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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria negded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
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it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about 1SO’s adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by Technical Comntittee ISO/TC 130, Graphic technology, in cpllaboration
Technical Committee ISO/TC 42, Photography.

third edition cancels and replaces the'second edition (ISO 13655:2009), which has been technically
ed to:

larify the requirements of measurement mode M1;

estrict the use of unnedessarily wide bandpass and sampling intervals;

— provide more realisti¢ Specification for the optical properties of a white backing materjial;

— 1

q

Jubstrates.

estrict the adjustment method of predicting the fluorescent reflectance factor to UV activated
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Introduction

There are many choices allowed when making spectral measurements and performing colorimetric
computations. The specific choices made can result in different numerical values for the same property
for the same sample. Thus, it might not be possible to make valid comparisons unless the data being
compared are all based on the same set of measurement and computational choices. The purpose of
this document is to specify a limited number of such choices for the measurement and computation
of the colorimetric characteristics of graphic arts images and specimens, such as test charts, to allow
valid and comparable data to be obtained. While this document references ISO 3664, the International
Standard established for viewing conditions in graphic arts and photography, it is not expected that
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the paper substrates. In rare cases, the printing inks were fluorescent. Aecording t
ations of the 1996 version of this document, this would have meant that thée-source usgq
bments (i.e. the spectral power distribution of the specimen illumination) was requir

s5old for the graphic arts market provided an illumination systemthat closely matche
D50. Instead, most instruments used incandescent lamps fordight sources. The spe
ibutions of such lamps have varying amounts of UV content: The variation in UV co
truments could easily amount to a colour difference of 5/4b* when measuring subst
level of optical brightening agents. Consequently, thexmeasurement results for unpr
rates and lighter colours differed appreciably between'different instrument models.

1dy of fluorescence effects, see CIE Publication 163;

een observed that graphic arts viewing booths\vary with respect to UV content, even {
with the 1996 version of ISO 3664. The practical result was that specimens that have n
asured colorimetric properties, at times will not visually match when viewed in the vie
ice versa. Only part of such discrepancies can be attributed to fluorescence. There carn
ic effects due to “non-standard” obsetVers and to instrument wavelength errors, in add
s in the measurement source away-from CIE D50. Despite these other potential influe
ed important to provide measurement solutions that would minimize the systematic e
by the interaction of papersluorescence and variations in the spectral power distrib

ation of colour images.are outside of the scope of this document.

9 revision, fours\measurement choices were defined for reflective measurem
nt condition MO-requires the source illumination to closely match that of illuminant A
nsistency with-existing instrumentation and ISO 5-3. Measurement condition M1 req
etry of the”specimen illumination to closely match CIE illuminant D50. Measure
2 only‘requires that the spectral power distribution of the specimen illuminatig
the wavelength range from 400 nm to at least 700 nm and have no substantial radi
e wavelength range below 400 nm (often referred to as “UVCut”). Measurement cond
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and efflux portions of the optical path with their principal axes of polarization in the orthogonal or
“crossed” orientation. For specimens in which the fluorescence is primarily that of a UV activated blue
emission, it is possible to use the method of a virtual fluorescent standard reported by Imura of Konica
Minoltal241[25] to determine the total radiance factors for MO, M1 and M2 conditions. In this revision,
Annex A has been revised providing a slightly narrower and more realistic set of spectral tolerances on
the white backing materials. The properties of the white backing material are critical to reproducibility
of readings of packaging printing on clear or translucent films.

Finally, as the CIE has been recommending the use of 5 nm intervals for practical tristimulus
integration since the second revision of CIE Publication 15 and as graphic images can be composed
of colour stimulus functions with very narrow transitions from the low values to the high values, this
revision recommends that tristimulus values be based on spectral data collected with a 5 nm interval
and a 5 nm bandpass. Since many of the instruments now in use in the field are equipped with 10 nm
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intervals and 10 nm bandpass spectrometers, such readings are allowed with the recommendation
that tristimulus calculations be preceded by applying bandpass correction to the spectral data as
specified in ASTM E2729. The use of instruments with wider sampling intervals and bandpass has
been deprecated with the exception of the use of such non-standard instruments to monitor the state of
previously characterized materials or objects.

