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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 18944 w

5k of technical committees is to prepare International Standards. Draft International Stangflards
the technical committees are circulated to the member bodies for voting. Publication¥@s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the subject of datent
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 42, Photography.
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Introduction

This International Standard is one of a series of International Standards prepared by ISO/TC 42 on the physical
properties, stability and permanence of imaging materials.

This International Standard provides constraints on factors pertaining to target print preparation and resulting
target print measurement which can cause a confounding test-process-induced variation in measured colour
values and densities.

The requirements in this International Standard are intended to be used with test methods that produce test
data to be shared publicly, with the aim that test results can be duplicated in an alternate test facility.

Topids addressed include:

— description of test types (image print stability testing versus image forming materials testing)
— dligital file preparation;

— dligital test file usage;

— addressing target print uniformity;

— 1nanaging test equipment non-uniformity;

— print system configuration and control;

— st print conditioning;
— easurement timing and measurement conditions;

— 1equired sRGB encoded patch set for image“print stability test target and the correspgnding patch
gelection process;

— ipformative guidance for test file construection and use;

— ipformative guidance on statistical approaches to minimize measurement error.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 18944:2012(E)

Imaging materials — Reflection colour photographic prints —
Test print construction and measurement

IMPORTANT — The electronic file of this International Standard contains colours which are considered
to be useful for the correct understanding of this International Standard. Users should therefore
consider printing with a colour printer.

1

This
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International Standard specifies requirements and recommendations for théxdigital test
er of print replicates, printer setups and printing procedures that are used to)génerate target
bd standards and specifications for image stability in the context of reflegtion colour photogt

2

ormative references

The following referenced documents are indispensable for the)application of this documen
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ISO ]
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nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

-3, Photography and graphic technology — Density~measurements — Part 3: Spectral con

b-4, Photography and graphic technology — Deénsity measurements — Part 4. Geometric
tion density

P471:2008 Paper and board — Determination of opacity (paper backing) — Diffuse reflectan
1664-4, Colorimetry — Part 4: CIE 1976 L*a*b* Colour space

2640-3, Graphic technology==Prepress digital data exchange — Part 3: CIELAB standard
CIELAB/SCID)

3655, Graphic technelogy — Spectral measurement and colorimetric computation for graphi

8941, Imaging materials — Colour reflection prints — Test method for ozone gas fading sta

IEC 6$1966-2-1, Multimedia systems and equipment — Colour measurement and management

Colo

TIFF,
http:/

ir managerment — Default RGB colour space — sRGB

Revision 6.0. Adobe
partners.adobe.com/public/developer/en/tiff/ TIFE6.pdf

Systems Incorporated

file content,
prints for test
aphic prints.

t. For dated

ed document

Hitions

onditions for

ce method

colour image

C arts images
bility
— Part 2-1:

1992

3 Terms and definitions

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

341
CcmMY

K printer

printer configured to accept digital files with colours encoded for CMYK printer colourants and print without
further colour conversion

3.2
imag

e forming materials stability test

test to evaluate the print stability of the component materials that comprise image prints, intended for
manufacturers who are designing new colourants or for customers who are specifying colourant characteristics
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3.3
image print
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stability test

test to evaluate the print stability of images printed in end-user-typical fashion

3.4
operational

control point

set point for equilibrium conditions measured at sensor location(s) in an exposure device

NOTE

3.5

operational
positive and
equilibrium ¢

NOTE 1 TH
uncertainty. T
conditions thr

NOTE 2  Agq
3.6
operational

range around the operational control point for measured parameters within'the intended exposure area

the limits of i

NOTE 1 (0]
that regions o
parameter opég

NOTE 2 A

3.7
RGB printer
printer config
to obtain prin

3.8

uncertainty
parameter a
could be rea

NOTE 1 TH
interval having
of these comg
characterized
deviations, ardg
that the result

Adapted from ASTM G 113.

fluctuations

negative deviations from the setting of the sensor at the operational control set point\d
pnditions in a laboratory-accelerated weathering device

e operational fluctuations are the result of unavoidable machine variables and do not include mieasurs
ughout the test chamber.

apted from ASTM G 113.

uniformity

htended operational range

perational uniformity evaluates the measured parameters throeughout the volume of a test chami
f the test chamber volume can be determined to comply within the required stated limits of the meg
rating aim.

dapted from ASTM G 113.

ured to accept digital files with RGB printer-independent encoded colours and apply a conve
ter colourant code values

(of measurement)
Esociated with the res@lt of a measurement that characterizes the dispersion of the value
sonably attributed tothe measurand

e parameter may_be, for example, a standard deviation (or a given multiple of it), or the half-width
a stated confidence level. Uncertainty of measurement comprises, in general, many components.
onents may\bie evaluated from statistical distribution of the results of series of measurements and ¢
by experimental standard deviations. The other components, which can also be characterized by sta
evaluated from assumed probability distributions based on experience or other information. It is unde
bf the'measurement is the best estimate of the value of the measurand, and that all components of uncer

including thos

uring

bment

he operational fluctuations apply only at the location of the control sensor and do not.imply uniformity of

vithin

er so
sured

rsion

5 that

of an
Some
an be
ndard
stood
ainty,

p arising from systematic effects, such as components associated with corrections and reference stan

lards,

contribute to the dispersion.

NOTE 2 A

dapted from ASTM G 113.

4 Requirements

This International Standard specifies constraints on factors pertaining to target print preparation and resulting
target print measurement which can cause confounding test-process-induced variation of measured colour
values and densities. The requirements of this International Standard shall be applied in test methods that are
used to make life expectancy claims, such as time-based print lifetime claims, either comparative or absolute,

in accordanc

e with the applicable International Standard(s) for specification of print life.
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The requirements of this International Standard should be applied with image stability test methods when those
test methods are used to report stand-alone absolute or comparative stability of image materials with respect
to the specific failure mode of the test method standard.

In alternative test situations, when the conditions and constraints set forth in this International Standard are not
followed, then the test report of that test method result shall include a statement of each condition that differs
from the requirements of this International Standard. Caution shall be used when comparing test results for
different materials and for different target print preparation and measurement conditions. Comparisons shall

only be made when using equipment with matching specifications, under matching test conditions.

5

5.1

For g
and {

Digital file preparation

Digital test file usage situations

eneral testing purposes, users of this International Standard are free to choose whatever ta

specification of print life may require the use of specific targets and starting densities.

