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Foreword

ISO (the International 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-goverpmental, in liaison with ISO, also take part in the work. ISO collaborates closely withy, the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main ftask of technical committees is to prepare International Standards. Draft International Standafds
the technical committees are circulated to the member bodies for voting. Publication as|an
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents| a
technical gommittee may decide to publish other types of normative document;

— an ISO Publicly Available Specification (ISO/PAS) represents an agréement between technical experts in
an ISQ working group and is accepted for publication if it is approved’by more than 50 % of the membjrs
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréement between the members of a technical
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee casfing

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a
e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/T$S is
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into|an
Internationgl Standard or be withdrawn.

ISO/TS 10[128 was prepared by Technical*Committee ISO/TC 130, Graphic technology.
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Introduction

As the printing and publishing world has embraced the use of digital data and the preparation of printing plates
directly from digital data (often referred to as computer to plate or CTP), it has struggled to find ways to take
better advantage of the electronic data manipulation opportunities offered. When traditional half-tone film was
the_medium of exchange of final material and the input to the printing plate and press operation, the primary
mgthodology available to the printer to match industry aims and standards was to force the press, ink and
er to be as close as possible to the references upon which the printing standards were based.”"Today, with
digital data input, it is recognized that modification of that digital data can be used to compénsate [adjust) for
sofe of the differences in press, ink and paper between various printing sites and(between |the actual
conditions at a specific site and the reference or standard printing condition.

As|part of the introduction of digital technology, the printing industries (and its standards activities) Have begun
to pstablish reference characterization data corresponding to various printing.specifications and [conditions.
Chpracterization data is generally defined as the relationship between thecCMYK digital input valles (in the
dafa file exchanged) and the measured colorimetric values for the colour prifted in response to thege values.

Didcussions within Technical Committee ISO/TC 130 have identified three general methods| by which
compensation for differences in printing conditions can be accomplished. Two of these make use of individual
ong-dimensional transforms (i.e. plate curves) for each printing channel, but differ in the method by which
se transforms are determined. These are referred to as atching of tone value curves and uge of near-
netitral scales. The third method makes use of multi-dimensional transforms such as Internatipnal Color

features and general methodology for use of these adjustment techniques is the subject of thig Technical
cification. The goal is to provide a common~understanding of these procedures across the ipdustry, to
bW consistency between implementations, @nd to facilitate communication of the adjustments uged/desired

5 important to recognize that these)are not competitive solutions, but each have different strgngths and
knesses in individual workflow .applications. It is the choice of the individual print facility @gnd/or the
plved trade associations to decide how to best apply these capabilities, made possible through|the use of
digital data.

The basic assumption-behind the use of characterization data and these correction techniques is that a
printing process can-be-repeatedly restored to a prior printing condition and that condition can be maintained
both within a runcand between runs. A variety of process control methods can be used to aghieve this
regeatability. Salid-ink reflectance density and tone value increase based on the specific materialg involved,
and tied back.tothe conditions established during characterization are common process control togls that are
us¢d in addition to the data adjustment techniques described in this document. These adjustment techniques
work together with process control to achieve the printing quality desired.

ization fo andardization 0) draws attention to the fa hat it | himed that
compliance with this document may involve the use of a patent concerning recalibrating a multi-colour imaging
system given in 4.3.

ISO takes no position concerning the evidence, validity and scope of this patent right.
The holder of this patent right has assured ISO that he/she is willing to negotiate licences free of charge with
applicants throughout the world. In this respect, the statement of the holder of this patent right is registered
with I1SO. Information may be obtained from:

Intellectual Property Standards and Transactions

Eastman Kodak Company
343 State Street, Rochester, NY 14650, USA
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Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those identified above. ISO shall not be held responsible for identifying any or all such patent
rights.
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CHNICAL SPECIFICATION ISO/TS 10128:2009(E)

Graphic technology — Methods of adjustment of the colour
reproduction of a printing system to match a set of
characterization data

1| Scope

This Technical Specification specifies three methods for the adjustment of the digital-eontent data that is input
to & printing system to achieve consistency in the printed results among a numberof presses printing to the
safne general aim conditions. These three methods are generally identified as

a) | the matching of tone value curves,

b) | the use of near-neutral scales, and

c) | the use of CMYK to CMYK multi-dimensional transforms.

The procedures for establishing the aim condition for theyhecessary transfer curves, the procedures for
defermining the individual transfer curves, and a comparison of the applicability of these three mgthods are
incjuded.