The requirements of this document are focused on colorimetric measurement equipment intended for
use in the graphic arts environment. Helpful information on issues such as substrate backing materials,
reporting, standardization, standard and improved colour difference metrics, fluorescence and ways
to improve the inter-instrument agreement are included. These will be useful to technical advisors
of graphic arts associations, specialized graphic arts research institutes, and practitioners with an
interfeStIn the basics of measurement and process control.

© 1S0 2017 - All rights reserved vii
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Graphic technology — Spectral measurement and
colorimetric computation for graphic arts images

1 Scope

This document specifies procedures for the measurements and colorimetric computations appropriate
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ISO 3664, Graphic technology and photography — Viewing conditions

ISO 11664-1, Colorimetry — Part 1: CIE'standard colorimetric observers

ISO 11664-3, Colorimetry — Pqrt3: CIE tristimulus values

ISO 11664-4, Colorimetry = Part 4: CIE 1976 L*a*b* Colour space

ISO }
ASCI

CIE H

CIE
comy

P8178, Graphic technology — Exchange format for colour and process control data u
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ublication ¥5:2004, Colorimetry, 3rd ed.
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e in colour

CIE Publication 176:2006, Geometric Tolerances for Colour Measurements

3 Terms and definitions

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

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

© ISO

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

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

2017 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=4d0ba538ea5f43c1a7a1e900b1bd3597

ISO 13655

3.1
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adopted white
spectral radiance distribution as seen by an image capture or measurement device and converted
to colour signals that are considered to be perfectly achromatic and to have an observer adaptive
luminance factor of unity, i.e. colour signals that are considered to correspond to a perfect white diffuser

[SOURCE: IS

3.2
bandwidth

0 22028-1]

width of the spectral response function of the instrument, measured between the half-power points

JALLINA

often terme

3.3
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set of oper
quantities i
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Note 1 to ent
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[SOURCE: IS

3.4

CIE illumin
illuminant (}
spectral poy

[SOURCE: IH
EXAMPLE

3.5
CIELAB chr
ACh

difference b
plane in the

Note 1 to en

3.6
illuminant
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ations that establish, under specified conditions, the relationship betwéen valu
hdicated by a measuring instrument or measuring system, or values-reépresented
asure or a reference material, and the corresponding values realized by standards

ry: Contrary to a common usage, calibration is not the process of adjustinga measurement sy
foduces values that are believed to be correct. Calibration permits eithier the assignment of val
fo the indications (creating a reference table) or the decision to resetor adjust the device. Follg
or adjusting of the device, a calibration needs to be verified to ensure that the new device sett
ations within the accepted values.

0/1EC Guide 99 (VIM)]

ant
B.6) defined by the International Commission on Illumination (CIE) in terms of rel
ver distribution

C 60050-845-03-12]

CIE illuminants A, C, and various\DJilluminants.

omaticness difference

etween two coloursofapproximately the same lightness projected onto a constant ligh
CIELAB colour space

* * 2 * * 2
kry: This isiealculated as AC), =\/(CIE oy ~CIE @z | +(CIE by ~CIE Dy )

bs of
by a

rstem
les of
wing
ng(s)

ative

[ness

numeric tal

ulation of the relative spectral distribution of the radiant (light) flux incident on the

specimen surface

Note 1 to entry: The CIE defines an illuminant as “radiation with a relative spectral power distribution defined
over the wavelength range that influences object colour perception”. In everyday English, the term is more widely
used to mean any kind of light falling on a body or scene. See IEC 60050-845 for further information.

