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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the spemahzed system for worldwide standardlzatlon National bodies that are members of

J ] Qln
established by the respectlve orgamzatlon to deal with part|cular f|elds of technlcal activity. 1IS©
echnical committees collaborate in fields of mutual interest. Other international organizations, gover
bnd non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field)of infg
echnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

The main task of the joint technical committee is to prepare International Standards. Draft Inter
Standards adopted by the joint technical committee are circulated to national bodies for voting. Public
AN International Standard requires approval by at least 75 % of the national bedies casting a vote.

n other circumstances, particularly when there is an urgent market requirement for such documents,
echnical committee may decide to publish an ISO/IEC Techhical Specification (ISO/IEC TS)
represents an agreement between the members of the joint technical committee and is acce
bublication if it is approved by 2/3 of the members of the commitieée casting a vote.

An ISO/IEC TS is reviewed after three years in order to decide whether it will be confirmed for a furth
years, revised to become an International Standard,*or" withdrawn. If the ISO/IEC TS is confirm
reviewed again after a further three years, at which.time it must either be transformed into an Inter
Standard or be withdrawn.

Attention is drawn to the possibility that some of the elements of this document may be the subject g
rights. 1ISO shall not be held responsible for-identifying any or all such patent rights.

SO/IEC TS 29112 was prepared by dJoint Technical Committee ISO/IEC JTC 1, Information tec
Subcommittee SC 28, Office equipment.

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 4.
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Introduction

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

This Teghnical Specification prescribes the following:
¢ |Definitions of the print quality characteristics that contribute to perceived resolution.
¢ [Definitions of conformance methods to qualify a reflection scanner for use as a measurjng device.

e |A testing procedure based upon: a well-documented printer and printing environment setup; well
controlled printing of specified test charts; and subsequent measurement, 6f relevant print quality
characteristics using test pattern elements on the printed test charts.

¢ |Definitions of methods for measuring the contributing print quality chatacteristics using test patterng
elements of the printed test charts, analyzing the resulting data, and‘deriving an assessment of printe
resolution.

o |Requirements for the report of a printer resolution assessment that define the context of thg
assessment and describe the results of the assessment.

Printer fesolution, a quantification of the ability of a digitalCprinting system to depict fine spatial detail, is g
perceptually complex entity with no single, simple, objective measure. Five print quality characteristics tha
meaningfully contribute to resolution are described¢in this Technical Specification. These print quality
characteristics are: native addressability, effective addressability, edge blurriness, edge raggedness, and thg
printing |system modulation transfer function (MTE).

Native pr physical addressability refers fosthe imaging framework in a digital printing process, usually 3
rectangylar grid of printable spots, which’ enables depiction of fine spatial detail. Native addressability
specifiep only one facet of the perceived resolution of a printing system.

Effectivge addressability is a measure of the minimum pitch by which the centre of a printed object (e.g. ling
segment) can be displaced and\evaluates the effects of imaged spot position modulation, size modulation, o
exposune modulation.

Edge blurriness provides an optical measure of the geometric transition width of an edge between an

straight [line<

The modulation trar er Tur or V de rpoe ne abIlity Or a linhear Imadging system 10 dep ne spalla
detail. The ability to depict fine spatial detail is affected by edge blurriness as well as the spot size of the
printer's marking technology and any adjacency effects that may occur in the reproduction of fine detail. Two
measurement methods are described that provide estimates of the printing system's modulation transfer

function including contributions from edge blurriness, spot-size and adjacency effects.

Verification of the measurement methods specified in this Technical Specification is underway.

vi © ISO/IEC 2012 — All rights reserved
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Information technology — Office equipment — Test charts and

methods for measuring monochrome printer resolution

1 Scope

This Technical Specification defines methods for the objective measurement of the print quality charag
hat contribute to the perceived resolution of reflection mode monochrome printed pages produced b
blectro-photographic printers. The measurement methods of this Technical Spegification are deriv
several existing techniques for the assessment of an imaging system's resolution” characteristics.

Fesolution and should not be used for purposes of advertising claims.

The methods of this Technical Specification are applicable only to mohachrome prints produced in rg
mode by electro-photographic printing technology. The current version of this Technical Specifig

ntended for monochrome printers utilizing Postscript interpretérs capable of accepting Postsc
encapsulated Postscript (EPS) jobs.

2 Normative references
The following referenced documents are indispensable for the application of this document. Fg
references, only the edition cited applies. For*undated references, the latest edition of the ref
document (including any amendments) applies:

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

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

SO 21550, Photography, — Electronic scanners for photographic images — Dynamic range measuren

3 Terms.and definitions

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

B.1

teristics
y digital
ed from
Each of

hese measurement methods is intended for the engineering evaluation of(a, printing system's perceived

pflection
ation is
ipt and

r dated
Brenced

lectronic

graphic

nents

pddressability

number of uniquely identifiable printable spot positions per unit distance

3.2

addressability, cross-track

addressability of the printer in the direction perpendicular to the motion of the print substrate thro
printer

© ISO/IEC 2012 — All rights reserved
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3.3

addressability, effective

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:  The effective addressability of a printer may 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.

3.4
addressability, in-track
addressgability of the printer in the direction parallel to the motion of the print substrate through the printer,

3.5
addressability, native

one ovgr the minimum pitch between adjacent spots that can be independently controlled-and produced by
the printer

Note: | Native addressability is commonly measured in dots per inch (dpi).

3.6
cycles per millimetre (cy/mm)
unit used for specifying spatial frequency

3.7
CMT Agutance (CMTA or Cascaded Modulation Transfer Acutance)

area ungder the system modulation transfer curve formed by mulitiplying (cascading) the individual componen
modulafion transfer functions and the human eye modulation~tesponse characteristic:

MTgyster(V) = MT4(V) X MTo(V) . . . MTi(v), where ong,of the MTF functions is the modulation response

charactgristic of the human eye, and v denotes spatial frequency (cy/mm)
Note: | See reference 1 (Bibliography) for further.detail.

3.8
cross-track
oriented perpendicular to the direction of print substrate motion (cross-track direction)

3.9
edge blurriness
slowly ghanging transition between an unprinted substrate area and a solid printed area

Note: [ The measuredvoptical width of the transition region perpendicular to the straight edge boundary
between_an-unprinted substrate area and a solid printed area provides an assessment of edgs
blurriness.

3.10
edge rgggedness
small deviations of an edge from expected straight line

Note: Measurement of the geometric deviations from straightness of a contour at a specific reflectance
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.

3.1

edge transition width

distance between the points of a normal edge profile identified at 70% of the edge transition reflectance range
and 10% of that reflectance range, the region in which edge blurriness is measured

2 © ISO/IEC 2012 — All rights reserved
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Note:

The edge transition reflectance range is the reflectance difference between the maximum measured

reflectance factor, Ry, typically of the substrate, and the minimum measured reflectance factor, Ry,

typically of a region printed at a maximum printing value.

3.12
edge spread function

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

Infa !n measurement r\F fha adna cr\raorl anr\hnn H'\Ia tone. cr\a!c r\f f_hn cr\anning c\llctnm ha" be
Corrected to be linear in reflectance. See ISO 12231 2005

B3.13

human eye modulation response characteristic

he response of the human visual system to viewed sinusoidal modulation patterns as a.function of th¢ spatial
frequency of these modulation patterns

B.14

n-track

priented along the direction of print substrate motion (in-track direction)

B.15

imiting resolution

spatial frequency at which the modulation of adjacent printed high-contrast lines and spaces is 10% of the DC
modulation capability of the printing system

B3.16

ine pairs per millimetre (Ip/mm)

Linit for specifying resolution in terms of the number.6f equal width black and white line pairs per millimetre
hat can be resolved according to a criterion such asvimiting resolution

B3.17

modulation

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

B3.18

modulation transfer function

MTF

ratio, as a function of spatialfrequency, of the measured modulation response in a print produced by a|printing
system, to the stimulus-modulation presented to that printing system

B3.19

monochrome

brinting usinga'single colorant, in particular, a single black colorant

B3.20

hormatl-edge profile

NEP

reflectance—trace—across—thetransitien—region—perpendicalartethe boundary-ofa—straight-edgebetween an
unprinted substrate area and a solid printed area
Note: The normal edge profile can be represented as the convolution of an edge spread function and an

infinitely sharp edge transition.
modulation transfer function of the linear system represented by the printing system.

