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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,
governmental 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
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| patent rights in respect thereof. As of the date of publication of this document; SO and IEC had not
d notice of (a) patent(s) which may be required to implement this document-\Hewever, implementers
tioned that this may not represent the latest information, which may bé gbtained from the| patent
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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 comprising

several sheets printed colour images on both surface of substrates.

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
spec1f1es the measurement methods for large area density unlformlty of grammess mottle and banding, as

well as C
and ragedness spec1al frequency response etc ISO/IEC 19799 spec1f1es the methods for gloss umf
By utiljzing those documents, users can obtain consistent test results when they comply with thelpr
specifigd in the documents.

Arriness
prmity:.
ptocols

While [there are no standard methods to measure colour reproduction consistencies|and geometrical

accuragies in consecutive printing, and image stabilities in typical use case of print indages formed b
equipnent and used in office environments. In the current state, each printer distributer and its u
provide test results for those attributes measured by its own test methods and procedures, which ar
convenfient for its product, resulting in misleading customers in the selection‘ef-a printing system 3
for thelr use cases. The ISO/IEC 22592 series can provide standard methodsand procedures for thos
image pttributes: ISO/IEC 22592-1 for colour consistency, this documeft)for geometrical accuraci
ISO/IEE 22592-31 for image stabilities. By using these International Standards, consistent and comy]
test regults suitable for typical use cases of office prints can be obtained independent of data providg

The m¢asurement methods described in this document are uséd*to access geometric properties of
set formed by a printing system on a substrate. When test results are compared among various p
systems, it is essential to use the same product of substrates and set equivalent printing condition
defaultprinter settings among the printing systems.

As for|the metrics for registration and magnification based on images captured by an RGB s
prints with four primary colourants other than ¢yan, magenta, yellow and black are not suitable

y office
ser can
e often
uitable
e print
es, and
barable
rs.

a print
rinting
under

canner,
for the

measufement methods described in this document. For example, if a print includes a light colourant ifnage of

a primary colour in addition to a standard celourant image, registration and magnification of this prj

int will

not be measured correctly because the complementary colour channel of the primary in a scanned inage of

the pript includes two kinds of sources'for registration and magnification.

Electrdphotography, thermal inkjét; or piezoelectric inkjet technologies are commonly used to for
prints.[The main purpose of this’document is to provide objective measurement methods for geq
property attributes of duplex print sets, however, some attributes are also applicable for a set of s
prints.

This dgcument prescribes the following:

— digital test charts for the measurements in which colour codes and locations in page to be measu
spé¢cified,

—

— atgstchart to measure the positional accuracy of a scanner,

m such
metric
implex

red are

— conformance requirements for the positional accuracy of a scanner to utilize registration and

magnification measurements,

— measurement methods relating to the registration including accuracy of printed positions to substrate

for each colour and printed position variations among colours,

— measurement methods relating to the magnification including absolute magnitude of printed
input and relative difference in the magnitude among colours,

1) Under preparation. 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 i . : v ) . :

descril
into the scope of this document.

In this Hocument, colour codes for the test charts are defined in sSRGB colour space specified in/IEC 61966-2-1
as is cgmmon in office documents.

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

Part 2:

Registration and magnification accuracy

IMPORTANT — The electronic file of this document contains colours which are considered

useful

a coloyr printer.

1 Scppe

This d

and thd

“Withi
severa

surfacq.

Prints
docum

Includgd are digital prints formed by using a multifinction or single function printer. When a duplg
set is efaluated, duplex printers which are capable®o print images on both sides of substrate autom
are applicable, while simplex printers which require a manual arrangement of substrates between t}
side arld back side printing to form duplex,prints are out of scope of this document. The printers
maximum applicable substrate size of A4:golarger are suitable for the measurements.

The ge

Micros

scope qdf this document.

The so
prints

2 Ngrmativeyreferences

There are,nomormative references in this document.

for the correct understanding of this document. Users should therefore consider printir

cument specifies test methods as well as test charts to measure the geometric property att

sheets, which are printed colour images on one surfacecof'a substrate and no image on th

vith four primary colourants other than cyan, magehnta, yellow and black are outside the scopd
Pnt.

bmetric property attributes included are registration and magnification of a print set.

Copic geometrical density variations, such as graininess, mottle and line raggedness, are outf

irces of variations'considered are locations in a page, print side in a sheet, print order of she
bt, and variations’@mong primary colours.

| to be
1g with

ributes

se variations in duplex colour prints typically used in office environment. This document is applicable
to duplex prints comprising several sheets which are printed colour imageSon both surfaces of a sub

strate.