[SOURCE: IEC 60050-845-03-10]
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3.7

opacity

<of a substrate> measure of the property that describes the ability of a specimen to hide a surface
behind and in contact with it

Note 1 to entry: The numerical value of opacity as used in this document is 100 times the ratio of the luminous
reflectance factor of the substrate over black backing (as defined in A.2) to the luminous reflectance factor
over white backing (as defined in A.3). This is different from the measurement of opacity used by the paper
manufacturing industry and defined in ISO 2471.

3.8
opaque suhstrate
substrate whose opacity (3.7), measured according to A.3, is 0,99 or greater

3.9
transparent substrate
clearymaterial having minimal absorption or scattering of transmitted visible light

Note|l to entry: Clear packaging film is an example of this type of material.

3.10
reflgctance factor
ratio| of the radiant or luminous flux reflected in the direction§/delimited by the given tone to that
reflected in the same directions by a perfect reflecting diffuseitidentically irradiated or illyminated

Note [l to entry: The industry commonly uses the term reflectanee rather than reflectance factor.

Note R to entry: It is important to specify the geometry thatestablishes the given conditions of meagjurement. See
Annefx B.

[SOURCE: IEC 60050-845-04-64]

3.11
radiance factor
<at 4 surface element of a non-self-radiating medium, in a given direction, under specifiefl conditions
of irfadiation> ratio of the radianceé of the surface element in the given direction to that of the perfect
reflecting or transmitting diffuseridentically irradiated and viewed

Note|1l to entry: For photoluminescent (fluorescent) media, the radiance factor contains 2 conjponents, the
refle¢ted radiance factor, SR, and the luminescent radiance factor, 3. The sum of the reflected and luminescent
radiance factors is the_tetal radiance factor, f1: Bt = Br + BL. The subscript R is used here for [the reflected
radiaﬂce factor becauseit is more intuitive than the traditional S and avoids confusion with the use pf S to denote
a stafle of polarization:

[SOURCE: IEG:60050-845-04-68]

3.12
specimen backing
matertal ptaced behindand imcontact with the specimen during measuremnent

Note 1 to entry: For this document, this can be either white or black.

3.13

spectrophotometer

instrument for measuring the relative spectral reflectance factor (3.10) or transmittance factor (3.18) of
a material across the visible spectrum in order to derive colorimetric quantities

3.14

spectroradiometer

instrument for measuring radiometric quantities in narrow wavelength intervals over a given
spectral region

[SOURCE: IEC 60050-845-05-07]
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3.15

standardization

process of forcing or adjusting a measurement system to produce readings that correspond to a
previously established calibration (3.3) using one or more homogeneous specimens or certified
reference materials

Note 1 to entry: As defined here, standardization is normally carried out by an instrument user.

3.16

telespectroradiometer
spectroradiometer (3.14) that uses an optical relay component to allow measurements to be made at a
distance froprthe-speeimen

3.17
transmittapce (for incident radiation of a given spectral composition, polarization,|and
geometrical distribution)

ratio of the fransmitted radiant or luminous flux to the incident flux in the given conditions

Note 1 to enfry: It is important to specify the geometry that establishes the given conditions of measurement,
for example,|rectilinear geometry produces regular transmittance and integrating-sphere produces diffuse
transmittande. But an opal glass diffuser does not produce the same readings as ancintégrating sphere geometry.
See Annex B.

[SOURCE: IHC 60050-845-04-59]

3.18
transmittance factor
ratio of fluy transmitted by a specimen in a given optical:§ysStem to the flux transmitted when the
specimen isfremoved from the sampling aperture

Note 1 to enfry: For example, this is the case when radiation penetrating a slide situated in a projectof and
reaching a sdreen is compared to the radiation when the’slide is removed from a projector and only an gmpty
slide mount ip in the projector.

