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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,

governmen

tal and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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Introduction

Measurement methods that quantitatively evaluate geometric property attributes of duplex print sets need

to be standardized, as most of the office documents are currently printed as duplex print sets
several sheets printed colour images on both surface of substrates.

comprising

There are several standard measurement methods to evaluate image quality attributes of printed images
formed by office equipment, i.e. colour reproductions, line reproductions, image structures of sharpness and
graininess, gloss properties. Included are ISO/IEC 19799, ISO/IEC 24790 and ISO/IEC 29112. ISO/IEC 24790
specifies the measurement methods for large area density uniformity of graininess, mottle and banding, as
well as line qualities. ISO/IEC 29112 specifies methods for measuring sharpness attributes of edge blurriness

and raggedness, special frequency response, etc. ISO/IEC 19799 specifies the methods for gloss
By utilizin i i i
specified i

the documents.

While therfe are no standard methods to measure colour reproduction consistencies land §
accuracies |n consecutive printing, and image stabilities in typical use case of print imagés form
equipmentjand used in office environments. In the current state, each printer distpibuter and f
provide tesft results for those attributes measured by its own test methods and pro¢edures, whi
convenient(for its product, resulting in misleading customers in the selection 'of-a printing syst
for their usk cases. The ISO/IEC 22592 series can provide standard methods.ahd procedures for
image attributes: ISO/IEC 22592-1 for colour consistency, this document‘for geometrical accy

ISO/IEC 22
test results

The measu
set formed
systems, it

h92-31 for image stabilities. By using these International Standards, consistent and
suitable for typical use cases of office prints can be obtaitied independent of data pro

Fement methods described in this document are used'to access geometric propertie

uniformity.
e protocols

reometrical
ed by office
ts user can
h are often
bm suitable
those print
racies, and
fomparable
viders.

s of a print

by a printing system on a substrate. When test{esults are compared among varigus printing

is essential to use the same product of substratés and set equivalent printing condi

default prinpter settings among the printing systems.
As for the|metrics for registration and magnification based on images captured by an R(
prints with four primary colourants other thanicyan, magenta, yellow and black are not suit3

measuremsg
a primary ¢
not be mea
the print in

Electropho
prints. The
property a
prints.

This docun

digital
specifi

nt methods described in this document. For example, if a print includes a light colourg
olour in addition to a standard celourant image, registration and magnification of th
sured correctly because the commplementary colour channel of the primary in a scann
cludes two kinds of sources:for registration and magnification.

fography, thermal inkjet,or piezoelectric inkjet technologies are commonly used ta
main purpose of this ‘document is to provide objective measurement methods foi
tributes of duplex\print sets, however, some attributes are also applicable for a set

ent prescribes the following:

test charts for the measurements in which colour codes and locations in page to be m¢
bd,

tions under

B scanner,
wble for the
nt image of
s print will
ed image of

form such
geometric
of simplex

basured are

a test

artto measure the posmonai dCcuracy or a scanner,

magnification measurements,

for each colour and printed position variations among colours,

input and relative difference in the magnitude among colours,

1) Underp

reparation. Stage at the time of publication: ISO/IEC DIS 22592-3:2023.
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— measurement methods for the variations of the registration and magnification within a page (within-
page variation), between front and back sides (side-to-side variation), among the sheets in the same print
set (sheet-to-sheet variations).

» o«

Some attributes, such as the attribute “within a printed image”, “sheet-to-sheet variations”, are also
applicable for a simplex print set comprising several sheets which are printed colour images on one surface
of a substrate and no image on the other surface.

Some prints show uneven surfaces caused by thermal fusing process of electrophotographic printers or
drying process in ink jet printers as well as by storage humidity changes from a highly humid condition
to dry condition. Flatness of a print surface is an important aspect for print integrity. On the other hand,
there is no proper measure standardized corresponding well with visual impression of flatness. Annex A
describes one of the methods to quantify degree of flatness. A further study needed to include this method
into the scpeof thisdocument.

In this docyment, colour codes for the test charts are defined in sSRGB colour space specifiedin1E{ 61966-2-1
as is commpn in office documents.

© ISO/IEC 2024 - All rights reserved
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Office equipment — Print quality measurement methods for

colour

Part 2:

prints —

Registration and magnification accuracy

IMPORTA

T — The electronic file of this document contains colours which are consid

useful for the correct understanding of this document. Users should therefore consider pri}
a colour printer.

1 Scop

This document specifies test methods as well as test charts to measure the geometric propertj

and those v
to duplex p

“Within-pa
several sh¢
surface.

Prints with
document.

Included aj
set is evalu
are applica

side and b4
maximum 2

The geome

Microscopi
scope of thi

The source

ariations in duplex colour prints typically used in office environment. This document i
Fints comprising several sheets which are printed colour images'on both surfaces of a

be variation” and “sheet-to-sheet variation” are also applicable for a simplex print set
ets, which are printed colour images on one surface of.a substrate and no image o

four primary colourants other than cyan, magenta, yellow and black are outside the s

e digital prints formed by using a multifuniction or single function printer. When a d
ble, while simplex printers which require a manual arrangement of substrates betwe

ipplicable substrate size of A4.gplarger are suitable for the measurements.
ric property attributes ineluded are registration and magnification of a print set.

C geometrical density variations, such as graininess, mottle and line raggedness, are
s document.

5 of variations considered are locations in a page, print side in a sheet, print order of

print set, and variationS:among primary colours.

