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Foreword

2018(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are

members of ISO or IEC participate in the development of International Standards through
committees established by the respective organization to deal with particular fields of

technical
technical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,

[SP/TETTTCT.

The procedures used to develop this document and those intended for its further maintenance are

ddscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria n
the different types of document should be noted. This document was drafted in dccérdance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atttention is drawn to the possibility that some of the elements of this doCument may be tH
of| patent rights. ISO and IEC shall not be held responsible for identifying any or all su
rights. Details of any patent rights identified during the development of the document will
Infroduction and/or on the ISO list of patent declarations received (se® www.iso.org/patents)

Any trade name used in this document is information given for thle convenience of users and
stitute an endorsement.

Far an explanation on the voluntary nature of standards, the meaning of ISO specific t
ressions related to conformity assessment, as wellYas information about ISO's adheren
rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the
L: www.iso.org/iso/forward.html.

This document was prepared by Technical Committee ISO/IEC ]JTC1, Information te
Subcommittee SC 28, Office equipment.

This first edition cancels and replaces1SO/IEC TS 29112:2012.

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

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

This document prescribes the following:

Printer resolution, a quantification of the ability of a digital printing system to depict fine spat
detail, is [a perceptually complex entity with no single)simple, objective measure. Five print qual
characteifistics that meaningfully contribute to resolution are described in this document. The

Definitions of print quality characteristics that contribute to perceived resolution.

Definjitions of conformance methods to qualify a reflection scanner for use as a measuring devicg.

A tesfing procedure based upon:

a) gwell-documented printer and printing environment setup,
b) ell-controlled printing of specified test pages, and
c) bsequent measurement of print quality characteristics using reflectiofi’scans of test patte

lements on the printed test pages.

Definjitions of methods for measuring the contributing print quality¢characteristics using print|
test pattern elements of the specified test pages and analysing, the resulting data to derive
assegsment of printer resolution.

Requlirements for the report of a printer resolution assessment that define the context of t
assedsment and describe the results of the assessment.

he

al

ty
se

print quallity characteristics are: native addressability, effective addressability, edge blurriness, edge

raggednefs and the printing system spatial frequency response characteristic (SFR).

Native or physical addressability refers to the imaging framework in a digital printing proce
usually a rectangular grid of printable’spots, which enables depiction of fine spatial detail. Nati
addr¢ssability specifies only onefacet of the perceived resolution of a printing system. The comm
unit for native addressability i§ DPI (dots per inch).

Effeckive addressability is’aymeasure of the minimum pitch by which the centre of a printed obijg

5S,
Ve
pn

ct

(e.g. line segment) can-béexdisplaced and evaluates the effects of imaged spot position modulatign,

size hodulation or exposure modulation.

Edge|blurrinessiprovides an optical measure of the geometric transition width of an edge betwe
an urjprinted §ubstrate region and a printed solid area region.

Edge|raggedness provides an optical measure of the geometric deviations of a printed edge from a

requg¢sted straight line.

The spatial frequency response characteristic (SFR) describes the ability of a linear imaging system
to depict fine spatial detail. This is the spatial analogue of frequency response used to characterize
sound reproduction. A common synonym of the SFR characteristic is the modulation transfer

function (MTF). The ability to depict fine spatial detail is affected by edge blurriness and ed

ge

raggedness as well as the spot size and shape of the printer's marking technology and any adjacency
effects that can occur in the reproduction of fine detail. Two measurement methods are described

that provide estimates of the printing system's spatial frequency response including contributio
from edge blurriness, edge raggedness, spot-size, spot shape and adjacency effects.

ns

An essential part of the development of this document was verification that the specified measurement
methods correlate well with perceived printer resolution (the ability of a digital printing system to depict
fine spatial detail) and that the measurements are reproducible across laboratories and instruments.

Vi
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The steps in and results of this process to verify the utility of the measurement methods specified in
this document are presented in more detail in Annex F. The applicability of the measurement methods
specified in this document could be expanded by undertaking similar verification processes with other
printing technologies.
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Information technology — Office equipment — Test
pages and methods for measuring monochrome printer
resolution

This document defines methods for the objective measurement of the print quality chardcteristics
thpt contribute to the perceived resolution of reflection mode monochrome printed‘pages [produced
by digital electro-photographic printers. The measurement methods of this dogument arg derived
frgm several existing techniques for the assessment of an imaging system's resolution charagteristics.
Eqch of these measurement methods is intended for the engineering evaluation-of a printing system's
pdrceived resolution and is not intended to be used for purposes of advertising claims.

The methods of this document are applicable only to monochrome printsproduced in reflectiop mode by
eléctro-photographic printing technology. This document is intendedfer'monochrome printer$ utilizing
PdstScript®Y) interpreters capable of accepting PostScript and encapsulated PostScript (EPS)|jobs.

2| Normative references

The following documents are referred to in the text¢nrsuch a way that some or all of thejr content
copnstitutes requirements of this document. For dated references, only the edition cited applies. For
urldated references, the latest edition of the referénced document (including any amendmentd) applies.

ISP 12233, Photography — Electronic still picture imaging — Resolution and spatial frequency responses

ISP 14524, Photography — Electronic still’picture cameras — Methods for measuring opto-glectronic
copwversion functions (OECFs)

ISP 16067-1, Photography: Spatial-resolution measurements of electronic scanners for phdtographic
imlages — Part 1: Scanners for reflective media

ISP/IEC 24790, Informatign,technology — Office equipment — Measurement of image quality pttributes
for hardcopy output — Menochrome text and graphic images

3| Terms, definitions and abbreviations

3.1 Terms and definitions

Fdr the purposes of this document, the following terms and definitions apply.
Ilantwmmmmmm resses:

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

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

3.1.1
addressability
number of uniquely identifiable printable spot positions per unit distance

1) PostScript® and Encapsulated PostScript® are registered trademarks for freely usable page description
formats controlled and defined by Adobe Systems Incorporated. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO/IEC.

© ISO/IEC 2018 - All rights reserved 1
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3.1.2
bitmap
two-dimensional rectangular matrix of values representing the pixels (3.1.21) in a printed page

3.1.3
cross-track
oriented perpendicular to the direction of print substrate motion (cross-track direction)

314
cross-track addressability

addressahitt repri
through the printer

3.1.6
edge blurriness
appearanice of being hazy or indistinct in outline, giving a noticeable transition of density from a line
element tp the background substrate whose transition width is zero for an ideally sharp-edge

Note 1 to gntry: The measured optical width of the transition region perpendicular to théstraight edge bounddry
between ajn unprinted substrate area and a solid printed area provides an assessment-9f edge blurriness.

3.1.7
edge raggedness
appearance of geometric distortion of an edge from its ideal position

Note 1 to gntry: Measurement of the geometric deviations from straightriess of a contour at a specific reflectarjce
ratio in the¢ edge boundary region between the unprinted substrate@rea and the solid printed area of a requested
straight edge provides an assessment of edge raggedness.

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

3.1.8
edge transition width
distance petween the points of a normal edgeprofile (3.1.19) identified at 70 % of the edge transitipn
reflectanfe range and 10 % of that reflectance range, the region in which edge blurriness (3.1.6)|is
measured

Note 1 to|entry: The edge transition-teflectance range is the reflectance difference between the maximym
measured|reflectance factor, Rpyax, typically of the substrate, and the minimum measured reflectance factjor,
Rnmin, typigally of a region printed-at amaximum printing value.

3.19
edge spread function
normaliz¢d spatial signdl distribution in the scanned output of a printing system resulting fram
imaging 4 theoreticalinfinitely sharp edge

Note 1 to ¢ntryslinmeasurement of the edge spread function, the tone-scale of the scanning system is corrected
to be linez1r in'reflectance. See ISO 12231.

3.1.10
effective addressability

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

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

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

2 © ISO/IEC 2018 - All rights reserved
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3.1.11

human eye modulation response

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

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

3.1.13

inrtrackadds caaab;l;t_y
addressability (3.1.1) of the printer in the direction parallel to the motion of the print substrate through
the printer

iting resolution
tial frequency at which the modulation (3.1.15) of alternating printed high-Contrast lines ahd spaces
0 % of the zero-frequency spatial frequency response of the printing system

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

inting using a single colorant, in pafticular, a single black colorant

18

tive addressability
e over the minimum piteh-between adjacent spots (3.1.35) that can be independently contijolled and
duced by the printer

19

rmal edge profile
P
reflectancetrdce across the transition region perpendicular to the boundary of a straight edg¢ between
arf unprintéd substrate area and a solid printed area

Ndte-I\to entry: For the edge blurriness measurement specified in this document, the transitior] region is
mg¢asured between the 10 % and 70 % reflectance levels.

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

3.1.20

Nyquist limit

Nyquist frequency

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

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

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

3.1.22

raster image processor

RIP

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

3.1.23

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

3.1.24
resolutign enhancement technology
control of the printed spot (3.1.36) position to a pitch that is less than the native addréssability (3.1.18)
of the pripting system accomplished through local control of one or more spot characteristics

Note 1 to| entry: The spot characteristics are spot reflectance (gray-level modulation), size of a spot (s|ze
modulatiop) or local position of a spot (position modulation).

3.1.25

reflectance threshold

R
p

level in the reflectance gradient profile of an edge that is at some.specified percentage of the transitipn

from the minimum reflectance factor, Ry (3.1.27), to the maximum reflectance factor, Rpax (3.1.26),

as: Rp = Rpin + p%(Rmax — Rmin)

3.1.26

Rmax
maximunp measured reflectance factor (3.1.23), typically of the substrate

3.1.27
Rmin
minimun] measured reflectance factor (3.1.23), typically of a region printed at a maximum printing value

3.1.28
R10

contour df points of an imageelement where the edge gradient profiles cross a reflectance level that
is 10 % df the transition from the substrate reflectance factor, Rmax (3.1.26), to the minimum imalge
reflectange factor, Rmin f3:1227): R10 = Rmin + 10 % (Rmax — Rmin)

3.1.29
R2s
contour df points of an image element where the edge gradient profiles cross a reflectance level that
is 25 % df the transition from the substrate reflectance factor, Rynax (3.1.26), to the minimum imalge
reflectangefactor, Rpip (3.1.27): Rp5 = Ryin + 25 % (Rmax = Rmin) a|g

3.1.30

R40

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

3.1.31

R70

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

4 © ISO/IEC 2018 - All rights reserved
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3.1.32

sampling efficiency

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

3.1.33

sampling frequency

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

3.1.34
scnner tone-scale calibration
opto-electronic conversion function

e imaged

S, e.g. test
hned pixel
lationship

fed page,

d a solid

ata 40 %

pst one or

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

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

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

Abbreviation

cy/mm

dpi (DPI)

Term
cycles per millimetre
NOTE 1 This is the unit for specifying spatial frequency.

dots per inch

AT

Ip/mm

MTF
NEP

ppi (PPI)

RIP
TEP
SFR

spi (SPI)

4 Print resolution characteristics — Methods for measurement and analysis
4.1 Conformance requirements

4.1.1 (General

The prinf resolution characteristic measurement methods defined in this document rely on
objective|evaluation of digital images scanned from printed test pages. The single exception to this
the meth¢d for native addressability which relies on the visual evaluation of a printed test page.

2 |y 1 e . - . 11 1.1
INUTL 4 IS IS ULHIE COLIITUIT UITIU TOT PIITILITLIE S y SLCIIT TIdUVE dUUT CSSADUIIILY.

line pairs per millimetre

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

modulation transfer function (3.1.16)

normal edge profile (3.1.19)

pixels per inch

NOTE 4  This refers to the physical addressability of'a digital scanning system.

raster image processor (3.1.22)

tangential edge profile (3.1.36)

spatial frequency response (3.1.16)

spots per inch

NOTES5 The printing systefnative addressability can be expressed in spots per inch. T
is an alternative to the mote common term DPI.

h
as

ot

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

4.1.2 Test page conformance

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

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

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

test report.

© ISO/IEC 2018 - All rights reserved
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— Test page names referred to in this document are base file names without a version number suffix.
Version numbers will be incremented in later collections of test pages.

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

Test pages provided for use with the measurement methods specified in this document. arg encoded
as| separation black which avoids colour re-interpretation in most workflows so that(only [the black
prfinter colorant is used. Colour mixtures and half-tone reproduction of test pages shall be avdided. The
prpvided EPS files can be edited to evaluate the resolution capability of printing\systems pising any
separation colorant. The black separation colorant provides the highest contrastfor measurement.

THe name and version of a test page used in printer resolution assessmefityshall be recorded in the
tept report.

4.1.3 Printing process conformance

The printing process specified in this document avoids the¢re-interpretations of test page content
prpvided by many imaging or graphics applications. The asseSsinent of printer resolution chardcteristics
is[thus made independent of application features and. is. therefore representative of the| inherent
capability of the printer.

The procedure specified in Annex A shall be usedt6’submit the test pages for this printer fesolution
aspessment to the printer being assessed. The name of the printer, the settings of the low-levdl printing
application used to submit the test pages and @;Specification of the printing application, as sgecified in
6.P and in Annex A, shall be recorded in the test report.

Tq ensure that the printer is properly-warmed up, one or more pages shall be printed prior to an
aspessment.

4.1.4 Scanner characteristics conformance

Many of the measurementmethods utilized in this document employ a reflection scanner as anh analytic
measurement device, (These measurements provide an accurate assessment of printer resolution
racteristics only-ifthe scanner capabilities are high enough, so that the scanner itself doeg not limit
the assessment, antd’if the scanner control application is configured to deliver accurate and rppeatable
agery. Annex B/specifies the conditions that shall be met by a reflection scanner and itp scanner
trol appli€ation for qualification as a measurement device with the measurement methods|specified
infthis dociment.

4.15. "~ Measurement method conformance

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

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

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

4.2.1 General

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

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

NOTE In most cases, an evaluation of the printed target simply verifies the native addressability reportéd|by
the printer's RIP.

4.2.2 Method for measuring native addressability

Unlike tHe other measurement methods specified in this document, visual evaluation is used [to
determing the native addressability of a printing system. This visual evaluation-procedure can pe
iterative.|The context for printing the test page and evaluating the native addressability of a printipg
system is|summarized in Table 1.

Table 1 — Native addressability

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

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

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

Samples to print:|Single printed sample

Analysis method: [Visual evaluation

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

#A-Y Addressability Indicator.:s |~ 1

'“\ “

T
|

==

\M 8 H H | e 2

40

Figure 1 — Native addressability test page

Printing status and configuration check elements:

Element type 1 shows the native addressability reported by the RIP. Element type 2 indicates the
two check elements to be visually evaluated to verify that the printing configuration allows correct

8 © ISO/IEC 2018 - All rights reserved
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native addressability assessment. All four checkerboard patterns and all eleven levels of the tone
scale ramp shall be evident and distinct. If not evident and distinct, a workflow or RIP configuration
error is indicated (improper resolution, high-contrast tone-scale, binary rendition, etc.) which shall be
remedied before utilizing this target.

Coarse native addressability assessment scales:

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

bment type 4 indicates cross-track and in-track scales used for precise estimiation
dressability.

csual assessment of the position where the moiré patterns in these elements disappear provi
ecise and accurate measure of the native addressability of the printing systemf under assess

e TP1_NativeAddr.eps file queries the addressability characteristics of'the printer's ras
ocessor (RIP) and adjusts the test page content to exactly match_these reported addr
aracteristics.

TE1 Inmostcases, the evaluation of a printed page of the TP1 NativeAddr.eps file simply verifies
dressability that is reported by the printer RIP and displayed inthe upper right corner area of the tg

cual assessment of the native addressability test page is.complete when these two condition

The native addressability indicated by examination of the coarse native addressability ag
scales is within two percent of the native addressability reported by the RIP.

The native addressability indicated by eXdmination of the fine native addressability ag
scales is within 0,2 pixels per centimetre (or 0,5 pixels per inch) of the native addr]
reported by the RIP.

the visual inspection results differ,from the value reported by the RIP by more than two per
e fine assessment scales are out of range and do not provide an unambiguous measure of th
stem's true native addressability. Further investigation is required and consists of three stq

Open a renamed copy_of the TP1_NativeAddr.eps file in a text editor and edit the /Sef
in this PostScript. text file that is used to over-ride use of the RIP queried values for in-
cross-track native-addressability values to reflect the values determined by visual inspect
original sampleprint of the native addressability target. The /SetDPT line of the Post§
file is illustrated below.

etPRINV0O def % You can set the DPI that the program will adapt to. When

of native

les a very
ment.

fer image
essability

the native
rget.