1-page variation” and “sheet-to-sheet variation” are also applicable for a simplex print set comjprising

> other

of this

X print
htically
e front

of the

ide the

pts in a

3 Terms and definitions

For the purposes 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 Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2024 - All rights reserved
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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

inanattribute amana the nrimarv colours of the nrinterta evaluate
r J r

chang

3.4
curl

deviatibn from a flat surface

3.5
fastsc
FSD
directi

hn direction

bn parallel to the sensor array of a scanner

front side

print si

3.7
magni
absolut

3.8

e (3.9) corresponding to an odd page of input data in a duplex print set (3.8)

fication
e magnitude of printed size to input

print set

setof s

3.9

heets printed in a print operation

print side

one of {

3.10
registi
accura

3.11
slow s
SSD

directi

3.12
sheet-1
change

he duplex print surfaces, either front side (3.6) or back side (3.1)

ation
Cy of printed positions to stubstrate for each colour

tan direction

bn perpendictlar to the sensor array of a scanner

o-sheet variation
in-an attribute at the same input data on the same print side (3.9), either the front side (3.6)

br back

side (3.5}, withimaprintset{383

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 per inch

spi

spots per 25,4 mm

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

3.15

within-page variation
change in an attribute by location within a page

3.16

wavin
geomet

PSS
rical distortion of the print, generally at high-density image area

4 Prjint preparation procedures

4.1 B

Printer]
(RH) o
same €
installg
for ten
conten

If a pr
evaluat
for wat

4.2 K

An A4
Coated|

rinting environment

s shall be installed in the environment range of a temperature of (23 +.5)2C, with a relative hy

nvironment range. The substrate to be used shall be placed in alpaper tray when the print
d. Prior to the installation of printers, additional conditioning ofpapers under the same envir
perature and humidity described above for more than 24 h issrecommended to stabilize thg
F of the papers which often affects image qualities of prints.

nter has not been used for a long period or if the ehironmental difference between stora
ion area is large, it is recommended to install it 12 hprior to the test and to print 10 or more
m up before the test.

rinting materials

Kize plain paper shall be used becausexit-corresponds well with a typical usage case of office
papers for ink jet or lithography may-be used for a specific usage case with a rational expl:

in repdrting. The grammage of the papeitshall be from 60 g/m? to 90 g/m?2. Any other grammage fo

may b
supplig

Itis red

Toner d
materi
name g

Any ot

used for a specific usage case with a rational explanation in reporting. The name, gramms
r of the paper shall be reported.

ommended to measure(the dimensions of the papers prior to tests and after printing.

r ink materials recomimended by the manufacturer of the printer to be tested shall be used. An
hls provided by €he other suppliers than the printer manufacturer may be used as long as
nd supplier ar'e included in the report.

her printing materials, such as photoreceptors in electrophotographic printer, print head

jet primter, shall*be in accordance with the recommendations by the printer manufacturer. The p

materi
include

hls provided by the third-party suppliers may be used as long as product name and supp
ddin the report.

midity

[ (50 = 10) % at least 2 h prior to print operations and the print operations shall be completedl in the

ers are
nment
P water

ge and
sheets

prints.
ination
[ paper
ge and

y other
roduct

in ink
rinting
ier are

4.3 Printer settings

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 Printing operations

Printing may be initiated under any operational mode defined in Reference [7], i.e. ‘On Mode//(‘Active State’,
‘Ready|State’), ‘Off Mode’ or ‘Sleep Mode’. In order to evaluate overall performance of ayprinting sy$tem, it
is recommended to carry out the tests under multiple operational modes. When performances of printing
systemls are compared, the same operational mode shall be used. The operationdl)miode selected ghall be
includdd in the report.

It is recommended to prepare a duplicated print set for each measurement\for backup, and to cafry out
measurements with the duplicated sets for measurement of noise reduction.

4.5 (onditioning the prints after printing

Prior ET measurements, each print set shall be conditioned in a cdntrolled environment for at least 24{h after
printinlg to stabilize the dimension of sheet comprising the print set. The controlled environment ghall be
the relative humidity between 30 % to 70 % and the temperature between 15 °C to 28 °C.

5 Gegneral requirements for measurements

5.1 Measurement environmental conditions

All measurements in this document shtall*be completed in a controlled environment of relative hymidity
(50 = 200) % and temperature (21,5 + 6,5) °C.

In casq that a high measurement)accuracy is required, the relative humidity and temperature should be
(50 £ 10) % and (23 £ 5) °C, respectively, to mitigate the influence of dimension changes in the conformance
test chart and print samples with environment.

It is re¢gommended to complete a series of measurements as a short duration as possible to prevent fijom the
changein dimensions of the conformance test chart and print samples with environmental changes.

5.2 Ycanner.conformance

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.

Infor

tion about one of the test charts complving with the requirements in this document can be o

at http

5: //standards.iso.org/iso-iec/22592 /-2 /ed-1/en.

