefving as the platform for printer resolution testing should he determined
by the[manufacturer's targeted usage.

5.5 Printing process

One off the procedures specified in Annex A shall be used to submit the printer resolutiqn assessment
test pages to the printer being assessed for use with this document. For reference, the hame, version
and settingstof the low-level printing application used to submit the test pages should He recorded in
the tedt report.

— Theprinting process specified in Annex A avoids the re-interpretations of test page content provided
by many imaging or graphics applications.

— This assessment method is most independent of application features and is therefore most
representative of the inherent capability of the printer.

One or more pages shall be printed prior to an assessment to ensure that the printer is properly
warmed up.

5.6 Test pages

The test pages for use with this document are specified in Clause 4. These test pages are available from
http://standards.iso.org/iso-iec/29112/ed-1/en, in the ZIP file Test pages.zip.

— The latest collection of these test pages shall always be used.
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The test page name and version used in printer resolution assessment shall be recorded in the
test report.

Test page names referred to in this document are base file names without a version number suffix.
Version numbers will be incremented in later collections of test pages.

5.7 Sample size

The residual noise of the printing process is substantially reduced in the assessment analysis by
averaging measurements over a number equivalent test elements. The residual noise is further reduced
with the use of larger numbers of sample prints (at the expense of measurement and analysis time).

— The numper of test elements and sample prints utilized in the analysis of the’ print
characteifistics contributing to attribute measures of perceived resolution shall,be.docume
the test re¢port.

It is imperatiye that printing artefacts are avoided for an accurate assessment of printer resg
Cleanly print¢d samples with properly reproduced test elements are essential:

For each diffefent printer set-up and configuration:

5.8 Set-up|procedure

1y

2)

3)
4)
5)
6)

7)

For most|printing systems, multiple prints from the same run provide the most stablep
conditionf

A single

addressability.

A single

addressability.

Atleastfiye equivalent, cleanly printed test elements are recommended for the measurement

characte

of squarefwave SFR. These can be provided in‘the layout of a single cleanly printed sample teg

Qualify t:Le reflection scanner and.the scanner control application that will be used for assej

measure

Re-qualifjcation is not required for each assessment.

Qualify the ISO/IEC-29112 measurement method implementations used to analyse scanne
from prirfted test/pdges according to Annex C.

Re-qualifjcation'is not required for each assessment.

Obtaln lr ctall and varifutha annranriato o laval nrinting annlication nc cnacifiod 1n Anng
" StaraHeVeHty SPPFo ate-ToW-reverpt 5PP 2

Perform

cleanly printed sample test page is recommended-for visual evaluation of

cleanly printed sample test page is recommended for the measurement of ef]

ffistics (edge blurriness, edge raggedness and slanted-edge SFR) and for the measu

ent according to Annex B.

"inting

uality
ted in

lution.

native

fective

pf edge
ement

t page.

sment

d data

printer maintenance according to the printer manufacturer's user's manual.

Set up and configure the printer according to 5.1 to 5.5. Record the printer configuration.

Configure the printing application according to Annex A and record the printing method used. For
reference, the name, version and settings of the low-level printing application should be recorded.

Obtain test pages (Test pages.zip) from: http://standards.iso.org/iso-iec/29112/ed-1/en.

5.9 Testing procedure for visual evaluation

1) Print at least one copy of the visual evaluation test page to ensure that the printer is properly
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2) Print a copy of the visual evaluation test page specified in this document, using the configured low-
level printing application, the configured printer driver and the configured printer, according to the
printing process specified in Annex A. A single clean printis all thatis required for visual evaluation.
Record the orientation of the test page through the printing system paper path.

3) Evaluate the printed test page visually according to the method specified in 4.2.2.

4) Ifrequired, edit the copy of the visual evaluation test page according to the method specified in 4.2.2.

5) Iterate steps 1), 2) and 3) until an unambiguous visual evaluation result is obtained.

6) Record the results of the visual evaluation printer native addressability.

5.10 Testing procedure for scanner-based measurement

1) Prjint at least one copy of the visual evaluation test page to ensure that thelprinter is properly
warmed up.

2) Cqnfigure the scanner control application according to Annex B and record the applicgition settings.

3) Pifint and use at least the recommended number of samples (se€/5.7) of each of the|instrumental
measurement test pages specified for use with this document, using the low-level printing
application, the printer driver and the printer, according’to”the printing proces$ specified in
Annex A. Record the orientation of the test page through the'printing system paper ppth.

4) Wharm-up the scanner by scanning at least one full=size page at the desired resolfition prior to
schnning any printed samples for evaluation.

5) Scpn each of the printed samples of the test pages using a qualified scanner with the configured
schnner application and save lossless image files of each print sample according to Arnex B.

6) Analyse the image files of each print sample using the qualified analysis methods spfcified in this
ddcument. Record the analysis results’Record whether scanner SFR normalization if employed or
ndt. Ensure that multiple samples _are properly averaged in the analysis to create a single, more
acpurate result.

6 Presentation of results

6.1 General

A repart presenting the results of a printer resolution assessment according to this dgcument shall

include the information specified in Clause 6. Guidelines for assessment, dealing with wqrkflow issues

and representative samples of test reports can be found in Annex D.

The inforfmation required in an assessment report of printer resolution according to this locument can

be divided into Two categories:

1. Assessment configuration documentation is specified in 6.2 and Table 6.

2. The requirements for reporting assessment measurement results are specified in 6.3 and

Tables 7 and 8.

The operating configuration in which a printing system is assessed is as important as the measurement
results. Each change in the printer settings represents a new printing system configuration and
requires a separate assessment.

NOTE Two particularly useful printing system configurations for resolution assessment are:

the printer manufacturer’s default printer configuration, which is representative of the majority use of a
printing system, and
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— the configuration representing the printer manufacturer’s recommended “best practice” for optimal printing,
generally providing a higher perceived resolution.

6.2 Required assessment configuration documentation

The information required to document the configuration employed in the assessment of printer
resolution is specified in Table 6.

The documentation of assessment configuration shall include:

1. Documentation of the assessor and the environmental conditions in which the assessment is done.

2. Documerrmmmmﬁgmmmmment.
3. Documentation of the substrate used for assessment. The substrate weight, surfade and

classificafion are required. The manufacturer and name of the substrate are optional, buf often
very usefll.

4. Docume:[ation of the test page submission process.

5. Documenjtation of the test page orientation, as printed, for entering the measured element
orientatign.

6. Documenftation of the setup and the conformance of the scanner‘and scanner control appljcation
used for mneasuring a printing system’s resolution characteristics;

The intent of this test documentation is to provide sufficient context of the setup and testing prdcesses
used in an asgessment of printing system resolution to perniit equivalent assessment at a later date.
The elements|in the test report should be given in a logical.order.

Table 6 showq the assessment context documentationteeded for a report. Examples of test repofts are
provided in Ahnex D.

If a detailed cpmparison of different printing systems is desired, the details of the component conpdition
can be particpilarly important (e.g. are all edmponents used in the imaging process new?). The|actual
substrate usdd (an optional item shown\in italics in Table 6) can also be important and should be
recorded.

If the assessnlent is for internal use only and is always performed using the same scanning systerp, then
the requiremgnt to provide a nermalized scanning system spatial frequency response characteristic
may be waived and scanner SFR'normalization as specified in B.4.4 is not required.

Tablel6 = Test context documentation for an assessment report

Item: Information: Uhits:
Printing: [Tegt.conditions: Assessment date: | e.g. dd-Month-yyyy
ASSESSOT OT aSSessiNg organiZation: | €.g. name
Environmental conditions: |e.g. 25 °C, 40 %RH °C, %RH
Printer: Manufacturer and model: | e.g. name, number

Configuration: | e.g. best quality or default

Component condition: | e.g. toner cartridge % life or # pages

Printer driver version:|e.g. version 2.1

Paper motion orientation: | e.g. along the long edge

Reported printer addressability:| e.g. 600 spi spi

Substrate weight, surface and type:|e.g. 80 gsm, uncoated bond

(Substrate manufacturer and name):| e.g. Hammermill LaserPrint

Submission: Method of test page submission: | e.g. command window, copy
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Table 6 (continued)
[tem: Information: Units:
Scanning: |Scanning: Scanner manufacturer:|e.g. Epson 10000XL
Resolution setting:|e.g. 1 200 ppi ppi

Scanning conformance: | e.g. yes

Scanner OECF compensation: | e.g. reflection aim

Scanner SFR normalization: | e.g. none or ISO 29112 aim

or compared
s required.

6.3 Required assessment measurement documentation

Severdl important attributes of a printing system's perceived resolution(an be assesped using the
methofds specified in this document. Each of the measurement methods specified in thif document is
intended for the engineering evaluation of a printing system's perceived-fesolution and i not intended
for purposes of advertising claims.

The rejguired documentation of measurement results as shown«mnTable 7 and Table 8 sha]l include:

1. Dgcumentation of the configuration of the printer, when'reporting assessment resul§s for multiple
configurations of the same printer. This supersedes’the conventional reporting of priinting system
configuration as part of the test configuration table.

2. Fdr each attribute, documentation of the test page, the measurement method and thg conformance
offthe measurement method used.

3. Fdr each attribute, the orientation ofithe assessed element with respect to the paper motion
difection through the printer.

4. THRe measurement results.

Table 7 = Context documentation for a measurement

[tem: Information:

For eadh con-

figuratjon: Configukation: e.g. best quality or default

Measurement name / conformance: |e.g. ISOIEC29112_EffectiveAddressability vl / compliant

For eadh meas;

uremet: Test page name: name & version (ISO website) e.g. TP2-H2x_EffAddrHorz_v1.eps

ASSESSIITEITt EleTEt OTTetation: g AT {Horztarget, portrattortentation; tomg=edge motion => XT)
NOTE In this example, the assessed element orientation for short-edge motion through the printer is In-
track (IT).

All attribute measures shall be reported with the attribute name, its orientation, its measurement
values, the number of elements assessed, the number of samples printed to obtain the elements assessed
and the units of the measured values in the format illustrated in Table 8.

For ease of interpretation, the results in the test report should be grouped in a logical order. For results
that share the same test pages and measurement methods, the measurement context specified in
Table 7 is required only once for each measurement method. The measurement results for multiple
orientations of an attribute shall each be recorded in complete, separate rows of the report table.
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Table 8 — Documentation of measurement results

Attribute name: Orientation: Data: Meas: Pages: Units:
Native addressability: |IT & XT Values eg. 1 1 spi
Effective addressability: | IT & XT Values eg. 1 1 spi
Edge blurriness: XT (8°),IT (98°) Values <mean, stdev, min max> e.g.5 1 microns
Edge raggedness: XT (8°),IT (98°) Values <mean, stdev, min max> e.g.5 1 microns
Accutance or
Slanted-edge SFR: XT (8°),IT (98°) Values <mean, stdev, min max> e.g.5 1 Sampling Efficiency
Accutance or
Square-wave SHR: XT (0°),IT (90°) Values <mean, stdev, min max> e.g.5 1 Sampling Effjciency

The measurement context documentation specified in Table 7 shall be associated with,'the t
measurementresults specified in Table 8 for each assessed printing system configuration, If'only 4 single
printing systém configuration is being assessed, the specification of printing system configuration can
move back to the test configuration documentation specified in Table 6. The test context documentation
specified in Table 6 shall be associated with the measurement context documentation speci
Table 7 and tle measurement data specified in Table 8. Examples of reports are-provided in Annex D.

hble of

fied in
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Annex A
(normative)

Printing process

A.1 Application effects

Imaging and graphics applications generally have their own individual ideas about howpalfile should be

printe
an imd
can mj

specifijed in this document.

A2 ]

Printe

attemppt to analytically estimate printer resolution and shall be avoided. Printer drivers aj

part of

A3

The te
PostSd
Postsc
printe
under

With d
inform

TH

pr|
di

T}
pr

T}

Test page files for PostScript printers

ike to the intent of the standardized printing files utilized in the assessmeént of pri

Print driver effects

I drivers often attempt to assist the user in printing information. This assistance c3

the printing data path but should be accessed at a low{evel to avoid unnecessary 4

5t page files for the assessment of PostScript printer resolution are supplied in EPS
ript) format. This is a well-documentedy freely usable Adobe format that can be s¢
ript compatible printers from a Microsoft Windows®, Linux or Apple Macintosh® p
" resolution test page files of this dd¢ument are able to adapt to the characteristics
nssessment. This adaptation takes'two forms: 1) dynamic adaptation, and 2) static

ynamic adaptation, an EPSfile sent to the printer under assessment queries the p
ation.

e information requésted is the cross-track and in-track native addressability of t}
inter identification™information such as name, version, time and date that are
splayed as infotmative text in the printed test page.

e cross-track and in-track native addressability data returned by the printer is a
ecisely. configure the test page to the printer characteristics.

isadaptation avoids a mismatch between the resolution assessment test page file :

an

1. These ideas have been known to change from version to version. Printing test ppge files from
ging or graphics application is not recommended due to the many changes|that gn application

er resolution

n destroy the
e an essential
ssistance.

Encapsulated
nt directly to
atform3). The
of the printer
adaptation.

rinter RIP for

e printer and
subsequently

so utilized to

iddressability

d\the printer addressability, as long as the printer correctly reports its own addres

sability.

Dynamic adaptation is the default state of the printer resolution test page files of this document.

With static adaptation, the user can over-ride a dynamic configuration of the test page. The user edits
the header portion of the test page file to explicitly define the cross-track and in-track addressability to
be utilized to configure the test page for the actual addressability of a printer. These edited values are
used instead of the addressability reported by the printer to configure the test page file for printing.

3) Windows® and Macintosh® are registered trademarks of Microsoft Corporation and Apple Corporation,
respectively. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO/IEC.
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Test pages are also supplied in PDF format.

— The completely static (compiled) nature of this format does not permit a submitted PDF test page to
adapt to a printer’s reported addressability.

