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Foreword

ISO

(the International Organization for Standardization) and |IEC (the International

12:2012(E)

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
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real-committees-collaborate-in-fields—of-mutual-interest—Otherinternational-organizations
non-governmental, in liaison with ISO and IEC, also take part in the work. In the field o
nology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

hational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, H

main task of the joint technical committee is to prepare International Standards. Draft
dards adopted by the joint technical committee are circulated to national lbedies for voting. P
ternational Standard requires approval by at least 75 % of the national bodies casting a vote.

her circumstances, particularly when there is an urgent market requirément for such docume
nical committee may decide to publish an ISO/IEC Techfical Specification (ISO/IEQ
sents an agreement between the members of the joint.‘teéchnical committee and is
cation if it is approved by 2/3 of the members of the committee casting a vote.
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BO/IEC TS is reviewed after three years in order to decide whether it will be confirmed for a
5, revised to become an International Standard,“or withdrawn. If the ISO/IEC TS is con
wed again after a further three years, at which.time it must either be transformed into an
dard or be withdrawn.

tion is drawn to the possibility that some of the elements of this document may be the subj
5. ISO shall not be held responsible foridentifying any or all such patent rights.

EC TS 29112 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
ommittee SC 28, Office equipment.
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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 Technigal-Speeificationpreseribesthefollowing:

¢ Defipitions of the print quality characteristics that contribute to perceived resolution.

e Defipitions of conformance methods to qualify a reflection scanner for use as a measuring device

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

o Defipitions of methods for measuring the contributing print quality characteristics using test patterns
elenments of the printed test charts, analyzing the resulting data, and\deriving an assessment of pfinter
resalution.

e Reqpirements for the report of a printer resolution assessment that define the context of the
assgssment and describe the results of the assessment:

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

Native or physical addressability refers to*the imaging framework in a digital printing process, usudlly a
rectangular |grid of printable spots, which~ enables depiction of fine spatial detail. Native addressgbility
specifies only one facet of the perceived\resolution of a printing system.

Effective addfiressability is a measure of the minimum pitch by which the centre of a printed object (e.g| line
segment) cdn be displaced and evaluates the effects of imaged spot position modulation, size modulatign, or
exposure modulation.

Edge blurriness proyides an optical measure of the geometric transition width of an edge betweeh an
unprinted supstrate region and a printed solid area region.

Edge raggednéss provides an optical measure of the geometric deviations of a printed edge from a requgsted

straight line.

The modulation transfer function (MTF) describes the ability of a linear imaging system to depict fine spatial
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

This|Technical Specification defines methods for the objective measurement of the print quality ck
that pontribute to the perceived resolution of reflection mode monochrome printed pages’ produc

aracteristics
ed by digital

electro-photographic printers. The measurement methods of this Technical Specification are ¢erived from

several existing techniques for the assessment of an imaging system's resolution’ characterist
thes¢ measurement methods is intended for the engineering evaluation of(a, printing system
resolution and should not be used for purposes of advertising claims.

The methods of this Technical Specification are applicable only to manéechrome prints produced
modg by electro-photographic printing technology. The current vérsion of this Technical Sp¢
intennded for monochrome printers utilizing Postscript interpretefs capable of accepting Pg
encdpsulated Postscript (EPS) jobs.

ormative references

The [following referenced documents are indispensable for the application of this document.

references, only the edition cited applies. Eor undated references, the latest edition of thg
document (including any amendments) applies.

ISO [14524, Photography — Electronicstill-picture cameras — Methods for measuring of
conversion functions (OECFs)

ISO [16067-1, Photography —="Spatial resolution measurements of electronic scanners for |
images — Part 1: Scanners forteflective media

ISO P1550, Photography)— Electronic scanners for photographic images — Dynamic range meas

ics. Each of
s perceived

in reflection
pcification is
stscript and

For dated
referenced

to-electronic

bhotographic

urements

3 [Fferms and definitions
For the purposes of this document, the following terms and definitions apply.
31

addressability
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
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;im=track
addressabiliy of the printer in the direction parallel to the motion of the print substrate through the printer,

3.5

addressability, native

one over the minimum pitch between adjacent spots that can be independently controlled.and producgd by
the printer

Note:  Nafive 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 Acutance (CMTA or Cascaded Modulation Transfer Acutance)
area under the system modulation transfer curve formed by muliiplying (cascading) the individual compgnent
modulation transfer functions and the human eye modulation‘tesponse characteristic:

MTgystem(V) F MT4(V) X MTo(v) . . . MTi(v), where one>of the MTF functions is the modulation resppnse
characteristit of the human eye, and v denotes spatialfrequency (cy/mm)

Note:  Seg reference 1 (Bibliography) for furtherdetail.

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

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

Note: Thg measured-. optical width of the transition region perpendicular to the straight edge boundary
betiveen an-unprinted substrate area and a solid printed area provides an assessment of gdge
blugriness;

3.10
edge raggedness
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

Note: In measurement of the edge spread function, the tone-scale of the scanning system shall be
corrected to be linear in reflectance. See ISO 12231:2005.

3.13
humian eye modulation response characteristic
the response of the human visual system to viewed sinusoidal modulation patterns as a-function ¢f the spatial
freqyency of these modulation patterns

3.14
In-track
orierfted along the direction of print substrate motion (in-track direction)

3.15
limitjng resolution
spatial frequency at which the modulation of adjacent printed high=centrast lines and spaces is 10% of the DC
modulation capability of the printing system

3.16
line pairs per millimetre (Ip/mm)
unit for specifying resolution in terms of the numberof equal width black and white line pairs per millimetre
that ¢an be resolved according to a criterion such aslimiting resolution

3.17
modulation
diffefence between the maximum and minimum signal levels divided by the sum of these two leve

[

3.18
modulation transfer function
MTF
ratio| as a function of spatial frequency, of the measured modulation response in a print produced by a printing
systém, to the stimulus'modulation presented to that printing system

monochrome
printing using.a’single colorant, in particular, a single black colorant

reflectance trace across the transition region perpendicular to the boundary of a straight edge between 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. In turn, the edge spread function is the Fourier transform of the
modulation transfer function of the linear system represented by the printing system.