3.21
nyquist limit

In turn, the edge spread function is the Fourier transform of the

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

alternatively, one half of the spatial sampling frequency

© ISO/IEC 2012 — All rights reserved
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3.22
pixel
smallest addressable element of a digital source image

3.23

raster image processor

RIP

component used in a printing system which produces a bitmap

3.24
reerctance factor

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

3.25
resolutjon enhancement technology
control of the printed spot position to a pitch that is less than the native addressability of the printing system
accomplished through local control of one or more spot characteristics, which are spot reflectance (gray-leve
modulafion), size of a spot (size modulation), or local position of a spot (position modulation)

3.26
Reflectance threshold
Level inl the reflectance gradient profile of an edge that is at some specified<percentage of the transition fronj
the minjmum reflectance factor (Rmin) to the maximum reflectance factor (Rnax) as: Rp = Rpin + P%(Rmax
Rmin)

3.27
Rmax
maximum measured reflectance factor, typically of the substrate

3.28
Rmin
minimumn measured reflectance factor, typically of @yregion printed at a maximum printing value

3.29
R0
contour|of points of an image element where the edge gradient profiles cross a reflectance level that is 10% o
the trarjsition from the substrate reflectance factor (Rmax) to the minimum image reflectance factor (Rmin)
R10= Rin+10% (Rmax— Rmin)

3.30
Ras
contour|of points of andimage element where the edge gradient profiles cross a reflectance level that is 25% o
the trarfsition from_the-substrate reflectance factor (Rmax) to the minimum image reflectance factor (Rmin)
R25 = Riin+25% (Rmax— Rmin)

3.31
Rao

Contour ofBhointe of an imaaa alamant whara tha adao aradiant nrafilac cracce 3 raflactanca laval that ic 409,
PO SO —ar—+h age-erermeRtwheretHe-eage-graaietrpromesS-6rosSsSatrerecance1evetat1S4ao700

the transition from the substrate reflectance factor (Rmax) to the minimum image reflectance factor (Rmin):
R40 = Rmin+40% (Rmax— Rmin)

3.32

R7o

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 (Rmax) to the minimum image reflectance factor (Rmin):
R7o = Rmin+70%(Rmax— Rmin)

4 © ISO/IEC 2012 — All rights reserved
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3.33

sampling interval

physical distance between a pair of adjacent sampling points, where adjacent sampling points are oriented
along the direction of print substrate motion (in-track direction), or perpendicular to the direction of print
substrate motion (cross-track direction)

3.34
sampling frequency
spatial frequency, measured in units of cy/mm, of adjacent sampling points where sampling points are

oriented-along-the direction-of print-substrate motion-(in=track-direction)—or perpendicular-to-the direction of
~J Lad \ 77 Ll Ll

brint substrate motion (cross-track direction)

B.35

gpatial frequency response

SFR

measured amplitude response of an imaging system as a function of spatial frequency

B.36
spot
smallest mark that can be placed under user control at a desired position\ofia printed page, indepgndently
from all other adjacent marks

B.37
fangential edge profile
TEP
reflectance trace of a contour at a specific reflectance threshiold along the printed rendition of a perfectly
5traight edge boundary between an unprinted substrate area and a solid printed area

B3.38
test chart
Brrangement of test patterns designed to test particular aspects of a printing system

B.39

test pattern
specified arrangement of printable «objéects (test elements) designed to test particular aspects of a|printing
Bystem

B.40

fone-scale correction (scanner)
Higital signal conversien, that adjusts the relationship between the reflectance values of large imaged areas
and the corresponding, digital code values

Note:  Code «alUes are the reflection scanner response to a scanned reflection stimulus (e.g. tegt chart)
tone-scale correction may be used to adjust the relationship between scanned pixel values apd large
area reflectance to an aim relationship, e.g. scanned pixel values that have a linear relationghip with
measured print reflectance.

2pri tattom-cl tsties—Tmethodsf A

4.1 Compliance requirements

The print resolution characteristic measurement methods defined in this Technical Specification rely on the
objective evaluation of scanned images produced by printing test charts. The single exception to this is the
method for native addressability which relies on the visual evaluation of a printed test chart.

The test charts, the printing process employed to print test chart samples for evaluation, the measurement

methods, and the characteristics of the scanner employed for objective evaluation shall all meet compliance
requirements to ensure that the reported measurements are valid.

© ISO/IEC 2012 — All rights reserved 5
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411 Test chart compliance

The test charts for this technical specification are specified in Annex A (normative), Test charts. These test
charts are included in the distribution media of this Technical Specification and are also available from the ISO
web site at http://standards.iso.org/ittf/PubliclyAvailableStandards/SC28_ Test Pages. The ZIP file
TS29112_TestCharts contains the current set of Test Charts for use with this Technical Specification.

The name and version of each test chart used in printer resolution assessment shall be recorded in the test
report.

These test charts are provided in Encapsulated Postscript (EPS) format. With Postscript compatible printérs
this format permits matching the test chart content to the addressability characteristics of the printer'sraste
image pgrocessor (RIP).

4.1.2 Printing process compliance

The prinfting process specified in this Technical Specification avoids the re-interpretations 0ftest chart conten
provided by many imaging or graphics applications. The assessment of printer resolution characteristics is
thus mdde independent of application features and is therefore representative of the’inherent capability of the
printer.

The procedure specified in Annex B (normative), Printing method, shall be used to submit the test charts fo
this prirfter resolution assessment to the printer being assessed. The name, of the printer, the settings of thg
low-levgl printing application used to submit the test charts, and a spegcification of the printing application, as
specifiefd in clause 6.2 and in Annex B, shall be recorded in the test report.

One or more pages shall be printed prior to running a test to ensure that the printer is properly warmed up.

4.1.3 $Pcanner characteristics compliance

Many of the measurement methods utilized in this Technical Specification employ a reflection scanner as an
analyticlmeasurement device. These measurements will provide an accurate assessment of printer resolution
charactgristics only if the scanner capabilities are sufficiently high that the scanner itself does not limit the
assessment and if the scanner control application is configured to deliver accurate and repeatable imagery
Annex €, (Normative) Scanner conformance specifies the conditions that shall be met by a reflection scanne
and its $canner control application for qualification as a measurement device in the measurement methods o
this Tedhnical Specification.

4.1.4 Measurement method-compliance

The prqcedures specifiedin” Annex D, (normative) Measurement method conformance, shall be used td
qualify the measurementmethod implementations used with this Technical Specification.

Failure fo use a compliant implementation of the measurement methods defined in this Technical Specification
shall invalidate.any test results obtained using that implementation. The name of the implementation and the
name df thelimplementer, or implementing organization, for each measurement method used in printe
resolutiTn assessment shall be recorded in the test report.

4.2 Native addressability

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

A Postscript printer RIP will provide a value for the printer addressability when queried. When printed, the test
chart for evaluating native addressability automatically obtains addressability values from the RIP.

Note: In most cases, evaluation of the printed target will simply verify the native addressability reported by the
printer's RIP.

6 © ISO/IEC 2012 — All rights reserved
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4.2.1 Method for measuring native addressability

Unlike the other measurement methods specified in this Technical Specification, the native addressability of a

printing system is determined by visual evaluation. This visual evaluation procedure may be iterative.