5 are met:

sessment

sessment
essability

rent, then
P printing
ps:

rDPI line
track and
ion of the
cript text

$ set to zero, this will be done gutomaticall by checking the

2)

% number of addressability steps per inch of the output device.
% Zero should be the normal setting. But, if it is necessary to
% adjust the center spi to show in the large squares (because

% the automatic adjustment is off center) then it is possible to

% set it here.

Print and evaluate the edited and saved test page. When the coarse in-track and cross-track native
addressability obtained by evaluation of the most recently printed test page are each within two
percent of the addressability values entered through the text editor into the defining fields of the

test page file, then the fine native addressability scales are in range and visual evalu

ation can

provide a measurement of the true native addressability of the printing system that is accurate to
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within 0,2 pixels per centimetre (or 0,5 pixels per inch). This is the tolerance required for evaluation
of printer native addressability.

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

NOTE 2

addressability of a printing system.

Usually, one iteration of this process is sufficient to provide an accurate estimate of the native

NOT]ﬂ3 If editing the EPS file, the PRange variable controls the fine addressability range displayed
a print. This variable can be changed to display a different range and assess printer addressability. t

differ

The valug
track nat

4.3 Eff|

431 G

The effed
effective

of the printer and is generally not accessible to a user of the printer. The effective addressability o

printer ce

432 M

Createar
copies in

Print the
addressa
addressa
page and

ent accuracy.

s obtained through this evaluation process for in-track native addressability and for cro
ve addressability shall be entered into the printer resolution test report as described in 6.3

pctive addressability

eneral

tive addressability of a printer can be greater than its native addressability. This high
hddressability is generally controlled algorithmically within‘the digital data path processi

n differ in the in-track direction and in the cross-track'direction.

[ethod for measuring effective addressability

enamed copy of the files TP2-H2x_EffAddrH@erz.eps and TP2-V2x_EffAddrVert.eps. Open the
h text editor and edit the line that specifiesthe native addressability of the printer to be test¢

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

Table 2 — Effective addressability

—-

n

ng
[ a

ve
ve
st

Test page/| TP2-H2x_EffAddrHorz.eps (from latest Test pages.zip)

TP2-V2x_EffAddrVert.eps (from latest Test pages.zip)

Test pagelediting: | (Required) To specify addressability

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

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

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

Scanner OECF:|Retlectance

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

Measurement method: | ISOIEC29112_EffectiveAddressability (.exe or .m) (Use latest version)

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

10
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for analysis. An illustrative region of a printed TP2-H2x_EffAddrHorz.eps file is illustrated in Figure 2.

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

capability quantizes these spacings.
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Figure 2 — Horizontal effective addressability test page
Figure 2 illustrates measurement of in-track effective addressability_using the TP2-H2x_EffAddrHorz
test page. Horizontal and vertical refer to the direction of centre.displacement being evalyated in a
tept page. In-track refers to the direction of paper motion (or paper track) through the printing system.
Cross-track refers to the direction that is perpendicular to the direction of paper motion.
Analyse the scanned image files using the effective addressability measurement method specified in
this document. If the analysis shows two peaks, the effective addressability reported by th¢ analysis
is obtained from the position of the second peak. M the analysis shows only a single peak, thq effective
addressability test pages shall be renamed, edited; saved, reprinted and reanalysed until th¢ analysis
shows two peaks. The process to be followed ifthe analysis shows only a single peak is as follpws:
1.| Open a re-named copy of the effective addressability test pages and edit the PostSgript line
specifying the target resolution. Increase the target resolution multiplier by a factor of fwo from
its previous value (the initial value of the target resolution multiplier in any evaluation shall be 2).
The effective addressability of‘the printing system being assessed is the target resolution|times the
target resolution multipliet
2.| Save and print the edited copies of the effective addressability test pages according to the method
specified in AnnexAs
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, at a scanning resolution that is at|least half
of the efféctive addressability of the printing system being assessed, or 1 200 ppi, whjchever is
greatesty The scanner characteristics at this resolution shall conform to the requirements|specified
in Annex B to provide valid lossless image files for analysis. Each sample page shall be rotated ~45°
on the platen for scanning.
4 hrrabyse-theseatned-taseHlesusinstheeffective nddressabitymeasurementmethed specified

129N
in this document. If the analysis shows two peaks, the effective addressability reported by the

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

Theresultreported by this measurement method provides a measurement of the effective addressability
value of the printer for the selected test page orientation. In-track effective addressability and cross-
track effective addressability are measured separately based on scans of the printed test page sets
created for each of these two orientations. The values obtained for both in-track and cross-track
effective addressabilities shall be entered into the printer resolution test report as specified in 6.3. In-

© ISO/IEC 2018 - All rights reserved
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track effective addressability is a measure of the minimum pitch by which the centre of a printed object
can be displaced along the direction of paper motion through the printing system.

— Depending on the orientation of the substrate being transported through the printing system, in-
track effective addressability can be measured using either the horizontal or the vertical effective
addressability test page.

— Similarly, cross-track effective addressability is a measure of the minimum pitch by which the
centre of a printed object can be displaced perpendicular to the direction of paper motion through

thep

rinting system.

4.4 Edge blurriness and edge raggedness

4.4.1 (General

Two char

— The
strai

hcteristics of straight edges are of particular importance in characterizing aprinting syster

[=)

normal edge profile (NEP) illustrates how rapidly a transition is made‘perpendicular td a

bht edge. The width of this transition is directly related to the perceived’edge blurriness o

printing system.

— The fangential edge profile (TEP) illustrates how much a straight printed edge deviates from

requg

diredtly related to the perceived edge raggedness of a printing-system.

These twi

i

b edge characteristics are illustrated in Figure 3.

i

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

Figure 3 — Edge-blurriness and edge raggedness

4.4.2 Edge blurriness

The meaqured width of the transition region perpendicular to a straight edge between a solid print|

area and

— Asm
edge

— Edge

h bare substrate(apea correlates well with the perceived blurriness of a printing system.

hller transition width correlates with smaller perceived edge blurriness (i.e. greater perceiv]
sharpness).

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

definrzd in*ISO/IEC 24790.

fa

bsted straight line behaviour. The magnitude of the deviatiofis from straight line behaviou]is

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

12
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L4/4

=

a) Edge transition b) Edge blurriness:computatio
Figure 4 — Edge transition and edge blurriness coniputation

The region of interest (ROI) used in the evaluation of edge blurriness shall extend at least 10 jnm along
the printed edge and at least 4 mm perpendicular to the printed edge, extending at least Z mm into
the unprinted area and 2 mm into the printed area. The seanned image of this ROI, correcfed by an
OECF LUT to provide a reflectance measure, is analysed to’ determine the constant reflectance factor
tours within the transition region at reflectance threshold values of 70 %, and 10 % (R7¢, and R1o
tours). The R7g, and R1g contours are then each fitted to a straight line. Since the lines fitfed to the
Ro contour (element 1 in Figure 4 b), corresponding.to the contour line in the light region of Higure 4 a)
arld the R1g contour [element 2 in Figure 4 b), corresponding to the contour line in the dark|region of
Figure 4 a)] are not always parallel, the average' distance between the R79 and R1g contours| d7¢-10, is
culated by averaging the two distances atithe ends of the fitted line segments [elements 3 and 4 in

igure 4 b), respectively], according to Fermula (1).

=g

THhe final edge blurriness valiie;a, is the average distance between the two fitted lines, d7¢-19,|weighted
by the square root of the average density of the printed solid area region, according to Formula (2).

o= d70—10 /\/ Davg (2)

THe printed solidvarea density, Dayg, is measured in an area of at least 10 mm?2 within the Ryin solid
arga, at least t4nm away from any edge or light area (e.g. at the centre of one of the elements illustrated
in|Figure+5)) Edge blurriness is measured using the edge transitions along the sides of tHe objects
illpstrated in Figure 5.

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

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

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

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

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

1 n
()

Jj=1

(3)

where r rgpresents the residuals from a line.

4.4.4 Method for measuring edge blurriness and edge raggedness

Print the(test page file TP3_EdgeMeasures.eps according to Annex A. A printed versioen of this file|is
illustratef in Figure 5 and contains elements used to estimate the edge characteristics)of a printer. The
context for printing and evaluating the edge characteristics of a printing system(are summarized|in

Table 3.

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

Figure 5 — Edge characteristics test page elements

The set of sample prints created by printing(the test page file shall be scanned at a resolution greater
than or equal to the native addressabilitylofithe printing system being assessed or 1 200 ppi, whichever
is greatey

Table 3 — Edge blurriness and edge raggedness

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

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

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

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

Scanner OECF:|Reflectance

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

Measurementmethad-LISOIEC29112 pr‘gn]\ﬂnacnvnc [ovn or m) (]Icn latest xrnrch'\n)

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

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

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

4.5.1 General
The spatial frequency response of a printing system provides an effective method of describing the

capability of a printing system to depict detail as a function of spatial frequency. In this document, two
methods for estimating complementary aspects of detail rendition capability are specified.

4.5.2 Printer SFR estimation from edge characteristics

Slanted-edge SFR (spatial frequency response) analysis of printed edge transition chargcteristics
contributes to a measure of the printer's spatial frequency response from the Fourier transfdrm of the
edge spread function. This estimate of the printer SFR characteristic reflects the contriibutidn of edge
shiarpness to the perceived resolution of a printing system.

The TP3_EdgeMeasures.eps test page, illustrated in Figure 5, contains objects) that can provide an
estimate of the printer SFR characteristic based on the slanted-edge SFR method; see 4.5.3.

SHR estimates can be made using in-track, cross-track or slanted edges. These estimates of the printer
SHR characteristic reflect the contribution of edge sharpness to theperceived resolution of & printing
system. A choice is available to select between three sets of edges provided in the TP3_EdgeMeasures.
eps test page: 0° and 90° in-track and cross-track edges, 8° and 98° slanted edges and 24°|and 114°
sldnted edges.

4.5.3 Method for measuring printer SFR from edge characteristics

Prjint the test page file TP3_EdgeMeasures.eps according to Annex A. The elements used to provide an
estimate of the printer’s SFR characteristic are,ilustrated in Figure 5. The context for pripting and
evialuating the SFR characteristic from the EdgeMeasures test page is summarized in Table 4.

Table 4 —SFR from edge characteristics

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

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

Samples to print#}-Single printed sample (single angle, at least 5 instances)

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

Scanner QECF:| Reflectance

Measurement conformance: | According to the procedure specified in Annex C
Measurémeént method:|ISOIEC29112_SlantedEdge_PrinterSFR (.exe or.m) (Use latest version)

The set of saniple prints created by printing the test page file shall be scanned at a resolutidn greater
thpn or equal to the native addressability of the printing system being assessed or 1 200 ppi, whichever
is greater:'The scanner characteristics at this resolution shall conform to the requirements syecified in
Azrngx B to provide valid lossless image files for analysis.

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

2) Matlab® is aregistered trademark of The Mathworks Corporation. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO/IEC.
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Printer SFR characteristic estimates provided by the slanted-edge SFR method are as follows:

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

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

— Thes

454 P

Patterns
SFR char

measuremnent based purely on edge characteristics. Fourier analysis of a repeating one-dimensiof

square-w
spot size,

The SquajreWaveSFR test page, illustrated in Figure 6, is utilized in the estimation of the printer S

character

— If pri
repes
meas

— The ¥
acros

— Analy
whic
spati

— Thes
as sp

e measurements shall be recorded in the printer resolution test report as described in 6.37

rinter SFR estimation from 1-D repeating patterns

that repeat at a variety of spatial frequencies provide a basis for estimating the print
hcteristic that is much more sensitive to spot size, spot shape and adjacendy effects thary

Qve pattern provides a printer SFR characteristic estimate that reflects.the contributions
spot shape and adjacency effects to the perceived resolution of a printing system.

istic from 1-D square-wave patterns repeated along both horizental and vertical axes.

nted in the manner illustrated in Figure 6, the horizontal erientation test element with b4
iting at several different spatial frequencies along the\direction of paper motion is used
ure in-track SFR.

rertical orientation test element with bars repéating at several different spatial frequenc
s the direction of paper motion is used to measure cross-track SFR.

sis of the printed one-dimensional square-wave patterns provides odd harmonic amplitud
1, in comparison with the expected amplitudes of an ideal square wave's harmonics, probe t
bl frequency response of the printerx’at many different spatial frequencies.

e estimates of the printer SFR characteristic reflect the contributions of edge sharpness as w|
bt size, spot shape and adjaeency effects to the perceived resolution of a printing system.

=————wam
= ———mm
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al
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R

es
he

Vertical orientation Paper motion —  Horizontal orientation

Figure 6 — Line characteristics test page

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

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

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

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

1) Open a renamed copy of the TP4V_ SquareWaveSFR eps f11e or the TP4B SquareWaveSFR eps file
5 d—tojover-ride

the actual addressabilities of the prmtmg system. The /SetDPI line of the PostS¢ript t
illustrated below.

Table 5 — SFR from line characteristics

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

TP4B_SquareWaveSFR.eps (bitmap version)

Test page editing: | (Required) To specify addressabilty

Printing method:| According to the procedure specified ih, Annex A

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

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

Scanner OECF:| Reflectance

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

Measurement method: [ ISOIEC29112_SquareWave_PrinterSFR (.exe or .m) (use latest versio

=

~

etDPI 0 def % You can set the DPI .fhat the program will adapt to. When
% set to zero, this will be done automatically, by checking the

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

2)| Print and evaluate the edited and saved test page. When the bars of the square wave eldments all
print uniformly, proceed with the evaluation.

Scpn the set of sample prifits created by printing the test page file, at a resolution greater than or equal
to[the native addressability of the printing system being assessed or 1 200 ppi, whichever is gfeater.

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

Aljgnmentof the printed page on the platen is critical for correct assessment using this measurement
method.-Anédge of the printed page shall be aligned with an edge of the platen.

— Misalignment by 0,25° or more can affect the measurement results.

— The reference implementation specified in Annex C verifies alignment.

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

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

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

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

4.6 ROIsize and shape variation

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

An effect{ve compensation technique utilized in this document is to perform analysis on an eris€mble|of
ROI positjons and sizes, then utilize the mean value of the resulting distribution as the repofted value
from the pnalysis.

varidtions in ROI width and three variations in ROI height) has proven effective in driving this
sensitivity from an approximately 10 % noise level to well below a 2 %(level. More detail can pe
found in F.1.2.

— An e%semble of 81 variations (three variations in X position, three variations\in Y position, thrjee

— Avergging of the analysis results from this ensemble of variations,is-implemented in the referen
implgmentations of the measurement methods for scanner SFR] edge blurriness, edge raggedne
slantpd-edge printer SFR and square-wave printer SFR.

Q

e

12)
2]
~

5 Testjset-up, configurations and procedure

5.1 Printer set-up and configuration

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

Printer mpaintenance shall be pérformed according to the printer manufacturer's user's manual. All
printing dlevice consumables and operating components shall be those specified as acceptable for use
by the mdnufacturer (or otherwise noted).

Prior to fhe start of the test, the state of the replaceable printing system components, usually torer

The operating configuration in which a printing system is assessed is as important as the measureme
A particularly Important operating coniiguration 1s the manuiacturer s default configuration.

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

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

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

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

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

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

5.2 Printer testing environment

The testenvironment, INcuding temperature and nmumiaity, siatt-be withim the Tanges recommended
by| the manufacturer for operating the printer. If no recommendation is available, the follewihg ranges
shll apply:

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

THhe printer, all supplies, consumables, etc. shall be acclimated to the testenvironment for a minimum of
24 hours. Record the temperature and relative humidity at the time of the'assessment in the tgst report.

The printer shall be connected to a supply of power that is within the'manufacturer specified pperating
voltage and operating frequency range.

5.8 Substrate

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

—{ The substrate weight, coating and surfacegeharacteristics shall be documented in the test{report.

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

5.4 Test platform connection-to the printer

Cdnnection to the computer seriwing as the platform for printer resolution testing should be dgtermined
by the manufacturer's targeted usage.