3.21

nyquist limit

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 3
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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
reflectance

factor

ratio of the r
for an ideal

3.25
resolution €
control of th
accomplishe
modulation),

3.26

Reflectance threshold

Level in the
the minimun

R min)

3.27
Rmax
maximum m

3.28
Rmin
minimum me

3.29

R0

contour of p
the transitio
R10= Rmin+1

3.30

Ras

contour of p
the transitio
R25 = Rmin+2

sftected-ftuxas measuredtothe Teffectedflux under thesamegeometricatand-spectrat comnd;
00% diffuse reflecting surface

nhancement technology

e printed spot position to a pitch that is less than the native addressability of the: printing sy|
d through local control of one or more spot characteristics, which are spot reflectance (gray
size of a spot (size modulation), or local position of a spot (position modulation)

reflectance gradient profile of an edge that is at some specified. percentage of the transition
h reflectance factor (Rpmin) to the maximum reflectance factor(Rp.) as: R, = Rmin + P%(R)

pasured reflectance factor, typically of the substrate

asured reflectance factor, typically of @,region printed at a maximum printing value

bints of an image element-where the edge gradient profiles cross a reflectance level that is 10
n from the substrate reflectance factor (Rmax) to the minimum image reflectance factor (|
D% (Rmax— Rmin)

bints of andmage element where the edge gradient profiles cross a reflectance level that is 25
n from .the) substrate reflectance factor (Rmax) to the minimum image reflectance factor (|
5% (Rmax— Rmin)

3.31

ions

stem
level

from

max

% of
Qmin)i

% of
Qmin)i

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) 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)

© 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
print substrate motion (cross-track direction)

3.35
spatjal frequency response
SFR
measured amplitude response of an imaging system as a function of spatial frequency

3.36
spot
smallest mark that can be placed under user control at a desired position. on a printed page, independently
from|all other adjacent marks

3.37
tangential edge profile
TEP
reflegtance trace of a contour at a specific reflectance threshold along the printed rendition of a perfectly
straight edge boundary between an unprinted substrate afea and a solid printed area

3.38
test chart
arrangement of test patterns designed to test particular aspects of a printing system

3.39
test pattern
specified arrangement of printable ebjects (test elements) designed to test particular aspects pf a printing
system

3.40
tonerscale correction (s¢anner)
digital signal conversionthat adjusts the relationship between the reflectance values of large imaged areas
and the corresponding digital code values

Notet  Code «alues are the reflection scanner response to a scanned reflection stimulus (e.g. test chart)
tone-scale correction may be used to adjust the relationship between scanned pixel values and large
area reflectance to an aim relationship, e.g. scanned pixel values that have a linear relafionship with
measured print reflectance.

4 Print resolution characteristics — methods for measurement and analysis

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

TS29112_TestCharts contains the current set of Test Charts for use with this Technical Specification.

file

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 printers,
this format T f fti st f pster
image processor (RIP).

41.2 Prin

The printing
provided by

thus made independent of application features and is therefore representative of thedinherent capability g

printer.

The procedd
this printer r
low-level pri
specified in

One or more

4.1.3 Scar

Many of the
analytic mes
characteristi
assessment
Annex C, (N
and its scan
this Technic

4.1.4 Measurement method-compliance

The proced
qualify the n

ing process compliance

process specified in this Technical Specification avoids the re-interpretations.6f\test chart co
many imaging or graphics applications. The assessment of printer resolution characteristi

re specified in Annex B (normative), Printing method, shall be used to submit the test char
bsolution assessment to the printer being assessed. The name-oef the printer, the settings g
nting application used to submit the test charts, and a specification of the printing applicatio
tlause 6.2 and in Annex B, shall be recorded in the test report.

ner characteristics compliance

measurement methods utilized in this Technical Specification employ a reflection scanner 3
surement device. These measurements:will provide an accurate assessment of printer resol
Cs only if the scanner capabilities are”sufficiently high that the scanner itself does not lim
and if the scanner control application is configured to deliver accurate and repeatable ima
ormative) Scanner conformange specifies the conditions that shall be met by a reflection sc3
her control application for qualification as a measurement device in the measurement metho
bl Specification.

ires specifiediin Annex D, (normative) Measurement method conformance, shall be use
easurement.method implementations used with this Technical Specification.

Failure to us
shall invalid
name of th

e a compliant implementation of the measurement methods defined in this Technical Specific
te“any test results obtained using that implementation. The name of the implementation an

pages shall be printed prior to running a test to engure’that the printer is properly warmed up,.

ntent
cs is
f the

s for
f the
n, as

s an
ution
t the
gery.
nner
ds of

d to

ation
1 the

implementer, or implementing organization, for each measurement method used in p

inter

resolution 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.

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

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

printi

Test

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

Prin
Prin

Prin

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

Visual evaluation

the test chart file ADDIN180_TestChart.eps according to the method specified in Annex-B(Normative),
ng method. The native addressability test chart contains three sets of elements as shown in Figure 1.

XsY Addressability [Indicator.s

ng status and configuration check elements:

Coalse native addressability assessment scales:

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
hddressability test chart. All four checkerboard patterns and all
bleven levels of the tone scale ramp should be evident and distinct:
f not evident and distinct, a workflow or RIP configuration error is
ndicated (improper resolution, high-contrast tone-scale, binary
rendition, etc.) which must be remedied before utilizing this target.