Table 1, Native Addressability

Test chart: JADDIN180_TestChart.eps (per Annex A (Normative))
Test chart editing: |(Optional) To over-ride addressability values reported by the RIP

—PTmting methodATTording to the procedure specified mATmex B{Normmative)

Analysis method: |Visual evaluation

Printing method. The native addressability test chart contains three sets of elements as shown in Figur

Print the test chart file ADDIN180_TestChart.eps according to the method specified in Annex B,(Normative),

e 1.

Printing status and configuration check elements:
The native addressability reported by the RIP is shown here. ———————
Two check elements are visually evaluated to verify that the
printing configuration allows correct assessment of the native

addressability test chart. All four checkerboard patterns and all
eleven levels of the tone scale ramp should be evident and distinct;

X-Y Addressability Indicafor.s

If not evident and distinct, a workflow or RIP configuration error is
indicated (improper resolution, high-contrast tone-scale, binary
rendition, etc.) which must be remedied before utilizing this-target.

Coarse native addressability assessment scales:
Cross-track and in-track scales are provided to estimate the

approximate native addressability of a printing system. Moire
patterns in these elements disappear at the printer resolution.
Visual assessment of these positions and thé-adjacent
resolution scales provides an indication of\the approximate
native addressability.

Fine native addressability assessment’scales:
Cross-track and in-track scales are provided to estimate the
native addressability of a printing system to much higher Figure 1. Native addressability tes
precision.
Visual assessment of the)position where the Moire patterns in these elements disappear provides

The ADDIN180_TestChart.eps file queries the addressability characteristics of the printer's raste
brocessor (RIP)}\and adjusts the test chart content to exactly match these reported addre
Characteristics)

Note: In.most cases, evaluation of a printed page of the ADDIN180_TestChart.eps file will simply v
hative~addressability that is reported by the printer RIP and displayed in the upper right corner are
arget.' This reported value is correct if both of the following conditions are met:

precise and accuratesmeasure of the native addressability of the printing system under assessmennt.

t chart

a very

r image
ssability

erify the
8 of the

1) The native addressability indicated by examination of the coarse native addressability assessment

scales is within two percent of the native addressability reported by the RIP.

2) The native addressability indicated by examination of the fine native addressability assessment
scales is within 0,2 pixels per centimetre (or 0,5 pixels per inch) of the native addressability reported

by the RIP.

If the in-track and cross-track native addressability indicated by examination of the in-track and cro

ss-track

coarse and fine assessment scales are both within two percent of the value reported by the printer's RIP, then
the fine assessment scales are in range and the native addressability values obtained by visual evaluation of
both coarse and fine assessment scales should be considered as the true in-track and cross-track native

addressability of the printing system.
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If the visual inspection results differ from the value reported by the RIP by more than two percent, then the fine
assessment scales will be out of range and will not provide an unambiguous measure of the printing system's
true native addressability. Further investigation is required and consists of three steps:

1) Open a renamed copy of the ADDIN180_TestChart.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 the values determined by visual inspection of the original sample
print of the native addressability target. The /SetDPI line of the Postscript text file is illustrated below.

o°

/SetDPI 0 def 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\fo
adjust the center spi to show in the large squares (becaiisé
the automatic adjustment is off center) then it is pogsible to

set it here.

o° o° o o° o\

o\

rint and evaluate the edited and saved test chart. When the coarse in-track and-Ccross-track native
Hdressability obtained by evaluation of the most recently printed test chart are gach within two percen
f the addressability values entered through the text editor into the defining fields of the test chart file
hen the fine native addressability scales are in range and visual evaluation ¢an’provide a measuremen
f the true native addressability of the printing system that is accurate to,within 0.2 pixels per centimetrg
r 0.5 pixels per inch). This is the tolerance required for evaluation of printer native addressability.

=0 O [

~ 0

3) Iflvisual inspection of the printed test chart 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
stscript file in order to evaluate the printing system native‘addressability by repeating steps 1 — 3

ote: Usually one iteration of this process will be sufficient to provide an accurate estimate of thg
native addressability of a printing system.

The values obtained 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 in clause 6.3.

4.3 Effective addressability
The effe¢ctive addressability of a printer may be greater than its native addressability. This higher effective
addresdability is generally controlled algorithmically within the digital data path processing of the printer and ig

generally not accessible to a user pf\the printer. The effective addressability of a printer may differ in the in-
track difection and in the cross-track-direction.

4.3.1 Method for measuring effective addressability

Create a renamed copy.of the files EffAddr03_IT.eps and EffAddrO3_XT.eps. Open this copy in a text edito
and edi{ the line that;specifies the native addressability of the printer to be tested.

Table 2, Effective Addressability

Test chart: |EffAddrO3_IT.eps (per Annex A (Normative))
EffAddr03_XT.eps (per Annex A (Normative))
Test chart editing: |(Required) To specify addressability
Printing method:]According to the procedure specified in Annex B (Normative)
Scanner conformance: JAccording to the procedure specified in Annex C (Normative)
Measurement conformance: JAccording to the procedure specified in Annex D (Normative)
Reference analysis method: |EffAddr_v03

Print the edited and saved test chart files according to the method specified in Annex B (Normative), Printing
method. The effective addressability test chart shall be edited, saved, and printed separately to evaluate in-
track effective addressability and to evaluate cross-track effective addressability.
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The set of sample prints created by printing the edited and saved test chart files shall be scanned at a
resolution equal to or greater than the native addressability of the printing system being assessed or at a
scanning resolution that is at least half of the effective addressability of the printing system being assessed,
whichever is greater. Measurement of effective addressability may require re-scanning at a higher scan
resolution. (The test chart 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 C (normative), Scanner conformance, to provide valid lossless image files for analysis. An

illustrative region of a printed EffAddrO3_|IT.eps file is illustrated in Figure 2.
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Figure 2. Effective Addressability test ehart.

Analyze the scanned image files using the effective addressability measurement method defineq in this

Technical Specification or a conforming implementation of this)measurement method (Annex D.1, Effective

hddressability measurement method). If the analysis shows two peaks, the effective addressability repprted by

he analysis is obtained from the position of the second ‘peak. If the analysis shows only a single pgak, the
effective addressability test charts must be renamed," edited, saved, reprinted and reanalyzed Until the

Bnalysis shows two peaks. The process to be followed'if the analysis shows only a single peak is as fo|lows:

1. Open a re-named copy of the effectiveladdressability test chart and edit the Postscript line specifying
the target resolution. Increase the target resolution multiplier by a factor of two from its previolis value
(the initial value of the target ‘resolution multiplier in any evaluation must be 2.) The ¢ffective

addressability of the printing system being assessed is the target resolution times the target rgsolution

multiplier.

Save and print the edited copy of the effective addressability test chart according to the |method

specified in Annex B {Normative), Printing method.

3. These newly printed”samples shall be scanned at a resolution equal to or greater than the native
addressability ©of, the printing system being assessed or at a scanning resolution that is at least half of
the effectiveCaddressability of the printing system being assessed, whichever is greater. The scanner
characteristics at this resolution shall conform to the requirements specified in Annex C (norfmative),
Scanneér conformance, to provide valid lossless image files for analysis.

4. Analyze the scanned image files using the effective addressability measurement method dgfined in
this Technical Specification or a conforming implementation of this measurement method (Annex D.1,

Effective addressability measurement method). If the analysis shows two peaks, the ¢ffective

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 — 4 must be repeated until

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

addressability shall be entered into the printer resolution test report as specified in clause 6.3.

4.4 Edge blurriness and edge raggedness

Two characteristics of straight edges are of particular importance in characterizing a printing system:
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The normal edge profile (NEP) illustrates how rapidly a transition is made perpendicular to a straight edge.
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 from its requested straight
line behaviour. The magnitude of the deviations from straight line behaviour is directly related to the
perceived edge raggedness of a printing system. These two edge characteristics are illustrated in figure 3.