These adjustment procedures are applicable to<printing systems that use CMYK colourants but are not
regtricted to those that use traditional ink on paper printing but can involve other marking technologies such as
thgse used for proofing and/or digital printing.

2 | Normative references

The following referenced decuments are indispensable for the application of this document. |For dated
references, only the edijtion-cited applies. For undated references, the latest edition of the peferenced
do¢ument (including any amendments) applies.

ISQ 12642-1, Graphic technology — Input data for characterization of 4-colour process printing| — Part 1:
Iniljal data set

ISQ 12642-2,/Graphic technology — Input data for characterization of 4-colour process printing| — Part 2:
Expandéd-data set

ISQ 13655, _Graphic fnr‘hnnlngy — Spectral measurement and colorimetric computation for g'aphic arts
images

ISO 15076-1, Image technology colour management — Architecture, profile format and data structure —
Part 1: Based on ICC.1:2004-10

3

Terms and definitions

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

© 1SO 2009 — All rights reserved
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3.1

adjustment of a printing system with digital data
systematic modification of the content data received, to enable the results printed on a specific device to
match the appearance of the same content data as would have been printed on a reference device

3.2

digital printing
printing directly from digital data when there is no intermediate image carrier, or when the image carrier is
refreshed for each impression, and thus each impression can be different in content if desired

3.3

grey balarlce

set of tone
specified V

NOTE 1

NOTE 2

values for cyan, magenta and yellow that are expected to appear as an achromatic grey-.un
ewing conditions when printed using the specified printing conditions

Adapted from ISO 12647-1.

The user can choose between the following two practical definitions and one theoretical definition of g

depending dipon the particular context:

a) practic

b) theore

3.4

tone valug¢

A

Bl definitions:
icolour having the same CIELAB ¢* and b* values as the print substrate;
colour that has the same CIELAB «* and b* values as a half-tone tint)of’similar L* value printed with black in

ical definition: the colorimetric definition of grey is when the CIELAB «* and b* values both equal 0.

proportionTI printing value encoded in a data file and intérpreted as defined in the file format specification

NOTE 1
of a pixel, i

V1 00

Most files store these data as 8-bit integervalues, i.e. 0 to 255. The tone value, 4, expressed as a percent
typically computed from the equation

V, -V,
Vioo =70

is the integer value of the pixel in the file;
is the integerivalue corresponding to a tone value of 0 %;

is the integer value corresponding to a tone value of 100 %.

Her

ey

hge

NOTE 2

3.5

Adapted from ISO 12647-1.

tone value increase

AA
difference

NOTE

between the tone value in the digital data file and the tone value on the printed sheet

Adapted from ISO 12647-1.

© 1SO 2009 — All rights reserved
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4 Procedures
4.1 General

4.1.1 Overview

Printing standards, in general, specify the ink and paper to be used and the process control parameters in
colorimetric terms. When the inks are well characterized, densitometric aims may also be included for
reference. The ISO 2846 series of International Standards provides the mechanism to specify the colour and
transparency of the ink. Specification of paper is not well defined and is generally limited to an identification of
colpur, translucency or grammage, and a reference to industry grades or classifications.

The outer gamut of the printable colour volume is primarily defined by the combination of the cglour of the
paper, the colour of solids of the primary inks and of the overprinted solids of two primary-inks, and the colour
of the overprinted solids of three primary inks in combination with the black ink. These’are inclyded in the
printing conditions defined in the ISO 12647 series of International Standards and are.also typically jncluded in
other printing specifications along with reference aims for densitometric data_and tone valug increase.
Chpracterization data associated with such printing standards is usually prepared’'from print test data or data
from earlier tests. In either case, it is typically modified and smoothed so asgto match the specified values for
thg aim parameters and to represent smooth transitions within the colour Velume.

In some situations, a printing system can be adjusted to match a reference by adjusting tone value |ncrease to
mdtch the reference. The principal assumptions are

a) | if the primary and secondary colour solids are correct, the'outer printing gamut is correct,

b) [ if the tone curves for the individual single colour.scales match those of the reference printind condition,
then the internal overprint data will also match the‘reference, and

¢) | within limits, differences in the tone valug“increase between presses (or between a pregs and the
reference printing condition) can be compensated for by a series of single channel changes ih the input
tone values.

It i, of course, assumed that the paper and ink comply with the specifications for the printing standard being
mdtched within reasonable tolerances.

The first two methods described in this Technical Specification use such single channel changeq and differ
only in the procedure used.\todetermine the individual channel corrections.