— The test pages are provided in PDF format for convenience of use with printing systems of known
600 spi or 1 200 spi addressability. A printable PDF file with arbitrary addressability can be created
from an EPS test page using a suitable PDF compiler.

A.4 Printing protocol

A.4.1 Genefal

There are t

analytic interpretation:

1) Accesst
Windows
Macintos

2) Utilize de

A.4.2 Low-

For Linux and
for Macintosh

— Openat
operating
for printi
to naviga

— Type 1lpq
printer (t

Figure A.1 shgws an example of the uSe'of the 1pstat and 1pr commands. The detailed printer
r LaerJet CP2025dn 2588F0, found using the lpstat command, is what is feeded

e.g. HP Colo
to properly d
need to be tol

Last login
Zmini:~ ekd
AdobePDF9 §
HP_Color_L4
Zmini:~ ek

approaches for avoiding undesirable printer driver effects in printing test pa

printers at a low level from the operating system (using DOS commands for Mi
® based systems and using UNIX command shell commands foy” Linux and
n® operating systems).

dicated printing applications that are written to control and-access printers at a loy

evel operating system printing protocol

| Apple Macintosh® operating systems, the termutility (Applications:Utilities:tet
provides the required interface to the operating system.

system is connected to. The detailed nandéfor a printer is needed to properly dire
hg to the printing device using the operating system. Place the files to be printed in g
fe to location within the computer’s file system.

-P <Detailed Printer Name> <Print File Path> to send the printfilg
he brackets that separate the two arguments should not be typed).

rect the printing of .the EdgeMetric test page in this example. The printer will pr
d manually whieh.tray to print from.

\ Desktop — bash — 95x10
O

Sat Jup™\1 14:41:47 on ttys@e@
eises_lYpstat -a
ccepting requests since Sun Nov 4 2@:09:58 2012
sertdet_CP2@25dn__25B88F@_ accepting requests since Sat Jun 1 14:40:83 2813

res for

Frosoft
Apple

v level.

m.app

brm window and type lpstat -—a to get adisting of the detailed printer names that the

tafile
n easy

to the

name,

pbably

edse$ cd Desktop

Zmini:Desktop ekzeise$ lpr -P HP_Color_LaserJet_CP2@25dn__258BF@_ EdgeMetric_vB_TestChart.eps
Zmini:Desktop ekzeise$ ||

Figure A.1 — term window (Macintosh or LINUX low level printing)

For printing from a Microsoft Windows® based system, the same kind of information is needed and the

same general

procedure is followed.

— Details vary between versions of the operating systems.

— For Windows, the detailed printer name known to the operating system is found in the Printer
Properties settings.
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— From Start, select Settings, then Printer and select the printer to which you want to send the test
page files.

— This opens the Printer Queue window.
— Select Properties from the Printer Queue window menus and navigate to the Ports or Details pane.

— Select the Port to which the printer is attached and look at the details of the Port configuration. The
Port Name and the Printer Name can be found there.

— Figure A.2 shows the final window in this sequence.

The subsequent low-level operating system printing operation requires knowledge of this printer name
the Windows operating system.

ena DOS command window (Start then Programs then Accessories and seleetjGommand Prompt).
— THhere appear to be two ways of sending files to a printer from the Command Promptwindow.

— Figure A.3 shows a direct method for sending the content of a file diréctly to a printer.

— Ifthe printer’s Ethernet address is known, then for many printer'sian equivalent method is to type
at{the command prompt: copy /b <File name> <Etherfigt address>.

Configure Standard TCP/IP Port Monitor ‘\\J 2x

Part Settings ] P

Port Nare:

Printer Name or IP Address: | MNPI2SEERD.

N\
7 nh%zs Yink to this device, even if its IP
(y‘dr ss changes

—Protocol

* Raw 3& " LPR
<\
—Raw Settings — <
Port Number: A\UI 2100
o
~LPR Settings.
Qur.-uﬁ\ltamv:': |

.
.hlﬁ‘. Byte Counting Enabled
v'

¥ SNMP Status Enabled

) Community Name: I public

SNMP Device Index: | 1

OK I Cancel

Figure A.2 — Windows Printer Name

cv Command Prompt

C:\> copy ~b C:\EdgeMetric_vB_TestChart.eps NPI2588FB

Figure A.3 — Windows copy

Figure A.4 shows a somewhat more indirect method utilizing network re-direction to an otherwise
unused printer port that becomes associated with the destination printer.
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The net use command associates the printer port with the printer (with the name of the host computer,
in this case ROCTL82CNPD1, preceding the detailed name of the printer that is known to (or served
by) the host computer, in this case NP12588F0 (where 12588F0 are the last digits of the printer’s MAC

address).

cv Command Prompt -y i

C:\> net use Ilptl:“\ROCTL8SCNPD1\NPI2588F8

C:N\> copy b EdgeMetric_wB_TestChart.eps lpti_

A.4.3 Dedi

For a Micro{

Figure A.4 — Windows copy (alternative)

rated printing application printing protocol

oft Windows® platform, a low-level printing utility such as PfintFile (wwv

.com/printfild
this docume

assessment at a low level and directly transfers the test page information-tosthe printer, thus ay
the application and driver effects mentioned above.

— Some conlfiguration of the PrintFile utility is required, as specified here.

With the
pane (Fig

In the Encaps
size and plac
“Apply” butto

If any of t
utilized.

Do not us
complete

On an Apple
printer under]
mentioned ab

) is recommended as the mechanism for sending resolution assessmént test page
t to a printer. This utility connects to the Windows printer dfiver of the printer

PrintFile application running, click on the Settings.button [Figure A.5 a)], then in th
ure A.5 b)), click on the PostScript button.

ilated PostScript pane of this dialog box, shown in Figure A.5 c), check the "Keep o
" button and then click the “OK” buttenof the PostScript Settings dialog box a
h of the PrintFile Settings dialog box.

he test page content is clipped by-printing boundaries, the "Center on page" button

e the "Center and scale to:fibpage" button as this shall invalidate the measurementj
5 the configuration of the PrintFile utility.

Macintosh® platfarsn, the test page file should be directly dragged to the icon
assessment. This.process explicitly avoids the application and upper-level driver
pve.

v.lerup
files of

under
oiding
e More

iginal
d the

can be

s. This

of the
pffects
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™. PrintFile - Default settings _Imlﬂ

This program prints text files or sends PostScript BT
and other files directly to a printer. Drag and drop
[ 7 & files here or use the "Print File" button to start
printing. Press right mouse button for menu. Help |
— Status About... |
Sto
Idle Stop | Exi I

a) Default settings

T z

NAndCnnics Coas
& FUSLILTIPL SGIge

e 1
aeneral

¥ Use end of file character D)
[V Enable page selection
I Include driver header
I~ Enable n-up printing
¥ ‘Wam for hon PostS i %1

Save

LCancel
- General

I” Enable spooler function
¥ Show printer selection dialog
I Show this dialog when drag & diop

Apply

Shorteut...

i

Delete
™ Quit when handled command line

~ Prolog file -~V

M
More

Tewtfie.. | Postserpt.. |

Neup... | anversion...]

N

4

b) More pane 4’\
xO
F@ﬁre A.5 — PrintFile configuration
N

O
c)O®
&
éo
S
&

[ @)

¥ Show settings name in header Help Browse...

I Show progress bar . \ —

™ Save window placement on exit teap S

™ Show icon on the taskbar ‘:‘%e orignal size and placé ™ Frame bounding box
Mandatory for file typefs): | b nter on page - ™ Print file nam:

Center and scale to fit page
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Annex B
(normative)

Scanner conformance

B.1 General

Many of th

e
resolution erri‘p;l

These measur
capabilities a1
control applig

easurement methods specified in this document to estimate the attributes af.]
loy a reflection scanner as an analytic measurement device.

ements provide an accurate assessment of printer resolution attributes only if the s
'e high enough, so that the scanner itself does not limit the assessmentpand if the s
ation is configured to deliver pristine imagery.

This annex specifies the conditions that shall be met by a reflection scanner‘and its scanner (

application to
specified in tk
B.2 Requi

Five characte
with the mea;

interpola
the spatig

the tone-

scanner §

Several other

qualify a scanner as a usable measurement device for use with the measurement m
1is document.

red scanner characteristics

ristics of a reflection scanner shall be evaluated to qualify a reflection scanner f{
urement methods specified in this document:These characteristics are:

Fion effects in the sensor array of the scanfér;
| frequency response characteristics-and usable addressability of the scanner;

cale or opto-electronic conversion function (OECF) characteristics of the scanner;

the scan iniformity over the tone scaleand stability over time;

FR uniformity over the area required for assessment.

characteristics gf'a reflection scanner can affect the measurement processes sp

in this documlent, but are generally sufficiently well controlled in the commercially available ref

scanners tha
application to|

the scanr
ISO 2155

[ have met.the scanner qualification requirements above to be of small cong
office printer resolution characterization. These characteristics are:

er dyfiamic range capability (minimum to maximum density, free of saturation e
0[], 'specifies a measure of this property. A qualified scanner should cover the

brinter

Canner
Canner

ontrol
bthods

or use

pcified
ection
ern in

ffects).
range

between

D,1D and 1,5D for office printer resolution assessment;

the geometric distortion of the scanner;

the flare or integrating cavity effects of the scanner.

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

resolution.

methods specified in this document.

Scanners utilizing multiple sensors, one for each colour, can qualify for use with the measurement

Scanners utilizing a single linear sensor with an alternating colour filter array compromise the

spatial resolution of scanned data and shall not be used since spatial information is interpolated.
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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. Over this field of view, a qualified reflection scanner shall have a minimum scanning
resolution equal to or greater than the native addressability of the printing system being assessed or
1 200 ppi, whichever is greater, and a capability of providing at least 256 different tonal levels without
clipping or saturation effects. This corresponds to at least an 8-bit scanner data path and provides
headroom for OECF calibration.

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 (see Clauses B.3. and B.4).

B.3 $canner OECF characteristic

B.3.1| General

The scpnner spatial uniformity and temporal stability shall permit calibratien of the scanper to provide
a monptonic OECF characteristic that utilizes the full 256 levels of the stanner data path and that
does nfot saturate at either end of its range for the reflection characteristics of the printed test pages
specified in this document.

The callibrated OECF characteristic for all measurement methods-s a reflectance aim.

The gijay-scale step tablet used for the creation of an OEGF characteristic should have tyelve or more
steps. [lhe minimum optical density in the gray-scale steép tablet should be 0,1 or less and fhe maximum
optical density should be 1,7 or more.

B.3.2 | Method for evaluating the scanner QECF characteristic

A fully|populated look-up-table (LUT) that cdptures the calibrated OECF characteristic of the scanner is
requirged by the assessment methods specified in this document.

— C4qlibration of a reflection scannef.in the form of this required LUT shall be done in ac¢ordance with
the procedure defined in ISO 14524 or ISO/IEC 24790.

— THhe standard error of the'séanner calibration shall be less than 1 % of the required dynamic range
(0]015D which corresponds to a 0,03 reflectance factor) to provide a sufficiently stable OECF
calibration.

B.3.3 | Required.scanner OECF stability

Scanngr OECF\reépeatability shall be evaluated by performing sixteen consecutive scans of the same
OECF ¢alibration test element (e.g. ISO 16067-1, ISO/IEC 24790 or equivalent test page)|at a scanning
resolutieir 0f 1200 pixels per inch.

The OECF characteristic for each of these sixteen consecutive scans shall be evaluated. The deviation
of the OECF characteristic for any individual scan from the averaged OECF characteristic of the sixteen
scans shall remain within +1% of the maximum reflectance factor over the entire tone scale.

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

B.4 Scanner SFR characteristic

B.4.1 General

The detail carrying capability of scans provided by the reflection scanner used for measurement
methods specified in this document shall exceed the detail carrying capability of the printer system
that is being evaluated with the procedures specified in this document.

© ISO/IEC 2018 - All rights reserved 31


https://iecnorm.com/api/?name=7a25da8db6b4390ef4ad2d48587813b5

ISO/IEC 29112:2018(E)

B.4.2 Required element placement for SFR evaluation

The slanted-edge elements to be evaluated for SFR characteristics 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 SFR characteristic. Refer to the discussion of scanner stability in F.1.2.

If the SFR characteristics of a qualified scanner have been measured to be effectively constant over a
larger fraction of the platen along an axis (e.g. slow-scan), then measurements can be made over the

fraction of the platen where the SFR shift has been measured to vary by less than 0,035 at 12 cy/mm.

B.4.3 Required scanner SFR characteristics

The detail car
in ISO 16067-

The Matlab fu

To be qualifi

rying capability of a scanner shall be evaluated in accordance with the procedurg, d
.

nction ISOIEC29112_ScannerSFR implements this procedure.

bd to evaluate the SFR characteristic of a printing system, the scanning systen

maintain its §FR capability at 12 cy/mm such that there is a level shift of less than 0,035 over the

area used for

To be qualifig
super-resolut
least 25 % he
system that
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mm. An aim 9
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NOTE As
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evaluation.

d to evaluate the SFR characteristic of a printing system, the'\scanning system, w
on capability provided by the slanted-edge SFR evaluation method, shall proy
adroom over the measured printing system SFR. This“means that a 1 200 ppi sc
aintains an SFR level of 0,20 at 12 cy/mm is qualified'to assess a printing system
characteristic maintains a level of 0,16 at 12 cy/min. For current office printing sy
scanner SFR requirement for qualification is the maintenance of a 0,20 level at
canner SFR requirement is the maintenance ef'a 0,25 level at 12 cy/mm (see Anne

printing system capability improves, a.qualified scanning system could require a sd
ter than 1 200 ppi to maintain the 25 %:headroom requirement. The 25 % headroom requi
nt distortion of an evaluated printing'system SFR by a limiting scanner SFR.

B.4.4 Methjod for normalizing scanner SFR

The normaliz
standard aim

This procedu

characteristid.