Refe

ence target prints should be included in every exposure test to track cansistency of the tes

as wegll as to detect unintended changes in test conditions.

NOTH

1  See ASTM G156.

The target prints of this International Standard can be used fortwo kinds of image stability testin

4

The
digitg

The
in thi

NOTH
a star
value
encod
sRGH
result]

)
)

Higital test file is adapted and the target prints are generated differently for these two cag
| test file is printed, when subjected to the test method standards, the target prints are treate

a printing system test for image print stability, inclgding substrate discolouration, or

a materials test for image forming materials stability (colourant stability and substrate dis

mage print stability test assesses the.stability of images printed in end-user-typical fashion
5 case is encoded in standard sRGB), as defined in IEC 61966-2-1.

2  The sRGB colour encodingis widely used in digital photography. This is a particular RGB enc|
dardized visual colour meaning/for each RGB code value. The standardized colour meaning for ea
means that “sky blue” and.grass green”, etc. are represented by certain RGB code values. Because th
ing is well known, printers/that print digital photographs can be configured to print sSRGB encoded in

code values that have-standardized colour meanings of cyan, magenta, yellow, red, green, blue a
in target print patehes that have colourant proportions similar to consumer image prints of those col

through the specificprint system.

Real
signif
for s
in the

world image'print stability is a function of combinations of colourants in real images. Colourg
cantly impacts the results of the stability tests. Using colourant proportions similar to those in co
ecific well defined colours improves estimation of consumer image stability. The print colourar

rget patches

tarting densities they feel are appropriate for their testing needs. Applicable International Standard(s) for

procedures,

-

colouration).

es. After the
d identically.

The test file

oding that has
h sRGB code
e SRGB colour
ages. Printing
nd neutral will
burs produced

nt proportion
nsumer prints
t proportions

image stability target print will be slightly different for different print systems, however in each ¢

hse the target

print is a realistic representation of the colourant proportions in real photos printed via those printers.

Printing the primaries and secondaries and neutrals does not cover all possible kinds of inks that a printer
may contain. Testing for additional colourants is a recommended extension for both the image print and image
forming materials.

The image forming materials stability test assesses the stability of the component materials that comprise the
prints. Care is taken to isolate the materials from influences of the print system as far as is possible.

NOTE 3  This test is intended for manufacturers who are designing new inks or for customers who are specifying ink
characteristics, and require testing on individual components.
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5.2 Digital test file general requirements

Print systems can be configured either to accept digital files with colours encoded for the printer colourants,
such as CMYK, or to accept digital files with colours defined using a printer-independent encoding, such as
sRGB. Printers that are configured to accept an RGB printer-independent encoding can process the conversion
from the input RGB to the printer colourant encoding in a proprietary manner. These printers can be referred
to as “RGB printers”. Printers that can be configured to accept (and print without further colour conversion)
digital files with colours encoded for CMYK printer colourants can be referred to as “CMYK printers”. The file
preparation process below describes the necessary file treatment for RGB and CMYK printers.

The digital test f|Ie of encoded colour values shall be constructed so that the target print contalns areas of
uniform colog B, i
1,5). The sizg of each square colour patch area shaII be at least 2 mm greater in Iength and wrdth thn the
measuremerjt instrument aperture, plus twice the measurement instrument positioning accuracy specification,
according to[the following equation:

S=2+@*A4)+D

where:

S is the minimum size of each square colour patch area, in millimetres;

A is thel measurement instrument “measurement positioning accuracy” specified by the instryment
manufacturer, in millimetres;

D is th¢ measurement instrument “measurement aperturé diameter” specified by the instryment
manufacfurer, in millimetres.

For example] with a measurement positioning accuracy'of + 0,25 mm and a measurement aperture diamgter of
4,5 mm, the minimum allowed patch size = (2,0 + 0,50 + 4,5) mm, which is 7 mm2. Spacing between pajches
shall be adjlisted to minimize degrading influence between patches during the testing and measurgment
processes. Tlhe appropriate inter-patch spacing-depends on the materials and the equipment used.

The digital tgst file shall produce target print patch areas of minimum density (i.e. paper white).

The digital t¢st file shall produce target print patches of selected optical densities utilizing cyan, magenta,
yellow and black printer colourantprimaries, and utilizing red, green and blue printer secondaries.

The digital tept file shall proddce‘target prints with individual patches having the selected optical densities ithin
the required|“single patch®telerance limits, or with pairs of “bracketing patches” having the selected optical
densities within the required “bracketing pair” tolerance limits, according to the requirements of Annex|A. In
the case of Qracketing.patch pairs, the selected optical density values shall be obtained using interpolatipn as
described in|Annex’B.

The digital test-file shall be created and maintained continuously in the 1iff file format No lossy image or file
compression shall be applied to the target file. The digital image file resolution shall be 600 dpi.

NOTE 1 Various lossy compression methods can result in slight changes to colour values, particularly at patch edges.
This in turn can result in additional undesirable mixing of colourants. At the time of writing of this International Standard,

the tiff file format provides the means to carry raster image content in digital files with minimal host application and
operating system dependence.

NOTE 2  The digital test file can be zipped using lossless compression to minimize file size for storage.

4 © 1S0 2012 — All rights reserved
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Digital test files defined in compliance with this International Standard can be designed and adapted for
particular printing systems in any of the available image programs (such as Adobe Photoshop®1). Ensure that

the image resolution is 600 dpi after editing.

5.3

5.3.1

Preparing the digital test file for an image print stability test

Constructing the digital file for an image print stability test

The image print stability digital test file shall be encoded in SRGB as defined in IEC 61966-2-1 and saved in the
tiff format with the sRGB ICC profile embedded.

NOTH
with |

1 Even though sRGB is a standard, the ICC profiles for sRGB can differ. Retaining the original 'sR
ne file contributes to test repeatability.