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

Figure 3. Edge blurriness and edge raggedness

4.4.1 Edge blurriness

The mepsured width of the transition region perpendicular to a straight edge between a solid printed area and
a bare $ubstrate area correlates well with the perceived blurriness of a printing system. A smaller transition
width cprrelates with smaller perceived edge blurriness (i.e. greater perceived“edge sharpness). Edgg
blurrinegs is a characteristic of the normal edge profile (NEP) of a printed edge;

The bluyfriness of a printed edge is evaluated across the transition regionybetween an unprinted substrate
area, w|th a measured reflectance factor R., and a printed solid area; with a measured reflectance facto
Rmin- Thie region of interest (ROI) used in the evaluation of edge blurrifiess shall extend at least 5mm along the
printed pdge and at least 2mm perpendicular to the printed edge; extending at least 1mm into the unprinted
area anfd 1mm into the printed area. The scanned image of this,ROI, corrected by an OECF LUT to provide ¢
reflectance measure, is analyzed to determine the constanteflectance factor contours within the transition
region gt reflectance threshold values of 70%, and 10% (Ryg.and Ry, contours).

R7otoR10
distance at top

R7o
distance|1
The fitted The fitted
Ry;line leine

|~ \distance 2

R7otoR1.o
distance at'bottom

Figure 4. Calculation of the average distance between the R;,and R;, contours, DIS74.1o

The Rz, and R, contours are then each fitted to a straight line. Since the lines fitted to the R7, and Ry
contours may not be parallel, the average distance between the R;,and R, contours, DIS7y.1, is calculated
by averaging the two distances at the ends of the fitted line segments, as described in figure 4 and the
following equation.

DIS7y.10 = (distance 1 + distance 2) / 2 Equation 1
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The final edge blurriness value is the average distance between the two fitted lines, DIS7,.19, weighted by the

square root of the average density of the printed solid area region (a unit-less weighting factor).

Edge Blurriness= DISy0.10 / \Dayg Equation 2

The printed solid area density is evaluated within the 25% reflectance contour (Rjs) of the printe

d edge.

Edge blurriness is measured using the edge transitions along the sides of the objects illustrated in figure 5.

4.4.2 Edge raggedness

Fdge raggedness is a measure of the deviations of a printed straight edge from its expected. 'stra
behaviour. dge raggedness is a characteristic of the tangential edge profile (TEP) of a printed edge.

The raggedness of a printed edge is evaluated within the transition region between an.unprinted s

Rmin- The region of interest (ROI) used in the evaluation of edge raggedness shall extend at least 5Sm
he printed edge and at least 2mm perpendicular to the printed edge, extending at least 1mm
Linprinted area and 1mm into the printed area. The scanned image of this ROIl;corrected by an OECH
brovide a reflectance measure, is analyzed to determine the constant reflectance factor contours w
ransition region at a reflectance factor of 40% (R4 contour).

n k
EdgeRaggedness = 1 > \/ ﬁ > (residuals froma line)’ Equ
n —

Jj=1 i=1

The edge raggedness measure is the standard deviation.of the distances between the R, contod
straight line fitted through the Ry, contour.

#.4.3 Method for measuring edge blurriness and edge raggedness

Print the test chart file EdgeMetric_v8_ TestChart.eps according to Annex B (normative), Printing prd
brinted version of this file is illustrated (n figure 5, and contains elements used to estimate th
Characteristics of a printer.

0° orientation 8° orientation 24° orientation

Figure 5. Edge characteristics test chart.

Table 3, Edge Blurriness and Edge Raggedness

ght line

Lbstrate

Brea, with a measured reflectance factor Ry, and a printed solid area, with a measured reflectande factor

m along
nto the
LUT to
thin the

ation 3

rand a

cess. A
e edge

Test chart: |[EdgeMetric_v8_TestChart.eps (per Annex A (Normative))

Printing method:]According to the procedure specified in Annex B (Normative)

Scanner conformance: |According to the procedure specified in Annex C (Normative)

Measurement conformance: JAccording to the procedure specified in Annex D (Normative)

Reference analysis method:|aboutedge
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The set of sample prints created by printing the test chart file shall be scanned at a resolution at least twice
the native addressability of the printing system being assessed. The scanner characteristics at this resolution
shall conform to the requirements specified in Annex C (normative), Scanner conformance, to provide valid
lossless image files for analysis.

Select one or more of the angled elements in the scanned image files for separate, independent analysis
using the blurriness and raggedness measurement methods defined in this Technical Specification or a
conforming implementation of these measurement methods (Annex D.2, Blurriness measurement method and
Annex D.3 Raggedness measurement method) The results reported by these measurement methods provide

The valpies reported for edge blurriness and for edge raggedness shall be entered into the printer resotution
test repprt as specified in clause 6.3.

4.5

Deetail carrying capability

The mofulation transfer function provides an effective method of describing the capability-of a printing systen
to depidgt detail as a function of spatial frequency. For this Technical Specification, twomethods for estimating
complementary aspects of detail rendition capability are employed.

4.5.1 Printer MTF estimation from edge characteristics

Slantedtedge SFR (spatial frequency response) analysis of printed edge tfansition characteristics contributes
a measyire of the printer's modulation transfer function from the Fouriertransform of the edge spread function
This esfimate of the printer MTF characteristic reflects the contribution of edge sharpness to the perceived
resolution of a printing system.

The EdpgeMetric_v8_ TestChart.eps test chart, illustrated in figure 5, contains objects that can provide an
estimat¢ of the printer MTF characteristic based on the slanted-edge SFR method (Annex D.4, Slanted-edge
SFR mgasurement method).

MTF esfimates may be made using in-track, cross-track or slanted edges. hese estimates of the printer MTH
characteristic reflect the contribution of edge sharpness to the perceived resolution of a printing system. A
choice is available to select between three_sets of edges provided in the EdgeMetric_v8 TestChart.eps tes
chart: 0T and 90° in-track and cross-track edges, 8° and 82° slanted edges, and 24° and 66° slanted edges.

4.5.2 Method for measuring printerrMTF from edge characteristics
Print the test chart file EdgeMetric_v8 TestChart.eps according to Annex B (normative), Printing process. A
printed persion of this file isuillustrated in figure 5, and contains elements used to provide an estimate of 3
printer's MTF characteristic.

Table 4, MTF from edge characteristics

Test chart: |[EdgeMetric_v8_TestChart.eps (per Annex A (Normative))
Printing method:|According to the procedure specified in Annex B (Normative)
Scanner conformance: |According to the procedure specified in Annex C (Normative)
Measurement conformance: JAccording to the procedure specified in Annex D (Normative)
Reference analysis method:|SlantedEdgeSFR

The set of sample prints created by printing the test chart file shall be scanned at a resolution at least twice
the native addressability of the printing system being assessed. The scanner characteristics at this resolution
shall conform to the requirements specified in Annex C (normative), Scanner conformance, to provide valid
lossless image files for analysis.

Analyze the scanned image files using the slanted-edge SFR measurement method defined in this Technical
Specification or a conforming implementation of these measurement method (Annex D.4, Slanted-edge SFR
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measurement method). The results reported by this measurement method provide measurements of the MTF

characteristic of the printer based on edge characteristics for the selected test chart orientation.

From the printer MTF characteristic estimates provided by the slanted-edge SFR method, 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. The cascaded
modulation transfer acutance, CMTA', based on a weighting of the printing system MTF 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 clause 6.3.

L.5.3 Printer MTF estimation from 1-D repeating patterns
Characteristic that is much more sensitive to spot size, spot shape and adjacency effects than‘a meas

hdjacency effects to the perceived resolution of a printing system.

——————
——————
= —

0° orientation 90° orientation

Figure 6. Line characteristics test chart.