The system S
element of an

The test ¢

ed SFR characteristic 6f)a scanner shall be computed with this procedure to m

characteristic that is representative of a population of qualified 1 200 ppi scannersg.

efined

 shall
platen

ith the
ride at
hnning
whose
stems,
12 cy/
x F for

anning
rement

atch a

Fe is similar to/the’procedure defined in ISO/IOEC 24790 and adopts the same aim SFR

FR (scannér and target) is measured as specified in ISO 16067-1, using the slante
[SO/IEG.24790 test page.

lément is placed on the scanner such that its edges are rotated between 5° and 10

d edge

° from

the horiz

i | 1 b 1
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slanted-edge SFR element (i.e. nearly vertical edges vs. nearly horizontal edges).

The normalized scanner SFR characteristic is measured as specified in the following eight steps:

1.

mode), 8 bits/channel, at 1 200 ppi, under the conditions specified in this annex.

Different normalizations are assumed to be required for the two different edge orientations of the

Scan the slanted edge patch of the ISO/IEC 24790 test page with a scanner in RGB mode (or grayscale

Compute the SFR (spatial frequency response) of the G (green) channel (or grayscale channel)

for each of the four edge orientations using the measurement method ISOIEC29112_ScannerSFR,
which employs the computational method defined in ISO 16067-1.
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3. The measured system SFR characteristic, Cmeasured, is the G channel SFR (or grayscale channel)
characteristic, averaged over the two similar edge orientations, in the frequency range from 0 (DC)
to the Nyquist frequency. This provides CHmeasured and Cymeasured

4. Compute the scanner SFR normalization characteristic from the averaged measured system SFR
characteristic (step 3) and the aim system SFR characteristic: CHnormalization = Caim/CHmeasured and
Cvnormalization = Caim/CVmeasured-

The 1 200 ppi aim system SFR, which is the average SFR of a set of qualified 1 200 ppi scanners,
is defined by Formula (B.1) and shown in Figure B.1. This scanner SFR aim is valid for spatial
frequencies up through 24 cy/mm.

C [ (F)=1-0,103096F +0,004 226 88/ - —0,000 091 552 1/~ +0,000 001 030 797]* (B.1)

where fis the spatial frequency in cycles/millimetre (cy/mm).

If the measured system SFR is identical to the average SFR of the set of qualified scanners, then the
schnner SFR normalization characteristic is unity at all frequencies.

—|{ If the measured system SFR is lower than the aim system SFR(aless capable sysfem), then the
scanner SFR normalization characteristic at non-zero frequencies is mostly abovg one.

— If the measured system SFR is higher than the aim“system SFR (a more cagable system),
then the scanner normalization characteristic at non-zero frequencies is mosfly below one
(at zero frequency, SFR characteristics are normalized to one). These cases are|illustrated in

Figure B.2 a) and b).
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Figure B.1 — Average qualified scanner SFR characteristic

By use of the normalization characteristics shown in Figure B.2 b), the SFR characteristics that are
“poorer than” or “better than” the aim SFR characteristic are compensated to achieve the aim SFR
characteristic.

The scanner SFR normalization characteristic is then utilized in the following procedure to
normalize measurements made using that scanner to a standard condition corresponding to a
scanner with aim SFR characteristics.
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Figure B.2 — Scanner normalization

5. For each ROl image used in computing a measurement of an attribute, derivethe optical reflectance
factor values, R (x, y), for each pixel in the ROI image, using the reflectance OECF for calibration of
scanner dutput values.

6. Compute fhe two-dimensional discrete cosine transform (DCT) spectrum of the ROl image, F (R(x, y)).

7. Compute|two separate SFR normalization matrices, one asing the horizontal SFR normaljzation
characteifistic computed in step 4 and the second using the'vertical SFR normalization characferistic
computed in step 4. Each of these normalization matrices is a 2-D radially symmetric intergolated
matrix of| identical size as the DCT of the ROI image."The normalization matrices are credted by
interpolating the 1-D horizontal or vertical SER“normalization characteristic as a function of
R(fx, fy), the spatial frequency distance of theunatrix element (corresponding element by element
with the PCT matrix) from the matrix origit‘(corresponding with the zero frequency poin{ of the
DCT matiix), as shown in Formulae (B.2).and (B.3).

CVnormalization (R) =in terpOIate—ZD(CHnormalization (R)' R(fX' fy)) (B-Z)

CHnormaliz ation (R) = interpozate—ZD(CVnormalization (R)' R(fX, fy)) (B-B)

8. Compute [the SFR normalized ROI image, using the two-dimensional inverse DCT, where the two-
dimensiohal SFR normalization is being applied as a simple matrix multiplication in the ppatial
frequency domain:

X Hnormalijed/ > F_l [ [ F (l (X' y)) ]*CHnormalization (fX' fy) ] (8-4)

X Vnormalized = F_l[ [ F (X (X' y)) ]*CVnormalization (fX, fy) ] (B-S)

where y stands for ROI.

The ROI normalized by the horizontal SFR normalization characteristic, Formula (B.4), is used in the
evaluation of horizontally oriented ROIs. The measurement of horizontal scanner SFR should utilize
a target with angled edges identical to the angled edges of the element used to evaluate horizontal
printer SFR.

The ROI normalized by the vertical SFR normalization characteristic, Formula (B.5), is used in the
evaluation of vertically oriented ROIs. The measurement of vertical scanner SFR should utilize a target
with angled edges identical to the angled edges of the element used to evaluate vertical printer SFR.
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Sometimes, the additional computational complexity of scanner SFR normalization is not necessary in
limited studies where a single measurement device (scanner) is employed to examine trends.

Scanner SFR normalization is required when measurements are made on multiple devices (scanners),
when measurements are made at multiple sites or when quantitative results rather than trends are
desired.

B.5 Required scanner control application characteristics

Like imaging and graphics applications, scanner control applications are designed to help the user to
produce aesthetically pleasing imagery.

— TRis aim is usually at odds with the requirement of providing analytic measurements that are
accurate and repeatable.

— Ascanner control application that is usable for analytic measurement.  ir'the I§O/IEC 29112
aspessment of printer resolution shall be capable of being run in a completely manual manner.

— Al automatic features of the application that are designed to enhance'the scanned image shall be
diabled.

— Any auto-exposure capability shall be disabled.

— Any automatic tone-scale correction capability shall be disabled.
— Any scanned image filtering (e.g. sharpening, un-sharp'masking, blurring, etc.) shall be disabled.
— Any colour management capability shall be disabled.

— Scpnned imagery shall be saved in a losslessformat (e.g. uncompressed, LZW or ZIP).

— THRHe scanner control software requitements specified here complement the printing path
reguirements specified in Annex A to-provide meaningful measurement results.
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Annex C
(normative)

Reference measurement methods and conformance

C.1 Installation

C.1.1 Genejral

This annex sefrves three purposes:

1) To docunjent the distribution set of test pages and measurement method executables or rdqutines
utilized f¢r evaluation of the measurement methods specified in this document:

2) To docurpent the distribution set of test files required for verifyirig-measurement method
conformgnce.

3) To specify the conformance processes used to verify the correct.eperation of the measufement
methods ppecified in this document.

The latest sef of test pages shall always be used with the measurement methods specified |n this
document. Supclause C.1.2 shows how these test pages can be'downloaded.

Any implementation of a measurement method specified in this document shall conform [to the
intended prag¢tice specified in this document. A distribution set of reference implementations and
associated support files is made available for this_purpose. Subclause C.1.3 shows how the reference
implementatipns can be downloaded. The process’ by which an implementation of the measufement
methods spegified in this document is verified ‘to be in conformance with the intended praqtice is
specified in this annex. Conformance can bewerified using either the measurement method appligations
or the Matlabfroutines available in the reference distribution file set. A set of reference bitmap files are
provided for g¢ach of the measurement'methods, along with required support files and their expected
reference implementation measurement results, for conformance testing of implementations|of the
measurement methods specified.dnthis document.

Failure to us¢ a compliant ilnplementation of the measurement methods specified in this doqument
shall invalidate any test results obtained using that implementation.

C.1.2 Test page ZIP-file availability

The latest set
is available in-a
.org/iso-iec/29112/ed-1/en.

of test pages to be utilized with the measurement methods specified in this doqument
R as i = : ards.iso

The following steps shall be followed to enable use of the latest test pages with the measurement
methods specified in this document.

— Download the ZIP file "Test pages.zip" from the ISO website.
— Un-zip the reference distribution ZIP file to provide the directory Test pages.

The Test pages directory, shown in Table C.1, contains four sub-directories, one for each of the
measurement methods defined in this document.

— The EdgeMeasures sub-directory contains a single file for evaluation of edge blurriness, edge
raggedness, and for evaluation of printer SFR characteristics using the slanted-edge SFR
measurement method.
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— The EffectiveAddressability sub-directory contains twelve files, arranged in four groups of three
files. Each group contains an EPS file that automatically adjusts to the resolution reported by
the printer for evaluation of Effective Addressabilty, a 600 spi PDF file for evaluation of Effective
Addressability for a 600 spi printer and a 1 200 spi PDF file for evaluation of EffectiveAddressability
for a 1 200 spi printer. The files within each of the four groups are, respectively, for 2x evaluation
of horizontal effective addressability where the suspected capability is at the printer resolution,
for 4x evaluation of horizontal effective addressability where the suspected capability is at twice
the printer resolution, for 2x evaluation of vertical effective addressability where the suspected
capability is at the printer resolution and for 4x evaluation of vertical effective addressability where
the suspected capability is at twice the printer resolution.

The NativeAddressability sub-directory contains three files: an EPS file that automa

tically adjusts

to[the resolution reported by the printer for evaluation of native addressability, a 600.
confirmation of native addressability of a 600 spi printer and a 1 200 spi PDF filefor

of[native addressability of a 1 200 spi printer.

TH

system SFR characteristics. The EPS file automatically adjusts to the'resolution re
prfinter. The PDF files are supplied for 600 spi and 1 200 spi printers’in two variaftions: the “V”

C
C

variation contains vector code that is usually interpreted well by®ostScript RIPs; the
j{:tains bitmap code for the rare instances where a RIP misinterprets the vector cod
a

be edited to utilize vector code (default), bitmap code, orbeth.

Table C.1 — Content of the 1S029112_TestPages directory

| [EdgeMeasures]

TP3_EdgeMeasures.pdf

| [EffectiveAddressability]

TP2-H2x_EffAddrHorz.eps

TP2-H2x_EffAddrHorz_600.pdf

TP2-H2x_EffAddrHorz_1200.pdf

TP2-H4x_EffAddrHorz.eps

TP2-H4x_EffAddrHorz_600.pdf

TP2-H4x_EffAddrHorz_1200.pdf

TP2-V2x_EffAddryext.eps

TP2-V2x_EffAddrVert_600.pdf

TP2-V2x_EffAddrVert_1200.pdf

TP2-V4x_EffAddrVert.eps

TP2-V4x_EffAddrVert_600.pdf

TP2-Vax_EffAddrVert_1200.pdf

PDF file to printfor evaluation of edge measures

(blurriness,raggedness & slanted-edge SFR)

EPS file}(2x auto-resolution, horizontal effective addressabil
PDF-file (2x horizontal effective addressability at 600 spi)
PDF file (2x horizontal effective addressability at 1 200 spi)
EPS file (4x auto-resolution, horizontal effective addressabil
PDF file (4x horizontal effective addressability at 600 spi)
PDF file (4x horizontal effective addressability at 1 200 spi)
EPS file (2x auto-resolution, vertical effective addressability
PDF file (2x vertical effective addressability at 600 spi)

PDF file (2x vertical effective addressability at 1 200 spi)
EPS file (2x auto-resolution, vertical effective addressability
PDF file (4x vertical effective addressability at 600 spi)

PDF file ( 4x vertical effective addressability at 1 200 spi)

pi PDF file for
confirmation

e SquareWaveSFR sub-directory contains an EPS file and PDF files for evaluatipn of printing

ported by the

“B” variation
0. The EPS file

ty)

| [NativeAddressabitity]

TP1_NativeAddr.eps

TP1_NativeAddr_600.eps

TP1_NativeAddr_1200.eps

| [SquareWaveSFR]

TP4_SquareWaveSFR.eps

TP4V_SquareWaveSFR_600.eps

TP4V_SquareWaveSFR_1200.eps

TP4B_SquareWaveSFR_600.eps

TP4B_SquareWaveSFR_1200.eps

© ISO/IEC 2018 - All rights reserved

EPS file (auto-resolution evaluation of native addressability)
PDF file (600 spi native addressability)
PDF file (1 200 spi native addressability)

EPS file (square wave SFR, vector, bitmap & combo code)
PDF file ( 600 spi square wave SFR, vector code)

PDF file (1 200 spi square wave SFR, vector code)

PDF file (600 spi square wave SFR, bitmap code)

PDF file (1 200 spi square wave SFR, (bitmap code)
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C.1.3 Reference distribution ZIP file availability

A reference distribution set of Windows applications, Matlab source routines and associated files that
implement and test conformance of each of the measurement methods specified in this document
are available in a ZIP file "Reference distribution.zip”. This ZIP file shall be downloaded from http:
//standards.iso.org/iso-iec/29112/ed-1/en.

As shown in Table C.2, there are six top level directories in the reference distribution ZIP file.

Table C.2 — Directory structure of the Reference distribution.zip file

[OECF] Folders and files pertaining to OECF calibration

[Scanner_SFR] Folders and files pertaining to slanted-edge scanner SFR measurement
[EdgeMeasures]| Folders and files pertaining to edge blurriness and edge raggedness measufement
[EffectiveAddiressability] Folders and files pertaining to effective addressability measurement

[Slantededge [PrinterSFR] | Folders and files pertaining to slanted-edge printer SFR measurement

[Squarewave |PrinterSFR] | Folders and files pertaining to square-wave printer SFR miéasurement

Each of these[directories has a sub-directory that contains test files for conformance evaluation of the
associated mpasurement methods. The upper grouping of sub-directories (OECF and Scanner_SFR)
contains utility routines, the lower grouping of sub-directories contaiis the measurement method
implementatipns.