Fine

Cross-track and in-track scales are provided to estifate the
Approximate native addressability of a printing system. Moire
patterns in these elements disappear at the printer resolution.
Visual assessment of these positions and thedadjacent
resolution scales provides an indication of the approximate
native addressability.

"e

mNﬂNl.!ﬂ!!L."

native addressability assessment'scales:

The
proc
char:

Notef:

Cross-track and in-track scales are provided to estimate the

hative addressability of a printing system to much higher Figure 1. Native addressability test chart
brecision.
Visual assessment of the position where the Moire patterns in these elements disappear provjdes a very
brecise and accuraté:measure of the native addressability of the printing system under assessment.

ADDIN180_TestChart.eps file queries the addressability characteristics of the printer's rfaster image
pssor (RIP)“and adjusts the test chart content to exactly match these reported afddressability
hcteristics:

nativ

In\most cases, evaluation of a printed page of the ADDIN180_TestChart.eps file will sim:l)ly verify the

e addressability that is reported by the printer RIP and displayed in the upper right corner area of the

target. This reported value is correct It both of the Tollowing condifions are met:

2)

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.

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 cross-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.

/SetDPI O

2) Print
addre
of the,
then t
of the

(or 0.4

3) If visu
of the

Posts

Note:

native

The values

native addre

4.3 Effec

The effectiv
addressabili

generally no
track directig

431

Create a rer

and edit the

Measurement conformance:
Reference analysis method:

o°

def You can set the DPI that the program will adapt to. When

set to zero, this will be done automatically,

oo

o\°

by checking the
number of addressability steps per inch of the output device.

Meth

o\°

Zero should be the normal setting. But, if it is necessary
adjust the center spi to show in the large squares (becatsé
the automatic adjustment is off center) then it is possible
set it here.

o o

o\

bnd evaluate the edited and saved test chart. When the coarse in-track andeross-track n|
5sability obtained by evaluation of the most recently printed test chart are gach’ within two pe
addressability values entered through the text editor into the defining fi€lds of the test char
ne fine native addressability scales are in range and visual evaluation/can provide a measure
true native addressability of the printing system that is accurate to within 0.2 pixels per centir
pixels per inch). This is the tolerance required for evaluation of-printer native addressability.

bl inspection of the printed test chart still indicates an addressability outside the two percent r
fine native addressability scales, continue to refine the, edited native addressability setting i
Cript file in order to evaluate the printing system nativeladdressability by repeating steps 1

Usually one iteration of this process will be sufficient to provide an accurate estimate o
addressability of a printing system.

obtained through this evaluation process for in-track native addressability and for cross-
ssability shall be entered into the printer resolution test report as described in clause 6.3.

live addressability

b addressability of a printer pxay be greater than its native addressability. This higher effe
y is generally controlled algorithmically within the digital data path processing of the printer a
t accessible to a user of the printer. The effective addressability of a printer may differ in th
n and in the cross-track direction.

od for measuring effective addressability

amed copy.of the files EffAddr03_IT.eps and EffAddrO3_XT.eps. Open this copy in a text ¢
ine that.specifies the native addressability of the printer to be tested.

Lo

to

ative
rcent
t file,
ment
hetre

ange
h the
- 3.

f the

frack

ctive
nd is
e in-

ditor

Table 2, Effective Addressability

Test chart: |EffAddrO3_IT.eps (per Annex A (Normative))

EffAddr03_XT.eps (per Annex A (Normative))

(Required) To specify addressability

According to the procedure specified in Annex B (Normative)
According to the procedure specified in Annex C (Normative)
According to the procedure specified in Annex D (Normative)
EffAddr_v03

Test chart editing:
Printing method:
Scanner conformance:

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\chart.

yze the scanned image files using the effective addressability measurement method de|

Anal
nical Specification or a conforming implementation of this)measurement method (Annex O

addr|

effeq
anal

AO-

Tech
pssability measurement method). If the analysis shows two peaks, the effective addressability
the analysis is obtained from the position of the second)peak. If the analysis shows only a sing
tive addressability test charts must be renamed," edited, saved, reprinted and reanalyz
sis shows two peaks. The process to be followed-if the analysis shows only a single peak is @s follows:

Open a re-named copy of the effective addressability test chart and edit the Postscript li]
the target resolution. Increase the target resolution multiplier by a factor of two from its pr
(the initial value of the target reSolution multiplier in any evaluation must be 2.) T
addressability of the printing system being assessed is the target resolution times the targ

multiplier.
Save and print the edited copy of the effective addressability test chart according to

specified in Annex B (Normative), Printing method.

These newly printed samples shall be scanned at a resolution equal to or greater tha

fined in this
.1, Effective
reported by
le peak, the

ed until the

e specifying
evious value
he effective
et resolution

the method

n the native
least half of

addressability 6f\the printing system being assessed or at a scanning resolution that is af
The scanner

the effectiveladdressability of the printing system being assessed, whichever is greater.

characteristics at this resolution shall conform to the requirements specified in Annex C

Scanner‘eonformance, to provide valid lossless image files for analysis.
Analyze the scanned image files using the effective addressability measurement methd

(normative),

d defined in
(Annex D.1,

he effective

this Technical Specification or a conforming implementation of this measurement method
Effective addressability measurement method). If the analysis shows two peaks, f

gddressabitity Teported—by the—amatysis—is—obtaimed—fromthe—positionm—of the—seconmd—peak. If the
repeated until

analysis shows only a single peak, the process outlined in these steps 1 — 4 must be
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. NEF b. TEP c. both NEP & TEF

Figure 3. Edge blurriness and edge raggedness

4.41 Edge blurriness

The measurgd width of the transition region perpendicular to a straight edge between a solid printed areg and
a bare subsjrate area correlates well with the perceived blurriness of a printing system. A smaller trangition
width correlptes with smaller perceived edge blurriness (i.e. greater perceived, edge sharpness). Edge
blurriness is|a characteristic of the normal edge profile (NEP) of a printed edge.