5.p Printing process

One of the procedures specified in Annex A shall be used to submit the printer resolution agsessment
tept pages to the-printer being assessed for use with this document. For reference, the namg, version
arld settings, ef'the low-level printing application used to submit the test pages should be reforded in
the test report.

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

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

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

5.6 Test pages

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

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

— Test page names referred to in this document are base file names without a version number suffix.

Versi

on numbers will be incremented in later collections of test pages.

5.7 Sample size

The residual noise of the printing process is substantially reduced in the assessment analysis by
averaging measurements over a number equivalent test elements. The residual noise is further reduced

with the fise of larger numbers of sample prints (at the expense of measurement and analysis time),

— For n
cond

— The
chara
the tg

[t is impe
Cleanly p

For each

addr

— A sin
addr

rative that printing artefacts are avoided for an accurate assessmént of printer resolutig
rinted samples with properly reproduced test elements are essential
lifferent printer set-up and configuration:

— A single cleanly printed sample test page is recommended/for visual evaluation of nati
bssability.
gle cleanly printed sample test page is recommended for the measurement of effecti
pssability.

—  Atled
chara

of sqyiare-wave SFR. These can be provided inthe layout of a single cleanly printed sample test pa

host printing systems, multiple prints from the same run provide the most stable-printi
tion.

humber of test elements and sample prints utilized in the analysis of the print qual
cteristics contributing to attribute measures of perceived resolution shall bé.documented
streport.

cteristics (edge blurriness, edge raggedness and slanted-edge SFR) and for the measureme

5.8 Set-up procedure

1) Qualify the reflection scanner afidithe scanner control application that will be used for assessme

mea
Re-q

2) Quali
from

Re-qualification is not required for each assessment.

3) Obta

rement according to Annex B.
alification is not required for each assessment.

fy the ISO/IEC-29112 measurement method implementations used to analyse scanned da
printed test¢pages according to Annex C.

n, install and verify the appropriate low-level printing application as specified in Annex A.

ng

ty
in

n.

Ve
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stfive equivalent, cleanly printed test elemefits are recommended for the measurement of edige
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pe.
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4) Perf
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5) Setup and configure the printer according to 5.1 to 5.5. Record the printer configuration.

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

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

5.9 Testing procedure for visual evaluation

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

20
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2) Print a copy of the visual evaluation test page specified in this document, using the configured low-
level printing application, the configured printer driver and the configured printer, according to the
printing process specified in Annex A. A single clean printis all thatis required for visual evaluation.
Record the orientation of the test page through the printing system paper path.

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

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

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

5.10 Testing procedure for scanner-based measurement

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

2)| Configure the scanner control application according to Annex B and r¢cord the application settings.

3)| Print and use at least the recommended number of samples (see'5/7) of each of the instrumental
measurement test pages specified for use with this documert, using the low-level printing
application, the printer driver and the printer, according o the printing process spgcified in
Annex A. Record the orientation of the test page through.the printing system paper path.

4)[ Warm-up the scanner by scanning at least one full:size page at the desired resolution prior to
scanning any printed samples for evaluation.

5)| Scan each of the printed samples of the test pages using a qualified scanner with the cpnfigured
scanner application and save lossless image.files of each print sample according to Annex|B.

document. Record the analysis results)Record whether scanner SFR normalization is emjployed or
not. Ensure that multiple samples‘are properly averaged in the analysis to create a sinjgle, more
accurate result.

6)| Analyse the image files of each print sample using the qualified analysis methods specirf;']IeJd in this

6| Presentation of results

6.1 General

A report presentitig/the results of a printer resolution assessment according to this docunhent shall
influde the information specified in Clause 6. Guidelines for assessment, dealing with workflpw issues
arld representative samples of test reports can be found in Annex D.

The infermation required in an assessment report of printer resolution according to this docyment can
bd divided into two categories:

1. —Assessment configuration documentation is specified in 6.Z and Table 6.

2. The requirements for reporting assessment measurement results are specified in 6.3 and
Tables 7 and 8.

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

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

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

6.2 Required assessment configuration documentation

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

The documentation of assessment configuration shall include:

1.

2.

3.

4,

5.

6. Docuj
used

The inte

used in ;1(1

The elem

entation of the setup and the conformance of the scanner ,and scanner control applicatipn
for measuring a printing system'’s resolution characteristics)

of this test documentation is to provide sufficient context of the setup and testing procesdes
assessment of printing system resolution to permit equivalent assessment at a later dage.
ents in the test report should be given in a logicalerder.

Table 6 shows the assessment context documentation-needed for a report. Examples of test reports gre

provided

If a detail

can be pa
substrate

recorded

If the ass¢

the requi

may be wj

Printing:

22

in Annex D.

Item:

Table 6 — Test context documentation for an assessment report

Information:

led comparison of different printing systems is desired, the details of the component conditi
rticularly important (e.g. are all cdmponents used in the imaging process new?). The actyal
used (an optional item shown.in italics in Table 6) can also be important and should

Units:

pn

be

bssment is for internal use.only and is always performed using the same scanning system, theen
rement to provide a normalized scanning system spatial frequency response characteris
aived and scanner SFR'normalization as specified in B.4.4 is not required.

Fic

Test conditions:

Assessment date:

e.g. dd-Month-yyyy

Assessor or assessing organization:

e.g.name

Environmental conditions:

e.g.25°C. 40 %RH

°C. %R

Printer:

Manufacturer and model:

e.g. name, number

Configuration:

e.g. best quality or default

Component condition:

e.g. toner cartridge % life or # pages

Printer driver version:

e.g. version 2.1

Paper motion orientation:

e.g. along the long edge

Reported printer addressability:

e.g. 600 spi

spi

Substrate weight, surface and type:

e.g. 80 gsm, uncoated bond

(Substrate manufacturer and name):

e.g. Hammermill LaserPrint

Submission:

Method of test page submission:

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

Scanning conformance: | e.g. yes

Scanner OECF compensation: | e.g. reflection aim

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

If pssessment measurements are made at multiple locations, or with differing equipment, or gompared
ofenly, then individual scanner SFR normalization to a common aim as specified in B.4.4’is refjuired.

6.3 Required assessment measurement documentation

Several important attributes of a printing system's perceived resolution (can be assessed psing the
methods specified in this document. Each of the measurement methods.specified in this dofument is
infended for the engineering evaluation of a printing system's perceivédjresolution and is nof intended
fol purposes of advertising claims.

ThHe required documentation of measurement results as shown in-Table 7 and Table 8 shall in¢lude:

1.| Documentation of the configuration of the printer, whén'reporting assessment results fof multiple
configurations of the same printer. This supersedes:the conventional reporting of printing system
configuration as part of the test configuration table:

2.| For each attribute, documentation of the test page, the measurement method and the conformance
of the measurement method used.

3.| For each attribute, the orientation of the assessed element with respect to the papgr motion
direction through the printer.

4. The measurement results.

Table 7= Context documentation for a measurement

Item: Information:

Fqr each con-

figuration: Configuration: e.g. best quality or default

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

EI ;nii;lz.meas- Test page name: name & version (ISO website) e.g. TP2-H2x_EffAddrHorz_y1.eps

Assessment element orientation: e.g. XT (Horz target, portrait orientation, long-edge motipn => XT)
NOTE In This example, the assessed element orientation 10T short-edge motion through the printer is In-
track (IT).

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

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

Attribute name: Orientation: Data: Meas: Pages: Units:
Native addressability: |IT & XT Values eg. 1 1 spi
Effective addressability: | IT & XT Values eg. 1 1 spi
Edge blurriness: XT (8°),IT (98°) Values <mean, stdev, min max> e.g.5 1 microns
Edge raggedness: XT (8°),IT (98°) Values <mean, stdev, min max> e.g.5 1 microns
Accutance or
Slanted-edge SFR: XT (8°), IT (98°) Values <mean, stdev, min max> e.g.5 1 Sampling Efficiency
Accutance or
Square-wdve SFR: XT (0°),IT (90°) Values <mean, stdev, min max> e.g.5 1 Sampling Efficienqy
The meagurement context documentation specified in Table 7 shall be associated withnthe table|of
measurement results specified in Table 8 for each assessed printing system configuration, If only a single
printing §ystem configuration is being assessed, the specification of printing system cpnfiguration cpn
move back to the test configuration documentation specified in Table 6. The test coritext documentatipn
specified|[in Table 6 shall be associated with the measurement context documeéntation specified |in

Table 7 aipd the measurement data specified in Table 8. Examples of reports afe)provided in Annex D
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Annex A
(normative)

Printing process

1 Application effects

Imaging and graphics applications generally have their own individual ideas about how,a-file should be

prfinted. These ideas have been known to change from version to version. Printing test‘page f
ar] imaging or graphics application is not recommended due to the many changes that an ap
esolution

Ca|

splecified in this document.

A

ln make to the intent of the standardized printing files utilized in the assessmérit of printer 1

2 Print driver effects

iles from
plication

Pifinter drivers often attempt to assist the user in printing information. This assistance can d¢stroy the

at

pdrt of the printing data path but should be accessed at a low.lével to avoid unnecessary assist

A

fempt to analytically estimate printer resolution and shall be’avoided. Printer drivers are an

3 Test page files for PostScript printers

essential
ance.

THhe test page files for the assessment of PostScript printer resolution are supplied in EPS (Encppsulated
PdstScript) format. This is a well-documented;freely usable Adobe format that can be sent directly to
Pdstscript compatible printers from a Microsoft Windows®, Linux or Apple Macintosh® platfgrm3). The

prjinter resolution test page files of this ddcument are able to adapt to the characteristics of t
urfder assessment. This adaptation takes two forms: 1) dynamic adaptation, and 2) static ada

e printer
tation.

With dynamic adaptation, an EPS'file sent to the printer under assessment queries the printer RIP for

in

formation.

—{ The information requested is the cross-track and in-track native addressability of the pifinter and

printer identification.information such as name, version, time and date that are subp
displayed as infofmative text in the printed test page.

equently

—|{ The cross-track’and in-track native addressability data returned by the printer is also ytilized to

precisely éanfigure the test page to the printer characteristics.

—| This_adaptation avoids a mismatch between the resolution assessment test page file addressability

andithe printer addressability, as long as the printer correctly reports its own addressabitty.

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

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

3) Windows® and Macintosh® are registered trademarks of Microsoft Corporation and Apple Corporation,
respectively. This information is given for the convenience of users of this document and does not constitute an

en

©

dorsement by ISO/IEC.
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Test pages are also supplied in PDF format.

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

— The test pages are provided in PDF format for convenience of use with printing systems of known
600 spi or 1 200 spi addressability. A printable PDF file with arbitrary addressability can be created

from

an EPS test page using a suitable PDF compiler.

A4 Prinﬁng prnfnrnl

A4.1

There ar
analytic i

1y

2)

Acces
Wind
Maci

Utiliz

A4.2 L

For Linuj
for Macintosh) provides the required interface to the operating.system.

Open|
opery
for p1
tona

Type
print

Figure A.
e.g. HP C
to proper
needtob

Last 1
Zmini:1

neral

e two approaches for avoiding undesirable printer driver effects in printing test./pages for

hterpretation:

s the printers at a low level from the operating system (using DOS commands for Micros

ft

ows® based systems and using UNIX command shell commands. 4oy Linux and Apple

1tosh® operating systems).

e dedicated printing applications that are written to control and aecess printers at a low lev

pw-level operating system printing protocol

and Apple Macintosh® operating systems, the termuutility (Applications:Utilities:term.a

a term window and type lpstat -—a to get adisting of the detailed printer names that t
iting system is connected to. The detailed name for a printer is needed to properly direct a f|
inting to the printing device using the operating system. Place the files to be printed in an ea
vigate to location within the computer’s fijle system.

lpr -P <Detailed Printer. Ndgme> <Print File Path> tosend the printfile to ]
er (the brackets that separate the two arguments should not be typed).

| shows an example of the use.of the 1pstat and 1pr commands. The detailed printer na
olor LaerJet CP2026dn 2588F0, found using the 1pstat command, is what is need
ly direct the printing of the EdgeMetric test page in this example. The printer will probal
b told manually which tray to print from.

2 Desktop — bash — 95x10

bgin: Sat Jup) V¥V 14:41:47 on ttys@ee
- ekzeise$ (pstat -a

AdobeP

F9 accepfdng requests since Sun Nov 4 20:09:58B 2012

HP_Colgr_Lasesdet _CP2025dn__25BBF@_ accepting requests since Sat Jun 1 14:48:83 2013

Zmini:

ekzedse$ cd Desktop

Zmini:Pesktop ekzeise$ lpr -P HP_Color_LaserJet_CP2025dn__258B8F@_ EdgeMetric_vB_TestChart.eps
Zmini:pesktop ekzeises ||

el.

he
jle

Sy
he

e,
d
ly

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

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

26

Details vary between versions of the operating systems.

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

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

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

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

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

— OpenaDOS command window (Start then Programs then Accessories and select'C6mmand Prompt).
—| There appear to be two ways of sending files to a printer from the Command-Prompt winglow.
— Figure A.3 shows a direct method for sending the content of a file diréetly to a printer.

—{ If the printer’s Ethernet address is known, then for many printers;an equivalent method fis to type
at the command prompt: copy /b <File name> <Ethernet address>.

Configure Standard TCP/IP Port Monitor

Part Settings ] AQQ

21

Port Nare:

Printer Name or IP Address: | MNPI2S86FD.

N
v Al rint to this device, even if its IP
‘;\d ss changes

—Protocol >
)
 Raw ’\@ " LPR
A\

» 9 ~
Raw Settings 5\})
Port Mumber: | 9100

~

LPR s?ﬁ{,-,‘z\\l
Quc-u,@e: |

.

K PR Bybe Counting Enabled
NV

, nd

'\)hv SNMP Status Enabled

,’ Community Name: I public

SNMP Device Index: | 1

OK I Cancel

Figure A.2 — Windows Printer Name

¢ Lommand Prompt

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

Figure A.3 — Windows copy

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

address).

cv Command Prompt -y i

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

C:N\> copy b EdgeMetric_wB_TestChart.eps lpti_

A.4.3 Dledicated printing application printing protocol

For a M

.com(prijntfile) is recommended as the mechanism for sending resolution assessihént test page files
this doc

assessme
the applic

— Some

— With
pane

In the En
size and
llApplyll b

— Ifany
utiliz

Figure A.4 — Windows copy (alternative)

crosoft Windows® platform, a low-level printing utility such as PrintFile (www.ler

ment to a printer. This utility connects to the Windows printer driver of the printer und
nt at a low level and directly transfers the test page informationto-the printer, thus avoidi
ation and driver effects mentioned above.

configuration of the PrintFile utility is required, as specified here.

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

tapsulated PostScript pane of this dialog box, shewn in Figure A.5 c), check the "Keep origir
place" button and then click the “OK” buttpniof the PostScript Settings dialog box and t
itton of the PrintFile Settings dialog box.

of the test page content is clipped by, printing boundaries, the "Center on page" button can
ed.

al
he

be

— Do ng¢t use the "Center and scale to fit page" button as this shall invalidate the measurements. This

comp

On an Ay
printer u
mentione

letes the configuration of the\PrintFile utility.

ple Macintosh® platforni, the test page file should be directly dragged to the icon of
hder assessment. This process explicitly avoids the application and upper-level driver effe(
d above.

he
ts
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™. PrintFile - Default settings

This program prints text files or sends PostScript
and other files directly to a printer. Drag and drop
[ 7 & files here or use the "Print File" button to start
printing. Press right mouse button for menu.
— Status
e [

ISO/IEC 29112:2018(E)

REE
Brint File... |

Help |
About.... |

Exit

a) Default settings

(@)
L'

b) More pane

-

b
<
Fi

" PrintFile Settings ﬂ ™. PostScript Settings ﬂ
— Current Settings — General o
Save V ok
settings =l I_I ¥ Use end of file character ("D) '\ - I
LCancel | [V Enable page selection gh\ Cancel _]
- General I Include driver header
I~ Enable spooler function £eply r i Laf=t¥ _]
Enable n-up printing
¥ Show printer selection dialog Shorteut... | [V Wam for non Fnsts?iB inters
I Show this dialog when drag & diop
Delete = \V/
™ Quit when handled command line —I Frolog fle N\
¥ Show settings name in header Help Browse...
I Show progress bar N
I Save window placement on exit Elea }asBcnpt
W Sherme i e (+ ieep original size and place | Frame bounding box|
S arcon ol pels I— @nber oh page - [~ Print file name
Center and scale to fit page
— Printer \\
| Use default EI 5\0‘
More O
Textfile... | PostScript... | N-up... | Conversion... I $
(4]

N
gi’re A.5 — PrintFile configuration

c¢) PostScript settings
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Annex B
(normative)

Scanner conformance

B.1 Geperal

Many of the measurement methods specified in this document to estimate the attributes of‘\print
resolution employ a reflection scanner as an analytic measurement device.