4 Spectrnal measurement requirements

4.1 Instrpment standardization and adjustment

The measurgment device or systém shall be verified (standardized and possibly adjusted) in accordance
with its manufacturer’s instrtctions. See also Annexes C and D.

NOTE1 ISP 15790 defines the use of a certified reference material (CRM) to check calibration| of a
measurement system.dt\also provides additional information relating to the use of CRMs, the determinat]on of
combined stgndard wneértainty and data reporting.

NOTE 2  Where'multiple instruments are used for measurement, there can be differences in the resulting data
due to the indissidual characteristics of the instruments and variations in measurement conditions. Anndxes C
and D provide information on the improvement of inter-instrument agreement and the use of certified reference
materials.

4.2 Reflectance factor measurement

4.2.1 Wavelength range, wavelength interval and bandwidth

The data should be measured from 380 nm to 780 nm and shall be measured from 400 nm to 700 nm,
inclusive. Data should be measured at 5 nm intervals with a spectral response function that is
triangular with a 5 nm bandwidth at the half-power point, as specified in ISO 11664-3. Where unknown
data are measured at other intervals and bandwidths, the sampling interval and bandwidth shall not
exceed 10 nm. For applications where the spectral properties of the specimens are well established,
conformance to process requirements may be assessed using 20 nm sampling. Measurement data taken

4 © IS0 2017 - All rights reserved
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at greater than 10 nm interval shall be converted to 10 nm using one of the interpolation methods
recommended in CIE Publication 167:2005. Where measurement data are collected at bandwidths and

intervals of less than 5 nm, it may be widened using the method of Annex E.

4.2.2 Illumination requirements and measurement conditions

4.2.2.1 Measurement condition M0

Historically, many spectrophotometers used in the graphic arts have used an incandescent

relative spectral power distribution thatis close to CIE standard illuminant A, as defined in
. L . . . . . o MO

e identification of data measured using existing instrumentation or instrumentatio

illuminant A (corresponding to an incandescent source with a correlatédyeolour ten
2 856 K). In practical instruments, this may be achieved using any source that'provides ra
at all wavelengths within the spectral range of 400 nm to 700 nm.

Because the specification of correlated colour temperature does not define UV, the UV cc
contyolled under MO, and it is therefore recommended that M1 Be used when there is
interichange data measured on samples that exhibit fluoresceneg. When instruments meg
not available and relative data are sufficient for process contrgl ot other data exchange appl
instruments of like manufacturer and model provide a viable alternative.

4.2.2.2 Measurement condition M1

To minimize the variations in measurement results between instruments due to fluor
optidal brighteners in the substrate and/or fluorescence of the printing and/or proofing
the spectral power distribution of the lightflux incident on the specimen surface for the mj
should match CIE illuminant D50.

irements of ISO 3664.

2 For material testing'as defined in ISO 5631-3, the UV-content of the illumination on the
adjusted to conform, to.that of CIE illuminant C. Therefore, measurements conforming to 1ISO

lamp with a
SO 11664-2.
provided to
n optimized

hld conform
1perature of
diant power

ntent is not
the need to
ting M1 are
ications, M0

escence (by
r colorants),
easurement

hcy between

est piece has
5631-3 might

not bp compatible with measurements conforming to this document.
Therg are two methods to achieve conformance to condition M1.
a) The spectral power distribution of the measurement source at the sample plane should match CIE
illuminant D50. It shall conform to the requirements for viewing condition P1 of ISO 3664. This
ethod shall be used when both luminescent colorants and optical brighteners are| of concern.
he instrument manufacturer shall supply a representative spectral power distribution of the
measurement source at the sample plane with the instrument documentation.
b) A spectral match of the spectral power distribution of the measurement source in the range from

400 nm to 700 nm at the sample plane is not required if a compensation method is

used with a

controlled adjustment of the radiant power in the UV spectral region below 400 nml[24](25]. This

can be done by active adjustment of the relative power in this range with respect to

a calibrated

standard for D50. This compensation aims only to correct the effects of fluorescence of optical
brighteners in the substrate. The spectral power distribution in the range from 400 nm to 700 nm

shall contain radiant power at all wavelengths in this range.