The blurriness of a printed edge is evaluated across the transition region, between an unprinted subgtrate
area, with a|measured reflectance factor R.x, and a printed solid area, 'with a measured reflectance factor
Rmin- The region of interest (ROI) used in the evaluation of edge blurriness shall extend at least 5mm along the
printed edgg and at least 2mm perpendicular to the printed edge;éxtending at least 1mm into the unprnted
area and 1nym into the printed area. The scanned image of this’ROI, corrected by an OECF LUT to provjde a
reflectance measure, is analyzed to determine the constantreflectance factor contours within the trangition
region at reflectance threshold values of 70%, and 10% (R7~and Ry, contours).

R7otoR10
distance at top
R7o

distance 1

The fittj:l The fitted
R70|in leine

|_—\distance 2

R7otoR1.o
distancetat-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

squa

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

Edge Blurriness= DIS7y.10 /\/Davg

Equation 2

The printed solid area density is evaluated within the 25% reflectance contour (R,s) of the printed edge.
Edge blurriness is measured using the edge transitions along the sides of the objects illustrated in figure 5.

442

Edge

Edge raggedness

rnggnr‘lnpcc is_a measure of the deviations of a prinfpd Qfmighf pdgn fram its nyppr‘fnr‘l

straight line

behd

The
area
Rmin-
the
unpr
provi
trang

The
strai

4.4.3

Print
print
char

viour. dge raggedness is a characteristic of the tangential edge profile (TEP) of a printed edg

raggedness of a printed edge is evaluated within the transition region between an‘unprint
with a measured reflectance factor R,.x, and a printed solid area, with a measured refled
The region of interest (ROI) used in the evaluation of edge raggedness shall extend at leas
printed edge and at least 2mm perpendicular to the printed edge, extending at least 1
nted area and 1mm into the printed area. The scanned image of this ROl corrected by an G
de a reflectance measure, is analyzed to determine the constant reflectance factor contou
ition region at a reflectance factor of 40% (R4 contour).

EdgeRaggedness = 1 Z
n

=

k
1 Z (residuals froma line)2

1
k=143

edge raggedness measure is the standard deviation\of the distances between the R, cd
ght line fitted through the R4, contour.

Method for measuring edge blurriness and edge raggedness

the test chart file EdgeMetric_v8 TestChart.eps according to Annex B (normative), Printin
bd version of this file is illustrated dn*figure 5, and contains elements used to estima
hcteristics of a printer.

24° orientation

8° orientation

0° orientation

e.

bd substrate
tance factor
I Smm along
mm into the
ECF LUT to
s within the

Equation 3

ntour and a

j process. A
e the edge

Figure 5. Edge characteristics test chart.

Table 3, Edge Blurriness and Edge Raggedness

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
measurements of the blurriness and raggedness of the printer for the selected test chart orientation.

The modulafion transfer function provides an effective method of describing the capability.ofja printing system
to depict defail as a function of spatial frequency. For this Technical Specification, two-methods for estimpating

4.51 Prinfer MTF estimation from edge characteristics

Slanted-edgg SFR (spatial frequency response) analysis of printed edge transition characteristics contrilputes
a measure df the printer's modulation transfer function from the Fourier‘transform of the edge spread fungtion.
This estimate of the printer MTF characteristic reflects the contribution of edge sharpness to the percgived
resolution of|a printing system.

The EdgeMegtric_v8_ TestChart.eps test chart, illustrated infigure 5, contains objects that can provide an
estimate of {he printer MTF characteristic based on the slanted-edge SFR method (Annex D.4, Slanted-gdge
SFR measufement method).

MTF estimates may be made using in-track, cross-track or slanted edges. hese estimates of the printer [ MTF
characteristi¢ reflect the contribution of edge sharpness to the perceived resolution of a printing system. A
choice is avpilable to select between three sets of edges provided in the EdgeMetric_v8 TestChart.epg test
chart: 0° and 90° in-track and cross-track edgés, 8° and 82° slanted edges, and 24° and 66° slanted edge

®

4.5.2 MetHod for measuring printer-MTF from edge characteristics
Print the test chart file EdgeMetric_v8 TestChart.eps according to Annex B (normative), Printing process. A
printed versjon of this file i illustrated in figure 5, and contains elements used to provide an estimate|of a
printer's MTI characteristic:

Table 4, MTF from edge characteristics

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

Drinfing method: Arhnrriing to the procedure cppniﬁpd inAnnex B (Nnrmnti\p)
Scanner conformance: |According to the procedure specified in Annex C (Normative)
Measurement conformance: |According 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.

4.5.3 Printer MTF estimation from 1-D repeating patterns

Pattgrns that repeat at a variety of spatial frequencies provide a basis for estimating the”[printer MTF
chargcteristic that is much more sensitive to spot size, spot shape and adjacency effects than'a measurement
basgd purely on edge characteristics. Fourier analysis of a repeating one-dimensionahsquare-wave pattern
provides a printer MTF characteristic estimate that reflects the contributions of spot“size, spof| shape, and
adjagency effects to the perceived resolution of a printing system.

——————
——————
= —

0° orientation 90° orientation

Figure,6. Line characteristics test chart.