These m

capabilities are high enough, so that the scanner itself does not limit the assessment, and if the scanr

control a
This ann

applicatig
specified

B.2 Re

Five chan

with the fneasurement methods specified in this document.Phese characteristics are:

— inter
— thes
— thet

— thes

— scam[er SFR uniformity over the\area required for assessment.

Several o
in this do
scanners
applicatig

— thes
ISO 7
betw

surements provide an accurate assessment of printer resolution attributes only if the scann

plication is configured to deliver pristine imagery.

bx specifies the conditions that shall be met by a reflection scanner and its scanner cont}
n to qualify a scanner as a usable measurement device for use witli-the measurement metho
in this document.

quired scanner characteristics

Acteristics of a reflection scanner shall be evaluated-to qualify a reflection scanner for u

polation effects in the sensor array of the scanter;
patial frequency response characteristics ahd usable addressability of the scanner;
ne-scale or opto-electronic conversion function (OECF) characteristics of the scanner;

can uniformity over the tone scale’and stability over time;

cument, but are generally sufficiently well controlled in the commercially available reflecti

n to office prifter resolution characterization. These characteristics are:

Canner dynamic range capability (minimum to maximum density, free of saturation effect

een0y1D and 1,5D for office printer resolution assessment;

that have methe scanner qualification requirements above to be of small concern |i

ol
ds

her characteristics pef aTeflection scanner can affect the measurement processes specified

1550[ilspecifies a measure of this property. A qualified scanner should cover the ranige

— theg
— thefl

bometricdistortion of the scanner:
>

are or integrating cavity effects of the scanner.

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

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

meth

ods specified in this document.

— Scanners utilizing a single linear sensor with an alternating colour filter array compromise the
spatial resolution of scanned data and shall not be used since spatial information is interpolated.

— Full fast-scan resolution is required for scanner conformance.
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A reflection scanner qualified for use with the measurement methods specified in this document shall
have a sufficiently large field of view to scan an entire A4 or Letter-size test page without re-positioning
the test page. Over this field of view, a qualified reflection scanner shall have a minimum scanning
resolution equal to or greater than the native addressability of the printing system being assessed or
1 200 ppi, whichever is greater, and a capability of providing at least 256 different tonal levels without
clipping or saturation effects. This corresponds to at least an 8-bit scanner data path and provides
headroom for OECF calibration.

For comparison between measurements made with different scanning systems, the scanners employed
should have similar characteristics: addressability, illumination, tone scale, spatial response and
splectral response (see Clauses B.3. and B.A47J.

BJ3 Scanner OECF characteristic

B3.1 General

The scanner spatial uniformity and temporal stability shall permit calibration’of the scanner tfo provide
a monotonic OECF characteristic that utilizes the full 256 levels of the sCanner data path|and that
ddes not saturate at either end of its range for the reflection characteristics of the printed tlest pages
splecified in this document.

The calibrated OECF characteristic for all measurement methods is a reflectance aim.

The gray-scale step tablet used for the creation of an OECE/ characteristic should have twelvg or more
steps. The minimum optical density in the gray-scale step.tablet should be 0,1 or less and the maximum
oftical density should be 1,7 or more.

B.3.2 Method for evaluating the scanner QECF characteristic

A fully populated look-up-table (LUT) that captures the calibrated OECF characteristic of the §canner is
refquired by the assessment methods specified in this document.

—|{ Calibration of a reflection scannet-in the form of this required LUT shall be done in accordpnce with
the procedure defined in ISO 14524 or ISO/IEC 24790.

—{ The standard error of thé'scanner calibration shall be less than 1 % of the required dynamic range
(0,015D which correspends to a 0,03 reflectance factor) to provide a sufficiently stable OECF
calibration.

B.3.3 Requiredscanner OECF stability

Scpnner OECF\repeatability shall be evaluated by performing sixteen consecutive scans of [the same
ORECF calibration test element (e.g. ISO 16067-1, ISO/IEC 24790 or equivalent test page) at alscanning
refolution-of 1200 pixels per inch.

The-OECF characteristic for each of these sixteen consecutive scans shall be evaluated. The [deviation
Of tha OECE chavactarictic for anmyz i dividiial conn foronn tha avnragad OBCE charactarictics ~AfF + 1 e sixteen

T U CT  CIO T o CtCT TS tIC TOT oty rotv oo STOIT T OTIT e oV CTa st O oo CIo T ot teTrotreoTr ot

scans shall remain within +1% of the maximum reflectance factor over the entire tone scale.

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

B.4 Scanner SFR characteristic

B.4.1 General

The detail carrying capability of scans provided by the reflection scanner used for measurement
methods specified in this document shall exceed the detail carrying capability of the printer system
that is being evaluated with the procedures specified in this document.
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B.4.2 Required element placement for SFR evaluation

The slanted-edge elements to be evaluated for SFR characteristics shall be placed in the central third of the
scanner platen along both the slow-scan and fast-scan axes of the scanner to avoid potentially significant
variations in the scanner SFR characteristic. Refer to the discussion of scanner stability in F.1.2.

If the SFR characteristics of a qualified scanner have been measured to be effectively constant over a
larger fraction of the platen along an axis (e.g. slow-scan), then measurements can be made over the
fraction of the platen where the SFR shift has been measured to vary by less than 0,035 at 12 cy/mm.

B.4.3 TUWW
The detaill carrying capability of a scanner shall be evaluated in accordance with the procedure(defined

in ISO 16
The Matl:

To be qu
maintain
area used

To be qug
super-res
least 25 ¢
system t}
measure
the miniry
mm. An a
details).

NOTE

resolution
avoids sig

B4.4 M

The nornpalized SFR characteristic ofia scanner shall be computed with this procedure to match

standard

This prog
charactery

The systg
element @

— The t
the h

67-1.
b function ISOIEC29112_ScannerSFR implements this procedure.

hlified to evaluate the SFR characteristic of a printing system, the scahning system sh
its SFR capability at 12 cy/mm such that there is a level shift of less than);035 over the plat
for evaluation.

lified to evaluate the SFR characteristic of a printing system, the\Scanning system, with t
olution capability provided by the slanted-edge SFR evaluation method, shall provide
0 headroom over the measured printing system SFR. This\theans that a 1 200 ppi scanni
at maintains an SFR level of 0,20 at 12 cy/mm is qualifi€d to assess a printing system whdg
| SFR characteristic maintains a level of 0,16 at 12 cy/mm. For current office printing systen
hum scanner SFR requirement for qualification is the’ maintenance of a 0,20 level at 12 d

greater than 1 200 ppi to maintain the 25 %-headroom requirement. The 25 % headroom requirems¢
hificant distortion of an evaluated printing'system SFR by a limiting scanner SFR.

ethod for normalizing scanfier SFR

aim characteristic that is‘representative of a population of qualified 1 200 ppi scanners.
edure is similar to-the procedure defined in ISO/IOEC 24790 and adopts the same aim S
istic.

fan ISO/IEG-24790 test page.

est element is placed on the scanner such that its edges are rotated between 5° and 10° frd
priZontal and vertical scanner axes.

he
at
ng
se
1S,

y/

im scanner SFR requirement is the maintenance.0fia 0,25 level at 12 cy/mm (see Annex F for

As printing system capability improves, a \giralified scanning system could require a scanning

nt

TS

R

m SFR (scapner’and target) is measured as specified in ISO 16067-1, using the slanted edige

m

— Diffe

St TOT A Zations are assSuned to be TeqUiTed 0T the two aifferent edge ortentations ot

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

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

e

1. Scanthe slanted edge patch of the ISO/IEC 24790 test page with a scanner in RGB mode (or grayscale
mode), 8 bits/channel, at 1 200 ppi, under the conditions specified in this annex.

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

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

CVnormalization = Caim/CVmeasured-

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

£ H 1 lo-2 4 L
IT CLlul:llLlCD Lly LIl Uusu % d L)’/ IIIIIL.

C.im (f)=1-0,103 096 f +0,004 226 88 f2 0,000 091 552 1 £ +0,000 001 030 79F* (B.1)

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

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

— Ifthe measured system SFR is lower than the aim system SER\(a less capable system}), then the
scanner SFR normalization characteristic at non-zero frequencies is mostly above one.

— If the measured system SFR is higher than the aimi,system SFR (a more capabld system),
then the scanner normalization characteristic at-fion-zero frequencies is mostly Helow one
(at zero frequency, SFR characteristics are normalized to one). These cases are illugtrated in

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

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

The scanner SFR normalization characteristic is then utilized in the following procedure to
normalize measurements made using that scanner to a standard condition corresponding to a
scanner with aim SFR characteristics.
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5. For epch ROl image used in computing a measurement of an attribute, derive the optical reflectan
factof values, R (x, y), for each pixel in the ROI image, using the reflectance OECF for calibration

scanmper output values.

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

7. Compute two separate SFR normalization matrices, one using the horizontal SFR normalizati
chargcteristic computed in step 4 and the second using the vertical SFR normalization characteris
computed in step 4. Each of these normalization matricés is a 2-D radially symmetric interpolat
matrjx of identical size as the DCT of the ROI image~The normalization matrices are created
interpolating the 1-D horizontal or vertical SFR normalization characteristic as a function
R(fx,|fy), the spatial frequency distance of the-matrix element (corresponding element by elems
with [the DCT matrix) from the matrix origin-{corresponding with the zero frequency point of t
DCT matrix), as shown in Formulae (B.2)-and (B.3).

CVnormalization (R) = interpOIate—ZD(CHnormalization (R)' R(fX' fy)) (B

CHnonmalization (R) =in terpozate—ZD(CVnormalization (R)' R(fX, fy)) (B

8. Compute the SFR normalized ROI image, using the two-dimensional inverse DCT, where the tw
dimepsional SFR normalization is being applied as a simple matrix multiplication in the spat

frequency domain:

X Hnofmalized :F_l[ [ F (l (X' y)) ]*CHnormalization (fX' fy) ] (B

A Vnoitmalized = F_l[ [ F UC (X' y)) ]*CVnormalimtion (fX, ﬁV) ] (B

@) Scanner SFR characteristics

b) SFR normalization characteéristics

Figure B.2 — Scanner normalization
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where y stands for ROI.

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

printer SFR.

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

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

B.5 Required scanner control application characteristics

Li

o imaginog and oranhics annlications scanner control annlications are desioned to heln t
50 =Rl rr 7 rr S 1

e user to

pr

oduce aesthetically pleasing imagery.

This aim is usually at odds with the requirement of providing analytic measurenrents
accurate and repeatable.

A scanner control application that is usable for analytic measurement‘in the ISO/I

that are

EC 29112

assessment of printer resolution shall be capable of being run in a completely manual mamnner.

All automatic features of the application that are designed to enhance‘the scanned imag
disabled.

Any auto-exposure capability shall be disabled.

Any automatic tone-scale correction capability shall be disabled.

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

Scanned imagery shall be saved in a lossless:format (e.g. uncompressed, LZW or ZIP).

The scanner control software requirements specified here complement the print
requirements specified in Annex A to.provide meaningful measurement results.

e shall be

sabled.

ing path
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Annex C
(normative)

Reference measurement methods and conformance

C.1 Inltallatlon

C1.1 neral

This anngx serves three purposes:

1) To dqcument the distribution set of test pages and measurement method executables or routines
utiliZed for evaluation of the measurement methods specified in this document:

2) To dpcument the distribution set of test files required for verifying)measurement methpd
confqrmance.

3) To specify the conformance processes used to verify the correet operation of the measuremgnt
methjods specified in this document.

The latedt set of test pages shall always be used with the measurement methods specified in this
document. Subclause C.1.2 shows how these test pages can be'downloaded.

Any implementation of a measurement method specified in this document shall conform to the
intended [practice specified in this document. A distribution set of reference implementations ahd
associatef support files is made available for this.purpose. Subclause C.1.3 shows how the refererce
implementations can be downloaded. The process by which an implementation of the measuremgnt
methods [specified in this document is verified to be in conformance with the intended practice|is
specified[in this annex. Conformance can be verified using either the measurement method applications
or the Maftlab routines available in the reference distribution file set. A set of reference bitmap files qre
provided|for each of the measurement.methods, along with required support files and their expected
reference implementation measurement results, for conformance testing of implementations of the
measureiment methods specified(inthis document.

Failure tg use a compliant ilmplementation of the measurement methods specified in this documgnt
shall invdlidate any test results obtained using that implementation.

C.1.2 Tpst page ZIP file availability

The latesf set of:test pages to be utilized with the measurement methods specified in this documgnt
is availaljle in @ ZIP file "Test pages.zip”. This ZIP file shall be downloaded from http://standards.iso
.org/iso-ie€/29112/ed-1/en.

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

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

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

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

The NativeAddressability sub-directory contains three files: an EPS file that automatically adjusts
to the resolution reported by the printer for evaluation of native addressability, a 6Q0spi PDF file for
confirmation of native addressability of a 600 spi printer and a 1 200 spi PDF file for confirmation
of native addressability of a 1 200 spi printer.

The SquareWaveSFR sub-directory contains an EPS file and PDF files_for evaluation of printing
system SFR characteristics. The EPS file automatically adjusts to the resolution reported by the
printer. The PDF files are supplied for 600 spi and 1 200 spi printers’in two variationf: the “V”
variation contains vector code that is usually interpreted well by.RostScript RIPs; the “B”[variation
contains bitmap code for the rare instances where a RIP misinterprets the vector code. THe EPS file
can be edited to utilize vector code (default), bitmap code, ordboth.

Table C.1 — Content of the 1S029112) TestPages directory

| [HdgeMeasures]
TP3_EdgeMeasures.pdf PDF file to print for evaluation of edge measures
(blurriness,raggedness & slanted-edge SFR)
| [EffectiveAddressability]

TP2-H2x_EffAddrHorz.eps EPS file'(2x auto-resolution, horizontal effective addressability)
TP2-H2x_EffAddrHorz_600.pdf PDF-file (2x horizontal effective addressability at 600 spi)
TP2-H2x_EffAddrHorz_1200.pdf\«}PDF file (2x horizontal effective addressability at 1 200 spi)
TP2-H4x_EffAddrHorz.eps EPS file (4x auto-resolution, horizontal effective addressability)
TP2-H4x_EffAddrHorz_6Q0.pdf PDF file (4x horizontal effective addressability at 600 spi)
TP2-H4x_EffAddrHorz\1200.pdf | PDF file (4x horizontal effective addressability at 1 200 spi)
TP2-V2x_EffAddrVerteps EPS file (2x auto-resolution, vertical effective addressability)
TP2-V2x_EffAddrVert_600.pdf PDF file (2x vertical effective addressability at 600 spi)
TP2-V2x_EffAddrVert_1200.pdf PDF file (2x vertical effective addressability at 1 200 spi)
TP2-V4x.EftAddrVert.eps EPS file (2x auto-resolution, vertical effective addressability)
TP2=V4x_EffAddrVert_600.pdf PDF file (4x vertical effective addressability at 600 spi)
TP2-V4x_EffAddrVert_1200.pdf PDF file ( 4x vertical effective addressability at 1 200 spi)

| [INative Addressability]
TP1 NativeAddr.eps EPS file (auto-resolution evaluation of native addressability)
TP1_NativeAddr_600.eps PDF file (600 spi native addressability)
TP1_NativeAddr_1200.eps PDF file (1 200 spi native addressability)

| [SquareWaveSFR]
TP4_SquareWaveSFR.eps EPS file (square wave SFR, vector, bitmap & combo code)

© ISO/IEC 2018 - All rights reserved

TP4V_SquareWaveSFR_600.eps PDF file ( 600 spi square wave SFR, vector code)
TP4V_SquareWaveSFR_1200.eps | PDF file (1 200 spi square wave SFR, vector code)
TP4B_SquareWaveSFR_600.eps PDF file (600 spi square wave SFR, bitmap code)
TP4B_SquareWaveSFR_1200.eps | PDF file (1 200 spi square wave SFR, (bitmap code)
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C.1.3 Reference distribution ZIP file availability

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

//standards.iso.org/iso-iec/29112/ed-1/en.