It should be noted that for the proper evaluation of materials with optical brightening

agents, it is

important that the ratio of the power in the region between 300 nm and 400 nm to the power in the
region between 400 nm to 500 nm be very similar to the ratio of D50 between these same regions.
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The conformance of M1 measurement condition shall be judged indirectly by measuring a set of
certified reference materials (CRMs) (see Annex D) that includes a specimen material with a high
concentration of optical brighteners where the difference in CIE b* measured with and without UV
energy incident on the specimen material is greater than 3. Where the indicated values, including the
combined uncertainty, are within the specified tolerances of the CRM, and the required documentations
are provided, the instrument can be considered to be in conformance with this document.

NOTE 3  Annex F provides information on fluorescence and techniques to test for its presence.

NOTE4 In cases where a printing ink fluoresces and accurate colorimetric data are required, measurement
condition M1, Method 1 is the only choice. However, in most situations, instruments meeting Method 1 are not
available and ions,
comparison (

relative datais sufficient for nrocess control or other data exchange apnlications In such situa
I (=] I

f data from instruments of like manufacturer and model can provide a viable alternative.

4.2.2.3 Mepasurement condition M2

To exclude fariations in measurement results between instruments due to fluorescence of optical

brightening
at the sam
400 nm. Thi
a filter betw

The visible
from 300 n
brighteners
desirable al
type, the op

agents in the substrate surface, the spectral power distribution of the measurement sq
le plane shall only contain substantial radiation power in the wavelength range a
s may be accomplished through appropriate design of the source or’through the additi
een the source and the specimen.

fluorescence of optical brightener agents in paper is typically excited in the UV 1
m up to 410 nm. In order to eliminate completely any“fluorescence excitation of of
the optimum cut-off wavelength for the UV component would be 420 nm. However
Ko to measure reflectance factors at 400 nm and 410" nm. Therefore, for each instru
timum trade-off has to be found between a sufficient suppression of residual fluore

urce
bove
on of

ange
tical
it is
ment
scent

excitation and a reasonable signal-to-noise ratio of the measurement signal.

NOTE1 Fq
transmittand

r common spectrophotometers with a tungsten'light source, a typical UV-cut filter has the follg
e characteristics:

wing

greater than 0,85 in the visible range above 420 @in;

less than|0,50 at 410 nm;

less than|0,10 at 400 nm;

less than|0,01 at 395 nm.

suppression of the UV portion of the spectral power distribution of the flux at the sample
e verified using)the test procedure of Annex G.

Appropriate
plane shall |

bment condition M2, the source is not explicitly specified. However, it shall provide rafiant
| wavelengths in the wavelength range from 420 nm to at least 700 nm. The radiative
Ch wayvelength interval shall be sufficiently high, in order to enable precise calibration and
heasurement results according to the instrument specifications.

For measury{
power at al
power in ea
repeatable 1

The utility of M2 data can be determined by first considering whether the substrate of the samples
to be measured contains any optical brightening agents. If it does not, measurement conditions MO,
M1 and M2 will ideally produce the same results. In this case, the primary differences will be due to
specific differences in instruments.

NOTE 2  Annex F provides information on fluorescence and techniques to test for its presence.

4.2.2.4 Measurement condition M3

For use in the special cases detailed in informative Annex H, an instrument may be equipped with means
for polarization in order to suppress the influence of first-surface reflection on the colour coordinates.
An instrument fitted with a polarization filter shall also meet the requirements of 4.2.2.3. Using the test
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method of ISO 5-4:2009, Annex H, as modified below, the gloss suppression factors shall be determined
for CIE X, CIE Y, CIE Z; none of which shall be lower than 50.