The [ine_characteristics.eps test chart, illustrated in Figure 6, is utilized in the estimation of the|printer MTF
characteristic from 1-D square:wave patterns repeated both along and perpendicular to the|direction of
subsfrate motion (in-track and cross-track orientation). Analysis of the printed one-dimensional $quare-wave
pattgrns provide odd harmonic amplitudes which, in comparison with the expected amplitudeq of an ideal
squdre wave's harmonics, probe the modulation transfer function of the printer at many different spatial
frequencies. MTF estimates are provided for in-track and cross-track square-wave patterns. Thege estimates
of the printer MTk-Characteristic reflect the contributions of edge sharpness as well as spot size| spot shape
and adjacency-effects to the perceived resolution of a printing system.

4.5.4 Method for measuring printer MTF from 1-D repeating pattern characteristics

Printthe test chart file SqQWV_MTF30.eps according to Annex B (normative), Printing process. A printed
version of this file is illustrated in Figure 6, and contains elements used to provide an estimate of a printer'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 the prlnter MTF charactenstlc est|mates prowded by the slanted-edge SFR method, the spatial

spatial frequency at 10% modulation prowdes an estlmate of the limiting resolutlon of repeated deta|l The
cascaded modulation transfer acutance, CMTA’, based on a weighting of the printing system MTF by the
modulation fesponse 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 desctibed
in clause 6.3.

5 Test Set-up, Configurations, and Procedure

5.1 Printer set-up and configuration

The printer [shall be set up on a level surface according to the installation guide provided by the pfinter
manufacturgr. The most recent software (printer driver, etc.) available-from the manufacturer shall be dsed.
Check the manufacturer's web-site for the most recent printer driver that is compatible with the computer
operating sygtem that will be used for testing. The printer driverdversion shall be documented in the test report.

Printer maintenance shall be performed according to the ‘printer manufacturer's User's Manual. All pripting
device condumables and operating components shallbe those specified as acceptable for use by the
manufacturgr (or otherwise noted). Prior to the start of the test, the total number of pages printed by the
printer, the fotal number of pages printed with eaghiconsumable, and the total number of pages printed with
each custonjer replaceable operating component,'shall be documented in the test report.

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 pssessment representative)of the majority of a printer's usage. Many manufacturers also defjne a
'best practige’ configuration for achieving optimal print quality. This configuration may utilize specialty
substrates of operate more slowly:than the default configuration, but an assessment of this configuration is apt
to evaluate fhe optimized capability of a printing system. The printer configuration used in testing shall be
documented|in the test report:

To assure tHat the test'charts utilized in an assessment of printer resolution are printed correctly, no pagg size
modifiers sugh as ‘Fit to Page' shall be used and font substitution shall be turned off. The test charts shall be
printed using the.fonts embedded in the file and shall be rendered on the page in a size corresponding tp the
dimensions gpécified in the test chart description. Page placement modifiers such as page centering cgn 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 voltage
and operating frequency range.

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 to the manufacturer's list of approved substrates. The substrate manufacturer, substrate name,

weig

5.4

ht, coating, surface characteristics, and size shall be documented in the test report.

Test platform connection to the printer

Connection to the computer serving as the platform for printer resolution testing should be determined by the

man
defa

5.5

The

ifacturer's targeted usage. Connection type, version, and all settings that differ\from the pr
Ults shall be documented in the test report.

Test charts

test charts for this technical specification are specified in Annex \A-(normative), Test charts

charts are included in the distribution media of this Technical Specification.

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

5.6 [ Sample size

A single cleanly printed sample of the native addressability test chart is required for visual ¢

mini

Spegification shall be printed for each printeriset-up configuration. The residual noise of the printir
substtantially reduced in the assessment analysis by averaging measurements over this number ¢

will

the gnalysis of the print quality characteristics contributing to perceived resolution shall be docun

test

5.7

The

reso
nam
Anne

um of ten samples of each of the objective test charts used for measurement according to th

e further reduced with use of a larger number of sample prints. The number of sample prin

eport.

Printing process

procedure specified in Annex B (normative), Printing process, shall be used to submi
ution assessment test charts for use with this technical specification to the printer being as|
b, version,<and settings of the low-level printing application used to submit the test charts, as
x B, shall)be recorded in the test report. The printing process specified in this Technical

avo
ass

repre@sentative of the inherent capability of the printer.

%s the“re-interpretations of test chart content provided by many imaging or graphics appli

sment of printer resolution characteristics is made independent of application features and

nting device

. These test

orded in the

valuation. A
is Technical
g process is
f prints, and
ts utilized in
ented in the

the printer
sessed. The
specified in
Specification
tations. This
is therefore

The printer and printing application settings 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.

5.8
1)

2)

Set-up procedure

Qualify the reflection scanner and the scanner control application that will be used for
measurement according to Annex C. Re-qualification is not required for each assessment.

assessment

Qualify the ISO/IEC TS 29112 measurement method implementations used to analyze scanned data

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

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

3a) If reqired, edit the copy of the visual evaluation test chart according ¢0,the method specifigd in
clausel4.2.1.

4a) lIterate[steps 1a), 2a) and 3a) until an unambiguous visual evaluation’result is obtained

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

5.10 Testing procedure for scanner-based measurement
1b) Configlre the scanner control application accordingto*Annex C and record the application settings.

2b) Print aff least ten samples (see clause 5.6) of each of the instrumental measurement test charts fof use
with thig technical specification using the configured low-level printing application, the configured pfinter
driver, and the configured printer, accordingto the printing process specified in Annex B (normative)!

3b) Scan gach of the printed samples of-the test charts using the qualified scanner with the confiqured
scannef application and save lossless image files of each print sample according to Annex C.

4b) Analyzd the image files of_éach print sample using the qualified analysis methods for this technical
specification. Record the™name and version of each of the analysis method applications dsed.
Record fthe analysis reslts.” The multiple samples are properly averaged in the analysis method to create
a single| more accurate.result.