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

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

Each of these directories has a sub-directory that contains test files for conformance evaluation of t
d measurement methods. The upper grouping of sub-directories*{OECF and Scanner_SH
utility routines, the lower grouping of sub-directories contaihs the measurement meth

associate
contains
implemer

The “OE(
Conforma
methods

applicatig
and 'ISOI

tations.

[OECF] Folders and files pertaining to OECF calibration

[Scanner| SFR] Folders and files pertaining to slanted-edge scanner SFR measurement
[EdgeMepsures]| Folders and files pertaining to edge blurriness and edge raggedness nieasureme
[EffectivgAddressability] Folders and files pertaining to effective addressability measurement
[Slantedgdge_PrinterSFR] | Folders and files pertaining to slanted-edge printer SFR measurement
[Squarewave_PrinterSFR] | Folders and files pertaining to square-wave printer SFR nieasurement

F” directory shown in Table C.3 contains several files‘and a single sub-directory, "OE(
nce", which contains the files required to verify propey OECF calibration for the measuremse
kpecified in this document. Accompanying this sub=directory are the ISOIEC29112_autoOE
n, the source code on which the autoOECF application is based ('ISOIEC29112_autoOECF,
C29112_guiOECF.m"), a PDF users guide for.this application and four configuration files for

OECF calipration using standard hard-copy step tablets.

[ [0E

CF_Conformance]

[S024790_1200ppi_OECF.tif

DECF_Report_expected.xls

DECF_Dens_expected.txt

DECF_Refl_expected.txt

ISO

EC29112_autoOECF_v1.exe

ISO

EC29112_autoOECF vl.m

ISO

EC29112_gui®ECF_vl.m

Con

fig_OECFNS016067.x1s

Con

fig_ OECF-_1S024790.xls

Con

fig-OECF_MunselINVS.xls

Table C.3 — Content of the OECF directory

Scanned image of an ISO 24790 step tablet
Expected OECF report from successful calibration
Expected density OECF calibration file

Expected reflectance OECF calibration file
Executable OECF application

OECF Matlab function

OECF Matlab GUI function

Configuration file for ISO 16067-1 step tablet
Configuration file for ISO 24790 step tablet
Configuration file for Munsell NVS step tablet

he
R)
bd

F

nt
CF

m

Con

fig_OECF_Q62.xls

autoOECF_UsersGuide.pdf

The "ScannerSFR" directory shown in Table C.4
Conformance”, which contains the files required to

38

Configuration file for Applied Image Q62 step tablet
OECF application users guide

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

|[s

cannerSFR_Conformance]

1S024790_SE_1200ppi.tif Scanned slanted-edge element (ISO 24790 test cha

1S024790_SE_1200ppi_ScannerSFRreport_G_expected.

Ccsv

OECF_Refl_example.txt OECF calibration file (sfrmat3_v4 conformance evaluation)

rt)

Expected results file from the conformance evaluation

ISOIEC29112_ScannerSFR_v1.exe Scanner SFR evaluation application
ISOIEC29112_ScannerSFR_vl.m Scanner SFR evaluation Matlab function
S¢annerSFR_UsersGuide.pdf Users guide for sirmat3_v4

T}

Cd
us
th
Eg

nformance"”, which contains the files required to verify accurate evaluation of edge!char

ing the blurriness and raggedness measurement methods specified in this docurent. Acco
is sub-directory are the EdgeMeasures application, the source code of “‘the "ISOI
geMeasures_v1l.m" Matlab routine on which the EdgeMeasures application is/based and a |
ide for this application.

Table C.5 — Content of the EdgeMeasuresdirectory

dgeMeasures_Conformance]

SlantedEdge_1200ppi_Reference.tif Scanned image ofaprinted slanted-edge element
OECF_LUTs_Refl_example.txt Scanner OECF éompensation file (used in analysis)
ScannerSFRreport_G_example.csv Scanner SERtneasurement file (used in analysis)
gzir;tfx(iEdge_1200ppl_Reference_EdgeRe- Expectedesults file from the conformance evaluatio
IJOIEC29112_EdgeMeasures_v1.exe Executable edge attributes analysis application
I40IEC29112_EdgeMeasures_vl.m Edge attributes code (basis for edge application)
EflgeMeasures_UsersGuide.pdf Edge attributes analysis application users guide
The "Effective Addressability” directory shown in Table C.6 contains a single sub-

"E
us
fil
Efl
arn

ffectiveAddressability_Conformarice", which contains the files required to verify accurate &
ing the effective addressability measurement method specified in this document an

fectiveAddressability source code routines on which the EffectiveAddressability applicatio
d a PDF users guide.for this application.

Table C.6 — Content of the Effective Addressability directory

H

—_

ffectiveAddressability_Conformance

cteristics

panying
£C29112_
PDF users

e "EdgeMeasures" directory shown in Table C.5 contains a sub-directory, "Edge%lneasures_

lirectory,
valuation
] several

es. Accompanying this_(sub-directory are the EffectiveAddressability application, the Matlab

1 is based

EffAddr_RefBitmap.tif Scanned image of Horz effective addressability element

EffAddr” Histogram_expected.png Expected effective addressability results graphical histogram

EffAddr_Results_expected.txt Expected effective addressability results text file
ISOIEC29112_EffectiveAddressability vl.exe| Executable effective addressability analysis application

IS

OIEC29112_EffectiveAddressability vl.m | Effective addressability code (basis for addressability application)

IS

OIEC29112_EffectiveAddressability v1.fig | Effective addressability GUI (basis for addressability application)

EffectiveAddressability_UsersGuide.pdf Effective addressability analysis application users guide

The "SlantedEdge_PrinterSFR" directory shown in Table C.7 contains a sub-directory "SlantedEdge_
PrinterSFR_Conformance", which contains the files required to verify accurate evaluation of a
printing system's SFR characteristic using the slanted-edge SFR measurement method specified in
this document. Accompanying this sub-directory are the "ISOIEC29112_SlantedEdge_PrinterSFR.exe"
application for slanted-edge printer SFR evaluation, the "ISOIEC29112_SlantedEdge_PrinterSFR.m"
Matlab source code on which the slanted-edge printer SFR evaluation application is based and a PDF

us

ers guides for the SlantedEdge_PrinterSFR evaluation method.

© ISO/IEC 2018 - All rights reserved
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Table C.7 — Content of the Slantededge_PrinterSFR directory

[[s1

antedEdge_PrinterSFR_Conformance]

SlantedEdge_1200ppi_Reference.tif

OECF_LUTs_Refl_example.txt

ScannerSFRreport_G_example.csv

SlantedEdge_1200ppi_Reference_SEprinterSFRreport_G_ex-
pected.csv

[SOIEC29112_SlantedEdge_PrinterSFR_v1.exe

Scanned image of a printed slanted-edge element
Scanner OECF compensation file (used in analysis)

Scanner SFR measurement file (used in analysis)
Expected scanned image Slantededge SFR results

Executable, slanted-edge printer SFR application

ISOIEC291TZ_STantedEdge_PrinterSFR_vI.m

SlantedEdge_PrinterSFR_UserGuide.pdf

Slanted-edge printer SkK analysis code

Slanted-edge printer SFR application users ‘gut

The "Sqyarewave_PrinterSFR" directory shown in Table C.8 contains a single sub:rditectoty,

"SquareW
using the

thi

printer S
the squar
printer S
vertically

fave_PrinterSFR_Conformance", which contains the files required to verify accugate évaluatipn
square-wave printer SFR measurement method specified in this documentOAccompanyipg

s sub-directory are the "ISOIEC29112_SquareWave_PrinterSFR.exe" application for square-wave

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

| [Squarewaye_PrinterSFR_Conformance]

SquareWave_1200ppi_Reference.tif

OECF_LUTs_Refl_example.txt

ScannerpFRreport_G_example.csv

Squarewave_1200ppi_Reference_SWprinterSFRreport_G_expectedicsv

ISOIEC29112_SquareWave_PrinterSFR_v1.exe

ISOIEC29112_SquareWave_PrinterSFR_vl.m

SquareWavg_PrinterSFR_UsersGuide.pdf

Config_SqWvSFR_5bar.txt

Config_SqWvSFR_6bar.txt

Config_SqWvSFR_7bar.txt

C14 U

Utilizatio|

sing the reference distribution Matlab routines

FR evaluation, the "ISOIEC29112_SquareWave_PrinterSFR.m" Matlab source code on which
e-wave printer SFR evaluation application is based, a PDF users guides*for the square-wayve
FR evaluation method and three configuration files used in selecting the horizontally apd
oriented bar patterns of the scanned square-wave SFR target.

Séanned image of a printed slanted-edge element
Scanner OECF compensation file (used in analysis)
Scanner SFR measurement file (used in analysis)
Expected scanned image Square-wave SFR results
Executable, square-wave printer SFR application
Square-wave printer SFR analysis code
Square-wave printer SFR application users guide
Configuration file for 5-bar SWprinterSFR
Configuration file for 6-bar SWprinterSFR
Configuration file for 7-bar SWprinterSFR

of the distributed Windows applications requires installation of the v2012b Matlpb

Component Runtime dibrary on the computer where measurements of the scanned bitmaps will take

place. A Z|P file of the’Matlab Component Runtime library installation executable, ISOIEC29112_Matlgb
MCRInstdller_v2012b.exe, is available from http://standards.iso.org/iso-iec/29112/ed-1/en.

The folloying.steps shall be followed to enable proper use of the distribution applications:

40

Download the file "ISOIECZ911Z_Matlab_MCRInstaller vZ01Zb.exe™ from the ISO website.

Double-click this ISOIEC29112_Matlab_MCRinstaller v2012b.exe file to initiate installation of the

v2012b Matlab Component Runtime library.

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

libraries in the Windows path.

Double-click on the appropriate measurement method application file to run an evaluation. The
MCR library is unpacked on the first running of one of the measurement method applications, which

takes time. See Clauses C.2 and C.3 for details.
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Utilization of the Matlab source routines requires a licensed Matlab application, including the Matlab
Signal Processing and Image Processing toolboxes, v2007 or later, to be installed on the computer
where measurements of the scanned bitmaps will take place. The following steps shall be followed to
enable proper use of the distribution routines:

— Startthe Matlab application and type ver at the Matlab prompt to obtain a list of installed products.

— Verify that the listed Matlab version is v2007 or later and that the Signal Processing and Image
Processing toolboxes are available.

— quignfp tothe appropriate folder containing an appropriate measurement method Matlab m-file to

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

—|{ Use the syntax provided in this annex for running the measurement method.

C2 Utilities, evaluation and conformance

C.2.1 General

There are two utility applications and Matlab routines that accompany the measurement| methods
splecified in this document. These two utilities are required for proper evaluation of the measurement
methods defined in this document. Proper use of these utilities isi©documented in the following clauses.

1)| OECF (opto-electronic conversion function) calibrationsis required to provide an analytiq meaning
(using the OECF calibration file) for the code values (e:g.© - 255 for 8-bit data) provided by reflection
scanners. The OECF calibration file is required by:each of the measurement methods specified in
this document.

2)| The slanted-edge SFR evaluation method, developed in ISO 12233 and specified in ISQ 16067-1,
is required for determination of the spatial frequency response characteristic of the|qualified
reflection scanner utilized in the measurement methods specified in this document.

C.2.2 Scanner OECF calibration and conformance

C.2.2.1 General

The OECF characteristic-of’ a reflection scanner, specified in ISO 14524, provides an| analytic
inferpretation of the cpde values (e.g. 0 — 255 for 8-bit data) provided by a reflection scanngr. As the
fist step in OECF calibtation, a reflective step tablet, consisting of a series of neutral patches yiniformly
spanning a sufficientrange of optical density, shall be measured and the measurements taljulated to
prpvide optical.density values for each of these patches. The second step in OECF calibration|is to scan
the measured.step tablet with the scanner to be calibrated, under conditions specified in Anpex B and
used in allfneasurement processes, to provide an image file of code values. The application, "JutoOECF.
exe", andsthe Matlab routine, "autoOECF.m", match the tabulated measurement data with the average
code xalue for each patch, provided by analysis of the scanned image of the step tablet, and fit these
dqta-pairs to create a model-based table of reflectance or density values for every possible cpde value
thatthe scanner can provide. These [SO 14524 compliant tables are saved as OECF calibration text files
and used by the measurement methods specified in this document to accurately interpret scanned code
values as percent reflectance or as reflection density in their analyses.

C.2.2.2 Target definition files

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

Target Name
1 Applied Image QA62 SFR & OECF
Fiducials ID X Y Prompt
4 ULC 4 4 Click on upper-left " + " mark.
URC 70 4 Click on upper-right " + " mark.
LRC 70 70 Click on lower-right "' + " mark
LLC 4 70 Click on lower-left " + "' mark.
Calibration ID X Y dX dy Dvis
20 T1 13.5 13.032 4.752 4.752 0.111
T2 23.3 13.032 4.752 4.752 0.162
T3 32.5 13.032 4.752 4.752 0.196
T4 41.478 13.032 4.752 4.752 0.276
T5 50.982 13.032 4752 4.752 0.384
R6 60.486 13.032 4.752 4.752 0.485
R7 60.486 22.47 4.752 4.752 0.551
R8 60.486 31974 4.752 4.752 0.577
R9 60.486 41.478 4.752 4.752 0.666
R10 60.486 50.982 4752 4.752 0.719
B11 60.486 60.486 4.752 4.752 0.796
B13 41.478 60.486 4.752 4.752 0.93
B14 32.5 60,486 4.752 4.752 0.984
B15 23.3 60486 4.752 4.752 1.043
L16 13.5 60.486 4.752 4.752 1.085
L17 13.5 50.982 4.752 4.752 1.191
L18 13:5 41.478 4.752 4.752 1.278
L19 13.5 31974 4.752 4.752 1.421
L20 13.5 22.47 4.752 4.752 1.66
The datalassociated withCthe 'Target' tag has one value and one field: "Name". In the instance shoyn
in Table (.9, the "Name!\is "Applied Image QA62 SFR & OECF". The data associated with the “Fiducials”
tag has fdur values in,éach of four fields: "ID", "X", "Y" and "Prompt". In the instance shown in Table (.9,
the "ID" fefers to{ corner marks in ULC (upper left corner), URC, LRC or LLC corner of the targpt,
their ass¢ciated"X*and Y positions, and the text strings used to prompt a user to identify each of the
fiducial pjositions, in turn. The data associated with the "Calibration" tag has 20 values in each of 6 or
9 fields: '[ID* "X", "Y", "dX", "dY" and "Dvis" (or "Dr", "Dg", "Db" and "Dvis"). In the instance shown|in

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

A target definition file shall be created by the user of this document, in the manner specified here,
for every target utilized in OECF calibration of scanners employed in attribute evaluation using the
measurement methods specified in this document.
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OECF calibration of any reflection scanner used in the measurement methods specified in this document
is required. OECF calibration of a qualified reflection scanner is a four step process, summarized below
and in Table C.10.

1) A physical instance of a step tablet target with at least ten steps shall be selected. The uniform

2)

An - individual fnrgnf definition file shall he created for each cfnp tabhlet fargnf used

patches of this target shall span the range of densities expected in the set of print samples to be
evaluated with the measurement methods specified in this document.

for OECF

calibration. Variability in the manufacture of these step tablet targets is too large tdp
of a generic target definition file for a class of step tablets. [llustrative target definition files are
provided in the reference distribution for a generic QA62 test target from Applied Image|a generic
ISO 16067-1 target, a generic ISO/IEC 24790 conformance target and a generic:arrangemgent of the
Neutral Value Scale patches available from the Munsell division of the X-Rite-Corporation

Ifthe physical arrangement of patchesin a step tablette®be used for OECF calibration di
the arrangement documented in the reference distribution files, these fields in the i
target definition file shall be updated with position and size measurements from the i
step tablet target.