When using the test method of ISO 5-4 to evaluate an instrument providing colour coordinates,
substitute “measured value reaches a maximum” for “reflection density reaches a minimum”.

Formula (1) becomes:

X
p="% M
X1
where
is the gloss suppression factor;
1 is the value measured without the polarization means;
2 isthe value measured with the polarization means.
The gloss suppression factor is computed in a similar manner for CIE Y aid)CIE Z.
For dlirectional and uniplanar measurement geometries, which aré& not specified by thif document,
the polarization vectors of the illumination and measurement channels need to be eithel parallel or
perpendicular to the plane of incidence of the test object.
4.2.3 Sample backing material
The specimen shall be backed by either a black orca“white material that conforms to|A.2 or A.3,
respectively. Where samples being measured by refléction are transparent, the backing used shall be
white and the method shown in A.5 may be used t@,correct such measurements to an absolufe reference.
NOTH For guidance concerning which sample)backing material to use, refer to application stanflards such as
thosd from the ISO 12647 series of process control standards.
4.2.4 Measurement geometry
The measurement geometry shall be (45°:0°) or (0°:45°), annular or circumferential (s€e Annex B).

It sh
the 1
regig
aper

11l also conform to the (geometric conditions defined in CIE Publication 176:2006 an
equirement that the(realized boundary of the larger of the illuminator region and

n shall be outside.the boundary of the smaller by at least 0,5 mm, as specified for sm
fures. While being@ measured the sample shall lie on a flat surface. The instrument K

1 shall meet
the receiver
all sampling
ase and the

sample surface shalllie in the same plane.

NOTE1 Fordangles and nomenclature for geometries, see B.1.1.
NOTE 2 « TPhe use of (45°:0°) or (0°:45°) geometry will not always adequately address varfations in all
surface_characteristics. Other instrumentation might be used to detect specific characteristics such as surface

refln £ affactc
CcCeTaTrIc T~ CTITCTTS

NOTE 3  Annex B provides further information on minimum sampling aperture size.

4.2.5 Datareporting

Reflectance factor shall be reported to the nearest 0,001 relative to a perfect reflecting diffuser having
a reflectance factor of 1,000 at all wavelengths. This data shall be reported as either reflectance factor
or percent reflectance factor (i.e. reflectance factor multiplied by 100). If the data are to be used for
further calculations, then in order to minimize the accumulation of round-off errors, the full precision
of the calculation should be carried forward. Bandpass characteristics of data should be reported,
including function shape (triangular, trapezoidal, etc.) and bandwidth (FWHM). See Annex L for
information on the impact of instrumental bandpass on the calculation of spectral quantities. For non-
opaque specimen-substrate materials, the CIEXYZ data for the unprinted substrate material read over
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white backing shall be reported. It is recommended that the unprinted substrate material over black
backing also be reported, so that a white/black conversion, as described in Annex A, can be carried out
whenever necessary. See also Clause 6.

4.3 Transmittance factor measurement

4.3.1 Wavelength range, wavelength interval and bandwidth

The data should be measured from 380 nm to 780 nm and shall be measured from 400 nm to 700 nm,
inclusive. As indicated above, data should be measured at 5 nm intervals with a spectral response
function thatistrianswlar-with-a-5-nm-bandwidthat the half-pewer peintasspeeifiedin1S011664-3.
Where unknown data are measured at other intervals and bandwidths, the sampling interval and
bandwidth shall not exceed 10 nm. For applications where the spectral properties of the §pecimens
are well estlablished, conformance to process requirements may be assessed using 20nm/sampling.
Estimated data from wide bandpass readings shall be reported at 10 nm intervals. Wheremeasurement

data are collected at intervals of less than 5 nm, it may be widened to 5 nm using the method of Anpex I.