6 Presentation of results

6.1 General

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

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

The fequired documentation shall include:

° ocumentation of the printer, its state at the time of assessment, and the setup configuration pf the printer
r the assessment.

o ocumentation of the substrate used for assessment and the environmental conditions at the time of the
ssessment.

. ocumentation of the print submission process.

° ocumentation of the setup and capability of the scanner and scanner.control application used for

easuring the printer resolution characteristics as well as the method“used to compensatg for a finite

gcanner MTF characteristic (see Annex C.5, Method of compensation(for finite scanner MTF)

Table 6, Test context documentation for an assessment report

ltem: Infopmation: Units:
Test date: |dd-Month-yyyy
Tester or Testing Organization: [XXXXXXXXXXXXXXXXXXXX
Printer manufacturer and model: [Manufacturer-Name, Model-Numbef
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 consimables
Environmental conditions: |e.g. 25°C, 45% RH, 110Y, 60Hz °C, % RH, V, Hz
Identification of substrate used for testing: |Paper-Manufacturer-Name, Paper-Name,
Characteristics of substrate used for testing: |Paper-weight, Paper-coating, Paper-surface, and Paper-size
Operating system and version used: |OS name, OS,Version
Connection type and version: |Protocol and,vérsion used to connect the printer to the test platform
Printing application: |Application’name and version (and documentation of settings different from Annex A)
(e.gwPrintFile v2.1.6 for Windows, drag & drop for Mac)
Number of prints analyzed with each method: [e.g. 10
Scanner used for measurement; {Manufacturer-Name, Model-Number
Scanner driver version & configurations, |Driver version #, 'Defaults' (and documentation of settings different from driver defaults)
Scanner control application: |Application name and version (and documentation of settings different from Annex C)
Resolution setting used for measurement: |[PPPP dpi dpi
Scpnner OECF compensation méthod & aim: [auto OECF_WG4.exe, Lightness aim
Scanner MTF compensation method: |Compensate_scanner MTF_WG4.exe, v1.0
Evaluated scanner MTF: [cy/mm @ 50% MTF, cy/mm @ 10% MTF cy/mm

The [ntent of this‘test documentation is to provide a complete context of the setup and testing progesses of the
resolution assessment. The elements in the test report should be in a logical order. Table 6 shpws the test
contgxt doeumentation for an assessment report. Examples of test reports are provided inh Annex E,
(Informative) Test Reports.

6.3 Reporting of measurement results

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.

Item:

Orientation

Information:

Units:

Measurement name (e.g. Edge blurriness):

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

values (mean & stdev)

(e.g. microns)

Measurement name (e.g. Edge raggedness):

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

values (mean & stdev)

(e.g. microns)

ltem:

Table 8. Description of test chart and analysis method.

Information:

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

Test chart version|

Analysis method name (implementor)

Analysis method implementation version

These temp
this Technic

Technical S

ltem:

Table 9. Test measurements.

Orientation

ate forms should be used for reporting the results of each measurement carried out accordi
bl Specification. For measurements that share the same test chart’and analysis method, the
no need to feport the test chart name and analysis method in duplicate. The,'measurements defined by
J)ecification are summarized in Table 9.

Information:

g to
re is
this

Units:

Native addressability:

In-track, or Cross-track

values (mean & stdev)

spots/in or spot§/mm

Effective addressability:

In-track, or Cross-track

values (mean & stdev)

spots/in or spot§/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
Perceived gharpness (CMTA - edge)|In-track, Cross-track or-Angled (value®) values (mean & stdev) CMTA value

qg

N

FR @ 50% MTF (edge):

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

values (mean & stdev)

cy/mm @ 50% MTF

L

miting resolution (edge):

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

values (mean & stdev)

cy/mm @ 10% NITF

Perceive(

sharpness (CMTA - line)

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

values (mean & stdev)

CMTA value

SFR @ 50% MTF (line)

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

values (mean & stdev)

cy/mm @ 50% NITF

Limiting resolution (line):

In-track;\Cross-track or Angled (value®)

values (mean & stdev)

cy/mm @ 10% WMTF

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,included in the
distripution media of this Technical Specification, and are also available from the (SO web site at
http:{/standards.iso.org/ittf/PubliclyAvailableStandards/SC28 Test _Pages. The ZIP fileFS29114 TestCharts
contdins the current set of Test Charts for use with this Technical Specification.

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 Addressabilify Indicator.s:

A.2| Native Addressability test chart content

The pative addressability test chart contains three sets of elements:

1) Printing configuration check elements: -

These elements are visually evaluated to verify that the printing

configurations allow correct assessment of the native addressability

est chart. All four checkerbdard patterns and all levels of the tone
5cale ramp should be evident and distinct. %

2) [oarse native addressability assessment scales:

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

hpproximate«native addressability of a printing system. Moire

batterns in‘these elements disappear at the printer resolution. Visual

assessment of these positions and the adjacent resolution scales
brovides an indication of the approximate native addressability.

3) :- l_ e _acdre .l a 2 mnen ales.:
A cross-track and an in-track scale are provided to estimate the Figure A1 Natlve addressability.
native addressability of a printing system to much higher precision.

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
and

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

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

edges is utllized to estimate the edge blurriness and raggedness of
edges aligned parallel and perpendicular to the page edges. The square
elements pfinted at angled orientations are utilized to estimate the

blurriness and raggedness of angled edges.
Edges are pfovided at 0°, 90°, 8°, 82°, 24° and 66° orientations. Figure A3. Edge metric test chart.
The printer Modulation Transfer Function can be estimated by analysis of the edge profile characteristics of

these target|elements.