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

Table C.10(= OECF calibration process

brmit use

— The individual target definition file for each physical step tablet instance involves tabjulation of
the density measurements for each patch of the step tablet targét’in the target defigition file,
either from Dvis values, for a grayscale calibration, or from Dr;\Dg, Db and Dvis values for the
red, green, blue and visual filter density measurements, both)obtained from a well-¢alibrated
reflection densitometer for each patch of the step tablet.

'fers from
dividual
dividual

used, the

OECF calibration step tablet:farget:

At least ten steps

Uniform patches

Spans printer density range

Target definition file:

Name of physical step tablet target

Location of all fiducials

User prompt string for each fiducial

Location of each patch centre

Size of each patch

Measured density of each patch

(Dvis or Dr, Dg, Db and Dvis)

Scan of step tablet target:

According to Annex B specifications

ISOIECZYTTZ_autoUECE
(Application or
Matlab function):

Input: Target derinition file Tor step tablet target

Input: Lossless bitmap scan file of step tablet target

Output: OECF calibration process report file

Output: OECF calibration file

3) With a calibrated target definition file associated with the individual step tablet target to be used

4)

© ISO/IEC 2018 - All rights reserved

for OECF calibration of a qualified scanner, the individual step tablet target shall be scanned with
the qualified scanner in accordance with Annex B and a lossless bitmap file of the scanned step
tablet shall be saved.

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

C2.24

Scanner OECF conformance

The OEC
structurg
conforma
Report_e

Before u
autoOECH
in confor
"ISOIEC2
an OECF
Conforma
directory
calibratio
similar tag

The "OEQ
refl_expe
within or
are show

F_Conformance sub-directory of the OECF directory in the reference distributionf|
contains three files: a lossless bitmap scan file of the step tablet region of an ISO/IEC.247
nce test page, "1S024790_1200ppi_OECF.tif", an example of the OECF process report, *OE(
kpected.xls", and an example of an OECF calibration file, "OECF_refl_expected.txt.

e, an implementation of the OECF calibration process provided by the!SISOIEC2911]
" application or the "ISOIEC29112_autoOECF.m" Matlab routine shall-be” verified to

mance with the specifications of this document using the following process. Use either t
D112_autoOECF" application or the "ISOIEC29112_autoOECF.m" Matlab’ routine to perfol
calibration process utilizing the bitmap scan file "1S024790_1200ppi_ OECF.tif" in the OE(
nce sub-directory and the target definition file "Config_OECF_1S024790.xls" in the OE
The standard error of the OECF fit, as reported by the "OECF_report" file created by t
n process, shall be less than one percent of the measurement range, which should look ve
the "OECF_Report_expected.xls" file in the reference distribution file structure.

F_refl.txt" file created by the calibration process shallbe substantially similar to the "OE(
cted.txt" file in the reference distribution file structure, matching element by element
e percent. This conformance process is summarized in Table C.11 and the expected fit resu

h in Figure C.1.

Table C.11 — OECF calibration conformance verification

DIEC29112_autoOECF: | Input: Target.definition file: "Config_ OECF_[S024790.x1s"
(Application Input: Lossless bitmap scan file: "1S024790_1200ppi_OECF.tif"
or Output: OECF calibration process report file
Matlab file) Matches "OECF_Report_expected.xls" with fit error of <1 %

hnex B compliant scan /Qutput: OECF calibration file
All elements match "OECF_LUTS_Refl_expected.txt" within 1 %
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Figure C.1 — OECF calibration conformance fit

.2.3 Scanner SFR evaluation and conformance

.2.3.1 General

accurate characterization of that scanner's spatial, frequency response capability. Slanted
alysis was developed in ISO 12233 and has been(specified as a method for characterizing

.2.3.2 Scanner SFR evaluation

aluation of a reflection scanning system's spatial frequency response characteristic r

C 24790 conformance testtarget provides the sharp edge transitions for this purpose.

e reflection scanning system to be evaluated shall be set up according to Annex B specifica

so that the“slanted square element of the test target is centred on the platen and the ed
slanted square element are rotated between 5° and 10° from the platen edges.

The_ test target region containing the slanted square element shall be scanned using a
scanner and a scanner utility compliant with the specifications of Annex B to provide

seanned bitmap of the slanted square region for analysis.

inted-edge SFR (spatial frequency response) analysis of the scan of a sharp slanted edge cap provide

edge SFR
eflection

hnning systems in ISO 16067-1. The implementation of the sfrmat3 Matlab routine, devdloped for
D 16067-1, has been extended to include the’ROI size and position variation technique disicussed in
4.6 in the ISOIEC29112_ScannerSFR application utilized here.

Pquires a

flection test target with a_sharp edge transition. The Dmin - Dmax slanted-edge element ¢f an ISO/

rions.

The ISO/IEC 24790 conformance test target shall be placed near the centre of the scanrner platen

bes of the

reflection
b lossless

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

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

us

e with other measurement methods specified in this document.

© ISO/IEC 2018 - All rights reserved
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Table C.12 — Scanner SFR analysis process

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

Target positioning: Square element centred and

page edges parallel to platen

Output: Lossless bitmaps of slanted square region

ISOIEC29112_ScannerSFR:| Input: Lossless bitmaps of slanted square region

Input: Scanner OECF characterization file

ﬂnfpnf- Scanner SER report file

C.2.3.3

The Scan
file struc

IEC 24790 conformance test page, "1S024790_SE_1200ppi.tif", an example of the expédted scanner S

analysis
file requi

Ex

Before u
"ISOIEC2
verified t
either the
to analyZ

the scanner OECF calibration file{"OECF_LUTs_Refl_example.txt", both obtained from the "ScannerSF

Conforma

The valug
"1S02479
of the Sc
conforma3

Scanner SFR conformance

herSFR_Conformance sub-directory of the Scanner_SFR directory in the referencedistributi
fure contains three files: a lossless bitmap scan file of the slanted square region of an IS

brocess report, "[S024790_SE_1200ppi_Summary_G_expected.xls", and the OECF calibrati
red for conformance evaluation, "OECF_LUTs_Refl_example.txt.

Table C.13 — Scanner SFR conformance process

Reference implementation: [[SOIEC29112_ScannerSFR.exe or 4SOIEC29112_ScannerSFR.m
Reference bitmap file: | [S024790_SE_1200ppi.tif
OECEF file:|OECF_LUTs_Refl_example.txt
pected evaluation results file:|ISO24790_SE_1200ppi_ScannerSFRreport_G_expected.csv

Expected evaluation results: | Smoothed sampling efficiency (left, right, top, bottom):
89.0; 83.9, 63.6, 64.4

Conformance tolerance: |Within 1 %

e, an implementation of the scanner SFR evaluation process that is provided by t
D112_ScannerSFR" application orithé "ISOIEC29112_ScannerSFR.m" Matlab routine shall
b be in conformance with the specifications of this document using the following process. U

"ISOIEC29112_ScannerSFR.exe" application or the "[SOIEC29112_ScannerSFR.m" Matlab fi
e the scanned bitmap image of the conformance test page, "1S024790_SE_1200ppi.tif" usi

nce sub-directory ofthe Scanner_ SFR directory in the reference distribution file structure

s reported in the-1S024790_SE_1200ppi_Summary_G.csv" file shall match the values in t

D_SE_1200ppitSummary_G_expected.csv" file in the ScannerSFR_Compliance sub—directqry

hnner_SFR.diréectory in the reference distribution file structure to within one percent
nce. This'conformance process is summarized in Table C.13.

bn
D/
FR

he
be
se
jle
ng
R

he

or

C.3 Me

asurement methods, evaluation and conformance

C31 G

eneral

The native addressability measurement method is a purely subjective evaluation and does not require
conformance testing aside from the printing system requirements specified in Annex A. The evaluation
and conformance process for the effective addressability, edge blurriness, edge raggedness, slanted-
edge SFR and square-wave SFR measurement methods is specified in this annex. The implementations
of the measurement methods for evaluation of edge blurriness, edge raggedness, slanted-edge SFR and
square-wave SFR each include the technique for ROI size and shape variation discussed in 4.6 and the
scanner SFR normalization technique discussed in B.4.4.
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C.3.2 Effective addressability measurement method evaluation

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

Table C.14 — Effective addressability analysis process

Annex B compliant scanning: | Target to scan: TP2-H2x_EffAddrHorz or TP2-V2x_EffAdd

Vert

Target positioning: Page centred and rotated 45° from

the platen edges

Output: Lossless bitmaps of scanned target samples

ISOIEC29112_EffectiveAddressability:| Input: Lossless bitmaps of scanned target'samples

Input: Scanner OECF characterization file

Output: EffAddr_Results report file

Bdfore use, an implementation of the effective addressabiltity theasurement method shall be v
bdin conformance with the specifications of this documentasing the process specified here a

in[Figures C.2 and C.3 and Table C.15.

C.B.3 Effective addressability evaluation conformance

Cdnformance verification for effective addressability:

Press “Run”.

i W N e

Run the effective addressability implementation (ISOIEC29112_EffectiveAddressability (.¢
Enter the file name of the reference bitmapfile (EffAddr_RefBitmap.tif) using the “Brows

Keep default options, but select 9 subsections (if an out-of-memory error occurs, select 16

Conformance is confirmed\when the effective address results graph that appears at the ¢
analysis closely resembles Figure C.2 above or the image file EffAddr_Histogram_expecte

Table C.15 — Effective addressability conformance

Reference implementation:

ISOIEC29112_EfffectiveAddressability (.exe or .m)

Reference bitmap file:

EffAddr_RefBitmap.tif

Expected evaluation results file:

EffAddr_Histogram_expected.png

Expected evaluation result:

See Figure C.2

erified to
nd shown

Xe or .m).

b” button

).

end of the
d.png.
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Figure C.2 — Expected results (figure)
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Figure C.3 — Expected results (information)

P and C.3 show the expected graphical and informative output of the conformance evaluati
erence bitmap image. A conforming implementation of the effective addressability meth
ide a result that closely resembles Figure C.2\with two well separated peaks. The left pe
shall have approximately three times the.area as the right (non-zero) peak. The location
d peak indicates the effective addressability which in this case is 600 ppi (two 1 200 {
the GUI “Default” output is selected, files-of the figure (.fig and .png format) and of the analy
on (.txt format) are saved in the dirgctory of the analyzed image file.

fige blurriness and edge raggedness measurement method evaluation

blurriness measurement method and the edge raggedness measurement method shall
from scans of the newest available TP3_EdgeMeasures test page as specified in 4.4, print
to the specification§ of Annex A and scanned according to the specifications of Annex B. T
of the printed samples to be analyzed shall be centred in the platen area (see B.4.2) with
he sample page-parallel to the platen edges. This is summarized in Table C.16.

Table/C.16 — Edge blurriness and edge raggedness analysis process

Annex B compliant scanning: | Target to scan: TP3_EdgeMeasures

bn
bd
hk
of
pi
biS

be
ed
he
he

Target positioning: Page centred on elements to

analyze (see b.4.2), page & platen edges parallel

Output: Lossless bitmaps of scanned target samples

ISOIEC29112_EdgeMeasures:| Input: Lossless bitmaps of scanned target samples

Input: Scanner OECF characterization file

Output: EdgeReport file

C.3.5 Conformance of the edge blurriness measurement method

Before use, an implementation of the edge blurriness measurement method shall be verified to be in
conformance with the specifications of this document using the process specified here and shown in
Table C.17.

48
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Conformance verification for edge blurriness:

1.
2.

N o oo

C.

EV
th
Cd
ve

Be

Cd

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

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

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

3.6 Conformance of the edge raggedness measurement method

rification of the edge blurriness measure.

w

Select the o™ orientation element (click near the centre of the element).
The analysis results are saved as a text file (SlantedEdge_1200ppi_Reference_EdgeReport.txt).

Open the results file. If the reported evaluation results for edge blurriness match the|expected
evaluation results of Table C.15 for edge blurriness within 1 % tolerance, conformance is cpnfirmed.

Table C.17 — Edge blurriness conformance

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

Reference bitmap file: | SlantedEdge_1200ppi_Reference:tif
OECF file:|OECF_LUTs_Refl_example.tkt

ScannerSFR measurement file: | ScannerSFR_Summary G*example.csv

Expected evaluation results file: | SlantedEdge_1200ppi_Reference_EdgeReport_expected.txf

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

Conformance tolerance: |Within 1.%

aluation of edge blurriness and edge-raggedness result from a single slanted-edge analysis using

e ISOIEC29112_EdgeMeasures exe~ application of the ISOIEC29112_EdgeMeasures.m| routine.

nformance of the edge raggedness measure can be obtained through the same analysiq used for

fore use, an implementation of the edge raggedness measurement method shall be verified to be in

copformance with thepecifications of this document using the process specified here and |shown in
Tjg

le C.18.

nformance veFification for edge raggedness:
Run the-edge raggedness implementation [ISOIEC29112_EdgeMeasures (.exe or .m)].
When prompted, select the reference bitmap file (SlantedEdge_1200ppi_Reference.bmp).

When prompted, select the OECF calibration file (OECF LUTS Refl example.txt) for|use with

N oo e

this bitmap.

When prompted, select the scanner SFR measurement file (ScannerSFR_Summary_G_example.csv).
Select the 8° orientation element (click near the centre of the element).

The analysis results are saved as a text file (SlantedEdge_1200ppi_Reference_EdgeReport.txt).

Open the results file. If the reported evaluation results for edge raggedness match the expected
evaluation results of Table C.18 for edge raggedness within 1 % tolerance, conformance is
confirmed.
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Expected evaluation results file: | SlantedEdge_1200ppi_Reference_EdgeReport_expected.txt

Table C.18 — Edge raggedness conformance

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

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

ScannerSFR measurement file: | ScannerSFR_Summary_G_example.csv

Expected evaluation result:| Edge raggedness (left, right, top, bottom):
836 803 896 8 32

Conformance tolerance: |Within 1 %

anted-edge printer SFR measurement method evaluation

ed-edge printer SFR measurement method shall be evaluated from scansyof the news
TP3_EdgeMeasures test page as specified in 4.5 and particularly 4.5.3, printed according
fications of Annex A and scanned according to the specifications of Annex B. The elements
bd samples to be analyzed shall be centred in the platen area (see B.4.2)with the edges of t
hge parallel to the platen edges. This is summarized in Table C.19.

Table C.19 — Slanted-edge printer SFR analysisprocess

Annex B compliant scanning: | Target to scan: TP3_EdgeMeasures

Target positioning: Rage centred on elements to

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

Output: Lossless bitmaps of scanned target samples

SOIEC29112_SlantedEdge_PrinterSFR:| Input: Lossless bitmaps of scanned target samples

Input™Scanner OECF characterization file

Output: SEprinterSFRreport

Run
ISOIR

pnformance of the slanted-edge SFR measurement method

.
nce confirmation.fep slanted-edge SFR:

the slanted‘edge SFR implementation ISOIEC29112_SlantedEdge_PrinterSFR.exe
C29112_SlantedEdge_PrinterSFR.m.

Whe

Select the\OECF calibration file (OECF_LUTS_Refl_example.txt) for use with this bitmap.

prompted, select the reference bitmap file (SlantedEdge_1200ppi_Reference.tif).

e, an implementation of the slanted-edge SFR measurement method shall be verified to beli
nce with the specificatiofnis)of this document using the process specified here and shownl(i

st
to
of
he

or

Selec
Selec

The

t the scanner SFR normalization file for use with this bitmap ("ScannerSFR_example.txt").

t the 8° orientation element (click and drag, or default for double-click).

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

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

Reference implementation: [ [SOIEC29112_SlantedEdge_PrinterSFR (.exe or.m)

Reference bitmap file: [ SlantedEdge_1200ppi_Reference.tif

OECF file:|OECF_LUTs_Refl_example.txt

ScannerSFR measurement file:| ScannerSFRreport_G_example.csv

Expected evaluation results file:| SlantedEdge_1200ppi_Reference_SEprinterSFRreport_G_expected.csv

Expected evaluation result:| Smoothed sampling efficiency (left, right, top, bottom):
879 B73 476 8785

C.