The “OECF” directory shown in Table C.3 contains several files.and a single sub-directory, {OECF_
Conformancef, which contains the files required to verify properOECF calibration for the measufement
methods spedified in this document. Accompanying this sub-directory are the ISOIEC29112_autpOECF
application, the source code on which the autoOECF application is based ('ISOIEC29112_autoOECF.m'
and 'ISOIEC29112_guiOECF.m"), a PDF users guide for-this application and four configuration f{les for
OECF calibratjion using standard hard-copy step tablets.

Table C.3 — Content of the OECF directory

| [OECF_C¢nformance]
[SO24790_1200ppi_OECF.tif Scanned image of an ISO 24790 step tablet
OECH Report_expected.xls Expected OECF report from successful calibration
OECH_Dens_expected.txt Expected density OECF calibration file
OECH Refl_expected.txt Expected reflectance OECF calibration file
ISOIEC29112_autoOECE wl:exe Executable OECF application
[SOIEC29112_autoOECF v1.m OECF Matlab function
ISOIEC29112_gui@ECF_v1l.m OECF Matlab GUI function
Config_OECF_1S016067.xls Configuration file for ISO 16067-1 step tablet
Config_OECE1S024790.xls Configuration file for ISO 24790 step tablet
Config_OECF_MunselINVS.xls Configuration file for Munsell NVS step tablet
Config_ OECF_Q62.xls Configuration file for Applied Image Q62 step tablet
autoOECF_UsersGuide.pdf OECF application users guide

The "ScannerSFR" directory shown in Table C.4 contains a single sub-directory, "ScannerSFR_
Conformance”, which contains the files required to verify accurate evaluation of scanner SFR using
the ISOIEC29112_ScannerSFR application, a version of the ISO 16067 Matlab application "sfrmat3"
extended for use with this document. Accompanying this sub-directory are the ISOIEC29112_
ScannerSFR application, the source code on which the ScannerSFR application is based ('ISOIEC29112_
ScannerSFR.m') and a PDF users guide for this application.
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Table C.4 — Content of the Scanner_SFR directory

| [ScannerSFR_Conformance]

OECF_Refl_example.txt

1S024790_SE_1200ppi.tif

Ccsv

1S024790_SE_1200ppi_ScannerSFRreport_G_expected.

ISOIEC29112_ScannerSFR_vl.exe

ISOIEC29112_ScannerSFR_v1l.m

ScannerSFR_UsersGuide.pdf

OECF calibration file (sfrmat3_v4 conformance evaluation)

Scanned slanted-edge element (ISO 24790 test chart)
Expected results file from the conformance evaluation

Scanner SFR evaluation application
Scanner SFR evaluation Matlab function

Users guide for sfrmat3_v4

The "EdgeMeasures”

directory shown 1n Table C.5 contains a sub-directory, ~EfigeMeasures_

Confoymance", which contains the files required to verify accurate evaluation of edge“characteristics
using the blurriness and raggedness measurement methods specified in this document. Accompanying

this sub-directory are the EdgeMeasures application, the source code of -the

"ISOIEC29112_

EdgeMeasures_vl.m" Matlab routine on which the EdgeMeasures application.is‘based anld a PDF users

guide for this application.

| [EdgeMeasures_Conformance]
SlantedEdge_1200ppi_Reference.tif
OEJF_LUTs_Refl_example.txt
ScahnerSFRreport_G_example.csv

SlafjtedEdge_1200ppi_Reference_EdgeRe-
porf.txt

ISOIE(29112_EdgeMeasures_v1.exe
ISOIE(29112_EdgeMeasures_vl.m
EdgeMeasures_UsersGuide.pdf

The "Effective Addressability” directory

Table C.5 — Content of the EdgeMeasures.directory

Scanned image of dprinted slanted-edge elemen{
Scanner OECF €empensation file (used in analysip)

Scanner SER'measurement file (used in analysis)

Executable edge attributes analysis application
Edge attributes code (basis for edge application)

Edge attributes analysis application users guide

shown in Table C.6 contains a single

Expectedresults file from the conformance evaljation

ub-directory,

"EffectiveAddressability_Conformance", which contains the files required to verify accurate evaluation

using [the effective addressability measurement method specified in this document
Accompanying this,_ sub-directory are the EffectiveAddressability application

files.

and several
the Matlab

EffectiveAddressability seurce code routines on which the EffectiveAddressability applicption is based

and a PDF users guide-for'this application.

| |EffectjveAddressability_Conformance
EffAddr RefBitmap.tif

EffAddr Histogram expected.png
= (=] -_— r r (=]

Table C.6 — Content of the Effective Addressability directory

Scanned image of Horz effective addressability element

Expected effective addressabilitv results graphical histogrdm
r 4 (=] r (=]

EffAddr_Results_expected.txt
ISOIEC29112_EffectiveAddressability v1.exe
ISOIEC29112_EffectiveAddressability_vl.m
ISOIEC29112_EffectiveAddressability_v1.fig
EffectiveAddressability_UsersGuide.pdf

Expected effective addressability results text file

Executable effective addressability analysis application

Effective addressability code (basis for addressability application)
Effective addressability GUI (basis for addressability application)

Effective addressability analysis application users guide

The "SlantedEdge_PrinterSFR" directory shown in Table C.7 contains a sub-directory "SlantedEdge_

PrinterSFR_Conformance",

which contains the files required to verify accurate evaluation of a

printing system's SFR characteristic using the slanted-edge SFR measurement method specified in
this document. Accompanying this sub-directory are the "ISOIEC29112_SlantedEdge_PrinterSFR.exe"
application for slanted-edge printer SFR evaluation, the "ISOIEC29112_SlantedEdge_PrinterSFR.m"
Matlab source code on which the slanted-edge printer SFR evaluation application is based and a PDF
users guides for the SlantedEdge_PrinterSFR evaluation method.
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Table C.7 — Content of the Slantededge_PrinterSFR directory

| [SlantedEdge_P

rinterSFR_Conformance]

SlantedEdge_

1200ppi_Reference.tif Scanned image of a printed slanted-edge element

OECF_LUTs_Refl_example.txt

Scanner OECF compensation file (used in analysis)

ScannerSFRreport_G_example.csv

Scanner SFR measurement file (used in analysis)

SlantedEdge
pected.csv

_1200ppi_Reference_SEprinterSFRreport_G_ex-

Expected scanned image Slantededge SFR results

[SOIEC29112_SlantedEdge_PrinterSFR_v1.exe

Executable, slanted-edge printer SFR application

ISOIEC29112_SlantedEdge_PrinterSFR_vl.m

Slanted-edge printer SFR analysis code

SlantedEdge_PrinterSER llserGuide pdf

Slanted-edge printer SFR application users guide

The "Square
"SquareWave
using the squ
this sub-dire
printer SFR ¢
the square-w
printer SFR e
vertically orig

vave_PrinterSFR" directory shown in Table C.8 contains a single sub‘dirgctory,
| Printer SFR_Conformance”, which contains the files required to verify accurate-evaluation
are-wave printer SFR measurement method specified in this document! Accomppanying
ctory are the "ISOIEC29112_SquareWave_PrinterSFR.exe" application. for squar¢-wave
valuation, the "ISOIEC29112_SquareWave_PrinterSFR.m" Matlab squrce code on|which
hve printer SFR evaluation application is based, a PDF users guides for the squar¢-wave
valuation method and three configuration files used in sele¢ting the horizontally and
nted bar patterns of the scanned square-wave SFR target.

Table C.8 — Content of the Square-wave SFR.directory

| [Squarewave_Pri

hterSFR_Conformance]

SquareWave_

200ppi_Reference.tif Seanned image of a printed slanted-edge elemen

OECF_LUTs_R

fl_example.txt Scanner OECF compensation file (used in analys

ScannerSFRrd

port_G_example.csv Scanner SFR measurement file (used in analysis

Squarewave_]

200ppi_Reference_SWprinterSFRreport_G_expected.csv Expected scanned image Square-wave SFR resu

ISOIEC29112_Sq

areWave_PrinterSFR_v1.exe Executable, square-wave printer SFR applicatiof

ISOIEC29112_Sq

areWave_PrinterSFR_vl.m Square-wave printer SFR analysis code

SquareWave_Prif

terSFR_UsersGuide.pdf Square-wave printer SFR application users guid¢

Config_SqWvVSFR| 5bar.txt Configuration file for 5-bar SWprinterSFR
Config_SqWvSFR| 6bar.txt Configuration file for 6-bar SWprinterSFR
Config_SqWvSFR| 7bar.txt Configuration file for 7-bar SWprinterSFR

C.1.4 Using

Utilization of
Component R
place. A ZIP fi
MCRInstaller]

b the reference distribution Matlab routines

Matlab
11 take
atlab_

the distributed Windows applications requires installation of the v2012b
untime library on the computer where measurements of the scanned bitmaps w
e of the'Matlab Component Runtime library installation executable, ISOIEC29112_
v2012b.exe, is available from http://standards.iso.org/iso-iec/29112/ed-1/en.

Download the file "ISOIEC29112_Matlab_MCRInstaller v2012b.exe" from the ISO website.
Double-click this ISOIEC29112_Matlab_MCRinstaller v2012b.exe file to initiate installation of the

v2012b Matlab Component Runtime library.

Ensure that the MCR_library.dll file that is installed by the MCR installer is above any other Matlab

libraries in the Windows path.

Double-click on the appropriate measurement method application file to run an evaluation. The

MCR library is unpacked on the first running of one of the measurement method applications, which
takes time. See Clauses C.2 and C.3 for details.
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Utilization of the Matlab source routines requires a licensed Matlab application, including the Matlab
Signal Processing and Image Processing toolboxes, v2007 or later, to be installed on the computer
where measurements of the scanned bitmaps will take place. The following steps shall be followed to

enable proper use of the distribution routines:

Start the Matlab application and type ver at the Matlab prompt to obtain a list of insta

Processing toolboxes are available.

run an evaluation. See Clauses C.2 and C.3 for details.

lled products.

Verify that the listed Matlab version is v2007 or later and that the Signal Processing and Image

Navigate to the appropriate folder containing an appropriate measurement method Matlab m-file to

Ude the syntax provided in this annex for running the measurement method.

C.2 Utilities, evaluation and conformance

C.2.1 | General

There |are two utility applications and Matlab routines that accompany the measuren
specified in this document. These two utilities are required for proper evaluation of the

metho(ds defined in this document. Proper use of these utilities.is-documented in the follg

1) OKCF (opto-electronic conversion function) calibration iSrequired to provide an anaﬁ
(uping the OECF calibration file) for the code values (e:g<0 - 255 for 8-bit data) provide
schnners. The OECF calibration file is required by each of the measurement method
thjs document.

2) THhe slanted-edge SFR evaluation method, developed in ISO 12233 and specified in
is[required for determination of the spatial frequency response characteristic of
reflection scanner utilized in the measurement methods specified in this document.

C.2.2 | Scanner OECF calibrationand conformance

C.2.2.1 General

The (JECF characteristic Yof*a reflection scanner, specified in ISO 14524, provides

interpretation of the code‘values (e.g. 0 — 255 for 8-bit data) provided by a reflection sq

first sfep in OECF calibration, a reflective step tablet, consisting of a series of neutral patc
spanning a sufficient range of optical density, shall be measured and the measurement
provide optical density values for each of these patches. The second step in OECF calibra
the mgasured.step tablet with the scanner to be calibrated, under conditions specified i
used i allmeasurement processes, to provide an image file of code values. The applicatid

nent methods
measurement
wing clauses.

ytic meaning
by reflection
s specified in

ISO 16067-1,
the qualified

an analytic
anner. As the
hes uniformly
5 tabulated to
[ion is to scan
Annex B and
n, "autoOECF.
h the average

ent data wit

data pa

1 and fit these
ble code value

that the scanner can provide. These ISO 14524 compliant tables are saved as OECF calibration text files
and used by the measurement methods specified in this document to accurately interpret scanned code
values as percent reflectance or as reflection density in their analyses.

C.2.2.2 Target definition files

A target definition file is a tab separated text document that contains three sets of data, identified by
tag strings and lengths in the first column of the file. The tabular form of a QA62 twenty patch step
tablet test target is illustrated in Table C.9. The units for X and Y locations are millimetres.
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Table C.9 — Target definition file structure

Target Name
1 Applied Image QA62 SFR & OECF
Fiducials ID X Y Prompt
4 ULC 4 4 Click on upper-left " + " mark.
URC 70 4 Click on upper-right " + " mark.
LRC 70 70 Click on lower-right " + " mark.
LLC 4 70 Click on lower-left " + "' mark.
Calibration ID X Y dX dy Dvis
20, T1 13.5 13.032 4.752 4.752 0.111
T2 23.3 13.032 4.752 4.752 0.162
T3 32.5 13.032 4.752 4.752 0,196
T4 41.478 13.032 4.752 4.752 0.276
T5 50.982 13.032 4752 4.752 0.384
R6 60.486 13.032 4.752 4752 0.485
R7 60.486 22.47 4.752 4.752 0.551
R8 60.486 31974 4.752 4.752 0.577
R9 60.486 41.478 4.752 4.752 0.666
R10 60.486 50.982 4752 4.752 0.719
B11 60.486 60.486 4.752 4.752 0.796
B13 41.478 60.486 4.752 4.752 0.93
B14 32.5 60,486 4.752 4.752 0.984
B15 23.3 60486 4.752 4.752 1.043
L16 13.5 60.486 4.752 4.752 1.085
L17 13.5 50.982 4.752 4.752 1.191
L18 13.5 41.478 4.752 4.752 1.278
L19 13.5 31974 4.752 4.752 1.421
L20 13.5 22.47 4.752 4.752 1.66
The data assqciated with:the 'Target' tag has one value and one field: "Name". In the instance shown
in Table C.9, the "Name\is-"Applied Image QA62 SFR & OECF". The data associated with the “Fiducials”
tag has four vplues in'each of four fields: "ID", "X", "Y" and "Prompt". In the instance shown in Table C.9,
the "ID" refefs t@ corner marks in ULC (upper left corner), URC, LRC or LLC corner of the farget,
their associaedX-and Y positions, and the text strings used to prompt a user to identify each| of the
fiducial positioms,imrturm—Thedataassociated-withr the“Cattbrationtaghas26-vatuestreacirof 6 or

9 fields: "ID", "X", "Y", "dX", "dY" and "Dvis" (or "Dr", "Dg", "Db" and "Dvis"). In the instance shown in
Table C.9, “ID" identifies each of the 20 patches in the target. Associated with each patch are the "X" and
"Y" centre positions of each patch, the width, "dX", and height, "dY", of each patch and the measured
density, "dVis" of the patch. For a grayscale calibration, "Dvis" is the visual reflection density for each
patch tabulated from measurement of all patches with a calibrated reflection densitometer. For an RGB
OECF calibration, four measurement fields, corresponding to reflection densities measured through
red, green, blue and visual filters, ("Dr", "Dg", "Db" and "Dvis") are tabulated instead of one field, "Dvis",
for the grayscale case.