4.3.2 Measurement geometry

Measurement geometry should be normal:diffuse (0:d) or diffuse:normal (d:0), utilizing an integrpting
sphere. If ufsed, it shall conform to the geometric conditions defined/in CIE Publication 176:2006.
Alternativelly, an influx optic compliant with [SO 5-2 may also be used;for relative comparisons only.

NOTE Fdr more information, see B.2.
4.3.3 Illumination requirements and measurement conditions

4.3.3.1 Mpasurement condition MO

Transmittinlg materials, regular or diffuse, rarely have use cases where the media carrying the image
contains flyorescent colorants or additives..So" generally, transmittance and transmittance factor
readings ar¢ taken using the MO measuremént condition.

The relative spectral power distributioniof the flux incident on the specimen surface should confform
to CIE illumfnant A (correspondingto.an incandescent source with a correlated colour temperatyre of
2 856 K). In|practical instruments, this may be achieved using any source that provides radiant ppwer
at all wavelegngths within the speetral range of 400 nm to 700 nm.

Because thd specification.of eorrelated colour temperature does not define UV, the UV content is not
controlled under MO, and-it is therefore recommended that M1 be used when there is the ne¢d to
interchange|data measuted on samples that exhibit fluorescence. For more information, see 4.2.2.1.

4.3.3.2 Mpasurément condition M1

There are afew—use-—casesin-graphicreproductionmainlyintargeformat-digital printing—where the
substrate is a fabric and the yarn has been previously treated with an optical brightening agent (OBA)
to produce a whiter appearance of the fabric upon which the image has been printed. These printed
fabrics are mainly used as back-lit signs. While the transmittance of such translucent materials is not a
well-defined or standardized geometry of measurement, it is recommended that such materials should
be characterized using the M1 condition in order to create a standardized, reference condition in which
the OBA will consistently activated relative to the absorption of light by the colorants.

4.3.4 Resolution and data reporting

Transmittance factor shall be reported to the nearest 0,000 1 relative to a perfect transmitting diffuser
having a transmittance factor of 1 000 0 at all wavelengths. This data may be reported as either a
decimal value or as a percentage. If the data are to be used for further calculations, then in order to
minimize the accumulation of round-off errors, the full precision of the calculation should be carried
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forward. Bandpass characteristics of data should be reported, including function shape (triangular,
trapezoidal, etc.) and bandwidth (FWHM). See Annex L for information on the impact of instrumental
bandpass on the calculation of spectral quantities. The fact that an opal glass or other plane diffusing

material geometry was used shall also be reported. See also Clause 6.

NOTE

4.4

Opal geometry is discussed in ISO 5-2.

Self-luminous displays (spectral radiance) measurement

4.4.1 Wavelength range, wavelength interval and bandwidth

The
inclyl
700

shou
powgd
whet
Data
samyj

4.4.2

4.4.2

The 3
ora

in th
diam

For 1
sens
a hal

4.4.2

Thes
shou
it m3
chro
shou
the ny

4.4.2

sive. Modern visual display units have backlights that will have a spike in radjarnce
hm and ignoring that spike will result in significant errors in the measured‘dhrom
Id be measured at intervals of 5 nm or less with a triangular spectral responséfunctio

e the spectral response function is triangular with a 10 nm bandwidth-at the half-y
taken at 10 nm intervals should be corrected for bandpass according to ASTM E272
ling intervals or bandwidth are not appropriate for modern visual-display units.

Measurement geometry

.1 General

pectral data may be measured either with a spectroradiometer in contact with the dis|
elespectroradiometer placed at a typical viewer position. The measurements shall bd
e direction of the normal to the display surface. The area measured for each sample
eter of no less than 4 mm and shall contain'dt'least 150 pixels.

heasurements made with a spectroradiometer or telespectroradiometer, the angular
ng cone, i.e. the angle region over which the efflux is sensed by the receiver, shall not b
f angle of 5,0° and should not be@ore than a half angle of 2,5°.