2 Norm

ative references

There are

ered to be
nting with

/ attributes
5 applicable
substrate.

comprising
n the other

cope of this

uplex print

nted, duplex printers which are capable‘to print images on both sides of substrate automatically

bn the front

ick side printing to form duplex-prints are out of scope of this document. The printers of the

outside the

sheets in a

o orcrv- e ere T e rrceo oo oo corees

3 Terms and definitions

For the pur

poses of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Ele

ctropedia: available at https://www.electropedia.org/
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31
back side
print side (3.9) corresponding to an even page of input data in a duplex print set (3.8)

3.2

cockle

local deformation of a sheet of print due to unequal shrinkage or swelling giving it a slightly crumpled
appearance

3.3
colour-to-colour variation
change in an attribute among the primary colours of the printer to evaluate

3.4
curl
deviation ffom a flat surface

3.5
fast scan djirection
FSD
direction pprallel to the sensor array of a scanner

3.6
front side
print side (3.9) corresponding to an odd page of input data in a duplexprint set (3.8)

3.7
magnification
absolute magnitude of printed size to input

3.8
print set
set of sheets printed in a print operation

3.9
print side
one of the duplex print surfaces, either front side (3.6) or back side (3.1)

3.10
registratign
accuracy of printed positions to\substrate for each colour

3.11
slow scan dlirection
SSD
direction pprpendicular to the sensor array of a scanner

3.12
sheet-to-sheet variation
change in an attribute at the same input data on the same print side (3.9), either the front side (3.6) or back
side (3.1), within a print set (3.8)

3.13

side-to-side variation

change in an attribute at the same input data in the same sheet between the front side (3.6) and back side
(3.1)

© ISO/IEC 2024 - All rights reserved
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spots peri
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nch

spots per 25,4 mm

[SOURCE: ISO/IEC 24790:2017, 3.34]

3.15

within-page variation

changeina

3.16
waviness

n attribute by location within a page

geometricaf-eistertiorreof-theprinsgeneralyathish-denstty age srea—

4 Print

4.1 Prin

Printers sh
(RH) of (50
same envirn
installed. P
for temper
content of {

If a printer
evaluation
for warm u

4.2 Prin

An A4 size
Coated pap
in reportin
may be useg
supplier of

preparation procedures

ting environment

hll be installed in the environment range of a temperature of (23 + 5)|2C, with a relatiy

+ 10) % at least 2 h prior to print operations and the print operations shall be comp
onment range. The substrate to be used shall be placed in a'paper tray when the
rior to the installation of printers, additional conditioning of papers under the same e
hiture and humidity described above for more than 24 h\S-recommended to stabiliz
he papers which often affects image qualities of prints;

has not been used for a long period or if the efivironmental difference between s
hrea is large, it is recommended to install it 12 h{prior to the test and to print 10 or 1
p before the test.

fing materials

plain paper shall be used because.it’corresponds well with a typical usage case of o
ers for ink jet or lithography may be used for a specific usage case with a rational ¢
b. The grammage of the paper'shall be from 60 g/m? to 90 g/m2. Any other grammag
d for a specific usage case_with a rational explanation in reporting. The name, gra
the paper shall be reported.

It is recominended to measure.the dimensions of the papers prior to tests and after printing.

Toner or in
materials g
name and s

Any other
jet printer,

k materials recommended by the manufacturer of the printer to be tested shall be usec
rovided by<he’other suppliers than the printer manufacturer may be used as long
upplier are’included in the report.

printing materials, such as photoreceptors in electrophotographic printer, print 1}
shall be in accordance with the recommendatlons by the printer manufacturer. T

materials
included in

the report

4.3 Printer settings

e humidity
leted in the
rinters are
nvironment
b the water

torage and
hore sheets

[fice prints.
explanation
e for paper
nmage and

l. Any other
as product

lead in ink
e printing

No reduction or enlargement in printed size shall be made. Modifications in colour and tone reproduction,
sharpness enhancement, or noise reduction in the printer settings shall not be used. The printing mode by
which an input image is printed at the centre of a substrate shall be selected. No binding margin shall be

arranged.

Test prints shall be formed using driver and printer settings, except the parameters above mentioned,
that are appropriate for a typical usage case in office. Default settings for the substrate subjected to
evaluation, which correspond to initial settings when a printer shipped out recommended to be used. When

© ISO/IEC 2024 - All rights reserved
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performances of printing systems are compared, the default settings for each printing system shall be
selected. The driver and printer settings used shall be described in the test report.

NOTE It is important to check if the size and position in a substrate are consistent. In some application viewers
or printer settings for PDF files, settings related to size modification or printed position in a substrate at the previous
print operation remain unchanged.

A4 size substrate shall be used. For the printers of the maximum applicable substrate size of A3 or larger,
the feed direction parallel to the short edge direction of A4 substrate shall be selected and the feed direction
perpendicular to the short edge direction of A4 substrate may optionally be selected. In the printers of the
maximum applicable substrate size of A4, the feed direction shall be in accordance with printer setting for

A4 size substrate. Long edge binding shall be selected in duplex printing.

4.4 Prin

Printing m
‘Ready Stat
IS recommyg
systems ar
included in

It is recom
measureme

4.5 Cong

Prior to me|
printing to
the relative

5 Genel

5.1 Mea

All measur
(50 +20)9

1ng operations

iy be initiated under any operational mode defined in Reference [7], i.e. ‘On Mode; (‘A
e’), ‘Off Mode’ or ‘Sleep Mode’. In order to evaluate overall performance of @ printin
nded to carry out the tests under multiple operational modes. When perfermances
e compared, the same operational mode shall be used. The operational“nfode select
the report.

mended to prepare a duplicated print set for each measurement for backup, and t
nts with the duplicated sets for measurement of noise reductiof«

litioning the prints after printing

asurements, each print set shall be conditioned in a‘controlled environment for at leas
stabilize the dimension of sheet comprising theyprint set. The controlled environm
humidity between 30 % to 70 % and the temperature between 15 °C to 28 °C.

ral requirements for measurements

surement environmental conditions

ements in this document shall*be completed in a controlled environment of relativ
and temperature (21,5 £:6,5) °C.

In case that a high measurement accuracy is required, the relative humidity and temperatur

(50 + 10) %

and (23 % 5) °C, respectively, to mitigate the influence of dimension changes in the cq

test chart

d print samples‘with environment.

[t is recominended to cemplete a series of measurements as a short duration as possible to preve
change in dimensions©f the conformance test chart and print samples with environmental chan

5.2 Sca

er.conformance

ctive State’,
o system, it
of printing
ed shall be

D carry out

t 24 h after
bnt shall be

e humidity

b should be
nformance

nt from the
Ues.

5.2.1 General

In case a scanning system is used for the measurements, the scanning system shall meet the requirements
described in Clause 5.

A scanning system used for the measurements in this document shall be tested using the test chart described
in 5.2.2 and procedures specified in 5.2.4 to ensure the measurement results conform to the requirements
of this document.

The scanning system is calibrated suitably if it can obtain a value within acceptable tolerances of the goal
values given in 5.2.7 for each attribute of registration and magnification.