A target definition file shall be created by the user of this document, in the manner specified here,
for every target utilized in OECF calibration of scanners employed in attribute evaluation using the
measurement methods specified in this document.
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OECF calibration of any reflection scanner used in the measurement methods specified in this document
is required. OECF calibration of a qualified reflection scanner is a four step process, summarized below

and in

Table C.10.

1) A physical instance of a step tablet target with at least ten steps shall be selected. The uniform
patches of this target shall span the range of densities expected in the set of print samples to be
evaluated with the measurement methods specified in this document.

2) An individual target definition file shall be created for each step tablet target used for OECF
calibration. Variability in the manufacture of these step tablet targets is too large to permit use

of]
pr
IS
Ne¢

ovided in the reference distribution for a generic QA62 test target from Applied Im
D 16067-1 target, a generic ISO/IEC 24790 conformance target and a generig,apbra
utral Value Scale patches available from the Munsell division of the X-Rite-Corpor

The individual target definition file for each physical step tablet instance involve
the density measurements for each patch of the step tablet targetlin the target
either from Dvis values, for a grayscale calibration, or from D13 Dg, Db and Dvis
red, green, blue and visual filter density measurements, botli\ébtained from a w
reflection densitometer for each patch of the step tablet.

If the physical arrangement of patchesin a step tablet to.be used for OECF calibratic
the arrangement documented in the reference distribution files, these fields in
target definition file shall be updated with position'and size measurements from

step tablet target.

If a different set of fiducial marks or a different set of user prompt strings are t
relevant fields in the target definition.files shall be updated accordingly.

Table C.10:% OECF calibration process

ition files are
age, a generic

nEement of the
a

ion.

tabulation of
lefinition file,
values for the
ell-calibrated

ndiffers from
the individual
the individual

b be used, the

OECF calibration step tablet:target:

At least ten steps

Uniform patches

Spans printer density range

Target definition file:

Name of physical step tablet target

Location of all fiducials

User prompt string for each fiducial

Location of each patch centre

Size of each patch

Measured density of each patch

(Dvis or Dr, Dg, Db and Dvis)

Scan of step tablet target:

According to Annex B specifications

ISOIEC29112_autoOECF
(Application or
Matlab function):

Input: Target definition file for step tablet target

Input: Lossless bitmap scan file of step tablet tar

get

Output: OECF calibration process report file

Output: OECF calibration file

3) With a calibrated target definition file associated with the individual step tablet target to be used
for OECF calibration of a qualified scanner, the individual step tablet target shall be scanned with
the qualified scanner in accordance with Annex B and a lossless bitmap file of the scanned step
tablet shall be saved.

4) With the target definition file for the individual step tablet target from step 2 to guide the extraction
of image regions from the scanned step tablet from step 3 for each of the patches in the target, the
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average scanned image code value for each patch region shall be related with the measured density
values of those patches. A model-based least-squares fit of this relationship then provides a fit
characteristic from which fitted density or reflectance values can be associated with every integer
code value provided by the scanner, according to ISO 14524 specifications, and saved as a scanner
calibration text file. This process is provided by either the application, “ISOIEC29112_autoOECF.
exe”, or the Matlab routine, “ISOIEC29112_autoOECF.m". A report file, summarizing the quality of

the calibra

tion process is also provided.

C.2.2.4 Scanner OECF conformance

The OECFE_ Conformance sub d1rectory of the OECF d1rectory in the reference distribution file

structure co
conformance
Report_exped

Before use,

autoOECF" ap

in conforma

"[SOIEC29117_

an OECF calik
Conformance
directory. Th
calibration pif
similar to the

The "OECF_re
refl_expected,
within one pe
are shown in

Figure C.1.

18024790 1200pp1 OECF t1f an example of the OECF process report

est page,
ed.xls", and an example of an OECF calibration file, "OECF_refl_expected.txt"

plication or the "ISOIEC29112_autoOECF.m" Matlab routine shall 'be verified
e with the specifications of this document using the following process. Use eit}
autoOECF" application or the "ISOIEC29112_autoOECF.m" Matlab routine to p
ration process utilizing the bitmap scan file "IS024790_1200ppi_OECFE.tif" in the
sub-directory and the target definition file "Config_OECF:IS024790.xls" in thd
e standard error of the OECF fit, as reported by the "QECF_report" file created
ocess, shall be less than one percent of the measuremént range, which should log
"OECF_Report_expected.xls" file in the reference distribution file structure.

fl.txt" file created by the calibration process shall*be substantially similar to the
.txt" file in the reference distribution file structure, matching element by elen
rcent. This conformance process is summarized in Table C.11 and the expected fit

Table C.11 — OECF calibration conformance verification

24790
OECF_

dn implementation of the OECF calibration process provided by the' [ISOIEC29112_

to be
er the
prform
OECF_
OECF
by the
k very

OECF_
ent to
results

ISOIEC

Annex]

29112_autoOECF: |Input: Target.definition file: "Config_OECF_IS024790.x1s"

Application Input: Lossless bitmap scan file: "1S024790_1200ppi_OECF.tif"

Output: OECF calibration process report file
Matches "OECF_Report_expected.xls" with fit error of <1 %

or
Matlab file)

Output: OECF calibration file
All elements match "OECF_LUTS_Refl_expected.txt" within 1 %

B compliant scan
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Figure C.1 — OECF calibration conformance fit

Scanner SFR evaluation and conformance

General

-edge SFR (spatial frequency response) analysis)of'the scan of a sharp slanted edg
irate characterization of that scanner's spatial.frequency response capability. Slay
is was developed in ISO 12233 and has beenspecified as a method for characteriz

g systems in ISO 16067-1. The implementation of the sfrmat3 Matlab routine,
067-1, has been extended to include the*ROI size and position variation techniqug
he ISOIEC29112_ScannerSFR application utilized here.

Scanner SFR evaluation

tion of a reflection scanning system's spatial frequency response characterist
ion test target with a sharp edge transition. The Dmin - Dmax slanted-edge elem
790 conformance test target provides the sharp edge transitions for this purpose.

flection scanning'system to be evaluated shall be set up according to Annex B spec

e ISO/IEC24790 conformance test target shall be placed near the centre of the s
that the-slanted square element of the test target is centred on the platen and th
Inted square element are rotated between 5° and 10° from the platen edges.

e can provide
ited-edge SFR
ing reflection
Heveloped for
 discussed in

ic requires a
ent of an ISO/

fications.

canner platen
b edges of the

scanned bitmap of the slanted square region for analysis.

Use of several identical scans is encouraged to minimize noise in the analysis.

Theltést target region containing the slanted square element shall be scanned using a reflection
scmmmmmrMWBmmml@ a lossless

Slanted-edge SFR analysis of the scanned bitmap images is summarized in Table C.12 and can utilize
either the application "ISOIEC29112_ScannerSFR.exe" or the "ISOIEC29112_ScannerSFR.m" Matlab
routine. In either case, OECF calibration of the scanning system as specified in C.2.2 and ROI size and
shape variation as specified in 4.6 shall be employed to minimize the bias introduced by any particular
ROI choice. The scanner SFR characteristic provided by this analysis shall be documented and saved for
use with other measurement methods specified in this document.
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Table C.12 — Scanner SFR analysis process

Annex B compliant scanning: | Target to scan: ISO/IEC 24790 conformance test target

Target positioning: Square element centred and

page edges parallel to platen

Output: Lossless bitmaps of slanted square region

ISOIEC29112_ScannerSFR:| Input: Lossless bitmaps of slanted square region

Input: Scanner OECF characterization file

Output: Scanner SFR report file

C.2.3.3 Scanner SFR conformance

The ScannerSFR_Conformance sub-directory of the Scanner_SFR directory in the reference distrjbution
file structure| contains three files: a lossless bitmap scan file of the slanted square region of an 1SO/
IEC 24790 cofpformance test page, "[S024790_SE_1200ppi.tif", an example of the expected scanner SFR
analysis procgss report, "1S024790_SE_1200ppi_Summary_G_expected.xls", and the OECF caliljration
file required for conformance evaluation, "OECF_LUTs_Refl_example.txt.

Table C.13 — Scanner SFR conformance process

)

bference implementation: [ISOIEC29112_ScannerSFR.exe or SOIEC29112_ScannerSFR.m
1S024790_SE_1200ppi.tif

OECF_LUTs_Refl_example.txt
[S024790_SE_1200ppi.ScannerSFRreport_G_expected.csv
Smoothed sampling éfficiency (left, right, top, bottom):

89:0/83.9, 63.6, 64.4

Reference bitmap file:
OECF file:

ed evaluation results file:

Expect

Expected evaluation results:

Conformance tolerance: [Within 1 %
Before use, gn implementation of the scanner SFR evaluation process that is provided by the
"ISOIEC29112_ScannerSFR" application orthe "ISOIEC29112_ScannerSFR.m" Matlab routine shall be

verified to be
either the "IS
to analyze th
the scanner O
Conformance

in conformance with the specifications of this document using the following proce]
DIEC29112_ScannerSFR-exe" application or the "ISOIEC29112_ScannerSFR.m" Mat
b scanned bitmap image-of the conformance test page, "1S024790_SE_1200ppi.tif
[ECF calibration file, "OECF_LUTs_Refl_example.txt", both obtained from the "Scann
sub-directory ofthe Scanner_ SFR directory in the reference distribution file struc

ks. Use
ab file
using
prSFR
fure.

The values re
"1S024790_SH
of the Scanng
conformance.

ported in the\'ISO24790_SE_1200ppi_Summary_G.csv" file shall match the values
_1200ppitSummary_G_expected.csv" file in the ScannerSFR_Compliance sub-dix
r_SFR directory in the reference distribution file structure to within one perc
Thiscenformance process is summarized in Table C.13.

in the
ectory
bnt for

C.3 Measurement methods, evaluation and conformance

C.3.1 General

The native addressability measurement method is a purely subjective evaluation and does not require
conformance testing aside from the printing system requirements specified in Annex A. The evaluation
and conformance process for the effective addressability, edge blurriness, edge raggedness, slanted-
edge SFR and square-wave SFR measurement methods is specified in this annex. The implementations
of the measurement methods for evaluation of edge blurriness, edge raggedness, slanted-edge SFR and
square-wave SFR each include the technique for ROI size and shape variation discussed in 4.6 and the
scanner SFR normalization technique discussed in B.4.4.
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Effective addressability measurement method evaluation

The effective addressability of a printing system shall be evaluated from scans of the newest available
effective addressability test pages as specified in 4.3, printed according to the specifications of Annex A
and scanned according to the specifications of Annex B. Printed samples of the effective addressability
test pages shall be placed on the scanner platen such that the edges of the printed samples are rotated
45° with respect to the edges of the scanner platen. This is summarized in Table C.14.

Table C.14 — Effective addressability analysis process

Annex B compliant scanning: | Target to scan: TP2-H2x_EffAddrHorz or TP2-V2x_EffAddrVert

fad 400 £

the platen edges

To £ ibioaain D atead o d oot
Fargetposttioning:Pagecentredandretated45fronm

Output: Lossless bitmaps of scanned target samples

ISQ

IEC29112_EffectiveAddressability:| Input: Lossless bitmaps of scanned target samples

Input: Scanner OECF characterizatiomfile

Output: EffAddr_Results report file

C.3.3

Before
beinc

in Fig
Confor
1. RY
2. Enq
3. Ke
4. Py
5. Cd
an

Effective addressability evaluation conformance

use, an implementation of the effective addressabiltity mieasurement method shall
pnformance with the specifications of this document using the process specified he
res C.2 and C.3 and Table C.15.

mance verification for effective addressability:

n the effective addressability implementation (ISOIEC29112_EffectiveAddressabili
ter the file name of the reference bitmapfile (EffAddr_RefBitmap.tif) using the “Bn
ep default options, but select 9 subsections (if an out-of-memory error occurs, sele
ess “Run”.

nformance is confirmed when the effective address results graph that appears at
alysis closely resembles Figure C.2 above or the image file EffAddr_Histogram_exp

Table C.15 — Effective addressability conformance

be verified to
re and shown

Ly (.exe or.m).
owse” button

Ct 16).

the end of the
ected.png.

Reference implementation: | ISOIEC29112_EfffectiveAddressability (.exe or .np)

Reference bitmap file: | EffAddr_RefBitmap.tif

Expected evaluation results file: | EffAddr_Histogram_expected.png

Expected evaluation result:| See Figure C.2
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C.3.4 Edge

The edge blu
evaluated fro
according to {

elements of the printed samples to be analyzed shall be centred in the platen area (see B.4.2) w|

edges of the s
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Figure C.2 — Expected results (figure)
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Figure C.3 — Expected results (inforrmation)

1 C.3 show the expected graphical and informative output of the conformance eva
ce bitmap image. A conforming implementation of the effective addressability

have approximately three times the area as the right (non-zero) peak. The loca
pak indicates the effective addressability which in this case is 600 ppi (two 1 2
UI “Default” output is selected, files-of the figure (.fig and .png format) and of the a
txt format) are saved in the dirgctory of the analyzed image file.

blurriness and edge raggedness measurement method evaluation

m scans of the newest available TP3_EdgeMeasures test page as specified in 4.4, g
he specifications.of Annex A and scanned according to the specifications of Annex

hmple page,parallel to the platen edges. This is summarized in Table C.16.