A.5 Line Characteristics test chart content
A second estimate of the printer Modulation Transfer Function is provided by analysis of two square-wave test
chart objectg that create cross-track and in-track binary patterns of dark and light lines aligned with the printing
grid of the pfinter under assessment. Fhe 'square-wave objects are sensitive to edge characteristics, spotqsize,
and one-dimensional adjacency effects:
With these multiple estimates(of)the printer Modulation Transfer Function, the contributors to detail carfying
capability frgm edge characteristics, from spot-size effects, from spot-shape effects and from one-dimensjonal
adjacency effects can be.estimated.

WI“I i

90° orientation

0° orientation

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

Printing process

Application effects

Imag
be p
charf
app
asse

B.2

ing and graphics applications generally have their own individual ideas about how a graphig
finted. These ideas have been known to change from version to version. Printing ISO/EC' T

cation can make to the intent of the standardized printing files utilized in the/1ISO/IE(
ssment of printer resolution.

Print driver effects

Prin
to a
print

B.3

The
(Enc
direg
2911
asse)

With
infor
print
infor
print
a mi
long
ISO/

With
the

:fa

r drivers often attempt to assist the user in printing information~This assistance can destroy
lytically estimate printer resolution and must be avoided. Printer drivers are an essentig
ng data path, but can be accessed at a low level to avoid unnecessary assistance.

Test chart files for Postscript printers

test chart files for ISO/IEC TS 29112 assessment of Postscript printer resolution
apsulated PostScript) format. This is a well<documented, freely usable Adobe format that
tly to Postscript compatible printers fromva Windows, Linux, or Macintosh platform. The
2 printer resolution test chart files—are able to adapt to the characteristics of the p
ssment. This adaptation takes two forms: 1) dynamic adaptation, and 2) static adaptation.

dynamic adaptation, an ERS_file sent to the printer under assessment queries the pri
mation. The information requested is the cross-track and in-track native addressability of thg
br identification information) such as name, version, time, and date that are subsequently
mative text in the printed test chart. The cross-track and in-track native addressability data ret
br is also utilized to-precisely configure the test chart to the printer characteristics. This adap

as the printer, cotrectly reports its own addressability. Dynamic adaptation is the default
EC TS 29112 printer resolution test chart files.

static-adaptation, the user can over-ride a dynamic configuration of the test chart. With stati
Iser\.edits the header portion of the test chart file to explicitly define the cross-track

12:2012(E)

s file should
5 29112 test

files from an imaging or graphics application is not recommended due to the many chanpges that an

L TS 29112

the attempt
| part of the

are in EPS
can be sent
ISO/IEC TS
rinter under

nter RIP for
e printer and
Jisplayed as
urned by the
ation avoids

smatch betweenrthe’resolution assessment test chart file addressability and the printer addr¢ssability, as

state of the

c adaptation,
and in-track

'hese edited

addressability to be utilized in configuring the test chart for the actual addressability of a printer. T
values are used instead of the addressability reported by the printer in configuring the test chart file for
printing.

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

asin

B.4

gle PDF file to adapt to different printer addressabilities.

Printing protocol

For a Microsoft Windows® platform, a low-level printing utility such as PrintFile (www.lerup.com/printfile) 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 - |I:I|ﬂ
This program prints test files or sends PostS cript wl

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.. |

Idle Stop | |

i

¢ PrintFile Settings ﬂ
Current Setting
=
LCancel |
General
[ Enable spooler function &I ﬂ
[V Show printer selection dialog Shorteut... | 4 P g e
[~ Shows this dislog when drag & drop Delete | - General . \j
[ Quit when handled command line = ¥ Use end of file charact ’@
[V Show settings name in header Help | ' Enable page select] F\ ﬂl
I~ Show progress bar ™ Include driver h@ Help |
[™ Save window placement on exit :; E\?;:ljor:-;%hilﬁcript I
™ Show icon on the taskbar )
M andatory far file bpe(s): I— B Proloﬁ{“.‘t
e |
Printer =
Use default j . :$ncapsulated FPostS cript
.,\J I Frame bounding box
More " Center on page [~ Prirt file name
Teutfile... PostSonpt... | MHeup... | Corversion,.. | ¢ Center and zcale to fit page
N

Figure B, PrintFile configuration

then click thé¢ “OK” button of the PostScript Settings dialog box and the “Apply” button of the PrintFile Seftings
dialog box. If any of the test chart content is clipped by printing boundaries, the "Center on page" button|may
be utilized. Do not use the "Center and scale to fit page" button" as this shall invalidate the measuremgnts.
This complefes the configuration of the PrintFile utility.

In the Enca;EsuIated PostScript pane ‘of this dialog box, check the "Keep original size and place" buttor] and

On a Macirftosh platform, the test chart file should be directly dragged to the icon of the printer Under
assessment| This-process explicitly avoids the application and upper-level driver effects mentioned above]
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Annex C
(normative)

Scanner conformance

12:2012(E)

Many of the measurement methods utilized in this Technical Specification to estimate the characteristics of
printer resolution employ a reflection scanner as an analytic measurement device. These measurements will

de an accurate assessment of printer resolution characteristics only if the scanner cay
iently high that the scanner itself does not limit the assessment and if the scanner control, §
gured to deliver pristine imagery. This annex specifies the conditions that shall be met\by
ner and its scanner control application to qualify a scanner as a usable measurement device
echnical Specification.

prov
suffi
confi
scan|
this ]

C.1|Required scanner characteristics
characteristics of a reflection scanner shall be evaluated in order to\qualify a reflection sca
this Technical Specification. hese characteristics are:
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 saturg
ffects),
Interpolation effects in the sensor array of the scanner, and

he usable addressability or spatial frequency response’characteristics of the scanner.
Sevgral other characteristics of a reflection scanner.can affect the measurements utilized in th
Spegification, but are generally sufficiently well contralled in commercially available reflection sc
of small concern. These characteristics are:
he geometric distortion of the scanner,
he flare or integrating cavity effects of the scanner, and
he scan uniformity over the tone scale’and stability over time.