The line_characteristics.eps test. chart, illustrated in Figure 6, is utilized in the estimation of the prin
Characteristic from 1-D square-wave patterns repeated both along and perpendicular to the dire
substrate motion (in-track andcross-track orientation). Analysis of the printed one-dimensional squa
batterns provide odd hafmonic amplitudes which, in comparison with the expected amplitudes of

square wave's harmanigs, probe the modulation transfer function of the printer at many differen
frequencies. MTF estimates are provided for in-track and cross-track square-wave patterns. These e
bf the printer MTE-gharacteristic reflect the contributions of edge sharpness as well as spot size, spqg
and adjacency-effects to the perceived resolution of a printing system.

#.5.4 Method for measuring printer MTF from 1-D repeating pattern characteristics

Print. the test chart file SqWv_MTF30.eps according to Annex B (normative), Printing process. A
version of this file is illustrated in Figure 6, and contains elements used to provide an estimate of a

Patterns that repeat at a variety of spatial frequencies provide a basis for estimating-the” printer MTF

irement

based purely on edge characteristics. Fourier analysis of a repeating one-dimensional,square-wave| pattern
brovides a printer MTF characteristic estimate that reflects the contributions of spdt|size, spot shape, and

er MTF
ction of
re-wave
hn ideal
spatial
stimates
t shape

printed
rinter's

MTF characteristic.

Table 5, MTF from line characteristics

Test chart: |SqWv_MTF30.eps (per Annex A (Normative))

Test chart editing: |(Optional) To over-ride addressability values reported by the RIP

Printing method:]According to the procedure specified in Annex B (Normative)

Scanner conformance: JAccording to the procedure specified in Annex C (Normative)

Measurement conformance: JAccording to the procedure specified in Annex D (Normative)

Reference analysis method: |SqWv_MTF
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Scan the set of sample prints created by printing the test chart file at a resolution at least twice the native
addressability of the printing system being assessed. The scanner characteristics at this resolution shall
conform to the requirements specified in Annex C (normative), Scanner conformance, to provide valid lossless
image files for analysis.

Analyze the scanned image files using the square-wave MTF measurement method defined in this Technical
Specification or a conforming implementation of these measurement method (Annex D.5, Square-wave MTF
measurement method). The results reported by this measurement method provide measurements of the MTF
characteristic of the printer based on line characteristics for the selected test chart orientation.

From tlLe printer MTF characteristic estimates provided by the slanted-edge SFR method, the spatia
frequengy 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.” The
cascad¢d modulation transfer acutance, CMTA', based on a weighting of the printing system MTF by thg
modulafion response function of the human eye, provides an overall figure of merit for printing system
sharpngss. These measured characteristics shall be entered into the printer resolution test report’as described
in clausg 6.3.

5 Tept Set-up, Configurations, and Procedure

5.1 Printer set-up and configuration

The pripter shall be set up on a level surface according to the installation guide provided by the printe
manufagturer. The most recent software (printer driver, etc.) available/from the manufacturer shall be used
Check the manufacturer's web-site for the most recent printer driver that is compatible with the compute
operatirlg system that will be used for testing. The printer driverersion shall be documented in the test report.

Printer naintenance shall be performed according to the*printer manufacturer's User's Manual. All printing
device onsumables and operating components shallibe those specified as acceptable for use by the
manufagturer (or otherwise noted). Prior to the stariof the test, the total number of pages printed by the
printer, the total number of pages printed with eagh consumable, and the total number of pages printed with
each customer replaceable operating component,'shall be documented in the test report.

The op¢rating configuration in which a prinfing system is assessed is as important as the measurement. A
particularly important operating configuration is the manufacturer's default configuration. This configuration
provide$ an assessment representative of the majority of a printer's usage. Many manufacturers also define g
'best practice' configuration for,.achieving optimal print quality. This configuration may utilize specialty
substrafes or operate more slowly-than the default configuration, but an assessment of this configuration is ap
to evalyate the optimized capability of a printing system. The printer configuration used in testing shall bg
documented in the test report:

To assuyre that the test.charts utilized in an assessment of printer resolution are printed correctly, no page sizs
modifieffs such as.'Kitto Page' shall be used and font substitution shall be turned off. The test charts shall be
printed psing the fonts embedded in the file and shall be rendered on the page in a size corresponding to the
dimensipns specified in the test chart description. Page placement modifiers such as page centering 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 printer, all supplies, consumables, etc. shall be acclimated to the test environment for a minimum of
24 hours.
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The printer shall be connected to a supply of power that is within the manufacturer specified operating
and operating frequency range.

voltage

The temperature and relative humidity at the beginning and at the end of the test shall be documented in the

test report.

5.3 Substrate

The substrate used in printer resolution assessment shall represent a compatible substrate for the printer, and

MUST conform 1o the manuiacturer's 1ist of approved subsiraies. The subsirate manuiacturer, substrat
Wweight, coating, surface characteristics, and size shall be documented in the test report.

b.4 Test platform connection to the printer

Connection to the computer serving as the platform for printer resolution testing should-be determine
manufacturer's targeted usage. Connection type, version, and all settings that differ from the printing
Hefaults shall be documented in the test report.

5.5 Test charts

The test charts for this technical specification are specified in Annex A/(normative), Test charts. Th
charts are included in the distribution media of this Technical Specification.

The name and version of the each test chart used in printer&esolution assessment shall be recorde
est report.

5.6 Sample size

A single cleanly printed sample of the native addressability test chart is required for visual evalu
Mminimum of ten samples of each of the objective’test charts used for measurement according to this T
Specification shall be printed for each printer set-up configuration. The residual noise of the printing pr
substantially reduced in the assessment analysis by averaging measurements over this number of pri
Will be further reduced with use of a latger number of sample prints. The number of sample prints u
he analysis of the print quality characteristics contributing to perceived resolution shall be documents
est report.

6.7 Printing process

The procedure specified in Annex B (normative), Printing process, shall be used to submit thg
resolution assessment test charts for use with this technical specification to the printer being assess
hame, version,<and settings of the low-level printing application used to submit the test charts, as spg
Annex B, shall-be recorded in the test report. The printing process specified in this Technical Sped
avoids the-re-interpretations of test chart content provided by many imaging or graphics applicatio
hssessment of printer resolution characteristics is made independent of application features and is t
represSentative of the inherent capability of the printer.
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[he prinh:\r and prinﬁng applinnﬁnn enﬂinge shall be recorded in the test rnpnrf Qne or more pages

hall be

printed prior to running a test to ensure that the printer is properly warmed up.

5.8 Set-up procedure

1) Qualify the reflection scanner and the scanner control application that will be used for assessment

measurement according to Annex C. Re-qualification is not required for each assessment.

2) Qualify the ISO/IEC TS 29112 measurement method implementations used to analyze scann
from printed test charts according to Annex D.
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3) Obtain and install the low-level printing application specified in Annex B.

4) Perform printer maintenance according to the printer manufacturer's User's Manual.

5) Set up and configure the printer according to clauses 5.1 through 5.4 and record the printer configuration.
6) Configure the printing application according to Annex B and record the printing application settings.

7) Use the test charts in the distribution media of this Technical Specification.

5.9 Testing procedure for visual evaluation

1a) Pnint a copy of the visual evaluation test chart for this technical specification using the configured low-
leyel printing application, the configured printer driver, and the configured printer, according to the
printing process specified in Annex B (normative). A single clean print is all that is reqaired for visua
evaluation.

2a) Evaluate the printed test chart visually according to the method specified in clause 4.2.1.

3a) If required, edit the copy of the visual evaluation test chart accordingt0“the method specified in
clause 4.2.1.

4a) ltdrate steps 1a), 2a) and 3a) until an unambiguous visual evaluation fesult is obtained

5a) Record the results of the visual evaluation printer native addressability.

5.10 Testing procedure for scanner-based measuremeént
1b) Configure the scanner control application according {o~Annex C and record the application settings.

2b) Print at least ten samples (see clause 5.6) of each of the instrumental measurement test charts for usq
with this technical specification using the configured low-level printing application, the configured printe
driver, and the configured printer, according_ to the printing process specified in Annex B (normative).