Table€.16 — Edge blurriness and edge raggedness analysis process

uation
ethod

a result that closely resembles Figure C.2,with two well separated peaks. The left peak

ion of
00 ppi
halysis

[riness measurement-method and the edge raggedness measurement method shall be

rinted
B. The
ith the

Auwex B compliant scanning: | Target to scan: TP3_EdgeMeasures

Target positioning: Page centred on elements to
analyze (see B.4.2), page & platen edges parallel

Output: Lossless bitmaps of scanned target samples

ISOIEC29112_EdgeMeasures:| Input: Lossless bitmaps of scanned target samples

Input: Scanner OECF characterization file

Output: EdgeReport file

C.3.5 Conformance of the edge blurriness measurement method

Before use, an implementation of the edge blurriness measurement method shall be verified to be in
conformance with the specifications of this document using the process specified here and shown in

Table C.17.
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Conformance verification for edge blurriness:

1.
2.

C.3.6 | Conformance of the edge raggedness measurement method

N e

Run the edge blurriness implementation [ISOIEC29112_EdgeMeasures (.exe or .m)].
When prompted, select the reference bitmap file (SlantedEdge_1200ppi_Reference.bmp).

When prompted, select the OECF calibration file (OECF_LUTS_Refl_example.txt) for use with
this bitmap.

When prompted, select the scanner SFR measurement file (ScannerSFR_Summary_G_example.csv).

Select the 8° orientation element (click near the centre of the element).

The analysis results are saved as a text file (SlantedEdge_1200ppi_Reference_EdgeRdgport.txt).

Open the results file. If the reported evaluation results for edge blurrinessnatch|the expected
evlaluation results of Table C.15 for edge blurriness within 1 % tolerance, confgrmancd is confirmed.

Table C.17 — Edge blurriness conformance

Reference implementation: [[SOIEC29112_EdgeMeasures (.exe“or .m)

Reference bitmap file: [ SlantedEdge_1200ppi_Refergnge:tif
OECF file:|OECF_LUTs_Refl_example.txt

ScannerSFR measurement file: | ScannerSFR_Summary-G. example.csv

Expected evaluation results file: | SlantedEdge_1200ppi_Reference_EdgeReport_expect¢d.txt

Expected evaluation result:| Edge blurriness{left, right, top, bottom):
51.2, 53.2, 56.9, 51.5

Conformance tolerance: |Within 1%

Evaludtion of edge blurriness and edge raggedness result from a single slanted-edge gnalysis using
the I$0IEC29112_EdgeMeasures.exe-” application of the ISOIEC29112_EdgeMeasurgs.m routine.
Conforimance of the edge raggedness measure can be obtained through the same analysis used for

verificption of the edge blurriness measure.

Beford use, an implementation of the edge raggedness measurement method shall be vefified to be in
conforimance with the §pecifications of this document using the process specified here and shown in

Table €.18.

Conforymance vekrification for edge raggedness:
1.
2.

N oo e

Run the edge raggedness implementation [ISOIEC29112_EdgeMeasures (.exe or .m)].

When'prompted, select the reference bitmap file (SlantedEdge_1200ppi_Reference.bmp).

When prompted, select the OECF calibration file (OECF_LUTS_Refl_example.txt) for use with
this bitmap.

When prompted, select the scanner SFR measurement file (ScannerSFR_Summary_G_example.csv).
Select the 8° orientation element (click near the centre of the element).
The analysis results are saved as a text file (SlantedEdge_1200ppi_Reference_EdgeReport.txt).

Open the results file. If the reported evaluation results for edge raggedness match the expected
evaluation results of Table C.18 for edge raggedness within 1 % tolerance, conformance is
confirmed.
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C.3.7 Slanted-edge printer SFR measurement method evaluation

Table C.18 — Edge raggedness conformance

Reference implementation: [[SOIEC29112_EdgeMeasures (.exe or .m)

Reference bitmap file: | SlantedEdge_1200ppi_Reference.bmp
OECF file:|OECF_LUTs_Refl_example.txt

ScannerSFR measurement file: | ScannerSFR_Summary_G_example.csv

Expected evaluation results file: | SlantedEdge_1200ppi_Reference_EdgeReport_expected.txt

Expected evaluation result:| Edge raggedness (left, right, top, bottom):
8.36, 8.03, 8.96, 8.32

Conformance tolerance: |Within 1 %

The slanted-¢dge printer SFR measurement method shall be evaluated from scansof’the Iewest

available TP3| EdgeMeasures test page as specified in 4.5 and particularly 4.5.3, pninted accor

ing to

the specificatjons of Annex A and scanned according to the specifications of Annex'B. The elempnts of
the printed sgmples to be analyzed shall be centred in the platen area (see B.4.2) with the edgeq of the

sample page parallel to the platen edges. This is summarized in Table C.19.

C.3.8 Conformance of the slanted-edge SFR measurement method

Table C.19 — Slanted-edge printer SFR analysiS-process

Annex B compliant scanning: | Target to scan: TP3_EdgeMeasures

Target positionings Rage centred on elements to

analyze (see B4.2), page & platen edges parallel

Output: Lossless bitmaps of scanned target samples

ISOIBC29112_SlantedEdge_PrinterSFR:| Input: L@ssless bitmaps of scanned target samples

Input: ‘Scanner OECF characterization file

Ougput: SEprinterSFRreport

Before use, a) implementation of the(slanted-edge SFR measurement method shall be verified tp be in
conformance [with the specifications of this document using the process specified here and sh¢wn in

Table C.20.
Conformance|confirmation fer’slanted-edge SFR:

1.

o ;oA woN

50

Run thd slanted‘édge SFR implementation ISOIEC29112_SlantedEdge_PrinterSFR.eke or
ISOIEC29[112_SlantedEdge_PrinterSFR.m.

When prampted, select the reference bitmap file (SlantedEdge_1200ppi_Reference.tif).

Select the OECF calibration file (OECF_LUTS_Refl_example.txt) for use with this bitmap.
Select the scanner SFR normalization file for use with this bitmap ("ScannerSFR_example.txt").
Select the 8° orientation element (click and drag, or default for double-click).

The analysis results are saved as a text file, SlantedEdge_1200ppi_Reference_
SEprinterSFRreport_G.txt.

Open the results file. When the reported evaluation results for slanted-edge SFR match the expected
evaluation results of Table C.20 for slanted-edge SFR within 1%, conformance is confirmed.
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Table C.20 — Slanted edge SFR conformance

Reference implementation: [ [SOIEC29112_SlantedEdge_PrinterSFR (.exe or.m)
Reference bitmap file: [ SlantedEdge_1200ppi_Reference.tif
OECF file:|OECF_LUTs_Refl_example.txt

ScannerSFR measurement file:| ScannerSFRreport_G_example.csv

Expected evaluation results file:| SlantedEdge_1200ppi_Reference_SEprinterSFRreport_G_expected.csv

Expected evaluation result:| Smoothed sampling efficiency (left, right, top, bottom):
579, 57.3, 47.6, 57.5

Conformance tolerance:|Within 1 %

The square-wave SFR measurement method shall be evaluated from scans of)thie newest available
TP4V_BquareWaveSFR test page as specified in 4.5 and particularly 4.5.5,printed acdording to the
specifications of Annex A and scanned according to the specifications of An#iéx B, with careful attention
to alignment on the scanner platen. A bitmap version of this test page{TP4B_SquareWgveSFR.eps) is
provided for use if the vector code of TP4V_SquareWaveSFR.eps is mis-interpreted by the|printer RIP.

The elements of the printed samples to be analyzed shall be centred in the platen area (spe B.4.2) with
the edges of the sample page carefully aligned parallel to the platen edges (see 4.5.5, withfn 0,25°). This

is summarized in Table C.21.

C.3.1(Q Conformance of the square-wave SFR measurement method

Table C.21 — Square wave SFR analysis process

Annex B compliant scanning: | Targetto scan: TP4V_SquareWaveSFR
(e¥TP4B_SquareWaveSFR if RIP mis-interpretgtion)

Target positioning: Page centred on elements tp

analyze (see B.4.2), page & platen edges pardllel

Output: Lossless bitmaps of scanned target sathples

ISOIEC29112_SquareWave ‘PrinterSFR:| Input: Lossless bitmaps of scanned target sarhples

Input: Scanner OECF characterization file

Output: SWprinterSFRreport

Beforg use, an implementation of the square-wave SFR measurement method shall be vefified to be in
conforjmance with the specifications of this document using the process specified here pnd shown in

Table €.22.
Conforimance confirmation for square-wave SFR:

1.

Run the square-wave SFR implementation ISOIEC29112_SquareWave_PrinterSFR.exe or
[SOIEC29112_SquareWave_PrinterSFR.m.

Select the configuration file for the target to be analyzed (Config_SqWvSFR_5bar.txt).
Select the OECF calibration file for the scanner used in the evaluation (OECF_LUTS_Refl_example.txt).

Select the measured SFR characteristic file for the scanner used in the evaluation
(ScannerSFRreport_G_example.csv).

Select the reference bitmap file (SqareWave_1200ppi_Reference.tif).

When an image of the reference bitmap file is displayed, drag a selection rectangle around a single
set of horizontal and vertical bars with white space outside of the outermost rectangle surrounding
the sets of bars.
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With the selected region displayed, use the "Rotate Clockwise" button to orient the image so that
the text specifying the number of printer spots employed in each bar of square-waves is oriented
for easy horizontal reading, then press the "Continue” button to start the analysis.

Yellow rectangles are displayed indicating the regions of interest (ROIs) used for analysis (defined
in the configuration file). Scanner SFR normalization plots for horizontal and vertical patterns
are then displayed, followed by the analysed square-wave SFR graphs for horizontal and vertical
patterns.

Open the results file. Conformance is confirmed when the reported evaluation results for square-
wave SFR match the expected evaluation results of Table C.22 for square-wave SFR within 1 %.

Table C.22 — Square wave SFR conformance

Refergnce implementation: [ [SOIEC29112_SquareWave_PrinterSFR (.exe or.m)

Reference bitmap file: [ SquareWave_1200ppi_Reference.tif
OECF file:|OECF_LUTs_Refl_example.txt

Scanner SFR measurement file:| ScannerSFRreport_G_example.csv

Target Definition file: [ Config_SqWvSFR_6bar_example.xls

Expected gvaluation results file: | SquareWave_1200ppi_Reference_SWprinterSFRreport_expected.cs

Z

Expected evaluation result:| Smoothed sampling efficiency (Horizontal) Vertical)
74,4, 65,2
Conformance tolerance:|Within 1 %
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Annex D
(informative)

Reporting

D.1 Single configuration report

The inftent of an assessment report is to provide the measured results of the assessme

a cont

assess
for the
1. Dq
2. Dq

as
3. Dd
4. Dq
5. Dd

us
SC

bxt of the setup and testing processes of the resolution assessment sufficient to 1
ment. These are shown in Table D.1. As specified in 6.2, the required configuration d
assessment of a single printer configuration includes:

cumentation of the assessor and the environmental conditions in which the assess

cumentation of the printer, its setup configuration, paper/metion direction
sessment.

cumentation of the substrate used for assessment.

The substrate weight, surface and classification are required.

The manufacturer and name of the substrate are*optional, but often very useful.
cumentation of the test page submission process.

cumentation of the setup and the conformance of the scanner and scanner contr
ed for measuring a printing system’stresolution characteristics along with names
hnner files.

Table D.1 — Example of single configuration assessment documentatio

Item: Information:

nt along with
eproduce the
hbcumentation

ment is done.

and state at

ol application
of associated

Units:

Test conditions: Assessment Date: | 27-Aug-18

Assessor or assessing organi-

. Benchmarks-R-US
zation:

Environmental conditions: | 25 °C, 40% RH

°C, % RH

Printer: Manufacturer and model: | Acme HeRes-1200

Configuration: | Default settings (1 200 spi, RET on

Component condition: | New printing cartridge (5 prints)

Printer driver version: |v. 2.1

Paper motion orientation: | Along the long edge

Reported printer address-

ability: 800 spi

spi

Substrate weight, surface and

Substrate:
type:

80 gsm, uncoated, Bond

Substrate manufacturer and
name:

Hammermill LaserPrint Bond

Method of test page submis-

Submission: .
sion:

Copy, using a command Window

Scanning: Scanner manufacturer: | E-scan S-2400

Resolution setting:| 1 200 ppi

ppi

Scanner conformance: | Yes

Scanner OECF compensation: | Reflection aim

Scanner SFR normalization: | None (for internal use only)
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Table D.1 (continued)

Item:

Information:

Units:

Measurements,

test pages &

conformance:

Measurement name/conform-
ance:

Native Addressability / compliant

Native addressability test
page name:

TP1_NativeAddr_vl.eps (setat 806.4 spi)

Assessment element orienta-
tion:

IT /XT

Measurement name/conform-
ance:

ISOIEC29112_EffectiveAddressability_v1

/ compliant

Effective addressability test
page name:

TP2-H2x_EffAddrHorz_v1.eps (set at
806.4 spi)

Effective addressability test
page name:

TP2-V2x_EffAddrVert_v1.eps (setat
806.4 spi)

Assessment element orienta-
tion:

IT/XT

Measurement name/conform-
ance:

ISOIEC29112_EdgeMeasureswl /
compliant

Edge blurriness test page
name:

TP3_EdgeMeasures_v1.eps

Assessment element orienta-
tion:

8° (nearly XT), 98° (nearly IT)

Measurement name/conform-
ance:

ISOIEC291M2_EdgeMeasures_v1 /
compljant

Edge raggedness test page
name;

Assessment element orienta-
tlon:

TP3.EdgeMeasures_vl.eps

8° (nearly XT), 98° (nearly IT)

Measurement name/eonform-
ance:

ISOIEC29112_SlantedEdge_PrinterSFR_
vl / compliant

Slanted-edge\SFR test page
name:

TP3_EdgeMeasures_vl.eps

Assessntent element orienta-
tion:

8° (nearly XT), 98° (nearly IT)

Measurement name/conform-
ance:

ISOIEC29112_SquareWave_PrinterSFR_
vl / compliant

Square-wave SFR test page
name:

TP4V_SquareWaveSFR_v1.eps (set at
806.4 spi)

Assessment element orienta-
tion:

IT /XT

As specified in 6.3, the required documentation of associated measurement results includes:

6. For each attribute,-documentation of the measurement method used and its conformance, t
page used and the orientations of the test page elements with respect to paper motion throu

printer.

he test
gh the

7. Afull enumeration of the assessment results including the name of the characteristic, its orientation,
its measured values, the number of elements contributing to the measured values and their units.