For iage print stability testing, the encoded colour values of the patches in the digitaktest filg

mani
cyan
picto
in thd
chan

Colo
imag

Thei
a)

NOTH
value

b) ¢
c)
d) 1

NOTH
are n

In ce
the b

5.3.2

The i

bulated to control the colourant proportions in the patches of the target print. Rathéer,'the objecti
magenta, yellow, red, green, and blue coloured patches in the target print;that are typical
ial image. Pure primary colourant patches and two-colourant secondary-patches may or m
print. When subjected to an image print stability test method, the measurable target print
jes can be compared to image print changes that a user would expefience. See Annex A ang

Lirant proportions in the image print stability target print are receghized as system-specific, g
e processing, ICC profiles, halftoning, and other physical printer’characteristics.

mage print stability test requires target prints with selected-optical densities in:

meutral patches;

2
5 with L* > zero, a* and b* zero, i.e. R=G=B.

yan, magenta, and yellow-coloured patches;

fled, green, and blue-coloured patches;

Dmin patch (i.e. paper white) area (used to evaluate substrate discolouration).

3 Additional coloured patches, e.g. black, orange, and flesh tones, can also be tested, although sug
t within the scope of thig International Standard.

rtain cases, the pfinter driver software may provide an option to assign neutral code values
ack ink. Compasite neutral black printed with cyan, magenta and yellow colourants shall be

Adapting the digital file for an image print stability test — RGB printers

magde ‘content shall be encoded in sSRGB as defined in IEC 61966-2-1. An sRGB digital tes|

5B ICC profile

shall not be
e is to obtain
in a pleasing
ay not occur
batch density
Annex C.

ependent on

Patches that are treated as neutral are produced from sRGB encoded patch values that equate to CIELAB

h test patches

exclusively to
used.

t file shall be

cons

racted using the required sRGB patch values provided in Annex A, or a selected subset of th

ose required

sRG
shall

5.3.3

patch values. Whether used in whole or in part, the sSRGB code values of the patches give
not be changed prior to printing.

Adapting the digital file for an image print stability test — CMYK printers

n in Annex A

The image content shall be encoded in “device CMYK” that is specific to the printer under test. The device CMYK
digital test file for the specific printer under test shall be obtained from an sRGB digital test file constructed
using the required sRGB patch values provided in Annex A, or a selected subset of those required sRGB patch
values. The CMYK encoded digital test file shall be obtained for the specific printer under test using the photo
print colour management transformation method that is appropriate for consumer users of the printer. For

1) Photoshop is the trade name of a product supplied by Adobe. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if
they can be shown to lead to the same results.
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example, an ICC profile provided by the printing system manufacturer and matched to the print conditions and
media of the test can be used. Whether used in whole or in part, the sSRGB code values of the patches given in
Annex A shall not be changed prior to conversion to CMYK for the printer under test; and the resulting printer-
specific CMYK code values shall not be changed prior to printing.

When the image print stability of a specialized configuration of a printing system is being tested, e.g. prints
produced using a specialized configuration in a professional or commercial print environment, a customized
ICC profile may be used. Such a customized ICC profile shall be appropriate to produce end-customer quality
printing in the configuration under test. The use of any such ICC profile shall be reported in the test results.

5.4 Preparing the digital test file for an image forming materials stability test

5.4.1

For digital pr
materials thg
than anothel
colourant be
fading effect
be observed
secondary (1
comprised o
proportions (
ready” target
pure printer

target print fd
for example

code values
secondaries

selectively regmoving and replacing ink cartridges orctanks, cutting and splicing the thermal donor, et

achieve a de
The image fd
a) neutral d

b) patches
black cd

c) patches

Consttructing the digital file for an image forming materials stability test

nt systems, the image forming materials stability test is used to test the stability of the comp
t comprise digital prints. For example, one cyan dye may exhibit greater resistance to light
. When testing for primary colourant stability (e.g. C, M, Y, K colourants),.it’is ideal that

bnent
fade
each

printed in a pure form isolated from other colourants. Colourant interactions can produce catalytic

5, whereby a primary colourant in a multi-colourant patch will fade at a-different rate than
had the colourant been printed alone. Additionally for image forming materials stability
hixed) colour patches (e.g. a red patch comprised of magenta and-yellow colourant) are iq
equal amounts of two respective primary colourants, as it is"khown that any variance in
an result in differing rates of catalytic change. In the image forming materials stability test,
prints shall be produced after careful manipulation of the digital test file colour code values s
olourant primaries and correctly proportioned printer colourant secondaries are produced
r each of the selected optical densities. Evaluation afpréliminary printer assessment prints,
drop count measurements and high resolution inspection, can be useful to determine the g
that produce pure (or closest to pure) colourantprimaries and correctly proportioned colg
through a given system (see Annex D). Target print generation can also include such ste

Sired effect in isolating specific colourarits.

rming materials stability test requires target prints with selected optical densities in:

vould
lests,
eally
hese
“test
b that
n the
sing,
olour
urant
DS as
Cc., to

atches containing equal propottions of the printer primary colourants cyan, magenta, and ygllow;

containing isolated primary (pure) printer colourants (e.g. pure cyan, magenta, yellow
lourants);

containing isolated’secondary (two equally proportioned primary colourants) printer colours

red, gre

As far as is achievablé.in the printing system under test, isolated C, M, Y, K colourant primaries shall be tg
As far as is achievable'in the printing system under test, secondaries of R, G, B, each comprised of equal
of two colourant/primaries, shall be tested. The colourant proportion is required, whereas exact colour hu
colourfulnes$ are not. Additional primary and secondary colourant patches (e.g. red and green primarie

n and blue celpur patches, each comprised of equal proportions of two printer primary colour

and

(e.g.
ants).

sted.
parts
e and

5 and

their associated secondaries) can be tested as needed to address specific system capabilities, understanding
that these capabilities may or may not apply to all or any other printing systems (see Annex D).

5.4.2 Adapting the digital file for an image forming materials stability test — RGB printers

The RGB image forming materials stability digital test file shall be encoded in sRGB as defined in IEC 61966-

2-1 and save

NOTE
contributes to

d in the tiff format with the sSRGB ICC profile embedded.

test repeatability.

Even though sRGB is a standard, the ICC profiles for sSRGB can differ. Retaining the ICC profile with the file

The image content shall be encoded in sSRGB as defined in IEC 61966-2-1. The RGB printer case presents
challenges for the image forming materials stability test due to the lack of direct control over the printer
colourants. Adapt and evaluate the digital test file and the resulting assessment print using the print system
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configuration that provides the most direct colour matching control. With an sRGB encoding, neutrals are
typically encoded with R=G=B equal value codes. In certain cases, the printer driver software may provide
an option to assign such neutral values to the black ink. If such a single colourant black can be obtained, then
including additional selected density patches for that case is recommended (see Annex D).