Four
with

C.1.1 Scan characteristics
A reflection scanner employed for measurement with this Technical Specification shall be capable]
a widle range of tonal levels between the maximum reflectance of the test chart elements and
reflegtance of the test chart elements utilized in this Technical Specification. Scans of test ch3
exhibit any clipping or\saturation effects. The reflection scanner shall be capable of providing
different tonal levels.\This corresponds to at least an 8-bit scanner data path.

The
perm
bein

dynamic-range of a scanner utilized for measurement according to this Technical Speci

j tested:

abilities are
pplication is
a reflection
for use with

nner for use

tion

is Technical
hnners to be

of capturing
he minimum
rts shall not
at least 256

ication shall

it accurate measurement of print reflectance values over the range produced by the prifting system

The

) £l [ 1 H L il 1ot £
IItUI dlitdy Ul tl 1T SCTITTISUTN USTU TTT tllG SUAIITITI |||uat IIUt CUITPTuNmms< tl Ic Dpdtldl IUDUIUtIUII Ul bbanned data.

Scanners utilizing multiple sensors, one for each colour can qualify for use with this Technical Specification.
Scanners utilizing a single linear sensor with an alternating colour filter array will compromise the spatial

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

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.

C.2 Method for evaluating the scanner OECF characteristic

A fully popy
required by

scanner in the form of this required LUT shall be done in accordance with the procedure defined in

14524. The
test charts.

C.3 Meth

The scanne
that permits
being tested
a very widg
Corporation
in ISO 2155
Value Scale]
printing syst

C.4 Meth

The detail carrying capability of a scanner shall be evaluated in accordance with the procedure defined in

16067-1 Phq
modulation fj
of the printe
a scanner i
converted to
The scannet

Scanne

C.5 Meth

lated look-up-table (LUT) that captures the calibrated OECF characteristic of the scann
the assessment methods employed by this Technical Specification. Calibration of a-refle

standard error of the scanner calibration shall be less than 1% of the range utilized by the pr

pd for evaluating scanner dynamic range

utilized for measurement according to this Technical Specification\shall provide a dynamic r|
accurate measurement of print reflectance values over the range produced by the printing sy

The dynamic range measurement requires a test chart exhibiting both very good uniformity

range of reflectance values (e.g. the Munsell Neutral Value Scale available through X
). Evaluation of scanner dynamic range shall be done/n accordance with the procedure de
0 from multiple scans of a uniform, wide reflectance fange target, such as the Munsell Ng
. The scanner dynamic range shall be at least as/large as the reflection density range o
bm to be evaluated.

pd for evaluating scanner usable addressability

tography: Spatial resolution measurements of electronic scanners for photographic images
ransfer function (MTF) of the scanner, at the spatial frequency corresponding to the address3
being assessed, shall be-greater than 25%, preferably at least 50%. The usable addressabil
5 proportional to the spatial frequency at 50% MTF of the scanner. This spatial frequen
usable addressability:by multiplying by 50.8 (2 pixels are required for a minimum printer cy
usable addressability at 50% MTF should be comparable to the printer addressability.

[ usable addressability @ 50% MTF = (Measured scanner spatial frequency @ 50% MTF) * 5

pd, for-compensating for finite scanner MTF

er is
iction
ISO
nted

ange
stem
and
-Rite
fined
utral
f the

ISO
The
bility
ty of
Cy is
cle).

D.8

The MTF ch

racteristics of the scanner empiloyed 10T test chart measurement mthe Protocaor or thisTec

nical

Specification 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 without
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 automatic tone-scale correction capability shall be disabled.

Any filtering of the scanned imagery (e.g. sharpening, un-sharp masking, blurring, etc) shall be disabled.
Any colour management capability shall be disabled.

$canned imagery shall be capable of being saved in a lossless format (e.g. LZW or ZIP).
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Annex D
(normative)

Measurement method conformance

Measurement methods employed for use with this Technical Specification shall conform to the reference
implementations specified in this Annex. The code listings of these reference |mplementat|ons deflne the data

analysis pro
measureme
methods, alq
alternative i

this Techni
provided ex
all files of t
reference b

measureme%t method is compliant with the reference implementation of that measurement method defin

Specification.

TS29112_R

in this Technical Specification. The expected values for conformance testing~using the reference bitmap

are specified

Failure to us
shall invalida

D.1 Effec

The refereng

EffAddr v3.m. The input for this reference implementation

EffAddr_Ref
addressabili

Figure D1
addressabili
addressabili

ghows the graphical output oflan evaluation of the reference bitmap image with the effg

t result. A set of reference b|tmap files are provided for each of the defined measure
bng with their expected reference implementation measurement results, for compliance-iesti
mplementations of the defined measurement methods. An alternative implementation

| Specification if the measurement results from the alternate implementation_agree with
ected results from the reference implementation within effective computatiopal’rounding err:
ne corresponding set of reference bitmap files. The reference implementation listings ang
tmap file sets for compliance testing are included in the distributionmedia of this Tech
The ZIP file TS29112_Conformance contains the reference, bitmap files. The ZIR
pference contains the reference implementations for each of the méasurement methods spe

in the tables of this Annex.

e a compliant implementation of the measurement methods’defined in this Technical Specific
te any test results obtained using that implementation:

tive addressability measurement method

e implementation for the effective addressability measurement is specified by the Matlab fun|
is the uncompressed TIFF bitmap
Bitmap.tif. The output result from. this reference implementation is the measured effe
y value.

y reference implementation specified in Table D1. A conforming implementation of the effg
y method shall provide a'result that closely resembles Figure D1 with two well separated pea

ffective addr ility\test_image-both-
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