3b) Schn each of the printed samples of)the test charts using the qualified scanner with the configured
scanner application and save lossless image files of each print sample according to Annex C.

4b) Analyze the image files of ;each print sample using the qualified analysis methods for this technica
spqcification. Record the~name and version of each of the analysis method applications used
Regord the analysis results? The multiple samples are properly averaged in the analysis method to creatg
a single, more accurate\result.

6 Presentation of results

6.1 Gleneral

A report presenting the results of a printer resolution assessment according to ISO/IEC TS 29112 shall include
the information specified in this section. Representative samples of test reports can be found in Annex E,
(Informative) Test Reports.

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 new
assessment.

Note 1: Two particularly useful printer resolution assessment configurations are:

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

The information required in an assessment report of printer resolution according to ISO/IEC TS 29112 may be
divided into two categories: Assessment configuration documentation, and assessment measurement results.
Assessment configuration documentation is specified in clause 6.2 and Table 6. The requirements for

reporting assessment measurement results are specified in clause 6.3 and Tables 7, 8 and 9.

6.2 Required test documentation

for the assessment.

assessment.

ltem:

The information required to document the assessment of printer resolution is specified in Table 6.
The required documentation shall include:
» Documentation of the printer, its state at the time of assessment, and the setup configuration of th

p  Documentation of the print submission process.
» Documentation of the setup and capability of the scanner and scanner control application U
measuring the printer resolution characteristics as well as the method{used to compensate for
scanner MTF characteristic (see Annex C.5, Method of compensatiop-for finite scanner MTF).

Table 6, Test context documentation for an assessment report

Informiation:

b printer

»  Documentation of the substrate used for assessment and the environmental conditions at the time of the

sed for
a finite

Wnits:

Test date:

dd-Month-yyyy

Tester or Testing Organization:

XXX XXXXXXXXXXXXXXXXX

Printer manufacturer and model:

Manufacturer-Name, Model-Number

Printer configuration:

Printer configuration (with documentation of differences from default settings)

Total printer print count:

NNNN

Component print count(s):

Print counts of components/(e‘g. reported by the printer)

Printing consumables:

Manufacturer of printing consumables

Environmental conditions:

e.g. 25°C, 45% RH, 11QV, 60Hz

°C, % RH, V, Hz

Identification of substrate used for testing:

Paper-ManufacturerzName, Paper-Name,

Characteristics of substrate used for testing:

Paper-weight, Paper-coating, Paper-surface, and Paper-size

Operating system and version used:

OS name, OSwersion

Connection type and version:

Protocol and yersion used to connect the printer to the test platform

Printing application:

Application-name and version (and documentation of settings different from Annex A)
(e.g.+PrintFile v2.1.6 for Windows, drag & drop for Mac)

Number of prints analyzed with each method:

€.9.410

Scanner used for measurement:

Manufacturer-Name, Model-Number

Scanner driver version & configuration:

Driver version #, 'Defaults' (and documentation of settings different from driver defaults)

Scanner control applieation:

Application name and version (and documentation of settings different from Annex C)

Resolution setting used for measurement:

PPPP dpi

dpi

Scanner OECF compensation method & aim:

auto OECF_WG4.exe, Lightness aim

Scanner MTF compenhsation method:

Compensate_scanner MTF_WG4.exe, v1.0

Evalyated-scanner MTF:

cy/mm @ 50% MTF, cy/mm @ 10% MTF

cy/mm

Informative) Test Reports.

The intent of this t€st documentation is to provide a complete context of the setup and testing processe
resolution asséssment. The elements in the test report should be in a logical order. Table 6 shows
context docimentation for an assessment report. Examples of test reports are provided in A

6:3) Reporting of measurement results

s of the
the test
nex E,

Each of the measurement methods specified in ISO/IEC TS 29112 are intended for the engineering evaluation
of a printing system's perceived resolution and should not be used for purposes of advertising claims.

Several important characteristics of a printing system's perceived resolution may be assessed using the
methods specified in ISO/IEC TS 29112. These characteristics may be measured and reported singly, as a
complete group, or in a subset of the available resolution characteristic measurements. The name of the
characteristic, its orientation, its measured value, and the units of the measured value shall be reported along
with a description of the test chart and analysis method employed for the measurement. The elements in the
test report should be in a logical order. Results for multiple orientations of printer resolution characteristics
may be reported in any arrangement as long as the presentation of the results is clear. Similarly, the results
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for assessments of multiple printing system configurations may be reported in any arrangement as long as the
presentation of the results is clear and redundancy is avoided. Table 7 shows a template form for reporting the
measurement name, orientation, values, and units. Table 8 shows a template form for description of the test
chart and analysis method employed for the measurement.

Table 7. Test results documentation for a measurement.

ltem: Orientation Information: Units:
Measurement name (e.g. Edge blurriness): [In-track, Cross-track or Angled (value®) values (mean & stdev) | (e.g. microns)
Measyrement name (e.g. Edge raggedness). }In- S °) | values (mean & stdev) | (e.g. microns)]
Table 8. Description of test chart and analysis method.
ltem: Information:

Test chart name (e.g. edge_characteristics.eps) Test chart)version|

Analysis method name (implementor)| Analysis method implementation version
These template forms should be used for reporting the results of each measurement carried out according tq

this Ted
Nno neeq
Technig

Table 9. Test measurements:

hnical Specification. For measurements that share the same test chart.and analysis method, there is
to report the test chart name and analysis method in duplicate. Thexmeasurements defined by this
al Specification are summarized in Table 9.

ltem:

Orientation

Information:

Units:

Native addressability:

In-track, or Cross-track

values (mean & stdev)

spots/in or spots/mm

Effective addressability:

In-track, or Cross-track

values (mean & stdev)

spots/in or spots/mm

Edge blurriness: [In-track, Cross-track or Angled (value®) values (mean & stdev) microns
Edge raggedness: |In-track, Cross-track or-Angled (value®) values (mean & stdev) microns
Percgived sharpness (CMTA - edge)|In-track, Cross-track or-Angled (value®) values (mean & stdev) CMTA value

SFR @ 50% MTF (edge):

In-track, Cross-tragk.or Angled (value®)

values (mean & stdev)

cy/mm @ 50% MTF

Limiting resolution (edge):

In-track, Cross-track or Angled (value®)

values (mean & stdev)

cy/mm @ 10% MTF

Per

Ceived sharpness (CMTA - line)

In-track, Cross-track or Angled (value®)

values (mean & stdev)

CMTA value

SFR @ 50% MTF (line)

In-track, Cross-track or Angled (value®)

values (mean & stdev)

cy/mm @ 50% MTF

Limiting resolution (line):

In-track, Cross-track or Angled (value®)

values (mean & stdev)

cy/mm @ 10% MTF

18
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Annex A
(normative)

Test charts

A.1 Availability

The test charts for the evaluation of printer resolution are specified in this Annex, are .includeq
distribution media of this Technical Specification, and are also available from the,l1SO web
http://standards.iso.org/ittf/PubliclyAvailableStandards/SC28_Test Pages. The ZIP file. TS29112_Te
contains the current set of Test Charts for use with this Technical Specification.

in the
site at
stCharts

Native addressability: | ADDIN180_TestChart.eps

Effective addressability: |EffAddr03_IT.eps
EffAddrO3_XT.eps

Edge characteristics: |EdgeMetric_v8_TestChart.eps

Square-wave MTF: |SqWv_MTF30.eps

Table A1. Test charts.