297 mm

a) Layout of test chart
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10 mm

10 mm

1 mm

ww 0§¢

b) Cross-mark pattern

1 mm

wur 9

170 mm |

d) Vertical lines pattern

5.2.3 | Scanning equipment

The mg
system
A4 area.

5.2.4 | Scanning procedures

The tes
the tes
shall d
placed
contac
contac

c) Horizontal lines pattern

3 mm

2 mm

e) Fiducial mark

Figure 1 — Illustrated test chart for scanner conformance

asurements of registration and - magnification in this document shall be carried out with a sdanning
that has a minimum of 600.spi and 8 bits per pixel (256 gray levels), with a scanning field larger than

t chart in 5.2,2 shall be placed on the platen of a scanner to be evaluated so that the orientation of
t chart is the'same as that in actual print evaluations, in which the unprinted side of the teqt chart
rectly contact with the platen. Then, a diffuse white substrate, such as a blank plane paper, ghall be
on the printed surface of the test chart additionally so that the surface of the diffused white supstrate
s the printed surface. It is recommended to place additional sheets of substrates to have a s
atthe interfaces among the platen, the test chart and the white diffuse substrate.

ulfficient

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 mpgnification accuracy in each channel of primary colours of a scanner, i.e. scannerrRGB shall be
evaluated using the four fiducial marks located at the four corners of the scanned images of the:conformance
test chart in Figure 1.

The ceptre position of each fiducial mark shall be specified in term of the centre of gravity of each ¢ghannel
signalsof a cropped area including a whole fiducial mark, comprising a centre circle and a circle surrounding
it.

For eadh colour channel, four magnification values corresponding to the fouiredges of a scanned image shall
be calcpulated in terms of the ratio of a distance measured between two fiducial marks along an edgg, to the
ideal d{stance of 277 mm or 190 mm depending on the placement of the test chart on the scanner plafen.

The average values in two edges for each scan direction, minimum and maximum values among valups with
four edges shall be specified to verify whether a scanner conforms to the requirements of the goal values
descriljed in 5.2.7.

5.2.6 | Local magnification deviation of scanner

The log¢al magnification deviation for each primary colour channel of a scanner, i.e. scanner RGB, ghall be
evaluated using the cross-marks arranged as a matrix of 26 x 18 in the test chart.

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

For eagh cross-mark in a primary colour channel, the distances between the centre positions of twq cross-
marks pext to each other shall benieasured both for the fast and slow scan directions. A local magnification
deviatiF: in millimetres for edch direction shall be calculated as the standard deviation for the diff¢rences

of the measured distances(from the ideal distance of 10 mm in the conformance test chart. The local
magniffication deviation«irDpercent shall be specified in terms of the ratio of the standard devigtion in
millimetres to the ideal-distance 10 mm.

5.2.7 | Goal values

5.2.7.1 General

A scanhkifig-systenreonforming—to-thegoal-valwesbelowshall- beusedinthe-measurements—deseribed 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.

© ISO/IEC 2024 - All rights reserved
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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:

— lodal magnification deviation <0,1 %.

5.2.8 | Compensation for magnification accuracy and local magnification deviation

When g scanning system does not satisfy the goal values in 5.2.7 for the fast scan direction, the prog
describled in Annex C shall be carried out to compensate the measured results with 6.6:3:2 and 6.6.3,

edures
3.

Compehpsations shall only be effective for the deviations of measured coordinates from ideal ones
fast scqn direction, which are mainly caused by aberrations of the optical unitto-focus an image pl3
the scqnner platen on the sensor plane, depend on the coordinates at the scanner platen for the fa
directipn. While compensations shall not be made for the deviations in the-slow scan direction, wh
mainly|caused by unstable mechanical movements of a sensor unit, are.independent of scanner coor
for the[slow scan direction.

To malte the compensations correctly, especially for local magnification measurements, users sha
their tgst images in the measurements as close as possible tothe position at the scanning plane wh
conformance test chart has been placed so that compensations may be applied at the closest coor
where]:ompensation parameters, i.e. the magnification ¢errection factor, the correlation function f
magniffication deviation, have been determined in the ¢onformance test.

Measuyements along the fast scan direction can'he done without compensation if goal values f
directipn are met or with compensations for this direction if they are not met. If a scanner does not

for the
iced on
st scan
ich are
dinates

1 place
ere the
dinates
br local

or this
eet the

goal vallue requirements for slow scan directjon, measurements along the slow scan direction cannot e done

becausge compensations are not allowed. Consequently, for alternative procedures for the measur
along the slow scan direction at conforiance test, users shall carry out measurements by placing th
imaged arranging 90° rotated from the original arrangement in their conformance test.

To do alternative procedure correctly, users shall place their test images in the measurements to
their cpordinates in the test images at scanning plane with the compensation parameter defined
origingl coordinates in their.conformance test.