The third method assumes that there is sufficient interaction between channels that a series of single channel
cofrections are not sifficient. It makes use of an ICC device-link transform (or other mechanism which maps
thg device-dependent printing data of one system into the device-dependent printing data of another system)
whjch essentially is a predefined four-dimensional transform. The reason that an ICC device-lipnk is used
instead of.classic ICC colour management is that the transforms included in a device-link profile cap be tuned
to preserve the black channel (single colour black stays as a single colour). Classic ICC colour management
comverts the CMYK data back into profile connection space (PCS) data and then re-computes the individual
col ! .

All three methods depend on the use of the specified paper and ink, and on achieving the correct colorimetric
values of the process colour solids and two-colour overprint solids.

Although the descriptions that follow refer to the “press to be used for actual printing”, it is recognized that
often process control within an organization is sufficiently managed or that presses belonging to a single
“family” (e.g. same brand or similar models) are sufficiently similar that the same set of corrections can be
applied in a broader sense than simply to a single press. Furthermore, although the term press is used
throughout this document to refer to the intended printing device, these procedures may be used with proofing
devices or with digital printing devices operated in traditional half-tone, continuous tone, or non-traditional
imaging modes.

© 1SO 2009 — Al rights reserved 3
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4.1.2 Printing specifications

Whenever possible, printing standards should use the printing conditions defined in the applicable part of
ISO 12647, or should be based on these conditions.

4.1.3 Ink specifications

The various parts of ISO 12647 specify use of inks based on the appropriate part of ISO 2846. However, even
when the printing specifications used are not based on ISO 12647, the ink specified should be based on the
appropriate part of ISO 2846 or use similar testing procedures for its definition.

4.1.4 Chpracterization data

All characterization data should be based on the ink value data sets defined in either 1S@12642-1| or
ISO 12642-2. Measurement of printed samples of these ink value data sets shall be accomplished| in
accordancg with ISO 13655. Colour management profiles based on such characterization ‘data shall |be
created in pccordance with ISO 15076-1.

4.1.5 Determination of tone value

Tone valug is traditionally calculated from reflectance density data and is an estimate of the percentage of the
surface which appears to be covered by a uniform layer of a colorant of a single colour (if light scattering in the
substrate and other optical phenomena are ignored). The choice of whichyreflectance density filter set to :I:se
(reflectance density status as defined in 1ISO 5) is generally not aniisSue as long as both the referemce
characterization data and the press evaluation data are based onithe same reflectance density status [as
defined in |SO 5).

Use of a $pectrophotometer, adjusted so that its spectral pass band is centred on the wavelength regjion
where the|print exhibits its maximum light absorbance, provides the best estimate of apparent tone valpe.
However, for process control of a running press, status\(see ISO 5) reflectance density data is usually mpre
available gnd, for that reason, the tone value (and,thus tone value increase) “aim” (i.e. value to aim for) is
usually based on densitometric data. However,when colorimetric data is available, tone value based|on
colorimetric data may be used for both the characterization data reference and the press evaluation data.
Annex A pfovides additional information about,/and computational techniques for, colorimetric tone value.

4.2 Matghing of tone value curyves

4.2.1 Geheral

The principal assumption_used in this method is that, once the correct process colour solids and two-colpur
solid overprints are achieved, a satisfactory overall result can be reached by simply matching the achieyed
tone value|curve to thé specified tone value curve for each printing primary.

NOTE Because. single colour tone value curves and single colour tone value increase curves are directly relafed,
either can b used! For many users, tone value increase curves are easier to visualize and thus are more commonly used.

4.2.2 Press evaluation

To match the colour reproduction of a real printing system to the reference printing condition using tone value
curves, it is important to measure press performance using the inks and paper type specified for the reference
printing condition being matched. Because the ink, paper, and press combination being used may not result in
solids that exactly match the CIELAB colour coordinates specified, it is important to determine the local
process control aims that provide the closest match to the colorimetric aims of the process colour solids.

This can be achieved by printing an ink film thickness series (often referred to as a reflectance density series)
for each ink on the reference paper either by tagging on to the end of a production printing job using the same
materials or by carrying out a specific test. The key issue is that it is important to measure and compute both
reflectance density and colorimetry over a varying range. The colour difference between the colour achieved

4 © 1SO 2009 — Al rights reserved
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and the aim colour (AE) can be used to select a new aim colour for process control. These aims represent the
best that can be achieved with the ink, paper, and press being used to match the CIELAB colour coordinates
of the aim solids. If, during this test, the two colour overprints do not match the CIELAB colour coordinates
specified within the tolerances given (the tolerances in the appropriate part of ISO 12647 should be used as a
guide), then the inks or process should be investigated and the press evaluation should not be completed until
both solids and two colour overprints are achieved within the specified tolerance.