The full assessment documentation can be tabulated in a single table or can take a two-part form such
as that shown in Tables D.1 and D.2, with the second table tabulating the measurement results.

As noted in Clause 6, the native addressability as reported by a printing system is documented in the
configuration documentation. Native addressability, separately evaluated with the native addressability
test page, and the measurement results of other attributes specified in this document are reported in
the associated measurement results table.

Table D.2 shows an assessment in which all the print quality characteristics contributing to the
perceived resolution of the assessed printer were measured and reported.
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For measurements that share the same analysis method and test page, there is no need to report the
analysis method, test page name and analysis method conformance in duplicate.

Table D.2 — Example of single configuration measurement documentation

Attribute name: Orientation: Data: mean, stdev, min, max # Elements: Units:

Native addressability Horz, XT, 0° & Vert, IT, 90° 1200,1200 1 spi

Effective addressability Horz, XT, 0° & Vert, IT, 90° 1200,1200 1 spi

Edge blurriness Horz, XT, 0° 5,7,0,8, 3,0, 6,4 6 microns

Edge blurriness Vert, IT, 90° 6,2,09,3,3,79 6 microns

Edge blurriness 8° 69,1,2,4,2,9,3 6 microns

Edge blfirriness 98° 7,0,1,3,4,1,9,4 6 micyons

Edge raggedness Horz, XT, 0° 91,1,5,5,8,12,7 6 microns

Edge raggedness Vert, IT, 90° 9,5,1,5,6,1,13,0 6 microps

Edge rapggedness 8° 12,2, 2,4,8,5, 16,0 6 microns

Edge raggedness 98° 12,4,2,5,8,6,16,5 6 microps
Slantedfedge SFR Horz, XT, 0° 52,0,3,4,7,57 6 cy/mnph @ 50 % SFR
Slantedfedge SFR Vert, IT, 90° 53,0,3,4,7,5,9 6 cy/mnp @ 50 % SFR
Slantedfedge SFR 8° 4,5,04,3,8,5,3 6 cy/mnp @ 50 % SFR
Slantedfedge SFR 98° 4,4,04,3,7,5,2 6 cy/mnm @ 50 % SFR
Square-{wave SFR Horz, XT, 0° 51,0,3,4,6,5,6 5 cy/mnp @ 50 % SFR
Square-{wave SFR Vert, IT, 90° 52,0,3,4,7,5,7 5 cy/mnp @ 50 % SFR

D.2 Multiple configuration report

The intent of a report of a multiple configuration assessment is to provide the measu
bessment along with a context of the setup and testing processes of the resolutig

the as
suffici

As spd
config

1. Dq

2. Dd
as

3. Dq

bnt to reproduce the assessment.

irations includes:

sessment.

cumentation-of the substrate used for assessment.

The substrate weight, surface and classification are required.

cumentation of the assessor and the environmental conditions in which the assess

cumentation of the printer, its setup configuration, paper motion direction

The'manufacturer and name of the substrate are optional, but often very useful.

Fed results of
n assessment

cified in 6.2, the required configuration documentation for the assessment of myiltiple printer

ment is done.

and state at

4. Documentation of the test page submission process.

5. Documentation of the setup and the conformance of the scanner and scanner control application
used for measuring a printing system’s resolution characteristics along with names of associated
scanner files.

The required documentation of associated measurement results, as specified in 6.3, includes:

1. Documentation of the configuration of the printer.

— This supersedes the conventional reporting of printing system configuration as part of the test

configuration table.
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2. For each attribute, documentation of the measurement method used and its conformance, the test
page used and the orientations of the test page elements with respect to paper motion through the

printer.

3. Afull enumeration of the assessment results including the name of the characteristic, its orientation,
its measured values, the number of elements contributing to the measured values and their units.

A convenient report structure is to report those documentation entries that are common to all
configurations in one table, and then the documentation entries that vary with configuration, along
with their associated measurement results, in a second group of tables, one table per configuration.

Table D.3 — Example of common documentation for a multiple configuration assessment

Item: Information: ;]nits:

Test conditions:

Assessment Date:

27-Aug-14

Assessor of assessing organization:

Benchmarks-R-US

Environmental conditions:

25°C, 40 % RH

°C

% RH

Printer:

Manufacturer and model:

Acme HeRes-1200

Component condition:

New printing cartridge (5 prints)

Printer driver version:

v.2.1

Paper motion orientation:

Along the long edge

Reported printer addressability:

800 spi

spi

Substrate:

Substrate weight, surface and type:

80 gsm, uncoated, Bond

Substrate manufacturer and name:

Hammermill LaserRfrint'Bond

Submission:

Method of test page submission:

Copy, using a command Window

Scanning:

Scanner manufacturer:

E-scan S-2400

Resolution setting:

1200 ppi

ppi

Scanner conformance:

Yes

Scanner OECF compensation:

Reflection aim

Scanner SFR compensation:

None (for internal use only)

Measurements,
test pages &

conformance:

Measurement name/conformauee:

Native Addressability / compliant

Native Addressability test page name:

TP1_NativeAddr_v1.eps (set at 806.4 spi)

Assessment elemerit orientation:

IT / XT

Measurement name/conformance:

ISOIEC29112_EffectiveAdressability_v1 / compliant

Effective addressability test page name:

TP2-H2x_EffAddrHorz_v1.eps (set at 806.4 spi)

Effective addressability test page name:

TP2_V2x_EffAddrVert_vl.eps (set at 806.4 spi)

Assessment element orientation:

IT /XT

Measurement name/conformance:

ISOIEC29112_EdgeMeasures_v1 / compliant

Edge blurriness test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurementname/conformance:

ISOIEC29112 EdgeMeasures v1 /compliant

Edge raggedness test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurement name/conformance:

ISOIEC29112_SlantedEdge_PrinterSFR_v1 / compliant

Slanted-edge SFR test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurement name/conformance:

ISOIEC29112_SquareWave_PrinterSFR_v1 / compliant

Square-wave SFR test page name:

TP4V_SquareWaveSFR.eps (set at 806.4 spi)

Assessment element orientation:

IT /XT

The example shown here is in multiple tables, the first containing common documentation, the
second containing documentation and measurement results pertaining to the first printing system
configuration, and the third table containing documentation and measurement results pertaining to
the second printing system configuration.
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This documentation shown in Table D.3 is common to both of the configurations whose individual
configurations and associated measurement values are reported in Tables D.4 and D.5.

Table D.4 — Example of the first configuration measurement results of a multiple configuration

assessment

Configuration: | Default settings (1 200 spi, RET on)

Attribute name: Orientation: Data: mean, stdev, min, max # Elements: Units:

Native addressability Horz, XT, 0° & Vert, IT, 90° 1200,1200 1 spi

Effective addressability Horz, XT, 0° & Vert, IT, 90° 1200,1 200 1 spi

Edge blyirriness Horz, XT, 0° 5,7,0,8, 3,0, 6,4 5 miekons

Edge blyirriness Vert, IT, 90° 6,2,09,3,3,79 5 mIerons

Edge blfirriness -8° 69,1,2,4,2,9,3 5 microps

Edge blyirriness 82° 7,0,1,3,4,1,9,4 5 microns

Edge raggedness Horz, XT, 0° 91,1,5,5,8,12,7 5 micronps

Edge raggedness Vert, IT, 90° 9,5,1,5,6,1,13,0 5 microns

Edge raggedness -8° 12,2,2,4,8,5,16,0 5 microns

Edge raggedness 82° 12,4,2,5,8,6,16,5 5 micronps
Slantedfedge SFR Horz, XT, 0° 52,0,3,4,7,5,7 5 cy/mn} @ 50 % SFR
Slantedfedge SFR Vert, IT, 90° 53,0,3,4,7,5,9 5 cy/mn} @ 50 % SFR
Slantedfedge SFR -8° 4,5,0,4,3,8,5,3 5 cy/mn] @ 50 % SFR
Slantedfedge SFR 82° 4,4,0,4, 3,7,/5,2 5 cy/mn} @ 50 % SFR
Square-{wave SFR Horz, XT, 0° 5,1,0,3,456,5,6 5 cy/mn} @ 50 % SFR
Square-{wave SFR Vert, IT, 90° 5,2,034,7,5,7 5 cy/mn] @ 50 % SFR

configuration assessment

Table D.5 — Example of the second configuration measurement results of a multiple

Configuration: | LowRes settings (600 spi, RET off)

At{ribute name: Orientation: Data: mean, stdev, min, max # Elements: Units:

Native dddressability Horz, XT;:0° & Vert, IT, 90° 600,600 1 spi

Effective addressability HorZ:XT; 0° & Vert, IT, 90° 600,600 1 spi

Edge blyirriness Horz, XT, 0° 58,0,8,29,6,5 5 microns

Edge blyirriness Vert, IT, 90° 6,3,09,3,2,8,1 5 micronps

Edge blfirriness -8° 8,2,1,2,5,2,11,3 5 microgs

Edge blyirriness 82° 8,5,1,5,4,0,12,4 5 microns

Edge raggedness Horz, XT, 0° 9.0,1,5,5,8,12,5 5 micronps

Edge raggedness Vert, IT, 90° 9,6,1,5,6,2,13,1 5 microns

Edge raggedness -8° 15,2, 2,9, 8,0, 18,0 5 microns

Edge raggedness 82° 15,4, 3,0, 8,2, 18,5 5 microns
Slanted-edge SFR Horz, XT, 0° 53,0,3,4,75,8 5 cy/mm @ 50 % SFR
Slanted-edge SFR Vert, IT, 90° 53,0,3,4,6,59 5 cy/mm @ 50 % SFR
Slanted-edge SFR -8° 3,5,0,4,3,0,4,3 5 cy/mm @ 50 % SFR
Slanted-edge SFR 82° 3,4,04,29,4,2 5 cy/mm @ 50 % SFR
Square-wave SFR Horz, XT, 0° 51,0,3,4,6,5,6 5 cy/mm @ 50 % SFR
Square-wave SFR Vert, IT, 90° 52,0,3,4,7,57 5 cy/mm @ 50 % SFR

Note that the printer configuration record that was part of the configuration documentation shown for
a single configuration assessment in Table D.4 has moved to the top of each of the tables summarizing
the measurement results for each of the individual configurations to provide each table with the
required configuration context.
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If any other record of the common documentation for a multiple configuration assessment changes
in any of the different configurations assessed, that record moves from the common documentation
illustrated in Table D.3 to the top of each of the tables summarizing measurement results for a
configuration.

For instance, if the substrate type is changed, this change creates a new assessment, or if the age
(number of prints) of an imaging component is followed over its effective life, each of the evaluations
along the component lifetime that the printing system is assessed becomes a separate assessment.
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Annex E
(informative)
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ve not yet been, but could be, ported to other printing system'centrol languages.

inting systems.

e content encoding capabilities of PostScript provide the most reliable means of ¢
inting system workflow to avoid printing artefdets that compromise measurement

ages are provided in two different formats for the evaluation of native addr
pasurement of effective addressability.and for the measurement of the printin
teristic using square-wave elements:

capsulated PostScript (EPS) format:

e EPS format is adaptable to the addressability of the printing system raster im
d can be reliably sent to aify RIP with knowledge that the test page content will ¢
the addressability reported by the RIP.

stScript-based Portable Document Format (PDF).

F is a final form format that can be created for the exact addressability of the prinf
evaluated but'is simple to send to a printing system. The test pages for use with
e provideddn PDF format for the common printing system addressabilities, 600 spi
printable-PDF file with arbitrary addressability can be created from an EPS test

sufitable PDF compiler.

e test page implementation currently restricts usage«of’ this document to Pos

L of attributes

vector-based,

y of a printing
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tScript-based

pntrolling the
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ing system to
his document
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page using a

AnnextA-sp
a printing system.

—specitiesaprocedure thatcan-berelinbly used tosubmit a PDE gran EPS file 1y
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The measurement methods specified in this document have been developed in as general a manner as
possible to avoid dependencies on characteristics of any particular printing technology. So far, these
measurement methods have been verified only for electro-photographic printing systems.

Future revisions of this document could reflect additional verification experiments that demonstrate
and extend the applicability of these measurement methods to other printing technologies.

Annex F summarizes the verification studies carried out with electro-photographic printing technology.
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E.2 Printing system workflow concerns

Applications and printer drivers both “help” to produce a pleasing print. In many cases, the help
provided creates significant issues in the ability to correctly render and print a test page. Annex A
specifies procedures that usually avoid these “helpful” re-interpretations of test page content so that
correct prints of the test pages required for the use of this document can be produced. The aim of this
clause is to acquaint the user of this document with potential test page printing problems and the
severity of their effect on the printing system resolution attribute measurement methods.