5.4.3 Adapting the digital file for an image forming materials stability test — CMYK printers

The CMYK image forming materials stability digital test file shall be encoded in device CMYK and saved in the

tiff fo

NOTE

rmat with the device CMYK ICC profile embedded, if available.

Take care to associate the CMYK digital test file with the printing system configuration it is tuned for, e.g. using

a cod

The
miniry
mage
K, re
optic
(zero
shall
patch

5.5

Typig
meas
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be pn
to a g

The i
and 4
bein
dens
test s

At led
chanm

Many
that 4
and d
such

that the stabitity of each colourant can be evaluated as they occur in various combinations. Thi

stabi

ol bl o b bl bl bl obafil
> U THTTIATIT, SWUTITTY TUWILT diT dooULIdIiTU TTICldUdala Tic.

mage content shall be encoded in “device CMYK”. The CMYK digital test file shall includ
num density (paper white), and patches planned to produce the selected optical densities usg
nta, yellow and black printer primary colourants, from patch code values with onfy\fion-zero
spectively. In addition, the CMYK digital test file shall include patches planned’fo produce
bl densities in red, green and blue secondary printer colours, from patch code'values with e
C), equal C and Y (zero M), and equal C and M (zero Y), respectively. Finally, the CMYK ¢
include patches planned to produce the desired optical densities in composite neutral printe
code values with equal C, M and Y.

Target print uniformity

urements. Digital printing systems also differ in the availability of printer process controls tha
mpensate for these non-uniformities. As a result, in‘a -best case scenario, individual patch
edicted within some tolerance limits of a selected\density value, but cannot be ensured to 1
elected density value, even when patch codeYalues are tuned for the particular printer.

mpact of these non-uniformities and contrel variabilities shall be minimized through target |
daptation to the particular system under-test. Replicate prints can be printed and duplicate
Cluded within a single target print page as necessary to obtain target prints that satisfy the se
ty requirements. Statistical analysis’of the print non-uniformity characteristics of the print s
hould be conducted to determine the number of replicate prints and number of duplicate pa

st two replicate prints are required. Replicates shall be positioned for testing in different regiq
ber volume. Refer to Anhex E for guidance in determining a measurement plan to limit measu

modern imaging(systems now employ multiple density inks (i.e. light cyan and dark cyan)
uch printing systems may or may not utilize the same colourant for each density. Furtherm
ark inks may_ be printed singularly or combined in various proportions to achieve a specifieq
printing systems, monitoring multiple densities throughout each colour tone scale is reco

ity test is particularly applicable to evaluating such print systems.

e patches of
ing the cyan,
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qual M and Y
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- colour, from

al digital printing systems exhibit print non-uniformities (in*page and page-to-page) that can affect density
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5.6

Test chamber condition uniformity

Locally varying environmental conditions in a given test, due to patch position within a target print or due to
target holder position within a chamber, e.g. the amount of light falling on a patch in a light stability test, can
result in different OD changes in patches that are initially identical.

When noticeable effects are determined due to such locally varying conditions, it is recommended to position
the two or more replicate prints to be oriented differently in the test chamber and average the raw measurements
of each two or more duplicate patches in the replicates. The averages of the measurements of the replicas shall
be used as single measurements for the successive computations of test results.

NOTE 1 Such test chamber non-uniformity effects become noticeable when measurement differences between

replicates change after testing by an amount that is greater than the expected + variation of the measurement instrument
when measuring identical patches.
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NOTE 2 Duplicate patches are patches that were printed with the same starting code values, either in replicate prints
or in redundant print areas in one target print.

6 Generating the target prints

6.1 Digital print preparation

If the printing system under test cannot accept tiff image files for printing, convert the digital test file (designed
and saved as a tiff file) to the highest quality (e.g. least compressed) file format that the printing system
can accept just prior to printing. Ensure that the required patch size and patch spacing is maintained in the

converted pr|

NOTE Ld
For this reaso
lossy compreg

6.2 Sourc
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Exposures ¢
be directly cq

Sensitometri
shall be proc
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Processing {
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wash may ha
requiring a fi
procedure si

Stability dats
colour mater

obtained frofn colour materials that have’been subjected to post-processing treatments (e.g. applicati
Stic laminates, or retouehing colours) shall not pertain to colour material that has not been sinjilarly

lacquers, pla
treated, and

6.3 Config

When printin
that are app
shall be used

Mtablefite Retaimthe origmat tiff format digitattestfite for futore testing————————————————

ssy compressed files further degrade when they are opened and closed successively inimaging applice
n, the digital test file creation and editing process uses the uncompressed tiff image, with conversion
sed format only as required for printing.

e preparation for conventional silver gelatine photographic materials

silver gelatine photographic materials can be tested using the image print stability test appr
bn be controlled to produce desired print density values. Specific proportions of colourants c
ntrolled.

Cally-exposed specimens designed to achieve the selected\optical densities in the target
essed using the processing system of primary interest and\in accordance with the manufact
tions.

hemicals and procedures can have a significant effect on the dark-keeping and light-ke
bnventional silver gelatine photographic materials. For example, a chromogenic colour neg
rocessed in a “washless” or “non-plumbed” system with a stabilizer rinse bath instead of a

nal water wash or using a final waterwash. Therefore, the specific processing chemicalg
all be reported, along with the name:0f’the colour product in any reference to the test result

obtained from a colour material processed in certain processing chemicals shall not pert
ial processed in different chemicals, or using a different processing procedure. Likewise,

vice versa.

puring the print system and generating the target prints

g the image 'print stability target, target prints shall be produced using driver and printer se
opriate~for photo printing. The printer manufacturer recommended print mode for photo pr
with each printer. When multiple print mode options are available for use with the selected

paper, the prf

tions.
to the

bach.
hnnot

brints
irer’s

Eping
ative
vater

ve stability characteristics that are differentfrom the same colour paper processed in chenpicals

5 and
S.

Bin to
data
on of

tings
nting
bhoto

ntode selection used shall be included in the test report.

If the ink and substrate under test are not an OEM combination, then the closest matching media setup provided
in the driver and printer settings (e.g. “generic glossy photo paper”) shall be chosen. As appropriate in the
typical use of the printing system, ICC profiles provided by the printing system manufacturer for the test paper
and test print conditions may be used in generating image print stability target prints. In such a case using ICC
profiles, do not turn off colour management when initiating the print.