Examples of local magnification measurement and result of magnification compensation on flat bet sd
system|s are describedvin Annex D.

5.3 Reporting for scanner conformance

The following items shall be reported with regard to scanner conformance:

ements
eir test

correct
by the

anning

— date, place, temperature and humidity when the scanning carried out,
— scanner 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.

© ISO/IEC 2024 - All rights reserved
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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

of a pri
primar

Each c
codes @

used in
(255,0,

Sample
https:/|

ine o he digita es na 023 ate the regis ation and maognification for each prima
nter is the same as that shown in Figure 1. While, four digital test charts each comprising ohlj
y colour, i.e. cyan, magenta, yellow or black, are prepared. The size of those test charts isA4

mponent comprising the test charts shall be “vector graphics” and line width of 0,1 mm. Theg
fthe digital test charts are encoded in standard sRGB, as defined in [EC 61966-2-1,Which is con
office documents. The colour codes in sRGB for cyan, magenta, yellow and blackdines are (0,25
255), (255,255,0), and (0,0,0), respectively.

test charts in PDF complying with the requirements in this document<€an’be obtained by ac
standards.iso.org/iso-iec/22592/-2/ed-1/en/.

6.3

The oy

Figure
scanne|

‘est chart for colour-to-colour variation in registration

tline of the test chart to evaluate the colour-to-colour #ariations in registration is descr
2. This layout has an advantage to mitigate the effect of inconsistent colour-to-colour registra
I, the variations in colour-to-colour registration for thexprimary colour image of a printing syst

cyan,

black line next to.

The si
in IEC

Each li
codes i
respec

One of
https:/

agenta or yellow, are specified in terms of the positional deviation of a primary colour line ff

of the chart is A4. The colour codes of the digital test chart are encoded in standard sRGB, as
1966-2-1, which is commonly used in office’documents.

ne component comprising the test chartshall be “vector graphics” of 0,1 mm in line width. The
h sSRGB for cyan, magenta, yellow andsblack lines are (0,255,255), (255,0,255), (255,255,0), and
ively.

the test charts in PDF complying with the requirements in this document can be obtained by ac
standards.iso.org/iso-ie¢/22592/-2/ed-1/en/.

colour
y single

colour
hmonly
5,255),

ressing

bed in
[ions in
em, i.e.
om the

Hefined

colour
(0,0,0),

cessing
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b) Colourto-colour variation measurement pat-
a) Layout of test chart ) p
tern
Figure 2 — Test chart for colour-to-cglour variation in registration
NOTE Test charts for a more detailed analysis of the'colour-to-colour registration variations within a fage are

shown in Annex B.

6.4 K

6.4.1
A print

specifi
each pi

6.4.2
A scani

A test

printec
prints

Print preparations

egistration measurement for each primary colour

set comprising ten sheets'ofa duplex print shall be printed continuously under the printing conditions

imary colour of the-shéets.

Scanning procedures

ner conforming with 5.2 shall be used.

bd in Clause 4. The test'ehart described in 6.2 shall be used for the measurements of registration in

print\ptepared in accordance with 6.4.1 shall be placed on the platen of the scanner in whiich the
image subjected to the ‘measurement shall dlrectly contact with the platen The orientatio

The two

edges of the prlnt shall be set as accurately parallel as possible to the two edges of the platen w1th 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

© ISO/IEC 2024 - All rights reserved
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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-to-side registration variation for each primary colour except black shall be evaluated@sing the four

fiducia
image.

At leas

The ce
scanne

The differences in the relative scanned positions of the four fiducial marks to the closest substrate

betwee
each d
shall b

Figure
Figure
The po

— de
mi

— cal
the

marks located at the four corners in the complement colour channel to the primary)of the s
[n the case of black, those in green channel shall be used for the evaluation.

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

d data for the fiducial mark, comprising the centre circle and the circle sitrounding it.

e specified for each primary colour, as described in Formufaée (1) and (2):

14 14
e_side-to-side [1,s] :[Zznﬂ'/‘n —dnl, Zznzlwn —b, |il

[1,s]=[Max|4, —a,|,Max|B, —b,|]

hx_side-to-side

and B,  are the coordinates of thé.centre of the fiducial mark on the front side;
and b,  are the coordinatesyof‘the fiducial mark on the back side.

3 illustrates the indexesfor'the Formulae (1) and (2).