The conformance test shall be completed at least within six months prior to evaluations.

© ISO/IEC 2024 - All rights reserved
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5.2.2 Test chart for scanner conformance

The outline of the test chart to evaluate positional accuracy of scanner is described in Figure 1. The size is

A4. Widths of line components are all 100 pm.

The substrate material shall be transparent PET with a coated layer of a high-y photosensitive emulsion for
photolithographic process on its surface. The thickness of the PET film should be from 0,05 mm to 0,2 mm
considering handling and durability in scanning operations. A photolithographic process for such as colour
masks in a liquid crystal display shall be used to develop the image described in Figure 1 on the surface of

the substrate. Positional accuracy shall be 5 um in a narrow area and 10 um in page wide.

Information about one of the test charts complying with the requirements in this document can be obtained

at https://standards.iso.org/iso-iec/22592/-2/ed-1/en.
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a) Layout of test chart
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10 mm

1 mm

ww 0§¢

b) Cross-mark pattern

1 mm

wur 9

170 mm |

5.2.3 Scd

The measu
system tha
A4 area.

5.2.4 Scd

The test chj
the test chj
shall direct
placed on tl

d) Vertical lines pattern

nning equipment

nning procedures

Figure 1 — Illustrated test chart for scanner conformance

"ements of registration and-magnification in this document shall be carried out with
has a minimum of 600 spi and 8 bits per pixel (256 gray levels), with a scanning field

art in 5.2.2 shall be placed on the platen of a scanner to be evaluated so that the or
irt is the-same as that in actual print evaluations, in which the unprinted side of th
ly contact with the platen. Then, a diffuse white substrate, such as a blank plane paj
ne‘printed surface of the test chart additionally so that the surface of the diffused whit

c) Horizontal lines pattenn

3 mm

2 mimy

e) Fiducial mark

contacts th

primted surface. itis Tecommended to ptace additionat streetsof substrates to ave

contact at the interfaces among the platen, the test chart and the white diffuse substrate.

The scanner settings shall be as following:

— scanning resolution: 600 spi,

— number of bits: 8 bit,

— colour mode: RGB,

— scanning speed: default,

— no spatial filter applied, and

© ISO/IEC 2024 - All rights reserved
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— no colour or tone correction applied.

User may choose any scanner settings except for the above-mentioned settings if they are appropriate for
the objective of the measurement.

The above settings shall be maintained for all the scanning operations of the test prints in Clause 6.

Under the above conditions, the test chart shall be scanned to demonstrate that the scanned image satisfies
the conformance requirements.

NOTE

The scanned images with this procedure are the mirror images of the original test chart.

5.2.5 Magnification accuracy of scanner

The magni

evaluated y

test charti

The centre
signals of a
it.

For each co

be calculat

ideal distarn

The averag
four edges
described i

fication accuracy in each channel of primary colours of a scanner, i.e. scanner R

n Figure 1.

cropped area including a whole fiducial mark, comprising a centre circle-and a circle s

lour channel, four magnification values corresponding to the foGr edges of a scanned
bd in terms of the ratio of a distance measured between two-fiducial marks along an

e values in two edges for each scan direction, minimunrand maximum values among
shall be specified to verify whether a scanner conferms to the requirements of the
h 5.2.7.

sing the four fiducial marks located at the four corners of the scanned images of the‘cc

position of each fiducial mark shall be specified in term of the centre of-gravity of e3

ce of 277 mm or 190 mm depending on the placement of the-test chart on the scanne

B shall be
nformance

ich channel
urrounding

image shall
bdge, to the
platen.

values with
goal values

5.2.6 Loc¢al magnification deviation of scanner

The local magnification deviation for each primaty: colour channel of a scanner, i.e. scanner RGB, shall be

evaluated ysing the cross-marks arranged as a miatrix of 26 x 18 in the test chart.

A centre pdsition of each cross-mark of a chatnnel shall be specified in the centre of gravity of the signals in
each channel for a cropped area including'a cross-mark.

For each crpss-mark in a primary eolour channel, the distances between the centre positions of
marks next{to each other shall be-measured both for the fast and slow scan directions. A local ma
deviation i millimetres for each direction shall be calculated as the standard deviation for the
of the measured distancesfrom the ideal distance of 10 mm in the conformance test chart
magnification deviation, in-percent shall be specified in terms of the ratio of the standard d

millimetres to the idealkdistance 10 mm.

two cross-
\gnification
differences
. The local
eviation in

5.2.7 Goal values

eneral

5.2.7.1

A scanning system conforming to the goal values below shall be used in the measurements described in
Clause 6. In case that a scanning system does not satisfy any goal values in 5.2.7.2 and 5.2.7.3, relative
comparisons can only be made within the test data obtained by using the same scanning system and it is
required to clearly state in the report that the test results can only be comparable within the report and
not be comparable with others due to inconsistency with the scanner conformance requirements in this
document.
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5.2.7.2 Magnification accuracy

The magnification accuracy for all four edges of each colour channel shall be as following:

(100 - 0,2) % < each difference in magnification < (100 + 0,2) %; and

(100 - 0,1) % < average difference in magnification < (100 + 0,1) %.

5.2.7.3 Local magnification deviation

The local magnification deviations for each direction in each primary colour channel shall be as following:

— local magnification deviation <0,1 %.

5.2.8 Co]npensation for magnification accuracy and local magnification deviation

When a sca
described i

Compensat]
fast scan d
the scanne
direction. V
mainly cau
for the slow

To make th

nning system does not satisfy the goal values in 5.2.7 for the fast scan direction, the
h Annex C shall be carried out to compensate the measured results with 6.6.32 and 6

procedures
.6.3.3.

ions shall only be effective for the deviations of measured coordinatées)from ideal d
rection, which are mainly caused by aberrations of the optical unit'tofocus an imag
" platen on the sensor plane, depend on the coordinates at the scanner platen for t}
Vhile compensations shall not be made for the deviations in théslow scan direction
sed by unstable mechanical movements of a sensor unit, areindependent of scanner
( scan direction.

e compensations correctly, especially for local magnification measurements, users

their test ifnages in the measurements as close as possible to~the position at the scanning plang

conforman
where com

Ce test chart has been placed so that compensations may be applied at the closest
pensation parameters, i.e. the magnification correction factor, the correlation functi

magnification deviation, have been determined in the cenformance test.