X-Y Addressability Indi

A.2 Native Addressability test chart content

The native addressability test chart contains three sets of elements:

cator.«

1)  Printing configuration check elemerits: <
These elements are visually evaluated to verify that the printing
configurations allow correct assessment of the native addressability
test chart. All four checkerboard patterns and all levels of the tone

scale ramp should be evident and distinct. %
P) Coarse native addressability assessment scales:
A cross-track andsan in-track scale are provided to estimate the

approximate fGative addressability of a printing system. Moire
patterns in‘these elements disappear at the printer resolution. Visual

provides an indication of the approximate native addressability.
B) «Fine native addressability assessment scales:

A cross-track and an in-track scale are provided to estimate the

AdllVC aUUlT alJ yUlap U oYolCT U Ul Uil PICT U

Figure A1
Figure A1 Native addresg

assessment of these positions and the adjacent resolution scales “”H“ - —
4 N8 (4

ability.

Visual assessment of the position where Moire patterns in these elements disappear and the adjacent

resolution scales provides an indication of the native addressability of the printing system under
assessment.

A.3 Effective Addressability test chart content

The effective addressability test chart contains a cross-track and an in-track effective addressability
assessment element. These elements consist of a repeated set of incrementally displaced line segments,

each printed adjacent to a reference line. A representation of one of these elements is shown here.
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Figure A2. Effective Addressability test chart.

A.4 Edge Characteristics test chart content

Edge blurriness and edge raggedness are estimated using a variant of the line blurriness metric and
ess metric defined in ISO/IEC TS 24790 method. The three chart objects.eémployed for this analysis

raggedr]

are illugtrated here. The square element aligned parallel to the page

edges iIs utilized to estimate the edge blurriness and raggedness of

edges gligned parallel and perpendicular to the page edges. The square .
s printed at angled orientations are utilized to estimate the

element
blurriness and raggedness of angled edges.
Figure A3. Edge metric test chart.

Edges gre provided at 0°, 90°, 8°, 82°, 24° and 66° orientations.

The primter Modulation Transfer Function can be estimated by analysis of the edge profile characteristics o

these tgqrget elements.

A.5 Line Characteristics test chart content

A secorld estimate of the printer Modulation~Transfer Function is provided by analysis of two square-wave tes
chart oljjects that create cross-track and in-tfack binary patterns of dark and light lines aligned with the printing
grid of the printer under assessment. The ‘square-wave objects are sensitive to edge characteristics, spot-size
and ong-dimensional adjacency effeets:
With th¢se multiple estimates-of the printer Modulation Transfer Function, the contributors to detail carrying
y from edge characteristics, from spot-size effects, from spot-shape effects and from one-dimensiona

capabili
adjaceniy effects can be@stimated.

——————
—————
———————

90° orientation

0° orientation

Figure A4. Square-wave MTF test chart.
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Annex B
(normative)

Printing process

B.1 Application effects

maging and graphics applications generally have their own individual ideas about how a graphics filg
be printed. These ideas have been known to change from version to version. Printing ISO/IEC'TS 29
Chart files from an imaging or graphics application is not recommended due to the many changes
bpplication can make to the intent of the standardized printing files utilized in the?ISO/IEC TS
hssessment of printer resolution.

B.2 Print driver effects

Printer drivers often attempt to assist the user in printing information. This assistance can destroy the
o analytically estimate printer resolution and must be avoided. Rrinter drivers are an essential pa
brinting data path, but can be accessed at a low level to avoid unnecessary assistance.

B.3 Test chart files for Postscript printers

The test chart files for ISO/IEC TS 29112 assessment of Postscript printer resolution are
Encapsulated PostScript) format. This is a wellsdocumented, freely usable Adobe format that can
directly to Postscript compatible printers from“a Windows, Linux, or Macintosh platform. The I1SO
P9112 printer resolution test chart files~are able to adapt to the characteristics of the printe
hssessment. This adaptation takes two forms: 1) dynamic adaptation, and 2) static adaptation.

With dynamic adaptation, an EPRS ,file sent to the printer under assessment queries the printer
nformation. The information requested is the cross-track and in-track native addressability of the pri
printer identification informatien®such as name, version, time, and date that are subsequently displ
nformative text in the printed.test chart. The cross-track and in-track native addressability data returne

H mismatch between-the resolution assessment test chart file addressability and the printer addressa
ong as the printer\cerrectly reports its own addressability. Dynamic adaptation is the default stat
SO/IEC TS 29142-printer resolution test chart files.

With static.adaptation, the user can over-ride a dynamic configuration of the test chart. With static ada
he user edits the header portion of the test chart file to explicitly define the cross-track and
hddressability to be utilized in configuring the test chart for the actual addressability of a printer. Thes
valles' are used instead of the addressability reported by the printer in configuring the test chart

2 should
112 test
that an

29112

attempt
t of the

in EPS
be sent
IEC TS
I under

RIP for
nter and
ayed as
d by the

brinter is also utilized to_precisely configure the test chart to the printer characteristics. This adaptation avoids

bility, as
b of the

ptation,
in-track
e edited

file for

printing.

Note: The PDF format is not employed due to the static (compiled) nature of this format which does not allow

a single PDF file to adapt to different printer addressabilities.

B.4 Printing protocol

For a Microsoft Windows® platform, a low-level printing utility such as PrintFile (www.lerup.com/pri

ntfile) is

recommended as the mechanism for sending ISO/IEC TS 29112 resolution assessment test chart files to a
printer. This utility connects to the Windows printer driver of the printer under assessment at a low level and
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directly transfers the test chart information to the printer, thus avoiding the application and driver effects
mentioned above. Some configuration of the PrintFile utility is required, as specified here. With the PrintFile
application running, click on the Settings button, then in the More pane, click on the Postscript button.

"¢ PrintFile - Default settings

L

In the H
then cliq
dialog b
be utiliz

. . . . Erint File. ..
This program prints test files or sends PostS cript M
and other fileg directly to & printer. Drag and drop
l-b& filez here or use the "Print File" button to start
printing. Press right mouse button for menu,
Help |
— Statu: About.. |
Idl= Ll ;
E Exit |

™ PrintFile Settings

— Current Setting:

Save

LCancel

— General
[ Enable spooler function

[V Show printer selection dialog

[~ Shows this dislog when drag & drop
[ Quit when handled command line
¥ Shaow settings name in header

™ Show progress bar

[™ Save window placement on exit
™ Show icon on the taskbar

M andatory far file bpe(s): I

Apply
Shorteut...
Delete

Help

oy

=

"™ PostScript Settings

— General

[~ Enablz n-u
v ‘wam fol

¥ Enable page select
[ Include driver he

N oK
¥ Use end of file charact
\ Lancel

g

Help

il

-

QQ’tin
ztS cript printers

r Prolo&..c

sl ~

BgQB | ]

™ Frame bounding box
[ Prirtt file: namne

— Printer
Y
Use default j |\@ncapsulated FPostS cript
||
 More " Center on page
Teutfile... PostSonpt... | MHeup... | Corversion,.. | ‘\ ¢ Center and zcale to fit page
i~

FiguréB1, PrintFile configuration

ncapsulated PostScript pape of this dialog box, check the "Keep original size and place" button and
k the “OK” button of the PostScript Settings dialog box and the “Apply” button of the PrintFile Settings
ox. If any of the test chart content is clipped by printing boundaries, the "Center on page" button may
ed. Do not use the (!Center and scale to fit page" button" as this shall invalidate the measurements

This completes the configlration of the PrintFile utility.

On a M
assess|

acintosh platform, the test chart file should be directly dragged to the icon of the printer unde
hent. This“process explicitly avoids the application and upper-level driver effects mentioned above.
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Annex C
(normative)

Scanner conformance

Many of the measurement methods utilized in this Technical Specification to estimate the character

his Technical Specification.

C.1 Required scanner characteristics

Four characteristics of a reflection scanner shall be evaluated in order t6 gualify a reflection scanner
with this Technical Specification. hese characteristics are:

p  The tone-scale or opto-electronic conversion function (OECF) characteristics of the scanner,

» The dynamic range capability of the scanner (minimum to maximum reflectance, free of saturation
effects),

Interpolation effects in the sensor array of the scanner, and

The usable addressability or spatial frequency response characteristics of the scanner.