Once the printing conditions are established that provide the best match to the agreed-upon colorimetric aims
for the process colour solids, measurement of a printed image of an ISO characterization test chart
(ISO 12642-1 or preferably ISO 12642-2) shall be used to prowde a set of characterization data This data

s—the bes atc at can be

ac |eved to the gamut of the reference pr|nt|ng condltlon

Th
co
co

ce printing
data. This

e difference between the single colour tone value curve achieved on press and that of the referer
:rdition is the tone value correction curve that should be applied to all colour-critical_content
rection should be determined and applied independently for each channel (C, M ,Y and K).

4.2.3 Press calibration
one value
blate-setter
b particular

Prjss colour adjustment using tone value curves is simply the systematic application of the
cofrection curves determined in 4.2.2 to all content data. This is typically accomplished using
cunves but may also be accomplished using any other digital data manipulation step available in th
wofkflow being used.

4.3 Use of near-neutral scales

4.3.1 General

WH
ac
val
an
refi

pri

A
pra
cur
de
im
WH

refi
ba

4.3

ile the matching of tone value curves, described in 4.2, is adequate in many situations, it only
ount one of the many factors that impact the' colour of two and three colour over-prints. Whi
ue curve clearly is the most significant, the(printed colour is also impacted by ink-trapping, ink tre
| ink-water-press interaction, etc. These can all vary between the press, ink and paper useq
brence printing condition characterization data and the press, paper and ink used for the
nting.

takes into
e the tone
nsparency
to create
production

comparison of the colorimetric data of the reference characterization data and that of th
duction printing for a reference near-neutral scale allows individual transforms (tone value
ves) to be determined fer.€ach ink channel. While similar to the tone value correction curves of

bact the three-colgurneutral scale.
en the referefice characterization data used has been designed to produce good grey bal

brence nearcneutral scale, this approach also allows the printing process to be monitored
ance in-addition to, or in place of, using tone value curves.

scribed in 4.2, they(provide the ability to compensate for some of these secondary variationg

intended
djustment

Ee method

that also

ance for a
Lising grey

.2 Reference near-neutral scale

The use of near-neutral scales to determine the required tone value adjustment curves can be used with any
reference characterization data. As noted above, if the characterization data to be matched has been
designed to produce good grey balance for a particular reference near-neutral scale, grey balance patches of
that near-neutral scale can be used with process control procedures based on grey balance.

While not required, it is convenient to use a predefined near-neutral set of CMY tone value scales to extract

near-neutral data from either reference characterization data or that of the intended production printing. One
such scale, used by some industry groups, is shown in Table 1 as an example.
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Table 1 — Example near-neutral CMY tone scale

Step Cyan Magenta Yellow
tone value tone value tone value

1 0,00 0,00 0,00

2 1,96 1,18 1,18

3 3,92 2,75 2,75

4 5,88 4,31 4,31

5 7,84 5,49 5,49

6 10,20 7,45 7,45

7 14,90 10,98 10,98

8 20,00 14,90 14,90

9 25,10 18,82 18,82

10 30,20 23,14 23,14

11 34,90 27,06 27,06

12 40,00 31,37 31,37

13 45,10 35,69 35,69

14 49,80 40,00 40,00

15 54,90 45,10 45,10

16 60,00 §0,20 50,20

17 65,10 55,29 55,29

18 69,80 60,39 60,39

19 74,90 65,88 65,88

20 80,00 71,76 71,76

21 85,10 78,04 78,04

22 89,80 84,31 84,31

23 94,90 92,16 92,16

24 98,04 96,86 96,86

25 100,00 100,00 100,00
NOTE The tone values of this scale are reported to two decimal places because most
charagcferization data is recorded as 8-bit per channel data and these values correspond to
the quantization intervals associated with 8-bit data. As the colorimetric data to be associated
with this neutral scale is usually computed or interpolated from colour characterization data,
this minimizes an additional set of rounding errors.

4.3.3 Press evaluation

As with the method described in 4.2, it is important to first evaluate the press performance using the inks and
paper type specified for the reference printing condition being matched. The press evaluation test should be
conducted by first matching the aim solid ink colours. Then, an ISO 12642-2 or similar target can be printed to
allow characterization data to be measured. This can be used to compute the colorimetric values associated
with the near-neutral scale to be used. Alternatively, an image of the near-neutral scale can be included on the
test form and the appropriate data measured directly.