Measuremsd
direction a
goal value 1

nts along the fast scan direction can‘be done without compensation if goal valy
e met or with compensations for this\direction if they are not met. If a scanner does n
equirements for slow scan direction;, measurements along the slow scan direction can

because co

pensations are not allowed, Consequently, for alternative procedures for the me

along the slow scan direction at conformarnce test, users shall carry out measurements by placir
images arrganging 90° rotated from thé-original arrangement in their conformance test.

To do alterpative procedure correctly, users shall place their test images in the measurement;
their coordinates in the test-images at scanning plane with the compensation parameter def
original cogrdinates in their )eonformance test.

Examples

local magnification measurement and result of magnification compensation on flat b

systems ar¢ described.in Annex D.

5.3 Repgorting for scanner conformance

nes for the
e placed on
le fast scan
, which are
roordinates

shall place
b where the
roordinates
on for local

tes for this
ot meet the
not be done
hsurements
g their test

b to correct
ned by the

et scanning

The followi

scanne

ng items shall be reported with regard to scanner conformance:

date, place, temperature and humidity when the scanning carried out,

r settings,

orientation of the test chart on the platen,
all the test results for the goal values in 5.2.7,
conformance of the scanner to the goal values in 5.2.7, and

necessity of compensations in 5.2.8 when any requirements in 5.2.7 not conformed.
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6 Registration and magnification measurements

6.1 General

As mentioned in the Introduction, characteristics for registration and magnification of multi-colour prints
comprising more than four primary colours of cyan, magenta, yellow and black shall not be measured by the
measurement methods described in Clause 6.

6.2 Test

chart for registration and magnification for each primary colour

The outline of the digital test chart to evaluate the registration and magnification for each primary colour
of a printer is the same as that shown in Figure 1. While, four digital test charts each comprising only single

primary co

Each comp
codes of the
used in offi
(255,0,255]

Sample tes
https://stai

OUT; 1.6- Cyal, Magenty, yeltow or btack; are prepared: The size of those testTharts 15

bnent comprising the test charts shall be “vector graphics” and line width of 0,1 mm),
digital test charts are encoded in standard sRGB, as defined in IEC 61966-2-1, which i

e documents. The colour codes in sRGB for cyan, magenta, yellow and black lines are

, (255,255,0), and (0,0,0), respectively.

charts in PDF complying with the requirements in this document can’be obtained b
ndards.iso.org/iso-iec/22592/-2/ed-1/en/.

6.3 Test

The outling
Figure 2. Tl
scanner, th
cyan, mage

chart for colour-to-colour variation in registration

b of the test chart to evaluate the colour-to-colour ydriations in registration is d
nis layout has an advantage to mitigate the effect of inconsistent colour-to-colour regi
e variations in colour-to-colour registration for thée primary colour image of a printing
nta or yellow, are specified in terms of the positional deviation of a primary colour li

black line nlext to.

The size of

the chartis A4. The colour codes of the digital test chart are encoded in standard sRGB

in [EC 61966-2-1, which is commonly used in office documents.

Each line c
codes in sR
respectivel

One of the
https://sta

mponent comprising the test chart'shall be “vector graphics” of 0,1 mm in line width
GB for cyan, magenta, yellow andblack lines are (0,255,255), (255,0,255), (255,255,0),

.

est charts in PDF complying with the requirements in this document can be obtained b
ndards.iso.org/iso-iec/22592/-2/ed-1/en/.

The colour
commonly
0,255,255),

y accessing

escribed in
strations in
system, i.e.
he from the

, as defined

The colour
and (0,0,0),

y accessing
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b) Colour-to-colour variation measurement pat-
a) Layout of test chart ) p
tern
Figure 2 — Test chart for colour-to-colour variation in registration
NOTE Test charts for a more detailed analysis of the tolour-to-colour registration variations withip a page are

shown in Anjnex B.

6.4 Regi

stration measurement for each primary colour

6.4.1 Print preparations

A printset
specified iy

each primal

6.4.2 Scq

A scanner (

A test prin

omprising ten sheets of a duplex print shall be printed continuously under the printing
Clause 4. The test'chart described in 6.2 shall be used for the measurements of reg
Iy colour of thesheets.

nning procedures

onformiing with 5.2 shall be used.

r conditions
istration in

L prépared in accordance with 6.4.1 shall be placed on the platen of the scanner ir

which the

printed image subjected to the measurement shall directly contact with the platen. The orientation of the
print shall be the same as the orientation of the test chart in the scanner conformance measurement. The two
edges of the print shall be set as accurately parallel as possible to the two edges of the platen with narrow
margins. Additionally, a sheet of black substrate whose size is sufficiently larger than that of the print shall
be placed on the backside of the print without margins at the two edges of the platen. Differences in the
margins at the edges of platen between the print and black substrate are utilized to detect the boundary
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of the test print in the scanning area. It is recommended to place additional sheets of substrates to have a
sufficient contact between the platen and the printed image.

NOTE The positional inaccuracy in the test print placement on the platen causes a small error in defining the
position of the substrate corners. However, such inaccuracy does not affect the test results substantially if the
difference in the positions between the two substrate corners comprising a boundary from the closest scanning edge
is less than a few millimetres. The compensation coefficient to the position is estimated no larger than 4-minex as the
inclination of the substrate edge to the scanning edge is the order of one-hundredth radian.

The scanning shall be carried out under the same scanner settings and an equivalent environment condition
as in the scanner conformance test in 5.2.

6.4.3 Calculation of side-to-side registration variation

The side-tofside registration variation for each primary colour except black shall be evaluated using the four
fiducial majrks located at the four corners in the complement colour channel to the primary,of the scanned
image. In the case of black, those in green channel shall be used for the evaluation.

At least thelfirst sheet and the tenth sheet shall be evaluated, and the other sheets should also bel evaluated.

The centre| position of each fiducial mark shall be specified in term of the grayity of the corresponding
scanned dafta for the fiducial mark, comprising the centre circle and the circle sufrounding it.