When printing the image forming materials stability target, target prints may be produced using driver and
printer settings that afford the test operator the required control over colourant proportions.

In the digital printing case, the printer manufacturer recommended resolution for photo printing shall be used with
each printer. When multiple photo print resolution options are available, the printing resolution used shall be reported.
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If the print system requires image pre-scaling, then pre-scale the image using nearest neighbour interpolation
to the closest available printer resolution.

In accordance with the measurement plan determined during test preparation (see Annex E), necessary
replicate prints shall be printed within the closest possible time proximity.

NOTE 1 The printing system configuration should match the exact conditions that were in place when printer assessment
targets were printed, if the digital test file was adapted (patch selection in the case of an image print stability test or patch
selection and adjustment in the case of an image forming materials stability test) using a print assessment process.

Photographic material shall be printed in accordance with the manufacturer’s recommendations. Manufacturer’s
requirements regarding colourant and print media storage and pre-conditioning and print device operating

envir
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and this conditioning period allows the system to stabilize. This conditioning requirement per
r assessment prints used to develop a patch subset target and to the actual target prints tha
hge. stability testing. Prints of any types that do not reqU|re curlng/stablllzat|on/dry -down shg

printg
inim

bnment shall be followed.

pecific printing system configuration used to generate the target print, as far as it can.be d

t prints, shall be included in the test report, and the measurement plan (e.g. single or bra
urements, use of duplicate patch pairs, and number of replicate prints) shall e described.

e print stability test results shall be documented with respect to the complete printing system
fication and settings, printer driver version and driver settings, associated image process
r management software and settings, print engine, hardware configuration, colourant se
istry, and media.

2 Software imaging applications, e.g. Photoshop, provide printoptions concerning colour manags
plication, the options chosen should be the same as those usedih a typical user print workflow for thg
Vhen printing from Photoshop, colour management processing.can be assigned either to the printer or|

Cal print job, then assign the colour management task te_Photoshop and select the printer profile, f
facturer, that is correct for the printer setup and the-grint media. If the printer does not ship with IC|
on the host computer, then when printing from Photeshop assign the colour management task to the
our management in Photoshop.

e forming materials stability test results-shall be documented with respect to the printed
rant set, specific colourant proportions in each patch, processing chemistry, and media.

Conditioning the prints_after printing

ous and solvent inkjet_prints, and prints of any type that require curing/stabilization/dr
bnditioned for two weeks after printing, in an environment with a temperature of (23 +
e humidity (RH),ef\(50 + 5) %. The print conditioning environment shall be ozone-free (<2
entration over any-24 hour period) for ozone-sensitive target prints, as determined in acc
8941. During'the conditioning period the prints shall be maintained with unrestricted airflow.
been obsenrved that colour shifts can occur in the first few hours or days after printing in sg
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7 Target print holding and measurement conditions

71

Measurement timing

fains both to
will be used
Il be held for
nsities shall

After the required conditioning and before being subjected to image stability testing, the target prints are
measured to determine initial patch density values.
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7.2 Holding and measurement conditions

The measurement environment and target print holding environment can influence measured densities.
Measurements and target print holding for measurement and next test phase preparation shall be conducted
in a controlled environment with no time constraint or may be conducted in a less controlled environment with

a time constraint.

NOTE 1

phases, such as before and after measurement, while the target prints are not in the active test environment.

Target print holding environment refers to the environment in which target prints are held in between test

The controlled target print holding environment with no time constraint shall meet the following set of conditions:

target prints

shall be kept in dark, (23 + 2) °C, (50 + 10) % RH conditions while waiting for measuremen

t and

while holding

The controllg
24 hour peri
ISO 18941 a
measurable |
temperature

The controll
following set
(23 +2)°C an

between test stages.

bd target print holding environment shall be ozone-free (<2 nl/l average concentration’ove]
bd) for ozone-sensitive target prints. Ozone sensitivity shall be determined in adcordancsg
nd this International Standard. A material that is not sensitive to ozone shall havesdémonstrat
Dmin Or printed patch colour change at ambient ozone exposure levels and measurement con
and humidity, over time periods consistent with measurement and test staging time periods

bd measurement environment with no measurement process timesconstraint shall megq

d relative humidity (50 + 10) %; the environment shall be ozone-ffee (<2 nl/l average concent

over any 24 lhour period) for ozone-sensitive target prints.

When target
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The less corf
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print holding or target measurement are conducted in the |&ss controlled environment, target
or measured in the less controlled environment for g maximum of 2 hours for each test s
trolled environment may be unfiltered for ozone, and-shall have a maximum relative humid
a maximum temperature of 30 °C, with ambient.illuminance on the target print surface less
000 lux.

ray light decreases the accuracy of measurements taken in less controlled lighting environments. Shi
ent instrument from direct lighting so that the actual measurement surface lighting is no more than 2
easurement accuracy and repeatability:

ture and humidity tolerances for the target print holding and measurement environments
the vicinities in which the target'prints are held and measured. Operational fluctuations, opera

uniformity, and uncertainty of measurement shall be contained within the stated tolerances in those vicin

Measuremer
with respect

t environment and target print holding environment conditions, if differing from those spe
to temperature, relative humidity, ozone, and light levels, fluctuations, and uniformity, sh

reported in t

e test report.

The CIELAB] colour spage-values of the Dmin patch (unprinted paper) shall be obtained from measurer
using ISO 13655 measurement condition MO0. In accordance with the MO condition, the relative spectral g
distribution df the flux incident on the specimen surface shall conform to CIE illuminant A, with a corrg

colour tempdrature of 2 856 K + 100 K. The metamerism index of the M0 light source used in the measuren
Comparing with=CIE illuminant A shall be nqnql toorlessthan15

r any

with
bd no
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t the

of conditions: ambient illuminance on the target print surface no greater than 200 lux, temperature
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NOTE 3

Measurement condition MO is used for the relative spectral power distribution of the flux incident on the

specimen surface. Instruments conforming to M1 are not generally available at the time of writing of this International
Standard. Image permanence measurement deals primarily with relative data, and image permanence test results do not
rely on visual matching in a corresponding viewing environment.