6 © 1SO 2009 — Al rights reserved
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Given the reference characterization data and the characterization data for the press being calibrated, a wide
variety of colour analysis tools can be used to determine the tone values required on the press being
calibrated to match the colorimetric values of the reference near-neutral scale of the aim characterization data.

The differences in the CMY tone values between those specified in the near-neutral scale being used and
those required to match the CIELAB colour coordinates of the near-neutral scale computed from the reference
characterization data are the required CMY tone value correction curves. A single colour black tone scale is

used to determine the K tone value correction curve.

4.3.4 Press calibration

Press colour adjustment using tone value correction curves determined from use of near-neutra
identical to colour adjustment using tone curve methods to determine the required correction \t'is
sygtematic application of the tone value correction curves determined in 4.3.3 to all content dg
typically accomplished using plate-setter curves but may also be accomplished usingcany other

mgnipulation step available in the particular workflow being used.

4,

4.

Th

defermine a set of CMYK tone value correction curves is adegudate in many situations. However

asSy

usg¢d are generally similar in colour and transparency to those used for the reference characteris

be
arg

NGO
it is

It i
col

Use of CMYK to CMYK multi-dimensional transforms

.1 General

ume that there is not a strong interaction between the individual printing channels and that the

ng matched. Multi-dimensional colour transforms (such*as an ICC device-link colour managem
capable of taking into account a full four-dimensionaliinteraction between the printing colours (in

TE While ICC-type colour management and ICC device-link profiles are used here as the example an
recognized that there are other methodologies that'are capable of achieving similar results.

D

important to understand that the method defined here is not classic colour management. T
pur management approach (using ICCras the example) would use profiles associated with thq
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ma3

A

tra
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thg

!

racterization data to convert the CMYK printing data back to a colorimetric encoding in profile
m PCS back to a set of CMYK:data that will produce the same colour appearance on the press in

wever, for colours inside the printing gamut, the same colour can be produced with various comk
YK tone values. Beeause the relationship of the amount of black used in producing any colour g
black-only (e.g., fer\text, dropped shadows, etc.) is important in many printing applications, cla
nagement cannot be used.

modified set’of transforms, called device-link profiles in ICC colour management, can be d
nsform_directly from one set of CMYK data to another set of CMYK data. When constru
nsforms, software algorithms can be used to preserve the relationship between the black tone

| scales is
simply the
ta. This is
digital data

e matching of tone value curves, described in 4.2, or the use of near-neutral scales, described in 4.3, to

they both
inks being
ration data
ent profile)
ks).

d reference,
he classic

reference
connection

ce (PCS). Then, using profiles derived from the characterization data of the production printing, convert

use.
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nd the use
5sic colour

bsigned to
cting such
alues and

se-of.the other process colours and to maintain other aspects of the original colour values impo

pri

ntability

rllant to their

4.4.2 Press evaluation

The starting point used to create a device-link profile is the characterization data for the reference printing
condition to be matched and the characterization data for the intended press to be used for printing. This is
similar to the starting point for 4.3.
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4.4.3 Press calibration

Press colour adjustment using device-link profiles is simply the systematic application of the transforms of the
device-link profile to all content data either by the raster image processor (RIP) driving the plate setter or in
any other data manipulation step in the workflow capable of accomplishing the required multi-dimensional
transforms.

5 Applicability of each method

There are[T D f o —adjustmer pT
h general, the use of device- Imks as the adjustment method flnd wider applicability in those prinfj
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ng technologies that use colourants that differ from the traditional inks specified in 1ISO2846

digital printing). It is also expected that the colour characterization of printing done with/extre
ic screens will differ sufficiently from traditional characterization data that the use of device-links
nent method will be required.

ing of tone value curves or the use of near-neutral scales, rather than,the use of device-
, will find greatest applicability in those printing processes where the ‘printing colourants 3
are similar to the processes and colourants used to create the reference printing condition. T
veen the matching of tone value curves and the use of near-neutral 'scales will largely depend
of the process control procedures to be used in the control of the subsequent printing operation.

be some situations when the most effective method of adjustment will be a combination of
of tone value correction curves (using either method to detérmine the desired correction) follow
ication of multi-dimensional transforms (e.g. ICC device:link profiles).
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Tone value