T}
TH

Sp
to

pr
Th
th
is

Be

.B.10 Conformance.of the square-wave SFR measurement method

Conformance tolerance:|Within 1 %

3.9 Square-wave SFR measurement method evaluation

e square-wave SFR measurement method shall be evaluated from scans aofy\the newest

ecifications of Annex A and scanned according to the specifications of Annex B, with careful
alignment on the scanner platen. A bitmap version of this test page (TP4B_SquareWaveS
ovided for use if the vector code of TP4V_SquareWaveSFR.eps is mistinterpreted by the priy

e elements of the printed samples to be analyzed shall be centréd in the platen area (see B
e edges of the sample page carefully aligned parallel to the platén edges (see 4.5.5, within 0,
summarized in Table C.21.

Table C.21 — Square wave;SER analysis process

available

4V_SquareWaveSFR test page as specified in 4.5 and particularly 4.5.5, printed according to the

attention
FR.eps) is
ter RIP.

4.2) with
D5°). This

Annex B compliant scanning: | Targetto scan: TP4V_SquareWaveSFR
(orTP4B_SquareWaveSFR if RIP mis-interpretation

Target positioning: Page centred on elements to

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

Output: Lossless bitmaps of scanned target sample

ISOIEC29112_SquareWave_PrinterSFR:| Input: Lossless bitmaps of scanned target samples

Input: Scanner OECF characterization file

Output: SWprinterSFRreport

Cd

conformance with' the specifications of this document using the process specified here and
ng

fore use, an implementation of the square-wave SFR measurement method shall be verifie

le C.22.
nformance confirmation for square-wave SFR:

Run the square-wave SFR implementation ISOIEC29112_SquareWave_PrinterSF

d to be in
shown in

R.exe or

I5OIECZ911Z_SquareWave_PrinterSkFR.m.

Select the configuration file for the target to be analyzed (Config_SqWvSFR_5bar.txt).

Select the OECF calibration file for the scanner used in the evaluation (OECF_LUTS_Refl_example.txt).

Select the measured SFR characteristic file for the scanner used in the evaluation

(ScannerSFRreport_G_example.csv).

Select the reference bitmap file (SqareWave_1200ppi_Reference.tif).

When an image of the reference bitmap file is displayed, drag a selection rectangle around a single
set of horizontal and vertical bars with white space outside of the outermost rectangle surrounding

the sets of bars.
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7. With the selected region displayed, use the "Rotate Clockwise" button to orient the image so that
the text specifying the number of printer spots employed in each bar of square-waves is oriented
for easy horizontal reading, then press the "Continue” button to start the analysis.

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

9. Open the results file. Conformance is confirmed when the reported evaluation results for square-

CD ol 2] EPRA | 1 A 1 £ 11 Falia Lo Wy S D aalas 1.0/
WaV JSITIN TTIatull LT CAPCLLCU CvVAadludadltivIlI 1CToOUILtS Ul 1dUIC L. 4L 4 TUI Dl,iblal CTvwdavio O'IN VWILIIIIT 1 /0.

Table C.22 — Square wave SFR conformance

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

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

Scanner SFR measurement file:| ScannerSFRreport_G_example.csv

Target Definition file: [ Config_SqWvSFR_6bar_example.xls

Expected evaluation results file: [ SquareWave_1200ppi_Reference_SWprinterSFRreport_expected.csv

g3

kpected evaluation result:| Smoothed sampling efficiency (Horizontal/Vertical)
74,4, 65,2

Conformance tolerance: |Within 1 %
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D

1 Single configuration report

The intent of an assessment report is to provide the measured results of the assessment ajong with

a fontext of the setup and testing processes of the resolution assessment sufficient)to’reprpduce the

aspessment. These are shown in Table D.1. As specified in 6.2, the required configuration docuhentation

for the assessment of a single printer configuration includes:

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

2.| Documentation of the printer, its setup configuration, paper (motion direction and| state at
assessment.

3.| Documentation of the substrate used for assessment.

— The substrate weight, surface and classification areréquired.
— The manufacturer and name of the substrate are-optional, but often very useful.

4. Documentation of the test page submission prgcess.

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

Table D.1 — Example of single configuration assessment documentation
Item: Information: Units:
Test conditions: Assessment Date: | 27-Aug-18
Assessor or assessingorgani-| p . 40 b s
zation:
Environmental conditions: | 25 °C, 40% RH °C, % RH
Priyiter: Manufacturer and model: | Acme HeRes-1200
Configuration: | Default settings (1 200 spi, RET on)
Component condition: | New printing cartridge (5 prints)
Printer driver version: [v. 2.1
Paper motion orientation: | Along the long edge
Pnr\nrh:d ll'\rinhnr address- )
ability: | °0 5P! Sl
Substrate: Substrate weight, surfac:;;lg 80 gsm, uncoated, Bond
Substrate manufacturer and Hammermill LaserPrint Bond
name:
Submission: Method of test page SUbSr?Olrsl_. Copy, using a command Window
Scanning: Scanner manufacturer: | E-scan S-2400
Resolution setting:| 1 200 ppi ppi
Scanner conformance: | Yes
Scanner OECF compensation: | Reflection aim
Scanner SFR normalization: | None (for internal use only)
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Table D.1 (continued)

Item: Information: Units:

Measurement name/conform-

Measurements, ance:

Native Addressability / compliant

Native addressability test

test pages & page name:

TP1_NativeAddr_vl.eps (setat 806.4 spi)

Assessment element orienta-
conformance: tion: IT /XT

Measurement name/conform- | ISOIEC29112_EffectiveAddressability v1
ance: | / compliant

Effective addressability test| TP2-H2x_EffAddrHorz_v1.eps (set at
page name: | 806.4 spi)

Effective addressability test| TP2-V2x_EffAddrVert_v1.eps (set at
page name: | 806.4 spi)

Assessment element orienta-

tion: IT/XT

Measurement name/conform- | ISOIEC29112_EdgeMeasures_vd /
ance: [ compliant

Edge blurriness test page

TP3_EdgeMeasures~vil\eps
name:

Assessment element orienta-

tion: | 8° (nearly XT), 987 (nearly IT)

Measurement name/conform- | ISOIEC29112_EdgeMeasures_v1 /
ance: [compliant

Edge raggedness test page

TR3_EdgeMeasures_vl.eps
name:

Assessment element orienta-

tign: | 8° (nearly XT), 98° (nearly IT)

Measurement name/conform- | [ISOIEC29112_SlantedEdge_PrinterSFR_
ance: |vl / compliant

Slanted-edge SFR test page

TP3_EdgeMeasures_vl.eps
name:

Assessnient element orienta-

tion: | 8° (nearly XT), 98° (nearly IT)

Measurement name/conform- | ISOIEC29112_SquareWave_PrinterSFR_
ance: vl / compliant

Square-wave SFR test page | TP4V_SquareWaveSFR_v1.eps (set at
name: | 806.4 spi)

Assessment element orienta-

tion: IT/XT

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

6. For epch attributeldocumentation of the measurement method used and its conformance, the tgst
pagelused and the orientations of the test page elements with respect to paper motion through the
printgr.

7. Afull

enymeration of the assessment results including the name of the characteristic, its orientatign,
itsm [ TIeT e T '

dsured value e numper ol eleme O DU O 10 e Imedasured values and C U

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

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

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

Table D.2 — Example of single configuration measurement documentation

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

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

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

Edge blurriness Horz, XT, 0° 5,7,0,8, 3,0, 6,4 6 microns
Eqeebharriress Yert-002 67 2—0-9-3-345 & HHEFOHS

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

Edge blurriness 98° 7,0,1,3,4,1,9,4 6 mierens

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

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

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

Edge raggedness 98° 12,4,2,5,8,6,16,5 6 microns
Slhnted-edge SFR Horz, XT, 0° 52,0,3,4,7,57 6 cy/mm @ 5( % SFR
Slhnted-edge SFR Vert, IT, 90° 5,3,0,3,4,7,59 6 cy/mm @ 5( % SFR
Slhnted-edge SFR 8° 4,5,04,3,8,5,3 6 cy/mm @ 5( % SFR
Slhnted-edge SFR 98° 4,4,04,3,7,5,2 6 cy/mm @ 5( % SFR
Square-wave SFR Horz, XT, 0° 51,0,3,4,6,5,6 5 cy/mm @ 5( % SFR
Sduare-wave SFR Vert, IT, 90° 52,0,3,4,7,57 5 cy/mm @ 5( % SFR

D{2 Multiple configuration report

The intent of a report of a multiple configuration assessment is to provide the measured

the assessment along with a context of the Setup and testing processes of the resolution ag

suffficient to reproduce the assessment.

Aqd specified in 6.2, the required configuration documentation for the assessment of multip

configurations includes:

results of
sessment

|le printer

1.| Documentation of the assessor and the environmental conditions in which the assessmen|t is done.

2.| Documentation of the’ printer, its setup configuration, paper motion direction and

assessment.

3.] Documentatjon of the substrate used for assessment.

— The substrate weight, surface and classification are required.

4. (Documentation of the test page submission process.

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

state at

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

scanner files.

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

1. Documentation of the configuration of the printer.

— This supersedes the conventional reporting of printing system configuration as part of the test
configuration table.
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2. For each attribute, documentation of the measurement method used and its conformance, the test
page used and the orientations of the test page elements with respect to paper motion through the
printer.

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

A convenient report structure is to report those documentation entries that are common to all
configurations in one table, and then the documentation entries that vary with configuration, along

with their associated measurement results, in a second group of tables, one table per configuration.

Tablg¢

Item:

Information:

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

Units:

Test conditfions:

Assessment Date:

27-Aug-14

Assessor of assessing organization:

Benchmarks-R-US

Environmental conditions:

25°C, 40 % RH

°C, % RH

Printey:

Manufacturer and model:

Acme HeRes-1200

Component condition:

New printing cartridge (5 prints)

Printer driver version:

v.2.1

Paper motion orientation:

Along the long edge

Reported printer addressability:

800 spi

spi

Substra

Substrate weight, surface and type:

80 gsm, uncoated, Bond

Substrate manufacturer and name:

Hammermill LaserPrint Bond

Submiss

Method of test page submission:

Copy, using a command Window

Scannin

Scanner manufacturer:

E-scan S-2400

Resolution setting:

1200 ppi

ppi

Scanner conformance:

Yes

Scanner OECF compensation:

Reflection aim

Scanner SFR compensation;

None (for internal use only)

Measurem
test pagég

conformal

ents,
s &

nce:

Measurement name/conforntance:

Native Addressability / compliant

Native Addressability test page-niame:

TP1_NativeAddr_v1.eps (set at 806.4 spi)

Assessment element orientation:

IT / XT

Measurement name/conformance:

ISOIEC29112_EffectiveAdressability_v1 / compliant

Effective addressahility test page name:

TP2-H2x_EffAddrHorz_v1.eps (set at 806.4 spi)

Effective addréssability test page name:

TP2_V2x_EffAddrVert_vl.eps (set at 806.4 spi)

AssesSment element orientation:

IT /XT

Meastirement name/conformance:

ISOIEC29112_EdgeMeasures_v1 / compliant

Edge blurriness test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurement name/conformance:

ISOIEC29112_EdgeMeasures_v1 / compliant

Edge raggedness test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurement name/conformance:

ISOIEC29112_SlantedEdge_PrinterSFR_v1 / compliant

Slanted-edge SFR test page name:

TP3_EdgeMeasures_vl.eps

Assessment element orientation:

8° (nearly XT), 98° (nearly IT)

Measurement name/conformance:

ISOIEC29112_SquareWave_PrinterSFR_v1 / compliant

Square-wave SFR test page name:

TP4V_SquareWaveSFR.eps (set at 806.4 spi)

Assessment element orientation:

IT /XT

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

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

assessment

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

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

Njtive addressability Horz XT 0°& Vert 1T 9Q° 12001200 1 spi

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

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

Edge blurriness Vert, IT, 90° 6,2,09,3,3,79 5 microns

Edge blurriness -8° 69,1,2,4,2,9,3 5 microns

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

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

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

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

Edge raggedness 82° 12,4,2,5,8,6,16,5 5 microns
Slhnted-edge SFR Horz, XT, 0° 52,0,3,4,7,5,7 5 cy/mm @ 5(0 % SFR
Slhnted-edge SFR Vert, IT, 90° 53,0,3,4,7,5,9 5 cy/mm @ 5( % SFR
Slhnted-edge SFR -8° 4,5,0,4,3,8,5,3 5 cy/mm @ 5(0 % SFR
Slpnted-edge SFR 82° 4,4,04,3,7,52 5 cy/mm @ 5( % SFR
Sduare-wave SFR Horz, XT, 0° 51,0,3,46,5,6 5 cy/mm @ 5( % SFR
Sduare-wave SFR Vert, IT, 90° 5,2, 0s3»4,7,5,7 5 cy/mm @ 5(0 % SFR

configuration assessment

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

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

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

N3ative addressability Horz, XT, 0°& Vert, IT, 90° 600,600 1 spi

Efffective addressability HorzXT, 0° & Vert, IT, 90° 600,600 1 spi

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

Edge blurriness Vert, IT, 90° 6,3,09,3,2,8,1 5 microns

Edge blurriness -8° 8,2,1,2,5,2,11,3 5 microns

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

Edge raggediiess Horz, XT, 0° 9.0,1,5,5,8,12,5 5 microns

Edge raggedness Vert, IT, 90° 9,6,1,5,6,2,13,1 5 microns
Edgeraggedness -8° 15,2, 2,9, 8,0, 18,0 5 microns

[ deertreoedress 920 45436821485 5 rierens
Slanted-edge SFR Horz, XT, 0° 53,0,3,4,75,8 5 cy/mm @ 50 % SFR
Slanted-edge SFR Vert, IT, 90° 53,0,3,4,6,59 5 cy/mm @ 50 % SFR
Slanted-edge SFR -8° 3,5,0,4,3,0,4,3 5 cy/mm @ 50 % SFR
Slanted-edge SFR 82° 3,4,04,29,4,2 5 cy/mm @ 50 % SFR
Square-wave SFR Horz, XT, 0° 51,0,3,4,6,5,6 5 cy/mm @ 50 % SFR
Square-wave SFR Vert, IT, 90° 52,0,3,4,7,57 5 cy/mm @ 50 % SFR

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

For instance, if the substrate type is changed, this change creates a new assessment, or if the age
(number of prints) of an imaging component is followed over its effective life, each of the evaluations
along the component lifetime that the printing system is assessed becomes a separate assessment.
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Annex E
(informative)

Usage

E/1 General

The measurement methods specified in this document provide a quantitative assessment of attributes
thpt are known to correlate with the perception of printing system resolution.

—{ The measurement methods specified in this document involve analysis af\binary, vecfor-based,
PostScript elements.

— High contrast (binary) printing is a leading indicator of the detail-cartying capability of & printing
system throughout its tone scale. The test pages created and specified for use with this locument
have not yet been, but could be, ported to other printing system.control languages.

— The test page implementation currently restricts usage of’this document to PostSciipt-based
printing systems.

—| The content encoding capabilities of PostScript provide the most reliable means of contrplling the
printing system workflow to avoid printing artefacts that compromise measurements.

Telst pages are provided in two different formats for the evaluation of native addressapility, for
the measurement of effective addressability ahd for the measurement of the printing syftem SFR
chiaracteristic using square-wave elements:

1.| Encapsulated PostScript (EPS) format:

The EPS format is adaptable tothe addressability of the printing system raster image processor
and can be reliably sent to any RIP with knowledge that the test page content will corre¢tly adapt
to the addressability reperted by the RIP.

2.| PostScript-based Portable Document Format (PDF).

PDF is a final forfaformat that can be created for the exact addressability of the printing fystem to
be evaluated But'is simple to send to a printing system. The test pages for use with this glocument
are providediin PDF format for the common printing system addressabilities, 600 spi and |1 200 spi.
A printablé PDF file with arbitrary addressability can be created from an EPS test page using a
suitable PDF compiler.

Annex A'specifies a procedure that can be reliably used to submit a PDF or an EPS file to be grinted by
a irinting system.

The measurement methods specified in this document have been developed in as general a manner as
possible to avoid dependencies on characteristics of any particular printing technology. So far, these
measurement methods have been verified only for electro-photographic printing systems.

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

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

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

The most frequent printing system problem is scaling. Scaling affects some of the test page elements
more thafT others. j g
effects on attribute measurements The most common forms of scaling error are encounteredrwhen
applicatign or driver scaling are not both explicitly set to 100 %. Never use page size modifiers'suchfas
“Fit to Page” or “Scale to Fit".