White backing is recommended in accordance with ISO 13655. Report the backing used or report the material
opacity, in accordance with ISO 2471, such that backing has no influence on the measurement. Measurement
conditions shall be consistent throughout the test process.

NOTE 4  With completely opaque materials, such as an aluminium substrate used in outdoor testing, the backing has
no relevance.
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Conforming to ISO 13655, calculated tristimulus values and corresponding CIELAB values of the colourimetry
of the Dmin patch shall be computed using CIE illuminant D50 and the CIE 1931 standard colorimetric observer
(often referred to as the 2° standard observer).

The optical densities of the colourant patches shall be measured in accordance with ISO 5-3, with the relative
spectral power distribution of the flux incident on the specimen surface conforming to CIE illuminant A, with
a correlated colour temperature of 2 856 K £ 100 K. A UV-cut filter shall not be used. Spectral products
conforming to Status A or Status T density shall be formed as appropriate for the material under test. Use
standard reflection density as defined in ISO 5-4, allowing either annular influx mode or annular efflux mode.
White backing is recommended as noted in ISO 5-4, particularly for measurements of spectral data used to

compute both density and colourimetry. Either white or black backing is allowed. Report the b

When this International Standard is used in conjunction with an image |ife.specification standg
rd status A or status T density is selected according to that specification standard.

targ
that
may

print. For example, initial patch values of a test target print@nd subsequent degraded pa
particular test target print shall be measured using the same measurement instrument. Re
be measured on separate measurement instruments as lohg as each is consistently mea
samg instrument used for its initial readings. According to best practice, in the case of equipme
test ghould be invalidated. A replacement instrument withr@known offset, determined for the test n
cond[tions and materials such as those currently under, test, may be used when the original inst
available. In this case, all measurements shall be carrected with the known offset.

NOTH
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acking used.

as possible to
eners change
b neutral axis.
ing, then such

rd, then either

a particular
tch values of
plicate prints
sured on the
nt failure the
neasurement
'ument is not

per order and
ven in relation
ments across

ffsets can be
neasurements

© 1SO 2012 — All rights reserved

1


https://standardsiso.com/api/?name=93a07f4541fac3232e01b2cf21f275ac

ISO 18944:2012(E)
Annex A
(normative)

Required sRGB encoded patch values for image print stability test target
and patch selection process

A.1 General

For neutral patches, the following sSRGB code values are selected to provide a 48-step set of neutral patthes.
The 48 neutral patch sSRGB code values shall be R=G=B with five patches having values of 0,110,220, 30 and
40, respectiely, and 43 patches having values 45 to 255, respectively, with an increment-0f<5 code vplues
between eadh patch.

For colour patches, sRGB code values are selected to provide the hues of red, green, blue, cyan, madenta,
and yellow pfimaries as shown in Table A.1. sRGB patch values are selected to covera range of lightness and
chroma values in each of the selected hues as shown in Table A.3 and Table A:4. The specified patch|code
values align approximately with the aim lightness, chroma and hue values fof.each primary.

Table A.1 — Selected aim colour primary and-secondary hues

red yellow green cyan blue magenita
Selected CIELAB 33 90 135 202,5 270 337,5
hab
NOTE THe blue hue angle CIELAB hgp = 270 is chosen as a compromise between the Table B.5 value and the

Munsell lab vdlues, and also to avoid a purple shift (addéd*magenta) in the prints.

Table A.2 — Reference colour primary and secondary hues (informative)

ISO 12640-3/2007, 29 90 140 220 300 340
Table B.5

SRGB CIELAB hap 40,8 99,8 134,3 196,4 301,3 327.%
Munsell CIEUAB hay | 5R to@oR 5G to 10G 5B to 10B

CIE 1931 Obgerver 27746 46,3 163,7 to 1751 231,7 to 252,9

lluminant C

Munsell CIELAB hap [~ )5R to 10R 5G to 10G 5B to 10B

CIE 1931 Obperver. 18,96 to 45,58 164.,4 to 176,7 222.5t0239,4

adapted F11
(Bradford)

Tables A.3 and A .4 specify the valid sSRGB patch values for the image print stability test target. All or a subset of
the values shall be used as needed to obtain the required densities. Only the colour patch values in Tables A.3
and A.4 shall be used for applications within the scope of this International Standard.
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Table A.3 — Red, green, and blue patch values

sRGB Red patches Green patches Blue patches

Patches R G B R G B R G B

1 255 237 234 211 255 199 236 241 255
2 255 227 222 205 255 192 228 235 255
3 255 219 212 199 255 185 218 229 255
4 255 207 199 194 255 178 210 223 255
5 255 193 184 188 255 171 200 217 255
6 255 187 176 182 255 164 189 211 255
7 255 177 166 176 255 156 180 205 | 255
8 255 167 154 170 255 152 170 |\199 255
9 255 150 137 164 255 143 162, {* 193 255
10 255 120 105 146 252 128 | 450 | 187 255
11 255 105 92 132 249 112 | "Mao 181 255
12 255 90 80 128 246 110c51 128 175 255
13 255 66 64 122 243 104 | 95 160 250
14 255 43 54 118 240 | 100 80 150 245
15 255 0 43 115 2375\) 97 60 140 240
16 250 0 43 105 24 | 87 0 130 240
17 245 0 43 85 | 231 70 10 124 235
18 240 0 42 78 2O} 228 64 10 112 230
19 235 0 41 720 | 225 60 0 100 228
20 230 0 40 |.1V60 222 52 0 95 227
21 225 0 39 xP 50 219 45 0 95 220
22 220 0 .39 | 46 216 38 0 95 215
23 215 o |39 40 213 34 0 95 210
24 210 0.\ 36 20 210 24 0 95 205
25 205 | _0) | 35 16 207 22 0 94 200
26 200 L5 34 16 204 22 0 93 195
27 195C5F 0 33 16 201 22 0 92 190
28 190" 0 32 12 198 18 0 90 185
29 (-185 0 30 2 195 12 0 90 180
30 ~1 180 0 30 0 190 1 0 90 175
31 7| 15 0 28 0 185 14 0 90 170
32 \8 170 0 26 0 180 14 0 89 165
33 f\o« 165 Q 26 Q 175 12 Q 36 160
34 160 0 26 0 170 12 0 84 155
35 155 0 24 0 165 12 0 81 150
36 150 0 22 0 160 10 0 78 145
37 145 0 22 0 155 10 0 74 140
38 140 0 20 0 150 10 0 72 135
39 135 0 19 0 145 10 0 68 130
40 130 0 19 5 140 10 0 67 125
41 125 0 18 0 135 10 0 65 120
42 120 0 16 0 130 6 0 62 115
43 110 0 14 0 125 6 0 58 110
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Table A.3 (continued)