The differepces in the relative scanned positions of the four fiducial marks*to the closest substrate corners
between frpnt and back sides shall be calculated. The average and maximum values of the differences for
each directiion of the fast scan and slow scan between front and back-sides, among the four fidficial marks
shall be spgcified for each primary colour, as described in Formulde(1) and (2):

1 4 14
Rave_side-to-side [l, S] = [ZZ n:1|An —dpl, ZZ n:1|Bn —b, |i| (1)
Rmax_si le-to-side [1' 5] = [MaX|An _anl’MaX|Bn _bn ” (2)

where
A,and[B, are the coordinates of thé.centre of the fiducial mark on the front side;
a,and p, are the coordinatesofthe fiducial mark on the back side.

Figure 3 illustrates the indexesfor'the Formulae (1) and (2).
Figure 4 illustrates how taspecify the corners of the substrate.
The positiopns of the supstrate corners in scanning data shall be specified as the following manngr:

— define the boundary of the substrate area in the scanning data by the average value of majximum and
minimfim,values in the scanned data,

I Calcula y AAY, '; y y StOS +a e v, otrm U O1€SPHec et3a aTt .)Sionllneof
the corresponding substrate boundary, (set the regression region wider than the position of the fiducial
mark from the substrate corner in the test chart data),

— calculate the position of the substrate corner as the point of intersection between the two edges.

© ISO/IEC 2024 - All rights reserved
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(0,0) (0,0) (0,0) (0,0)
0] 0] 0] 0]
(A, B)) (A,, B,) (a,, b)) (a, b,)
(As' 33) (A4, 34) [03’ b3) (041 b4)
® ®
(9.0) (0,0) (0,0) (GL))
a) Front side b) Back side

Figure 3 — Schematic of side-to-side variation in registration

&

Key
1  substrafe corner
2 regressjon line of substrate edge
3 regressjon line of substrate edge
4  substrate (paper)
Figure 4 — Positions of the substrate corners
6.4.4 Caleulation-ofsheet-to-sheet rcsiatl ation-variation

The sheet-to-sheet registration variation for each primary colour except Black shall be evaluated using
the four fiducial marks located at the four corners in the complement colour channel to the primary of the
scanned image. In the case of black, those in green channel shall be used for the evaluation.

The centre position of each cross-mark shall be specified in term of the gravity of the corresponding scanned
data for the cross-mark.

The differences in the scanned positions of the four fiducial marks to the substrate corners between the
first sheet and the tenth sheet of the same print side shall be evaluated for the two directions of the fast scan
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and slow scan. The average difference and standard deviation of the differences for each direction shall be
specified for each primary colour in a scanned image, as described in Formulae (3) and (4):

1 4 14
Rave_sheet—to—sheet [X' _Y] = |:Z Z n:1|An —ay | ’ ZZ n:1| B, - b, |j| (3)
Rmax_sheet—to—sheet [X' .V] = [Max | An —ay ,Max | Bn _bn |] (4')

where

A,and B, are the coordinates of the centre of the fiducial mark on the 1st sheet;

d 41 Ao o £ " Calo o o - ] 1 101 o &
a, an n aretneccooramnrates ortne cCentreor tne rratcarimark o rotirSneet.

Figure 5 illustrates the indexes for the Formulae (3) and (4).

(0]0) (0,0) (0,0) (0j0)
(A, B)) (4,,B,) (a,, b,) (a,, b,)
(4, B,) (4, B,) (a, b;) (a, b,)
(0]0) (0,0 (0,0) ((VRY)]
a) front or back side of the 15t sheet b) Same side of the 10th sheet

Figure 5 — Schematic of sheet-to-sheet variation in registration

The positions of the substrate ¢orners in scanning data shall be specified as the same manner described in
6.4.3.

The differepces in scanned-positions between the pages other than the first and tenth sheets may optionally
be evaluatdd.

6.5 Colopr-te=colour registration variation measurement

6.5.1 Print prepat ations

A print set comprising ten sheets of a duplex print shall be printed continuously under the printing conditions
specified in Clause 4. The test chart described in 6.3 shall be used for the measurements of colour-to-colour
registration variation of the sheets. Since the colour registration variations are measured in terms of the
difference in position of a primary colour line to its reference black line, the reference black line shall be
printed mainly with a black colourant.

6.5.2 Scanning procedures

A scanning system conforming to 5.2 shall be used.

© ISO/IEC 2024 - All rights reserved
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A print prepared in accordance with 6.5.1 shall be placed on the platen of the scanner with smaller margins
as possible between the edges of the platen and the corresponding edges of the print. The orientation of the
print is the same as the orientation of the test chart in scanner conformance measurement, in which the
printed image subjected to the measurement shall directly contact with the platen. It is recommended to
place additional sheets of substrates to have a sufficient contact between the platen and the printed image.

The scanning shall be carried out under the same conditions as in the scanner conformance test in 5.2.

6.5.3 Skew compensation

In colour-to-colour registration variation measurements, skew of the test chart on the platen of a scanning
system makes errors in measured results. These errors can be compensated by the skew correction
procedure which compensates the measured values based on the skew angles 6, and 6., clockwise rotation
angles each from the fast scan direction and slow scan direction, calculated from the grality centre
coordinate$ of the fiducial marks located at the upper left (x;, y;), upper right (x,, y,), and|lower left (x5,
y3) of a scahned image as described in Figure 6. The angles of 6, and 0, are given by Formulae [5) and (6),

respectivell.

o =tan ™ {(y;-y1)/(x3-x;)} (5)
0y =tap ™" {(x;-x3)/(y3-y1)} (6)
X
__cé'“"‘_—':———':':_'—'_—_-:-_— —————
,ﬁi(xl,yl) )y —+0
,é: (Xglyg) ®
Yy oo
o

Figure 6 — Illustration for skew angles defined by coordinates of fiducial marks

Figure 7 illpstrates arperror in a measured registration value of (y, - y;) for the y-direction capised by the
skew angle|of 6;. The compensated registration for y-direction, y, oy, is given by Formula (7):

Ycomp + (Va2 )-cos 61 —(x, —xp,)-sin 6; (7)

As with y ., the compensated registration for x-direction, X, illustrated in Figure 8 is given by
Formula (8):

Xcomp =(x.—xgq)-cos 6, +(y.—Yyq)-sin 0, (8)
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Figure 7 — Illustration for skew compensation for y-direction

/
/

Figure 8 — Illustration for skew compensation for x-direction

6.5.4 Calculation of colour-to-colour registration variations within printed image

The colour{to-coloursegistration differences for two directions of the fast scan and slow scan bgtween two
primary cojours among cyan, magenta, yellow and black, i.e. C-M, M-Y, Y-C, K-C, K-M, K-Y, shall he specified
as the diffgrencesin relative positions for the two colour lines to each Black line next to. In cas¢ a position
difference ¢f a primary colour of either C, M or Y, to K, i.e. K-C, K-M or K-Y, is evaluated, the complementary
colour channel for the primary colour, i.e. R, G or B channel, respectively, shall be used to specify the
difference. A position difference between each combination of two primary colours, i.e. C-M, M-Y, Y-C, shall
be calculated by subtracting the relative difference of one primary colour to K from that of the other primary
colour to K.