The most frequent printing system problem is scaling. Scaling affects some of the test page elements
more than others. Table E.1 summarizes the major causes of scaling error and the severity of their
effects on attribute measurements. The most common forms of scaling error are encountered when

application of]
“Fit to Page” ¢

Another impo
addressability
Aliasing betw
a printing sys

driver scaling are not both explicitly set to 100 %. Never use page size modifiers.quch as
r “Scale to Fit”.

rtant cause of scaling error occurs when a PDF test page distilled for oneqrinting $ystem
, say 600 spi, is submitted to a printing system with a different addressability, say §00 spi.
ben these two different frequencies occurs and measurements are significantly affected. For
fem whose addressability is neither 600 spinor 1 200 spi, an appropriate PDF test pgge can

be created using an appropriate PDF compiler, the EPS version of the test page/and knowledge of the true

addressability
provide an ap
required editj
for the requir

In most case
addressability
the EPS versi
if the RIP dos
system addre
the capability
Once found, t
addressability

Scaling error:

Table E.1 — Scaling error

Solution:

Application sc

pling:

Setscaling to 100 % or 1:1

Printer driver]

scaling:

Set scaling to 100 % or 1:1

Addressability

r mismatch;

Use EPS test page or correct PDF test page

Incorrect RIP

hddressability:

Set EPS test page to true addressability

Test page:

Sensitivity to scaling error:

s, the necessity for distilling an appropriateyRDF test page for a printing §
 not directly supported by the distributed PDF test pages can be avoided by subr
bn of the test page instead of a PDF versionsAn important but rare exception can
s not report the true addressability of a printing system. In this case, the exact p
ksability can be found either by consulting the printing system documentation or by

of the native addressability test page to show the true printing system address
he EPS version of the test page canvbe edited to explicitly define the true printing §
b, then the edited test page can be correctly submitted.

Artefact:

of the printing system to be evaluated. The required editing of'the EPS test page corftent to
bropriate native addressability test page is documented in 4:2:2. The documentation[for the
ng of the effective addressability test page is documentediin 4.3.2 and the documentation
bd editing of the square-wave SFR test element is documénted in 4.5.5.

ystem
hitting

occur
"inting
r using
hbility.
ystem

Native addressability:

Adapts for up to 2 % scaling error

No transition in fine scales

Effective addressability: Moderate to severe Non-uniform lines of line spacing
Blurriness: Not sensitive Element too small
Raggedness: Not sensitive Element too small

Slanted-edge SFR:

Not sensitive

Element too small

Square-wave SFR:

Severe

Non-uniform lines and/or spaces

Any scaling error artefact observed in a print of a test page is a fatal printing error. To correct this
error, scaling should be explicitly set to 100 % or 1:1. Then the test page can be re-printed and verified
to be free of any scaling artefact.

Page placement modifiers such as page centring can be used to place the image properly on a page,

without dimensional change.

60

© ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=7a25da8db6b4390ef4ad2d48587813b5

ISO/IEC 29112:2018(E)

Another very common workflow-induced error can be caused by the colour management process
of the printing system. The colour representation of all elements in the test pages employed for the
attribute measurements specified in this document is Separation-Black. This colour representation is
not processed by most colour management systems and is passed through to the printer unchanged
as binary information for a single separation of black toner. However, in some instances, a colour
management system can have a pre-defined interpretation for Separation Black, which will re-interpret
the test page information thereby printing with colorants different from the intended colorant
or printing solid objects in an unsaturated manner or with a halftone pattern present. Table E.2
summarizes this error.

Table E.2 — Colour management system induced error

Test] Sensitivity to screening: Artefact:

page:
t page | Severe

i colorants

nagement re-
verified to be

| Any te | Gray, unsaturated or halftone pattern. Multiple or unintende

Any te
interp
free of

st element printed with a halftone pattern is a fatal printing error. The.colour m3
Fetation of the page should be corrected then the test page should be re printed and
any halftone content.

E.3

The mpasurement methods specified in this document were developed as general tools, ifdependent of
any pdrticular printing technology, but they have been verified only for electro-photographic printing
systenps.

Assessment of electro-photographic printing systems

y

Annex
of thed

F summarizes the verification experiments that were run to ensure the utility and r
e measurement methods for electro-photographic printing systems.

pproducibility

Native|

fine s
systeri
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T}

configuration documentation. Measurement of native addressability using the met

in
pr
In

ca
th

Hq
ad

addressability provides the enabling:framework in a digital printing process
atial detail. In many cases, the in-tfack and cross-track native addressabilities
differ, often showing a different degree of physical overlap of adjacent printed sp
htions.

e native addressability claimed by a printing system is a required field in th

this document can be used to confirm the accuracy of the native addressability c
inting system.

practice, the native addressability claimed by a printing system is usually correct,
ses where the\actual native addressability has differed from the claimed native 3
e discrepdncy has been less than about 1 %.

wever, even such a small discrepancy should be corrected for in the printing of
dressability and square-wave SFR test elements.

for depicting
of a printing
bts in the two

e assessment
hod specified
Jaimed by the

hnd in the few
ddressability,

the effective

When left uncorrected, this level of scaling error is apparent, though somewhat subtle, in the

effective addressability test page, but becomes obvious in the square-wave SFR test page in the
form of non-uniform width lines and spaces in the test elements.

Such artefacts severely compromise the integrity of the associated measurement methods and are

a fatal error.

Effective addressability is a measure of the minimum pitch by which the centre of an object can be
displaced and evaluates the effect of the position modulation, size modulation or exposure modulation
utilized by resolution enhancement technologies utilized in a printing system.

In many cases, the in-track and cross-track effective addressabilities of a printing system differ.
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— The measure of the effective addressability of an electro-photographic printing system specified
in this document uncovers the inherent capability of a printing system for finer levels of edge
placement than the native addressability grid.

Both native addressability and effective addressability are quantized; native addressability as spots
per inch (e.g. 600 spi, 1 200 spi or 2 400 spi) and effective addressability often as an integer multiple of
the native addressability.

Until dominated by other factors (e.g. minimum spot size), measures of these quantized attributes
are clustered, appear to correlate with perceived resolution and are important contributors to the
capability of an electro-photographic printing system to depict fine detail.

essing
edness, edge blur and edge SFR characteristics.

— The nor
straight

al edge profile (NEP) illustrates how rapidly a transition is made perpendicular to a
dge.

— The width of this transition is directly related to the perceived edge blurriness)of a printing system.

— The tangential edge profile (TEP) illustrates how much a straight printed-edge deviates fijom its
requested straight line behaviour.

— Edge raggedness provides a measurement of this deviation from"straightness. These profiles are
illustratef in Figure 3.

Resolution erthancement technology is often employed in digital printing systems to mitigdte the
influence along slanted edges of the printing grid defined by.the printer native addressability.

— Edgeraggedness providesameasure of the deviations ofa printed edge from arequested straightline
and provides a means for assessing the reductioniifreédge raggedness when resolution enhan¢ement
technology is effectively employed. Edge raggedness often depends strongly on the orientaftion of
the evalupted edge.

— In-track edge raggedness is evaluated(across edge boundaries oriented along the cross-track
direction

— Cross-trafk edge raggedness is\evaluated across edge boundaries oriented along the ip-track
direction

— Measureq of edge raggedness for edges oriented at a small angle from the in-track or cross-track
directionf (e.g. 8° and\98°) most clearly show any limitations that the resolution enhan¢ement
technology can have;

The transitio width-efan edge provides a measure of edge blurriness that contributes to the perlceived

"inting

— In-track edge transition width is measured across boundaries oriented along the cross-track
direction.

— Cross-track edge transition width is measured across boundaries oriented along the in-track
direction.

— Anincreased level of edge blur is often a leading indicator of poor maintenance or aged components
in electro-photographic printing systems.

The recommended 1 200 ppi minimum optical resolution of scanning systems qualified for use with
this document along with the statistical super-resolution capability of the slanted-edge method is
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sufficient for the evaluation of blur, raggedness and spatial frequency response of the current electro-
photographic printing systems encountered in office imaging.

If scanner capability, time and scanned bitmap storage allow, scanning at higher optical resolutions can
provide cleaner measurement data. See Annex B for guidance.

The different SFR assessment methods employed in ISO/IEC 29112 are sensitive to different printing
system process characteristics.

Test page addressability shall be set to the exact printing system addressability

artefacts

The 1-D square-wave SFR method is sensitive to edge, spot-size, spot-shape and adjacency effects.

to avoid fatal

TH
tr

T}
tr

hck printing direetion and evaluates the slow-scan characteristics of a printing syst

hck printing direction and evaluates the fast-scan characteristics of a printing systg

a
p

A‘1gled slanted-edge SFR characteristics evaluate the capability of a printing system

intinig directions (e.g. 8° or 98°), the slanted-edge SFR measure is sensitive to t

Alignment of print sample edges to the scanner platen edges within 0,252Whe
important.

If the spot size or adjacency effects of the printing system are large, the SFR g
derived from high spatial frequency fundamentals may disagree with those deriv
spatial frequency fundamentals. A high spatial frequency bar may bé removed fro
by editing the configuration file in order to provide a consistentimeasure of printin

Behaviour of the SFR characteristic derived from the fupdamentals of the variou
provides a useful printing system diagnostic: inconsistent SFR characterist
printing system behaviour that changes with the frequency of the bar patterns
a bar pattern can be filled in more than expected-at the highest frequencies and
lower modulation in the square-wave SFR analysis.

Examine the relative size of marks and spaces in the bar patterns to underst
nonlinearities.

On rare occasions, a printing system has mis-interpreted the vector code
SquareWaveSFR test page. A bitmap version of this test page (TP4V_SquareWave
provided for backup.

Ensure that the square-wave edges are sharp. The bitmap version of the SquareW,
is rendered by some RIPs'as quasi-sine waves, which are not correctly analyzed.

e slanted-edge SFR ¢haracteristic at 0° is evaluated across a boundary oriented al

e slanted-edge.SFR characteristic at 90° is evaluated across a boundary oriented

traight, angled edge. When evaluated at small angles with respect to the cross-tra

n scanning is

haracteristics
ed from lower
m the analysis
g system SFR.

5 bar patterns
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For instance,
provide much

ind identified

of the TP4V_
BFR) has been

hveSFR target

bng the cross-
em.

along the in-
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he smoothing

effectiveness of resolution enhancement technology.

For the blurriness, raggedness and SFR measurements, elements oriented along horizontal, vertical, 0°
or 90° axes evaluate the printing system capabilities along the cross-track or in-track directions.

enhancement capabilities.

manner than with the 8° tilt.

addressability can be required.
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Elements tilted at a larger angle (e.g. 24°) generally evaluate the printing system in a less critical

Depending on system characteristics, a scanner resolution greater than the printing system
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— Further details regarding the correlation of the measurement methods specified in this document
with the perception of fine levels of detail through psychometric scaling studies for a wide range
of electro-photographic printing systems are presented in the verification experiments summary
provided in Annex F.

— In these verification experiments, the observed range of edge blurriness was small and other
attributes were dominant.

Table E.3 summarizes the recommended measures for the assessment of electro-photographic printing
system resolution.

Table E.3 — Measurement recommendations for electro-photographic printing system

assessment
Measyre: Recommendation:
Native addresgability: Reported in assessment configuration documentation

Effective addrssability: | Recommended measure to show inherent printing system capapilities

Edge blurriness: Recommended (but limited response in verification experiments [see Annex FJ))]
Edge raggedng¢ss: Recommended

Slanted-edge $FR: Recommended

Square-wave §FR: Recommended (but critically dependent on propex test page printing and aliggment)

Verification gxperiments have only been made for electro-photographic printing systems. Sejparate
experiments pre required to verify the applicability of the nmieasurement methods specified |n this
document forfassessing the perceived resolution of other pririting technologies. See Annex F.
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Annex F
(informative)
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A particularly poor case is shown in Figure F.1 b). This condition could not be corrected sufficiently

to exhibit sufficient stability for conformance. The control software for this scanner could also be
run in a faster scan mode that traded quicker scans for a slightly increased level of noise.
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The AOECF characteristic for this scanner is shown in Figure F.1 c). The deviations are in
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Figure F.3 a) shows the SFR variability, as a deviation from the mean SFR characteristic, of a single
scanned slanted-edge element evaluated over the large set of small changes in ROI position and
shape with a maximum amplitude of 100 pm. This is the data summarized as “Scan 11” in Figure F.2.
Figure F.3 b) shows the identical SFR variability as Figure F.3 a), with the sixteen scans of a single
slanted-edge element each evaluated using the same ROI superimposed with black lines (summarized
as “Individual” SFR characteristics statistics in Figure F.2).

The upper envelopes of the two SFR characteristic variations are very similar.

Normal fit: mean parameter = 51,05 Weibull fit: shape parameter = 51,63
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Figure F.4 — SFR variability distribution

5 from the large set of small changes explore alarger, but somewhat sparse, range i
y. This is also seen in the long lower tail of\the statistics shown in Figure F.4. Sa
e fraction of the Nyquist frequency eorresponding to the frequency where th
has dropped to 10 % of its zero-frequency value) is again used in this analysis.

anormal distribution, parameterized by a mean value and standard deviation, illug
F.4 a) is simple to obtain.
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a Weibull distribution, illustrated in Figure F.4 b), handles the observed tails betfer and

parameter of this distribution provides a better single parameter estimate than thg
is significantly more difficult to calculate.

P mean

aluation variability of the simple set of repeat measurements or the range of evaluation
results obtaifed with the Jarge set of small variations in ROI position and shape show the ne

a set of R@Rvariations to obtain a central estimate for reporting printing syste

The standlard deviations of the large set of small ROI variations evaluated for each of the 3

Cessity
m SFR

ixteen

separate

bcatys shown in Figure F.2 ranges from ~0,95 for Scan4 to ~1,59 for Scan15.

The evaluated sampling efficiency values span a range from 44,7 to 53,8.

values of these distributions span a range of ~1,1.

evaluation value.

The standard deviation of the mean values of these sixteen distributions is only ~0,29. The mean

The mean value of an evaluated distribution is clearly much more stable than an individual

The minimum number of evaluations forming the distribution from which the mean value is to be

reported, as specified in 4.5, is 81 (three variations each in x-position, y-position, width and height
of the ROI used in evaluation).
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