4 illustrates how to-specify the corners of the substrate.

sitions of the subjstrate corners in scanning data shall be specified as the following manner:

himum values in the scanned data,

culate each of the two edges in the substrate to form the corner to be specified as a regressior]

canned

uated.

htre position of each fiducial mark shall be specified in term of the gravity of the corresponding

forners

n front and back sides shall be calculated. The average and maximum values of the differerces for
rection of the fast scan and slow scan between front and baek sides, among the four fiducial marks

1y

2)

ine the boundary of the substrate area in the scanning data by the average value of maximyim and

line of
fiducial

torresponding substrate boundary, (set the regression region wider than the position of the

mark from the substrate corner 1n the test chart data),

— calculate the position of the substrate corner as the point of intersection between the two edges.
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(0,0) (0,0) (0,0) (0,0)
© O 0] 0]
(A, B)) (A,, B,) (a,, b)) (a, b,)
(AL A—H— bt fe—t
0] 0] 0] 0]
(0,0) (0,0) (0,0) (0,0)
a) Front side b) Back side

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

W

3
Key
1  substrate corner
2 regression line of substrate edge
3 regression line of substrate edge
4  substrate (paper)

Figure 4 — Positions of the substrate corners

6.4.4 | Calculation of sheet-to-sheet registration variation

[ registration variation for eacit primary cotour except Biack sialt be evaliuated 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

© ISO/IEC 2024 - All rights reserved
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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 1

4 4
Rave_sheet—to—sheet [x,y]= |:_ Z n:1|A” ~ln | ! ZZ n:ll B, =b, |j|

Rm

where

An

4

ax_sheet—to—sheet [X' .V] = [MaxlAn —ay ,Max | Bn _bnl]

and Pn are the coordinates of the coentre of the fiducialmark on the 1st chnnf;

(3)

(4)

ap

Figure

The po
6.4.3.

hnd b,  are the coordinates of the centre of the fiducial mark on 10th sheet.

a) Front or back side of the 15t sheet

The diﬂierences in scanned’positions between the pages other than the first and tenth sheets may opt

be eva

6.5 (

6.5.1

ated.
olour-te-colour registration variation measurement

Print preparations

5 illustrates the indexes for the Formulae (3) and (4).
(0,0 (0,0 (0,0) (0,0
(A, B)) (4,,B,) (a,, b,) (a,, b,)
(4, B,) (4, B,) (a, b;) (a, b,)
(0,0) (0,0) (0,0) (0,0)

b) Same side of the 10th sheet
Figure 5 — Schematic of sheet-to-sheet variation in registration

sitions of the substrate corners in scanning data shall be specified as the same manner desct]

ibed in

ionally

A printsetcomprising ten sheets of a dupiex printshati be printed continuousty 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

systewmmmmmm—mmwction
procedure which compensates the measured values based on the skew angles 6, and 6,, clockwise/fptation

angles [each from the fast scan direction and slow scan direction, calculated from the gravity|centre
coordinpates of the fiducial marks located at the upper left (x;, y;), upper right (x,, y,), and lewer left (x5,
y3) of 4 scanned image as described in Figure 6. The angles of 6, and 0, are given by Formlae (5) and (6),

respectively.
0 Ftan™" {(y2-y1)/(x2—x;)} 5)

0, Ftan™ {(x;-x3)/(y3-y1)} 6)

: (Xglyg) ®

e

{

)

)

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

Figure|7 illustrates arrerror in a measured registration value of (y, - y;) for the y-direction caused by the
skew apgle of 6;. The-Compensated registration for y-direction, y oy, is given by Formula (7):

J’ccmp:(J’a—.Vb)'COS 0; —(x, —xp)-sin 6; 7)

As with®y,,,,, the compensated registration for x-direction, X, illustrated in Figure 8 is given by
FormulaT8T:

Xcomp =(x.—xgq)-cos 6, +(y.—Yyq)-sin 0, (8)

© ISO/IEC 2024 - All rights reserved
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Figure 7 — Illustration for skew compensation for y-direction

6.5.4

The co
primar
as the
differe
colour
differe

Figure 8 — IHustration for skew compensation for x-direction

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

our-to-colour segistration differences for two directions of the fast scan and slow scan betwg
y colours ameng cyan, magenta, yellow and black, i.e. C-M, M-Y, Y-C, K-C, K-M, K-Y, shall be s
Hifference.in relative positions for the two colour lines to each Black line next to. In case a g
hce of alprimary colour of either C, M or Y, to K, i.e. K-C, K-M or K-Y, is evaluated, the complen
chanyel for the primary colour, i.e. R, G or B channel, respectively, shall be used to speq
ee. A position difference between each combination of two primary colours, i.e. C-M, M-Y, Y-

en two
ecified
osition
entary
ify the
C, shall

Hafod by crhtro i o tho walatin diffnnpnan AF a0 1pma lonrta K fran +h ot A+l o Al n0e

be calctk

i 3
Iactcu Ll_y JSUULI Cl\'Lllls i 1reidalrIve UIirnicrIviice vl vilic lJl llllﬂl _y \.'Ul\.lul LU IV TTIUTIIT UITAat UT LI1e Utliicr

colour to K.

rimary

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 colour line 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-coloprTegistratiom sitatt be talcutated as described im 654

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

The sHeet-to-sheet variation in the colour-to-colour registration shall be calculated)in” terms|of the
differepces in the average colour-to-colour registration between front and back sides/of the same sheet for
two difections of the fast scan and slow scan of all the three combinations among the three primary dolours.
Each cg¢lour-to-colour registration shall be calculated as described in 6.5.4.