The average and standard deviations in colour-to-colour registration differences among the 9 locations shall
be specified for the two directions of all three combinations of the three primary colours.

The relative position of each primary colour line in the scanned data shall be specified in terms of the
difference in the position for the line width direction of each line to that of Black line next to. The procedures
are as following:

— setan ROI area for each line element in addition to black line elements to capture more than 80 % for the
length direction and whole line for the width direction in a scanning image,
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calculate the centre position of each line element in addition to black line elements in terms of the gravity
of the corresponding scanned data in the ROI area, and

calculate the relative position for each colourline as the difference in the coordinate of the centre position
for the line width direction between each colour line and Black line next to.

6.5.5 Calculation of side-to-side variations in colour-to-colour registration

The side-to-side variation in the colour-to-colour registration shall be calculated in terms of the differences
in the average colour-to-colour registration between front and back sides of the same sheet for two directions
of the fast scan and slow scan of all the three combinations among the three primary colours. Each colour-
to-colour registration shall be calculated as described in 6.5.4.

6.5.6 Calculation of sheet-to-sheet variations in colour-to-colour registration

The sheet-
differences
two directi
Each colout

The variati

6.6 Mag]

6.6.1 Print preparations

A print set (
specified in]
each primal

6.6.2 Scd

A scanning
in the confq
that the tes

A print pre
of the print

the printed
place addit

The scanni
6.6.3 Ca

6.6.3.1

fo-sheet variation in the colour-to-colour registration shall be calculated)in te
in the average colour-to-colour registration between front and back sides 6f the san
bns of the fast scan and slow scan of all the three combinations among the'three prim
-to-colour registration shall be calculated as described in 6.5.4.

bns between the pages other than the first and tenth sheets may eptionally be evalua

nification measurement for each primary colour

omprising ten sheets of a duplex print shall be printed continuously under the printing
Clause 4. The test chart described in 6.2 shall b€ used for the measurements of magi
Iy colour of the sheets.

nning procedures

system conforming to 5.2 shall be.tsed. In case a scanner does not satisfy the goal v3
rmance test, the compensationprocedure in 5.2.8 may be applicable, and it is requirg
t results are compensated usingits scanner conformance test results.

pared in accordance with 6:6.1 shall be placed on the platen of the scanner so that the
is the same as the orientation of the test chart in scanner conformance measuremel
image subjected to.the measurement shall directly contact with the platen. It is recon
onal sheets of substrates to have a sufficient contact between the platen and the prin

g shall be carried out under the same conditions as in the scanner conformance test

culation-of magnification variations within printed image

rms of the
he sheet for
iry colours.

red.

r conditions
lification in

hles in 5.2.7
ed to report

orientation
nt, in which
hmended to
ted image.

nb5.2.

eneral

The magnifications for each primary colour of a printed image except Black shall be evaluated using scanning
data of the complementary colour channel for the primary of the fiducial marks located at the corners of the
image and the cross-marks in a printed image. In the case of the primary colour of black, the scanned data of
the green channel shall be used for the evaluation.

6.6.3.2 Average magnifications within printed image

The centre position of each fiducial mark shall be specified in term of the gravity of the corresponding
scanned data for the fiducial mark, comprising the centre circle and the circle surrounding it.

The ratio of the scanned distance between the fiducial marks next to each for the upper fast scan, lower fast
scan, left slow scan and right slow scan directions, to the original distances of the edges in the test chart in
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Figure 1 of 5.2.2,i.e. 277 mm for long edge and 190 mm for short edge, shall be calculated as magnifications.

Thus, the four values in magnification can be specified for each primary colour image of cyan, magenta,
yellow and black.

6.6.3.3 Calculation of local magnification variations within printed image

The registration for each primary colour of a printed image except Black shall be evaluated using the cross-
marks arranged in the matrix of 26 x 18 in the test chart in the complementary colour channel to the primary
in the scanning data. In the case of the primary colour of Black, those in the green channel shall be used for
the evaluation.

The centre position of each cross-mark shall be specified in term of the gravity centre of the corresponding
scanned data for the cross-mark.

For each cr
each other
calculated.
shall be spég

At least the

oss-mark, the differences in the ratios of scanned distances between the cross—mz‘lrks next to

for the two directions of the fast scan and slow scan, to the ideal distance of.20
The average difference and standard deviation of the differences in the ratios for eac
cified for each primary colour.

first sheet and the tenth sheet shall be evaluated, and the other sheets 'should also be

6.6.4 Calculation of side-to-side magnification variation

The side-to
the four av{

The differe
edgesin ea

-side magnification variation for each primary colour image of a sheet shall be eval
prage magnification values obtained in the procedure deseribed in 6.6.3.2.

nces in the magnification values between front and back sides shall be evaluated f
Ch primary colour.

6.6.5 Calculation of sheet-to-sheet magnification variation

The sheet-
using the fd

The differe
evaluated fi

The differe
be evaluatd

p-sheet magnification variation for eachi\primary colour image of a print side shall b
ur average magnification values for each image obtained in the procedure described

hces in the magnification values between the first and10th sheets of the same print s
br the four edges in each primary colour.

hces in the magnification'between the sheets other than the first and tenth sheets maj
d.

6.7 Rep
The followi
date, p
date, p

]:ting for registration and magnification measurements

g items shallbe reported in addition to the test results described in the next paragr
ace, temperature and humidity when the test print formed,

aeé; temperature and humidity when the scanning carried out,

m shall be
h direction

evaluated.

hated using

or the four

e evaluated
in 6.6.3.2.

ide shall be

 optionally

hph:

scanner settings,
orientation of the test prints on the platen in the scanning operations, and

feed direction of the test sheets in the printing operations either the fast scan or slow scan.