sRGB Red patches Green patches Blue patches
Patches R G B R G B R G B
44 100 2 10 8 110 6 0 55 105
45 90 4 7 0 85 4 0 53 100
46 80 4 2 0 70 3 0 47 90
47 70 4 0 2 55 0 0 38 75
48 60 4 0 10 35 0 0 30 60
Table A.4 — Cyan, magenta, and yellow patch values O '\q/
B
sRGB Cyan patches Magenta patches YeIIov@té'hes
Patches R G B R G B R |06 B
1 192 253 255 255 246 252 255 |\ 245 215
2 168 253 255 255 240 250 255~ | 243 205
3 156 250 255 255 230 248 | 4255 240 195
4 139 250 255 255 220 246 | 255 237 180
5 125 250 255 255 210 24/ | 255 234 165
6 99 248 255 255 200 | 240 255 231 145
7 79 248 255 255 190 , | 236 255 228 125
8 55 246 255 255 180" | 236 255 225 100
9 25 245 255 255 | ;470 231 255 225 do
10 0 243 253 255 N7 160 224 255 223 do
11 0 240 250 256 | 150 222 255 222 Jo
12 0 238 248 |- (255 140 220 255 222 )
13 0 234 244 ()" 255 130 218 250 216 )
14 0 231 241, | 255 120 214 245 212 )
15 0 228 | (236 255 110 214 240 208 )
16 0 221, |- 231 255 100 214 235 204 )
17 0 | 226 255 90 210 230 199 )
18 o |[fon 221 255 80 210 225 194 )
19 0_QF 207 216 255 70 210 220 190 )
20 0 203 211 255 60 209 215 186 )
21 0 198 206 255 50 208 210 182 )
22 N o 193 201 255 40 208 205 178 D
23 1 4 187 196 255 30 206 200 174 h
24 0 183 191 255 0 206 195 169 0
25 0 179 186 250 0 202 190 164 0
26 0 174 181 245 0 198 185 160 0
27 0 169 176 240 0 194 180 156 0
28 0 165 171 235 0 190 175 152 0
29 0 160 166 230 0 186 170 147 0
30 0 155 161 225 0 182 165 142 0
31 0 150 156 220 0 178 160 138 0
32 0 145 151 215 0 174 155 134 0
33 0 140 146 210 0 170 150 130 0
14 © 1S0 2012 — All rights reserved
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Table A.4 (continued)

sRGB Cyan patches Magenta patches Yellow patches
Patches R G B R G B R G B
34 0 136 141 205 0 166 145 125 0
35 0 131 136 200 0 161 140 120 0
36 0 126 131 195 0 158 135 117 0
37 0 121 126 185 0 150 130 112 0
38 0 116 121 175 0 140 125 108 0
39 0 4+ 146 165 0 132 420 104 0
40 0 107 111 155 0 124 115 99 0
41 0 102 106 145 0 116 110 95 0
42 0 97 101 135 0 108 105 90 0
43 0 92 96 125 0 99 100 86 0
44 0 88 91 115 0 91 87 74 0
45 0 77 80 105 0 83 74 63 0
46 0 63 65 85 0 87 61 52 0
47 0 48 50 65 0 50 48 40 0
48 0 32 34 45 0 35 35 29 0

Meagurement tolerances are specified separately for the single patch case and the bracketing pair|patch cases.
A single patch shall be a valid selection when the measutred density is within 10 % of the corresponding OD
Aim (aim density), regardless of the OD Aim level. In the bracketing pair patch case, measuremept tolerances
are specified separately for three OD Aim ranges. AYow density bracketing pair patch shall be a valid selection
wher the measured density is within 30 % of the-corresponding OD Aim, applicable with OD Aim|< 0,75 OD. A
mid-fange density bracketing pair patch shall bea valid selection when the measured density is Within 25 % of
the cprresponding OD Aim, applicable with0,75 OD < OD Aim < 1,25 OD. A Dmax or high density bracketing
pair patch shall be a valid selection whenythe measured density is within 20 % of the corresponding OD Aim,
applicable with 1,25 OD < OD Aim.

For example:
OD Aim Single patch tolerance Bracketing patch tolerance
0,50 10 % (0,50 + 0,05) 30 % (0,50 + 0,15)
1,00 10 % (1,00 + 0,10) 25 % (1,00 £ 0,25)
14,30 10 % (1,50 + 0,15) 20 % (1,50 £ 0,30)

Chogse a‘single patch (duplicate average) that is within single patch tolerance, if available.

Choose a pair of bracketing patches (two duplicate patch averages) above and below the OD Aim, within the
bracketing patch tolerance, if no single patch meets a particular OD Aim.

The measurement values of the duplicate patches of the required replicate prints shall be averaged together
and then each duplicate patch average measurement shall be used as a single measurement in computing
patch selection, density change, and image permanence failure. This duplicate patch averaging process shall
be used in the initial stage of patch selection and throughout the image stability testing process. The individual
raw values of the duplicate patches are not used in evaluations.

If a subset of the patches defined in this International Standard is used, and in the subset no individual patch or
bracket pair of patches is found to meet a particular OD Aim, a new subset of patches shall be selected using
alternative patches from the full patch set defined in this International Standard. The target print(s) shall be re-
printed using the new subset.
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A.2 Dmax exception and cautions

For a given print system, if a digital test file, conforming to the requirements of the test case, and utilizing all
patch value options available in the complete sSRGB patch set of this annex, cannot be devised to produce a
selected Dmax optical density (i.e. maximum aim density for the test) in a particular colour, then the unattainable
maximum optical density is dropped and the measured value for the maximum attainable optical density is used
in its place for that colour. The report shall indicate that a specified optical density could not be produced for
that colour; the attained initial maximum optical density for that colour shall be documented in the test report.