The vatiations between the pages other than the first and tenth sheets may optionally be evaluated.
6.6 Nagnification measurement for each primary colour

6.6.1 | Print preparations

A print|set comprising ten sheets of a duplex print shall be pririted continuously under the printing conlditions
specifigd in Clause 4. The test chart described in 6.2 shall beused for the measurements of magnification in
each pitimary colour of the sheets.

6.6.2 | Scanning procedures

A scanhing system conforming to 5.2 shall be<ised. In case a scanner does not satisfy the goal vales |n 5.2.7
in the donformance test, the compensation procedure in 5.2.8 may be applicable, and it is required tg report
that the test results are compensated usingits scanner conformance test results.

A printjprepared in accordance with\6.6.1 shall be placed on the platen of the scanner so that the orieptation
of the print is the same as the orientation of the test chart in scanner conformance measurement, iy} which
the pripted image subjected to(the measurement shall directly contact with the platen. It is recommended to
place aflditional sheets of substrates to have a sufficient contact between the platen and the printed image.

NS

The scanning shall be carried out under the same conditions as in the scanner conformance testin 5.
6.6.3 | Calculation'of magnification variations within printed image

6.6.3.1 Geéneral

The mdgnifications for each primary colour of a printed image except Black shall be evaluated using sdanning
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 ce

scanne

For ea

each other for the two directions of the fast scan and slow scan, to the ideal distance ,of, 70 mm §
calculated. The average difference and standard deviation of the differences in the ratigs, for each di

shall b

Atleas

6.6.4

The side-to-side magnification variation for each primary colour image of a sheet shall be evaluate

the fou

The di
edges i

6.6.5

The sh
using t

The differences in the magnification values\between the first and10th sheets of the same print side s
evaluated for the four edges in each primaty colour.

The di
be eva

6.7 Reporting for registration and magnification measurements

The fol

da
da

SCd

ilﬁerences in the magnification.between the sheets other than the first and tenth sheets may opf

TtTe poSItion of eacit cross-mmark siratt bespecified i termmr of the gravity cemntre of the corTes
d data for the cross-mark.

h cross-mark, the differences in the ratios of scanned distances between the cross-marks

e specified for each primary colour.

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

Calculation of side-to-side magnification variation

Ir average magnification values obtained in the procedure described in 6.6.3.2.

ferences in the magnification values between front and’back sides shall be evaluated for t
n each primary colour.

Calculation of sheet-to-sheet magnification variation

bet-to-sheet magnification variation for eaclyprimary colour image of a print side shall be ev
he four average magnification values for each image obtained in the procedure described in 6.

ated.

lowing items shalbbe reported in addition to the test results described in the next paragraph:
e, place, temperature and humidity when the test print formed,
e, place,fémperature and humidity when the scanning carried out,

naer settings,

onding

next to
hall be
rection

uated.

1 using

he four

hluated
6.3.2.

hall be

ionally

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:

— the average and standard deviation in the registration variations within an image for the two directions
in each primary colour,

— the average and maximum differences in the side-to-side registration variations for the two directions
in each primary colour,
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the average and maximum differences in the sheet-to-sheet registration variations for the two directions

in

each primary colour,

the average and maximum differences in the colour-to-colour registration variations within an image for
the two directions of all three combinations of the three primary colours,

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

th

ree primary colour for each scanning direction,

the average sheet-to-sheet variations in colour-to-colour registration between the first and tenth sheets
for the three primary colour for each scanning direction,

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

th¢ average side-to-side magnification variations in the colour-to-colour variations for\all t

Cco

the average sheet-to-sheet magnification variations in the colour-to-colour variatiens for all t

co

Cco

Reporting

set for
shall o

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

Reportiing shall include all information to replicatethe test.

7.2 Reporting items

In addifion to a series of the test resultsin.each reporting clause of the corresponding test methods, tl
test report shall include the following.information:

date and place test samples printed,

pr
pr
pr

pr
pr

pr
pr

mbinations among four primary colours,

]:binations among four primary colours, and

pensations for scanner conformance in 5.2.8 if applied.