The test results for the following indexes:

in each

in each

primary colour,

primary colour,
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primary colour,

the two directions of all three combinations of the three primary colours,

three primary colour for each scanning direction,

for the

three primary colour for each scanning direction,

the magnifications for the four edges for each primary colour image,

the average and maximum differences in the sheet-to-sheet registration variations for the two directions

the average and maximum differences in the colour-to-colour registration variations within an image for

the average side-to-side variations in colour-to-colour registration between front and back sides for the

the average sheet-to-sheet variations in colour-to-colour registration between the first and tenth sheets

the av
combir]

the ave
combir

compe

7 Repol

brage side-to-side magnification variations in the colour-to-colour variations for
ations among four primary colours,

rage sheet-to-sheet magnification variations in the colour-to-colour variations for
ations among four primary colours, and

nsations for scanner conformance in 5.2.8 if applied.

'ting

7.1 Gengral requirements for reporting

The measu
set formed
shall only b
equivalent

Reporting 5

rement methods described in this document are used to access geometric propertie
by a printing system on a substrate. Comparison;ef'test results among various printi

printing conditions under default printer settings for all the printing systems.

hall include all information to replicate:the test.

7.2 Repgrting items

In addition
test report

— date ar
produd
printer

produd

produg
provid

to a series of the test results in‘each reporting clause of the corresponding test metho
shall include the following information:

d place test samples printed,

t name and suppliers of the printer,
settings,

t name @nd suppliers of the substrate,

t nainé and suppliers of toner or ink materials, if the other suppliers than the printer m4
b then,

h1l the two

all the two

s of a print
ng systems

e made if the same product of substrates is used among all the printing systems in addlition to set

s, the total

inufacturer

provide them,

measurements,

compensations for scanner conformance in 5.2.8 if applied,

reference to this document, i.e. ISO/IEC 22592-2, and
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Annex A
(informative)

Flatness of prints

A.1 General

The flatness of a print can be changed by a drying process in ink images and fixing process of toner images.

In addition
affected by
primary st
cause defor
temperatut
visual impy

A.2 Test

The digital
obtained by

to such processes, the flatness of a print upon long term storage or keepingyis

the temperature and humidity that the print is stored at. High humidity is believe
ressor, and temperature a contributory stressor; however, low humidity cconditior
mations. Changes from a high humidity or high temperature condition tea/low hum
e condition may further change the print flatness. Poor flatness of thelprint often
ession of the print flatness, such as curl, cockle and waviness.

chart

test chart described in ISO 22592-1:2024, 4.2 should be used. A PDF file of the test ¢
r accessing https://standards.iso.org/iso-iec/22592/-1/éd-1/en/.

A.3 Pro¢edure

Ten sheets

The prints
A sheet of
controlled

of drying or

pf a duplex test print should be prepared in accordance with Clause 4.

print should then be stored horizontally on a flat surface in a chamber whose env
it (25 £ 3) °C and (85 * 3) %RH. Measurements should be taken at time zero (to asses
fixing processes), one week, and four weeks. Additional measurements early in the te

recommendled.

The print

thould be placed on a(flat surface immediately when it is removed from the ch

conditioned at (23 + 3) °C and (50 * 3) %RH for 1 h prior to the evaluation.

A.4 Eval

The flatnes

should also

with an u

juation

are recommended to be conditioned at\(23 * 3) °C and (50 * 3) % RH for 24 h prior

most likely
d to be the
1s will also
dity or low
affects the

hart can be

to testing.
ronment is
s the effect
stcycle are

amber and

5 of the print'should be measured by the maximum deviation (mm) from the flat surfac
be vistially evaluated if the attributes of curl, cockle or waviness are obvious when i
rinted substrate conditioned under the same environment at (23 + 3) °C and (5

e. The print
compared
+ 3) %RH

for 1 h prigrto’the evaluation. It is recommended to rate the visual evaluation results by scores, such as

no difference from

P p
difference from the unprinted substrate, 51gn1f1cant difference from the unprinted substrate.

A.5 Reporting

substrate, moderate

The flatness in terms of the maximum deviations for the prints at time zero and after storage should be
reported. Optionally, visually evaluated results with respect to the attributes of curl, cockle or waviness
should also be reported.
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(informative)

Annex B

Test charts for colour-to-colour variation in registration

B.1 General

The test chart used to measure colour-to-colour registration variations for a page is defined in 6.3. This

annex prov
chartcanb

The test ch
slow scan, 6
between py

B.2 Test

The test ch
fast scan ap
to increase

chart A

(]

ides a test chart for a more detailed analysis of the variations within a page. Examples
e obtained by accessing https://standards.iso.org/iso-iec/22592/-2/ed-1/en/.

art in this annex is composed of similar colour line elements for two directions’ of fa
ach comprising three primary colour lines of cyan, magenta, yellow, and two'black ling
imary colours, designed to measure relative registration of each primary/colour to bl

of this test

st scan and
bs arranged
ack.

hrt A shown Figure B.1 is composed of the 11 x 15 elements{ each comprising the 5 linies both for
d slow scan directions. The size of each element in this chart is smaller than that spe
the number of measurement locations in a page from 9-to 165.

rified in 6.3

11 x 15 pattern

20
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Annex C
(normative)

Compensation procedure for scanner conformance

C.1 General

When a scanning system cannot satisfy scanner conformance requirements specified by the goal values in

5.2.7, users
C.3. Measu
print imagg
slow scan d

C.2 Aver

When a sc4
direction, 3
its conform

In each co
calculated
two edges :

In case avd
compensat

can compensate measured test results with this system using the procedures descri
ed test results regarding the fast scan direction can only be compensated, so users
s rotated by 90° at the scanning plane when scanner conformance requirements re
irection inconsistent.

age magnification error correction

inner does not satisfy the goal values for the magnification agcuracy in 5.2.7 for th
compensation procedure of a magnification error based on the'magnification value
ance test can be adopted for magnification values measured with 6.6.3.2.

mpensation for a channel, a compensated magnification value reported for 6.6.3
hs M .., the ratio of a measured magnification valde to the mean value of the magni

1long the fast scan direction measured in its conformance test with 5.2.5.

rage magnification error correction used, users shall report that test results for
bd based on the average magnification erroreorrection.