Dmax caution: in determining the patch selection for the maximum attainable optical density in a colour, be
aware that some s colourant than the substrate can receive. This can result

in a colouraf d patches—Such—pa argtve—a atty—teng predictions; The

digital file cofle value used to produce the Dmyax patch in each colour shall be selected as the first patch{code

value in the golour tone scale that produces the Dmax optical density, when ascending the colour(tene scale

from light to dark.

A.3 Neutral patch selection process:

— Select ipdividual patches or bracketing patch pairs (for interpolation) that have~the required red optical
density yalues.

— Select individual patches or bracketing patch pairs (for interpolation) thatthave the required green optical
density yalues.

— Select individual patches or bracketing patch pairs (for interpolation) that have the required blue optical
density yalues.

In selecting the neutral patches, the focus is on three colout densities, one colour density at a time| The

desired patcles will have closest to equal values in all R G.B/colour densities. However, the red density patch

is selected irf

Procedurally
deviation of t
from the sanf

EXAMPLE
in the same p4

For each focu
rating is selec

Use the sam
bracketing pai

A.4 Red

dependently of the blue density patch, etc,

he focus density from the aim density-with the average of the two other colour densities’ devig
e aim density.

When measuring red densityofa neutral patch with 0,50 Aim OD, and the red density is 0,45, greend
tch is 0,48, and blue density’in‘the same patch is 0,45, then the patch value rating = 0,05 + [(0,02 + O,

5 density, among patches-that meet the tolerance requirement, the patch having the smallest patch
ed.

b selection algorithm, simply changing the allowed tolerance range, when selecting single patch
I patches.

patch selection process:

if more than one patch has the required focus density within the required tolerance, sumn the

tions
Ensity
5)/2].

value

es or

Select ir

dividuatpatches or bracketmg patchpairs(forinterpotation)that ave the requiredgreenmo

density values.

density values.

tical

Select individual patches or bracketing patch pairs (for interpolation) that have the required blue optical

In selecting the red patches, the focus is on two colour densities, one colour density at a time. The green
density patches are selected independently of the blue density patches (and vice versa), and in each case if
multiple patches meet the tolerance criteria, the preferred patch will have the lowest red colour density relative
to the focus density.
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Procedurally, if more than one patch has the required focus density within the required tolerance, sum the deviation
of the focus density from the aim density and the deviation from zero of the red density of the same patch.

EXAMPLE

density in the same patch is 0,12, then the patch value rating = 0,05 + (0,12).

When measuring green density of a red patch with 0,50 Aim OD, and the green density is 0,45, red

For each focus density, among patches that meet the tolerance requirement, the patch having the smallest patch value

rating

is selected.

Use the same selection algorithm, simply changing the allowed tolerance range, when selecting single patches
or bracketing pair patches.
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q
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q
\

q

In se
colod

Procedurally, itmore than one patch has the required focus density within the required tolerance, sum

of the

Green patch selection process:

belect individual patches or bracketing patch pairs (for interpolation) that have the'require]
ensity values.

belect individual patches or bracketing patch pairs (for interpolation) that have the requireq
ensity values.

tion algorithm is as described in the red patch case, except sum the déviation of the focus
m density and the deviation from zero of the green density of the same patch.

Blue patch selection process:

belect individual patches or bracketing patch pairs (for, interpolation) that have the require
ensity values.

belect individual patches or bracketing patch pairs (for interpolation) that have the required
ensity values.

tion algorithm is as described in the red-patch case, except sum the deviation of the focus
m density and the deviation from zere-of the blue density of the same patch.

Cyan patch selectionprocess:

belect individual patches .or bracketing patch pairs (for interpolation) that have the require
ensity values.

lecting the cyan-patches, the focus is on one colour density, with desired lowest values
r densities.

focusdensity from the aim density with the average of the two other colour densities’ deviatio

EXAN

d red optical

blue optical

density from

d red optical

green optical

density from

d red optical

in the other

the deviation
ns from zero.

\PLE When measuring red density of a cyan patch with 0,50 Aim OD, and the red density is 0,45

green density

in the

same patch is 0,10, and blue density in the same patch is 0,08, then the patch value rating = 0,05 + [(

12 +0,08)/2].

For each focus density, among patches that meet the tolerance requirement, the patch having the smallest patch value

rating

is selected.

Use the same selection algorithm, simply changing the allowed tolerance range, when selecting single patches or
bracketing pair patches.

A.8

Magenta patch selection process:

density values.

© 18O

2012 — All rights reserved

Select individual patches or bracketing patch pairs (for interpolation) that have the required green optical
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In selecting the magenta patches, the focus is on one colour density, with desired lowest values in the other

colour densit

Procedurally,

ies.

if more than one patch has the required focus density within the required tolerance, sum the

deviation of the focus density from the aim density with the average of the two other colour densities’ deviations
from zero. See the example in A.7.

A.9 Yellow patch selection process:

— Select individual patches or bracketing patch pairs (for interpolation) that have the required blue optical

density

alues

In selecting

colour densifjies.

Procedurally
deviation of t
from zero. S¢

he yellow patches, the focus is on one colour density, with desired lowest values in the fother

if more than one patch has the required focus density within the required tolerance, suin the
he focus density from the aim density with the average of the two other colour densities’ devigtions
be the example in A.7.

18
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Annex B
(informative)

Method of interpolation for step wedge exposures

If a step wedge is used to make the sensitometric exposure for the specimen, generally there will not be a step
that is of exactly the desired density. For example, the densities of the two steps nearest to dmin + 1,0 may be

4 1 Londoblo al H ol ol Y R H Hy [ AL lofo ol b el £
Used W Laiblialc UIT UTollTU UTTISIly Uy TITITal TICTPUIAtiUTT. ATCT ©T4AllT Taullly UrTic, 1T odiTic CUTTI

for inferpolating the density after fading.

First,jon the unfaded strip,

the step with the density d1 just below dmin + 1,0 and the step with-the d

above dmin + 1,0 are chosen (see Figure B.1). After fading, these two steps will have reached the ¢
and {2(¢). The density d(z) of the initial d = dmin + 1,0 is then estimated through linear‘interpolation

S

wherg

¢ = dqy +dog) —dyple

d2(1=0) ~ d1(1=0)

o (dmin +1,0)—dq=0)

(1=0)

icient is used

ensity do just
lensities d1(f)

(B.1)

© 1SO 2012 — All rights reserved

Figure B.1 — Interpolation for step wedge exposures
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