1 General

8:2009(E)

roduction (positive and negative), to a printing plate, and eventually to the printed image) 1t was

has the same light absorption as the sample being measured. For reference, absorption is

t
1us the reflectance. In computing the apparent fractional area coverage, the sample is assu

posed either of areas that have the absorption of the substrate (clear film_or bare paper) or
as of a fixed absorption level equivalent to the maximum exposed reflectance density of the
d area of the ink. This is an important assumption because half-tone irrages on either film or pa

the actual area covered by ink.

bgrated reflectance measurements combine optical gain, non-uniformities in the “solid”

borption (reflectance) of paper, film, ink, etc. varies<as a function of the wavelength of the
asured.

ditionally, status reflectance density (see 1SQ'5) was the common tool available to measure bo
ber and it is often used to provide the estimates of tone value. From an ideal point of view, meg
de over a very narrow wavelength band at the point of maximum absorption of the ink or ma
borption) media used are probably.the most accurate measure to use to estimate tone va

available, colorimetric data can also be used to estimate tone value. Any measure that is directly re

ab
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A.
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sorption of light by the marking media being used is a valid candidate. In general, the closer t
nd pass of the measurement system matches the wavelengths of maximum absorption of th
dium, the more consistent-the estimate of tone value will be.

g Computation,of tone value
cause reflectance density is defined as the negative log (base 10) of the reciprocal of refleg
Lations for computing tone value from reflectance density appear to be different from those thg
pctly fromereflectance data. However, they are not.

e (apparent tone value, 451y, expressed as a percentage, is calculated with respect to absg

form and, in addition, images on paper include an effect called optical gain. Optical gain is asso
scattering of light within the paper substrate and results in more absorption of light than is acq

A

[«

valliations in absorption at the edges of dots, etc. In addition, this is further complicated by the fa

ne value, better know to some as apparent dot area, is a tool invented by the graphic arts-cofnmunity to
nitor the relative changes in tone reproduction of an image as it moves through the varigus stg

ges of film
nitially tied

half-tone images that used centre-weighted dot patterns. It is an estimate of the fractional area coverage

equal to 1
med to be
of uniform
film or the
ber are not
ciated with
ounted for

reas, and
ct that the
ight being

th film and
surements
rking (light
Jue. When
ated to the
e spectral
€ marking

tance, the
it compute

rption and

ref

wh

ectance, as shown in Equation (A.1).

(at —apap) 100« (Rpap _Rt)

Apty :100x(as_apap> (Rpap—RS>
ere
Gpap is the absorption of the paper;
ag is the absorption of the area of solid ink or marking media coverage;
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o4 is the absorption of the half-tone tint area;

Roap is the reflectance of the paper;

Ry is the reflectance of the area of solid ink or marking media coverage;
Ry is the reflectance of the half-tone tint area.

In each case, the absorption or reflectance is spectrally weighted by the appropriate densitometric, narrow
band’ or celorimetric functiaon.

When reflg¢ctance density is substituted for reflectance in Equation (A.1), and appropriately rearranged, the
relationship is as shown in Equation (A.2)

~(Dt-Dpap)
AATV 2100X 1_10 (AZ)
1_10_(DS_DPaP)

where
Dpap is the reflectance density of the paper;
Dy is the reflectance density of the area of solid ink or marking media coverage;
D, is the reflectance density of the half-tone tint area.

Table A.1 shows the parameters typically used for printing:iikks for the three methods of computing tone vajue
discussed.

Table A.1 — Parametersused for tone value computation

Colour Reflectance density 2 Colorimetry Narrow band
Cyan Red X 640 nm
Nagenta Green Y 530 nm
Yellow Blue 4 420 nm
Black Visual Y 460 nm

a8  Typically Status T density-(defined in ISO 5-3) is used in some parts of the world and Status E (defined in ISO 5-3) with or withqut
polarization|in others.

A.3 Matching between methods

One very critical issue is that both the reference characterization data being matched and the measurements
of the printing sample need to be based on the same measurement parameter (reflectance density,
colorimetry, or narrow band). When this is not practical, it becomes important to provide correlation between
the various measures of tone value. For purposes of traceability, or when data is compared between sites,
communication of the chosen measuring method and the correlation methodology used is important.

A common situation encountered is having reference characterization available as colorimetric data and

printing process control based on densitometric data. For black ink, the apparent tone values are usually
within a few tenths of a tone value unit of each other regardless of the parameter used (e.g. £ 0,2 or + 0,3 in
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