Another important cause of scaling error occurs when a PDF test page distilled for oneprinting system
addressaltnhty, say 600 spi, is submitted to a printing system with a different addressability, say 800 spi.
Aliasing Hetween these two different frequencies occurs and measurements are signifidantly affected. Hor
a printing system whose addressability is neither 600 spi nor 1 200 spi, an appropriate PDF test page chn
be createfl using an appropriate PDF compiler, the EPS version of the test page and knowledge of the trjue
addressalbility of the printing system to be evaluated. The required editing of the EPS test page content|to
provide ah appropriate native addressability test page is documented in 42:2. The documentation for the
required pditing of the effective addressability test page is documentéd in 4.3.2 and the documentatipn
for the refuired editing of the square-wave SFR test element is docuinented in 4.5.5.

In most [cases, the necessity for distilling an appropriate. PDF test page for a printing systém
addressability not directly supported by the distributed PDF test pages can be avoided by submittihg
the EPS yersion of the test page instead of a PDF version{An important but rare exception can ocdur
if the RIH does not report the true addressability of a_printing system. In this case, the exact printihg
system addressability can be found either by consultiig the printing system documentation or by usipg
the capalility of the native addressability test page to show the true printing system addressability.
Once found, the EPS version of the test page can‘be edited to explicitly define the true printing syst¢m
addressability, then the edited test page can bécorrectly submitted.

Table E.1 — Scaling error

Scaling eyfror: Solutiont

Applicati¢n scaling: Set scaling to 100 % or 1:1

Printer dfiver scaling: Set scaling to 100 % or 1:1

Addressapility mismatch; Use EPS test page or correct PDF test page

Incorrect|RIP addressability: |Set EPS test page to true addressability

Test page Sensitivity to scaling error: Artefact:

Native addressability: Adapts for up to 2 % scaling error No transition in fine scales
Effective addressability: Moderatetosevere Nomuntformtmesoftinespacing
Blurriness: Not sensitive Element too small

Raggedness: Not sensitive Element too small

Slanted-edge SFR: Not sensitive Element too small

Square-wave SFR: Severe Non-uniform lines and/or spaces

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

Page placement modifiers such as page centring can be used to place the image properly on a page,
without dimensional change.
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Another very common workflow-induced error can be caused by the colour management process
of the printing system. The colour representation of all elements in the test pages employed for the
attribute measurements specified in this document is Separation-Black. This colour representation is
not processed by most colour management systems and is passed through to the printer unchanged
as binary information for a single separation of black toner. However, in some instances, a colour
management system can have a pre-defined interpretation for Separation Black, which will re-interpret
the test page information thereby printing with colorants different from the intended colorant
or printing solid objects in an unsaturated manner or with a halftone pattern present. Table E.2
summarizes this error.

Table E.2 — Colour management system induced error

Test page: Sensitivity to screening: Artefact:

| Any test page | Severe | Gray, unsaturated or halftone pattern. Multiple or unintended coldrants |

Any test element printed with a halftone pattern is a fatal printing error. The-eolour managgment re-
inferpretation of the page should be corrected then the test page should be re-printed and verified to be
fre¢e of any halftone content.

E.3 Assessment of electro-photographic printing systems

The measurement methods specified in this document were déveloped as general tools, indegendent of
arly particular printing technology, but they have been verified only for electro-photographi¢ printing
systems.

Annex F summarizes the verification experiments that were run to ensure the utility and reprofducibility
of|these measurement methods for electro-photographic printing systems.

N4tive addressability provides the enablingframework in a digital printing process for [depicting
fige spatial detail. In many cases, the in-track and cross-track native addressabilities of 4 printing
sypstem differ, often showing a different degree of physical overlap of adjacent printed spots in the two
orfentations.

—{ The native addressability claimed by a printing system is a required field in the agsessment
configuration documentation. Measurement of native addressability using the method|specified
in this document can beused to confirm the accuracy of the native addressability claimed by the
printing system.

— In practice, the native addressability claimed by a printing system is usually correct, and |n the few
cases where the actual native addressability has differed from the claimed native addrg¢ssability,
the discrepdngy has been less than about 1 %.

— However,{even such a small discrepancy should be corrected for in the printing of the] effective
addressability and square-wave SFR test elements.

— AWhen left uncorrected, this level of scaling error is apparent, though somewhat subffle, in the

affoctive addressahbilityv test nace hut hecomes obvicus in the cauare.wave SER tost nd ge in the
’ Y Page—bub SO g ’ P

form of non-uniform width lines and spaces in the test elements.

— Such artefacts severely compromise the integrity of the associated measurement methods and are
a fatal error.

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

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

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

Until dominated by other factors (e.g. minimum spot size), measures of these quantized attributes
are clustered, appear to correlate with perceived resolution and are important contributors to the
capability-ofsa eetro-photographicprintingsystemto-deptetfinedetat

— The normal edge profile (NEP) illustrates how rapidly a transition is made perpendicular tq a
straight edge.

— The width of this transition is directly related to the perceived edge blurrines$.of’a printing system.

— The fangential edge profile (TEP) illustrates how much a straight printed edge deviates from fts
requg¢sted straight line behaviour.

— Edge|raggedness provides a measurement of this deviation frond straightness. These profiles qre
illustirated in Figure 3.

enhancement technology is often employed in digital printing systems to mitigate the
influence|along slanted edges of the printing grid defined by the printer native addressability.

— Edgefraggedness provides ameasure of the deviations of a printed edge from arequested straightline
and fgrovides a means for assessing the reduction ifredge raggedness when resolution enhancemgnt
technology is effectively employed. Edge raggedness often depends strongly on the orientation|of
the eyaluated edge.

— In-trgck edge raggedness is evaluated.across edge boundaries oriented along the cross-track
diredtion.

4-track edge raggedness jisvevaluated across edge boundaries oriented along the in-track
diredtion.

— Measjures of edge raggedness for edges oriented at a small angle from the in-track or cross-track
diredtions (e.g. 8° and"\98°) most clearly show any limitations that the resolution enhancemgnt
technjology can have:

The trangition widthof an edge provides a measure of edge blurriness that contributes to the perceived
resolutiof of a printing system.

=]

— In a linear system, the line spread function is related through a Fourier transform to the printi
systemspatial frequency response characteristic.

g

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

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

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

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

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

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

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

Test page addressability shall be set to the exact printing system addressability te)a
artefacts.

Alignment of print sample edges to the scanner platen edges within 0,25%when sd
important.

If the spot size or adjacency effects of the printing system are large, ithe SFR charg
derived from high spatial frequency fundamentals may disagree with/those derived fi
spatial frequency fundamentals. A high spatial frequency bar maybé removed from th
by editing the configuration file in order to provide a consistentmeasure of printing sy

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

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

On rare occasions, a printing systéem has mis-interpreted the vector code of t
SquareWaveSFR test page. A bitmap version of this test page (TP4V_SquareWaveSFR)
provided for backup.

Ensure that the square-wave edges are sharp. The bitmap version of the SquareWave§
is rendered by some RIPs-as quasi-sine waves, which are not correctly analyzed.

— The slanted-edge SFR-characteristic at 0° is evaluated across a boundary oriented along

track printing direction and evaluates the slow-scan characteristics of a printing system.

—{ The slanted-edge-SFR characteristic at 90° is evaluated across a boundary oriented alo

track printing\direction and evaluates the fast-scan characteristics of a printing system.

— Angled slanted-edge SFR characteristics evaluate the capability of a printing system to 1

a straight, angled edge. When evaluated at small angles with respect to the cross-track o
printing directions (e.g. 8° or 98°), the slanted-edge SFR measure is sensitive to the s
éffectiveness of resolution enhancement technology.

void fatal

anning is

cteristics
om lower
P analysis
stem SFR.

patterns
hdicate a
instance,
ide much

dentified
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FR target
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For the blurriness, raggedness and SFR measurements, elements oriented along horizontal, vertical, 0°
or 90° axes evaluate the printing system capabilities along the cross-track or in-track directions.

— Elements tilted at a slight angle (e.g. 8°) evaluate the printing system including resolution
enhancement capabilities.

— Elements tilted at a larger angle (e.g. 24°) generally evaluate the printing system in a less critical
manner than with the 8° tilt.

— Depending on system characteristics, a scanner resolution greater than the printing system
addressability can be required.
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— Further details regarding the correlation of the measurement methods specified in this document
with the perception of fine levels of detail through psychometric scaling studies for a wide range
of electro-photographic printing systems are presented in the verification experiments summary

provided in Annex F.

— In these verification experiments, the observed range of edge blurriness was small and other
attributes were dominant.

Table E.3 summarizes the recommended measures for the assessment of electro-photographic printing

system resolution.

Table E.3 — Measurement recommendations for electro-photographic printing system

Measure:

assessment

Recommendation:

Native adfressability:

Reported in assessment configuration documentation

Effective pddressability:

Recommended measure to show inherent printing system capabilities

Edge blurfriness:

Recommended (but limited response in verification experiments [see Annex F)]

Edge raggedness:

Recommended

Slanted-eldge SFR:

Recommended

Square-wjave SFR:

Recommended (but critically dependent on proper test page printing and alignment)

Verificatipn experiments have only been made for electro-photographic printing systems. Separdte

experiments are required to verify the applicability of the méasurement methods specified in this
documenf for assessing the perceived resolution of other printing technologies. See Annex F.
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Annex F
(informative)

Electro-photographic system measurement method verification

example

F.

F.1.1 General

Two sets of experiments were run to verify the utility of the measurement rhethods specifi
ddcument. The second set of experiments was a large-scale printing experiment involvin

S
Cl

T}
Sy

controlled set of print samples with a wide variety of reflection‘scanning systems.

TH
fo

qu
Th

E

TV
ex|
evi
O}

Verification of repeatability and reproducibility

jective and objective evaluation paths involving multiple facilities. This/experiment is dis
huse F.2.

e first set of experiments, run at six different sites with eight different, qualified reflection
stems, examined the repeatability and reproducibility of measurement methods, using a

is experiment and its analysis provided guidance for the scanner qualification recommenda
" the definition of the scanner SFR normalization method specified in Annex B for scannif
alification.

e results of this set of experiments are discussed here.

.2 Verification of measurement repeatability

o major dependencies, repeatability and reproducibility were evaluated in these vd
periments. The repeatability of.two major calibration steps, scanner OECF and scanner §

ed in this
b parallel
cussed in

scanning
carefully

tions and
)g system

rification
FR, were

aluated by performing sixteen consecutive scans of the same test page, with evaluation of thie scanner

CF characteristic and the-scanner SFR characteristic after each scan.

This experiment was run on several different reflection scanning systems to determine thg
in repeated measurements.

Figure F.1 a)shows a typical deviation of the OECF characteristic for individual scans
average OEGFvalue.

variance

from its

The devjation generally increases in absolute value at higher densities, but stays well within 1 % of

thesmtaximum density.

lorescent

For long scans at high-resolution, some scanning systems employing a cold-cathode fl

lamp for illumination exhibited significantly larger variation.

A particularly poor case is shown in Figure F.1 b). This condition could not be corrected sufficiently
to exhibit sufficient stability for conformance. The control software for this scanner could also be

run in a faster scan mode that traded quicker scans for a slightly increased level of noise.

The AOECF characteristic for this scanner is shown in Figure F.1 c). The deviations are in

reflectance, 0-1.
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Figure F.1 — OECF repeatability

different Y-axis scales between Figure F.1.&) and b) compared to Figure E.1 c) and d). W

| d). This provides scanning repeatability results more consistent with the other scanni
The temporal repeatability test for,scanning system qualification, specified in C.3.3, W
ed with a limit of £0,01D variation\from the mean to guard against excessive variation in t
5 required for high-resolution measurement.

ion and shape of the region)of interest (ROI) used in the evaluation of SFR characteristics g
tors in SFR evaluation repeatability.

ies of sixteen sequential scans of a single slanted-edge element were each evaluated using
set (625) of smalfchanges in ROI position and shape with maximum amplitude of 100 um.

bft portionofFigure F.2 shows the statistics of these sixteen evaluations (Scan1 to Scan16).

e F.2 istabar graph showing maximum and minimum values at the extreme ends of e

tion are indicated by the boxes above and below the centre dash.

' scanning mode and shorter scan times, the light intensity fluctuation is less, as shownl|i

d
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where the SFR characteristic has dropped to 10 % of its zero-frequeni¢y value) is statistically
" all sixteen scans — the mean values over the variations in ROl pesition and shape for each
scpn are well within + one standard deviation, o, of each other
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Figure F.2 — SFR repeatability

Small changes in the ROI position and shape used in evaluating the SFR characteristic can
substantial bias in a measurement.

These sixteen single-ROI evaluations are also statistically identical with the evaluations of
scans using a large set.6f $mall changes in ROI position and shape.

Shown at the far (right of Figure F.2 (labeled “Repeats”) are the statistics of a set (
evaluation repetifions of a single scan of the slanted-edge element using virtually iden
(round-off errors in algorithmic positioning of the ROIs) that are statistically identical

- = = =

@w »v on v

Individuals
Repeats

e mean sampling efficiency (the fraction of the Nyquist frequency(corresponding to the frequency

identical
bvaluated

The boxes in Figure E.2 represent + one standard déviation from the mean value shown by the

The fingers at the top and bottom show the maxinyum and minimum values for each set of ejaluations

ntroduce

Shown towards the right side of Figure F.2 (labeled “Individuals”) are the statistics from gingle SFR
evaluations of each of the sixtéejt scans of a single slanted-edge element using identical R

DIs.

the same

f sixteen
rical ROIs
to all the
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Figure F.3 — Variability of single-scan, multiple ROIs vs. multiple-scan, single ROI
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Figure F.3 a) shows the SFR variability, as a deviation from the mean SFR characteristic, of a single
scanned slanted-edge element evaluated over the large set of small changes in ROI position and
shape with a maximum amplitude of 100 pm. This is the data summarized as “Scan 11” in Figure F.2.
Figure F.3 b) shows the identical SFR variability as Figure F.3 a), with the sixteen scans of a single
slanted-edge element each evaluated using the same ROI superimposed with black lines (summarized
as “Individual” SFR characteristics statistics in Figure F.2).

The upper envelopes of the two SFR characteristic variations are very similar.

[*]

The variations from the large set of small changes explore alarger, but somewhat sparse, range in low

Normal fit: mean parameter = 51,05 Weibull fit: shape parameter = 51,63

46 47 48 49 50 51 52 53 54 55 45 46 47 48 49 50 51 52 53 54

Sampling Efficiency SamplingEfficieney

) Normal distribution fit of SFR b) Weibull distribution fit of SFR
variability |variability

Figure F.4 — SFR variability distribution

SFR capapility. This is also seen in the long lower tail of\the statistics shown in Figure F.4. Sampli
efficiencyf (the fraction of the Nyquist frequency corresponding to the frequency where the S

characte

— Afit

1listic has dropped to 10 % of its zero-frequency value) is again used in this analysis.

Yith a normal distribution, parameterized by a mean value and standard deviation, illustrat

in Figure F.4 a) is simple to obtain.

— Afit

vith a Weibull distribution, illustrated in Figure F.4 b), handles the observed tails better a

the shape parameter of this distribittion provides a better single parameter estimate than the me
valug, but is significantly more\difficult to calculate.

The sing

results o
of evalua

capabilit
— The

tained with the latge set of small variations in ROI position and shape show the necess

lf-evaluation variability ‘of the simple set of repeat measurements or the range of evaluati
ing a set of RBIvariations to obtain a central estimate for reporting printing system S

Y

jtandardideviations of the large set of small ROI variations evaluated for each of the sixte

sepafate seans shown in Figure F.2 ranges from ~0,95 for Scan4 to ~1,59 for Scan15.

— The

g
FR

gvaluated sampling efficiency values span a range from 44,7 to 53,8.

— The standard deviation of the mean values of these sixteen distributions is only ~0,29. The mean
values of these distributions span a range of ~1,1.

— The mean value of an evaluated distribution is clearly much more stable than an individual
evaluation value.

— The minimum number of evaluations forming the distribution from which the mean value is to be
reported, as specified in 4.5, is 81 (three variations each in x-position, y-position, width and height
of the ROI used in evaluation).
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