C.3 Correction of local magnificationdeviation

When a sc4
scan direct
based on it
in the desci

a) Calculdg

confor
j-th colIrJ1

for the

nner does not satisfy the goalvalues for the local magnification deviation in 5.2.7
ion, the results measured with’6.6.3.3 can be interpolated using a correction formul
5 conformance test resultssCompensation procedures are described below in detail. E
iptions is illustrated in‘Eigure C.1.

te a gravity centrercoordinates, Gy(x; y;) of all the cross-mark in the scanned in
ance test, where-G;; is the gravity centre coordinate for i-th row for the fast scan di

fast scan direction and the slow scan direction, respectively(i = 1 to m, and j = 1 to n).

bed C.2 and
shall place
barding the

e fast scan
pbtained in

.2 shall be
fications at

6.6.3.2 are

for the fast
la obtained
ach symbol

hage at the
rection and

mn for the slow scan direction, x;; and y;; are the coordinate values of G; at the scanning plane

NOTE 1] ForanA3 scanner,i=1to 26,j=1to 18, and for an A3 scanner, i =1 to 18,j =1 to 27 dgfined by the
arranggqmernt of the conformance test chart comprising the cross-mark array of 26 x 18.

b) Calculate X7 vattesforeach—+throw b_y avet asius X ovet ateotumms—ofith TowWs asstimt g that the
scanned image is not tilted at the scanning plane significantly,

1 Zn €1

X; = 02 Xjj .

c) Calculate x’; values from x; using M, ..., the ratio of a measured magnification value to the mean value in
C.2,
le =X; [ Miyean (C.2)

d) Calculate P’, the cross-mark pitch between i-th row and i+1-th row,

© ISO/IEC 2024 - All rights reserved

21


https://iecnorm.com/api/?name=4bafa68fbada54f4d0d5db8783001790

f)

g)

h)

k)

a

ISO/IEC 22592-2:2024(en)
P/ =X{q —X] (€.3)

Calculate C’;, the centre position between i-th and i+1-th cross marks,

Ci=(xj41 +X7)/2 (C.4)

Calculate M’;, the local magnification value by dividing P’; by P
position at C,,

| the ideal pitch of 10 mm for the

idea

M; =P/ / Pgeal (C.5)

i 14 £ 13l £01 £ 3 £ 1 4 +thao 4+ d 1z 1ol i i
Define geerrelationformttaofM TaSaTHietororc T oasea o tne-ren-oratrporynoitarapp oximation,

M; = f|(C) (C.6)

NOTE 2| An example of this correlation formula is shown in Figure C.2.

Calculdte M’, compensated local magnification values for the fast scan directien at C’; by interpolating
M;, measured local magnification values for the fast scan direction at C; using the correctjon formula

f(CP).

Calculgte M, e p,0¢, the average local magnification with magnification correction, by averaging M’
_AINem g,

Maverage _;Zilei (C.7)

Calculdte AM,¢rqqe, deviation of AM, yep,g from the idéal magnification of 100(%).

Calculgte M 4., the standard deviation of M’; overa-scanned image for the fast scan directign,

Migey| =Stdev (M) (C.8)
G, (X, Y Gij (ij' Yu) C Gi+lj (Xi+1j’ Yi+1j)

a / \ i /
O}
Origin (0,0).

Figure C.1 — Illustrated parameters for local magnification compensated by average magnification
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M’

1,003

y = 1E-10x*- 4E - 08x* + 5E-06x%- 0,0 002x + 1,0 035

1,002

......
LR
‘e © @

1,001

1 ®

0,999 ‘o,

0,998

0,997 -

0,996
0 50 100 150 200 C!

Figufe C.2 — Example of correlation formula f(c;)for local magnificatioh compensation
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Annex D
(informative)

Examples of local magnification measurement on flat bet scanning

systems

D.1 General

Examples qf measurement results for the local magnifications of a few kinds of flat bet scannilng systems
are described below. Focal positions on a sensor plane of a commercial flat bet scanner fluctuate
to aberratipns of its optical system to focus a printed image on its platen on sensor planefor the fast scan
direction, scanner motion errors for the slow scan direction, etc.

The fluctu
with the cd
high-frequsg

tions due to aberrations are stable for slow scan direction and show relatively moder
ordinates at the platen for the fast scan direction. While fluctuation“with motion ¢
ncy and stochastic patterns and are independent of the coordinates for the slow scan|

D.2 Measurement procedures

The three 3

canning system of scanner A, scanner B and scanner € were evaluated. The confor

mainly due

hte changes
rrors show
direction.

mance test

chartin Figure 1 in 5.2.2 was used to measure local magnifications. The test chart was placed on the platen

of each sca
direction, i

The test ch
26 x18 mat
channel of
based on tH

nning system as its short edge along the fast scan“direction and long edge along th
h addition, arranging its corner as close as at upper the right corner of the platen.

art was scanned as a colour image of 600¢spi. The gravity centres of cross-marks ar
rix of the uniform interval of 10 mm foreach direction were measured for each prin
h scanned image. The local magnification between a cross-mark and one next to was
e procedures in Clause C.3.

D.3 Mea

urements in fast scan direction

The dependences of the local magnifications of each primary colour for the three scanning syst
coordinates for the fast scan direction at the scanning plane are shown in Figure D.1. The coor
specified a$ the distances from the left edge of each scanned images. The lines coloured in red
blue correspond to the data-in R channel, G channel and B channel of a scanner, respectively. The
show the ideal local mdgnification of 100 %.

b slow scan

ranged as a
hary colour
calculated

ems on the
dinates are

green and
ellow lines

The differdnce in\the curves among three primary colour channels were not obvious for all the three

scanners. Whilé the shapes of curves varied noticeably among the scanners. Scanner A showe

d curves of
were about

downward|sleping from the centre to the right edge, but average values of local magnifications
100 %. Th i ; - :

ge and the

average magnifications were much higher than 100 %. The magnification curves in scanner C were slightly
concave but relatively with small variations, and the average magnification is about 0,1 % smaller than

100 %.
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