Iled by a printing system on a substrate. Comparison of'test results among various printing s
ly be made if the same product of substrates is used among all the printing systems in additio

¢duct name and suppliers of the printer,

Inter settings,

duct name dnd suppliers of the substrate,

duct naine and suppliers of toner or ink materials, if the other suppliers than the printer manuf:
videsthem,

he two

he two

a print
ystems
h to set

he total

hcturer

hcturer

dact name and suppliers of the printing materials, if the other suppliers than the printer manuf:

ovide them,

product name, supplier and driver settings of the scanner for the registration and magnification
measurements,

Cco

re

mpensations for scanner conformance in 5.2.8 if applied,

ference to this document, i.e. ISO/IEC 22592-2, and

any deviation from this document or any circumstances or influence that may have affected the results.
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Annex A
(informative)

Flatness of prints

A.1 General

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

In add
affecte
primar
cause ¢
temper
visual

A2 1

The dig
obtaing

A.3 T
Ten shg

The pr
A shee
contro
of dryi

tion to such processes, the flatness of a print upon long term storage or keeping-is’mos
d by the temperature and humidity that the print is stored at. High humidity is believed to|
y stressor, and temperature a contributory stressor; however, low humidity, Cenditions w|
eformations. Changes from a high humidity or high temperature condition te-dJow humidity
ature condition may further change the print flatness. Poor flatness of the print often affe
mpression of the print flatness, such as curl, cockle and waviness.

'est chart

rital test chart described in ISO 22592-1:2024, 4.2 should be-used. A PDF file of the test chart]
bd by accessing https://standards.iso.org/iso-iec/22592/-1/ed-1/en/.

'rocedure
ets of a duplex test print should be prepared in‘accordance with Clause 4.

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

E of print should then be stored horizontally on a flat surface in a chamber whose environ
led at (25 * 3) °C and (85 * 3) %RH. Measurements should be taken at time zero (to assess th
hg or fixing processes), one week, and four weeks. Additional measurements early in the test cy

recomimended.

The pr

int should be placed on a.flat surface immediately when it is removed from the chamb

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

A4 |

The fla
should
with a
for 1 h
no diff

valuation

Eness of the print should be measured by the maximum deviation (mm) from the flat surface. T}

h unprinted substrate conditioned under the same environment at (23 * 3) °C and (50 * 3

t likely
be the
ill also
or low
cts the

can be

esting.
ment is
e effect
ycle are

er and

le print

also be visually evaluated if the attributes of curl, cockle or waviness are obvious when it cofpared

) %RH
tuch as

prior.to the evaluation. It is recommended to rate the visual evaluation results by scores,

differe

hcefrom the unprinted substrate, significant difference from the unprinted substrate.

erehice from the unprinted substrate, a little difference from the unprinted substrate, deerate

A.5 Reporting

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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Annex B
(informative)

Test charts for colour-to-colour variation in registration

B.1 General

The te$t chart used to measure colour-to-colour registration variations for a page is defined in'6J3. This
annex provides a test chart for a more detailed analysis of the variations within a page. Examplés)of this test
chart cpn be obtained by accessing https://standards.iso.org/iso-iec/22592/-2/ed-1/en/.

The tegt chart in this annex is composed of similar colour line elements for two directions of fast sqan and
slow sdan, each comprising three primary colour lines of cyan, magenta, yellow, and two-black lines arranged
betwegn primary colours, designed to measure relative registration of each primary colour to black.

B.2 Testchart A

The tegt chart A shown Figure B.1 is composed of the 11 x 15 elementsieach comprising the 5 lines Qoth for
fast scqn and slow scan directions. The size of each element in this chart is smaller than that specifiefl in 6.3
to incre¢ase the number of measurement locations in a page from 9to 165.

@ @

® 11 x 15 pattern ®

Figure B.1 — Test chart type A
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Annex C
(normative)

Compensation procedure for scanner conformance

C.1 General

When @ scanning system cannot satisfy scanner conformance requirements specified by the goal Vs
5.2.7, ugers can compensate measured test results with this system using the procedures desctiibed
C.3. Mdasured test results regarding the fast scan direction can only be compensated, so users sha

lues in
C.2 and
l1 place

print ifnages rotated by 90° at the scanning plane when scanner conformance requirements regardling the

slow sdan direction inconsistent.

C.2 Average magnification error correction

When & scanner does not satisfy the goal values for the magnification acCuracy in 5.2.7 for the fa
directipn, a compensation procedure of a magnification error based on th® magnification value obta
its conformance test can be adopted for magnification values measuredwith 6.6.3.2.

In each compensation for a channel, a compensated magnification value reported for 6.6.3.2 s

calculated as M., ,,, the ratio of a measured magnification valde to6 the mean value of the magnificaf

two edpes along the fast scan direction measured in its conforimance test with 5.2.5.

In casgq average magnification error correction used, uSers shall report that test results for 6.6.
compensated based on the average magnification error¢orrection.