Specification, but are generally sufficiently well contreltfed in commercially available reflection scanne
bf small concern. These characteristics are:

p  The geometric distortion of the scanner,

p  The flare or integrating cavity effects of the'scanner, and

p  The scan uniformity over the tone scale’and stability over time.

C.1.1 Scan characteristics

A reflection scanner employed for measurement with this Technical Specification shall be capable of ¢
reflectance of the test chart elements utilized in this Technical Specification. Scans of test charts g
exhibit any clipping of saturation effects. The reflection scanner shall be capable of providing at I
Hifferent tonal levels-This corresponds to at least an 8-bit scanner data path.

The dynamic-fange of a scanner utilized for measurement according to this Technical Specificati
bermit accurate measurement of print reflectance values over the range produced by the printing

being tested:

Thetfilter array of the sensor used in the scanner must not compromise the spatial resolution of scann

istics of

brinter resolution employ a reflection scanner as an analytic measurement device. These measurements will
brovide an accurate assessment of printer resolution characteristics only if the scanner capabilifies are
sufficiently high that the scanner itself does not limit the assessment and if the scanner controlappli¢ation is
configured to deliver pristine imagery. This annex specifies the conditions that shall be met by a ré¢flection
scanner and its scanner control application to qualify a scanner as a usable measurement'device for yise with

for use

g
J
Several other characteristics of a reflection scanner can affect the measurements utilized in this Technical

rs to be

Bpturing

b wide range of tonal level§ between the maximum reflectance of the test chart elements and the njinimum

hall not
ast 256

bn shall
system

ed data.
fication.

Seanners utilizing multiple sensors, one for each colour can qualify for use with this Technical Spec

resolution of scanned data and may not be used since spatial information is interpolated.

Scanners ulilizing a single linear sensor with an alternating colour filter array will compromise the spatial

The scanner spatial uniformity and temporal stability shall permit calibration of the scanner to provide a
monotonic OECF characteristic that does not saturate at either end of its range for the reflection

characteristics of the printed test charts utilized in this Technical Specification.
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C.1.2 Scanner MTF characteristics

The detail carrying capability of scans provided by the reflection scanner used for measurement in this
Technical Specification shall significantly exceed the detail carrying capability of the printer system that is
being evaluated with the protocol specified in this Technical Specification. The usable addressability of the
scanner shall be at least twice the specified addressability of the printing system being evaluated. The
conformance requirement for the measured scanner MTF characteristic is specified in clause C.4.

tic

C.3 Method for evaluating scanner dynamic range

The scdnner utilized for measurement according to this Technical Specification-shall provide a dynamic rangg
that permits accurate measurement of print reflectance values over the range produced by the printing systen
being tgsted. The dynamic range measurement requires a test chart exhibiting both very good uniformity and
a very wide range of reflectance values (e.g. the Munsell Neutral-Value Scale available through X-Rite
Corporetionz). Evaluation of scanner dynamic range shall be done 4n accordance with the procedure defined
in ISO 21550 from multiple scans of a uniform, wide reflectance range target, such as the Munsell Neutra
Value Scale. The scanner dynamic range shall be at least asilarge as the reflection density range of thg
printing |system to be evaluated.

C.4 Method for evaluating scanner usable addressability

The detpil carrying capability of a scanner shalllbe evaluated in accordance with the procedure defined in ISQ
16067-1 Photography: Spatial resolution measurements of electronic scanners for photographic images. Theg
modulafion transfer function (MTF) of the scanner, at the spatial frequency corresponding to the addressability
of the pfinter being assessed, shall betgreater than 25%, preferably at least 50%. The usable addressability o
a scanner is proportional to the spatial frequency at 50% MTF of the scanner. This spatial frequency is
converteéd to usable addressability by multiplying by 50.8 (2 pixels are required for a minimum printer cycle)
The scgnner usable addressability at 50% MTF should be comparable to the printer addressability.

Scanner usable addressability @ 50% MTF = (Measured scanner spatial frequency @ 50% MTF) * 50.8

C.5 Method for compensating for finite scanner MTF

The MT[F characteristics of the scanner employed for test chart measurement in the protocol of this Technica
Specifigatioh shall be taken into account in the assessment of printer MTF characteristics. The estimated
printer MTF, and hence the resolution characteristics of this printer, will be underestimated withou
compensation for the measured scanner MTF. Compensation for scanner MTF in printer MTF assessment
shall avoid over-amplification by limitation of the compensated scanner MTF characteristic to a value of 0.33.
This results in a maximum amplification of noise in the compensated MTF characteristic by a factor of 3. This
compensation method is incorporated in the reference implementations of the measurement methods
specified in this Technical Specification.
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C.6 Required scanner control application characteristics

Like imaging and graphics applications, scanner control applications are designed to help the user to produce
aesthetically pleasing imagery. This aim is usually at odds with the requirement of providing analytic
measurements that are accurate and repeatable. A scanner control application that is usable for analytic
measurement in the ISO/IEC TS 29112 assessment of printer resolution shall be capable of being run in a
completely manual manner. All automatic features of the application that are designed to enhance the
scanned image shall be disabled. In particular:
e Any auto-exposure capability shall be disabled.

Any autormatic torme=state correctiom capabitity strattbedisabted:
p  Any filtering of the scanned imagery (e.g. sharpening, un-sharp masking, blurring, etc) shall be.disabled.
p  Any colour management capability shall be disabled.
p  Scanned imagery shall be capable of being saved in a lossless format (e.g. LZW or ZIP),

© ISO/IEC 2012 — All rights reserved 25


https://standardsiso.com/api/?name=a1b96305a1985e448a2108c9768bdf1a

ISO/IEC TS 29112:2012(E)

Annex D
(normative)

Measurement method conformance

Measurement methods employed for use with this Technical Specification shall conform to the reference

impleméntations specified in this Annex. The code listings of these reference implementations define the dats

analysis
measur
method
alternat
measur
this Te
provide
all files
referen
Specifid
TS2911
in this T
are spe

Failure
shall iny

D1 E

The reference implementation for the effective addressability measurement is specified by the Matlab functior]

EffAddr
EffAddr
address

Figure
addresg
address

process for each of the measurement methods used in this Technical Specification from bitmap file tg

bment result. A set of reference bitmap files are provided for each of the defined measuremen
5, along with their expected reference implementation measurement results, for compliancetesting o
ve implementations of the defined measurement methods. An alternative implementation of 3
bment method is compliant with the reference implementation of that measurement method defined in
hnical Specification if the measurement results from the alternate implementation lagree with thg
| expected results from the reference implementation within effective computational-rounding error fo
of the corresponding set of reference bitmap files. The reference implementation listings and thg
e bitmap file sets for compliance testing are included in the distribution_media of this Technica
ation. The ZIP file TS29112_Conformance contains the reference bitmap files. The ZIP filg
P Reference contains the reference implementations for each of the measurement methods specified
echnical Specification. The expected values for conformance testing ‘using the reference bitmap fileg
Cified in the tables of this Annex.

0 use a compliant implementation of the measurement methods/defined in this Technical Specification
alidate any test results obtained using that implementation:

fective addressability measurement method

| v3.m. The input for this reference implementation is the uncompressed TIFF bitmap filg
| RefBitmap.tif. The output result from_this reference implementation is the measured effective
ability value.

D1 shows the graphical output of an evaluation of the reference bitmap image with the effective
ability reference implementation’specified in Table D1. A conforming implementation of the effectivg
ability method shall provide a'result that closely resembles Figure D1 with two well separated peaks.

standardg'1S0,29112\TS 29112\TS Ballot (Nov2011-90d)\Reference Ir i ffective addr ility\test_image-both-
T T T T T T

1800

1600 -

1400 -

1200~

1000 -

# of occurrences

26

.
-4 -3 2

1 2 3 4

-1 0
pixels (1200 dpi scan)

Figure D1. Expected results for effective addressability
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