C.3 (orrection of local magnification-deviation

When & scanner does not satisfy the goal(values for the local magnification deviation in 5.2.7 for {

St scan
ined in

hall be
ions at

B.2 are

he fast

scan direction, the results measured with 6.6.3.3 can be interpolated using a correction formula obptained

based ¢n its conformance test results: Compensation procedures are described below in detail. Each
in the descriptions is illustrated insEigure C.1.

a) Cafculate a gravity centre-coordinates, G;i(x;;, y;) of all the cross-mark in the scanned image
CoIformance test, where G;; is the gravity centre coordinate for i-th row for the fast scan direct
J-th column for theslow scan direction, x;; and y;; are the coordinate values of G; at the scannin
for] the fast scan dixection and the slow scan direction, respectively(i = 1 to m, and j = 1 to n).

NOTE1 For'an'A3 scanner,i=1to 26,j =1 to 18, and for an A3 scanner, i =1to 18,j =1 to 27 define
arfangement.of the conformance test chart comprising the cross-mark array of 26 x 18.

b) Cafculate x; values for each i-th row by averaging x;; over all columns of i-th row, assuming t

5ymbol

at the
on and
o plane

i by the

hat the

scgrited image is not tilted at the scanning plane significantly,

Ion
Xi ZEijlxij (C.1)

c) Calculate x’; values from x; using M
Cz2,

mean’

le =X; [ Myean (C.

d) Calculate P’, the cross-mark pitch between i-th row and i+1-th row,
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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,4., the ideal pitch of 10 mm for the
position at C,,

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

Define a correlation formula of M’;, as a function of C’; based on the 4th-order polynomial apptoximation,

M[=f(CP) (Cf6)

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

Calculate M’, compensated local magnification values for the fast scan direCtion at C’; by interpolating

M, measured local magnification values for the fast scan direction at C using the correction formula
£{c)-
Cafculate M, e, , the average local magnification with magnification correction, by averaging M’
_Am o
M verage 2;21:1 Mi C7)
Calculate AM,¢pqqe, deviation of AM, yep,g from the idéabFmagnification of 100(%).
Calculate M4, the standard deviation of M’; ovet*ascanned image for the fast scan direction,
M}, 4oy =Stdev (M) (C8)
G, (X %) Gij (ij' Yu) C Gi+lj (Xi+1j’ Yi+1j)
a / \ i /

©

Origin (0,0).

Figure C.1 — Illustrated parameters for local magnification compensated by average magnification
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y = 1E-10x*- 4E - 08x* + 5E-06x%- 0,0 002x + 1,0 035

......
LR
‘e © @

50 100 150 200 c?

Figure C.2 — Example of correlation formula f(c;)for local magnification’compensatio
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Annex D
(informative)

Examples of local magnification measurement on flat bet scanning

D.1

Exam

are deqcribed below. Focal positions on a sensor plane of a commercial flat bet scanner fluctuate mai
to abeifrations of its optical system to focus a printed image on its platen on sensor plane for the fa
directipn, scanner motion errors for the slow scan direction, etc.

The fluctuations due to aberrations are stable for slow scan direction and show relatively moderate g
with the coordinates at the platen for the fast scan direction. While fluctuation-with motion errony
high-frequency and stochastic patterns and are independent of the coordinates for the slow scan dirg

D.2

The thfee scanning system of scanner A, scanner B and scanner € were evaluated. The conformar

chart

of eacH scanning system as its short edge along the fast scah'direction and long edge along the slo
directipn, in addition, arranging its corner as close as at upper the right corner of the platen.

The tegt chart was scanned as a colour image of 600.spi. The gravity centres of cross-marks arrang

26 x1

channdl of a scanned image. The local magnification between a cross-mark and one next to was cal
based ¢n the procedures in Clause C.3.

D.3

The dependences of the local maguifications of each primary colour for the three scanning systems
coordinates for the fast scan direction at the scanning plane are shown in Figure D.1. The coording
specifigd as the distances ffom the left edge of each scanned images. The lines coloured in red, gre
blue cofrespond to the data’in R channel, G channel and B channel of a scanner, respectively. The yellg

show

The difference in-the curves among three primary colour channels were not obvious for all th

scannefrs. Whil€ the shapes of curves varied noticeably among the scanners. Scanner A showed cufrves of

down

100 %) The €urves in scanner B shows slight downward sloping from the left edge to right edge ¢

avera

systems

(teneral
ples of measurement results for the local magnifications of a few kinds of flat bet scanhing s

Measurement procedures

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

8|matrix of the uniform interval of 10 mm fo¥’each direction were measured for each primary

Measurements in fast scan'direction

the ideal local maghification of 100 %.

ward sloping from the centre to the right edge, but average values of local magnifications wer

ystems
nly due
st scan

hanges
s show
ction.

ce test
platen
W scan

ed as a
colour
rulated

on the
tes are
en and
w lines

b three

b about
ind the

g¢ 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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