.2 Viewer position

e measurements will-be“specific to the viewing conditions. Generally, the ambient
Id conform to ISO 3664. However, when the ambient illumination to be used in practi
y be desirable to.perform the measurements with this illumination. The illuminan|
maticity of the@mbient illumination, as measured at the display faceplate, should be re
Id be taken t@ minimize reflection of the ambient illumination from the display facepl
neasurenmrerit device. Specular reflections should be avoided.

.3 A _Contact

Hata should be measured from 380 nm to 780 nm and shall be measured from 400-fn to 720 nm,

just beyond
aticity. Data
n and a half-

br point bandwidth equal to the measurement interval. Data shall be measSuared at 10 pm intervals

ower point.
9[18], Wider

play surface
carried out
shall have a

width of the
e more than

llumination
Ce is known,
ce level and
ported. Care
ate towards

These measurements snould be performed with the display in the dark. Ihis can be achieved by
covering the display and measurement device or by darkening the room. Care should be taken to ensure
that only radiation from the sample area is measured.

Contact measurements are used to characterize the display only; they are independent of the ambient
illumination. If contact measurements are performed but viewer position measurements are desired,
it is necessary to add the veiling glare that would be observed by the viewer to obtain measurements
equivalent to those obtained from the viewer position.

4.4.3 Polarization

The measurement shall be independent of polarization effects when the following test is performed:
Rotate the instrument around the normal on the display surface. The resulting data points in the CIE xy
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chromaticity coordinates shall fit into a circle of 0,002 radius. The deviation of luminance of each
measurement shall be less than 1 % from the average luminance.

4.4.4 Resolution and data reporting

The measured efflux from the display surface with the small angular sensing cone corresponds to the
spectral radiance. The radiance values of the spectrum shall be reported in units of W/(m2/sr/nm) at
equally spaced wavelength intervals of 1 nm, 5 nm or 10 nm over the defined wavelength range. If the
data are to be used for further calculations, then in order to minimize the accumulation of round-off
errors, the full precision of the calculation should be carried forward. Bandpass characteristics of data
should be reported, including function shape (triangular, trapezoidal, etc.) and bandwidth (FWHM).

See Annex |
quantities. |
Zor CIE x, ¢
Clause 6.

The uncerts
of a typical
uncertainty
of <0,002. T|
luminance. §

5 Colori

5.1 Calcu

5.1.1 General

Tristimulus
on long stan

, for information on the impact of instrumental bandpass on the calculation of sp¢
/alues derived from the radiance spectrum according to 5.2, such as CIE X, CIE Y'an
[E y and CIE L, may be reported. The luminance CIE L shall be reported in cd/m2.Seq

inty of the instrument shall be defined for the measurement of chromaticity coordil
monitor white in accordance with ISO 3664 (short-term repeatability, 75 cd/m2, D65)
of the CIE xy chromaticity coordinates under these conditions shallbe within the r
he deviation of luminance of each measurement shall be less thait 1 % from the avq
bee also Clause 6.

metric computation requirements

lation of tristimulus values for reflecting and transmitting samples

values shall be calculated according to-the procedures in ISO 11664-3, a standard b
ding recommendations found in CIE‘Publication 15 on colorimetry. To provide consist

with graphi
on CIE illu

standard objserver), as defined in ISO 11664-1. For data taken at 5 nm, CIE Publication 15 contains t

of illumina
and examplq

Weighting f]
be used for
bandwidths
ASTM E 308

NOTE 1
CIE Y and CI}

:Enant D50 and the CIE 1931 standard colorimetric observer (often referred to as t

The CIExrecommends (ISO 11664-3) that the standard method of calculating tristimulus values (

C arts viewing conditions, defined'in I1SO 3664, calculated tristimulus values shall be

D50 and the 2° observer functions at 5nm intervals. Annex I provides further backgr
s of the calculations.

hetors, representingithe product of CIE illuminant D50 and the 2° standard observ
weighting spectral reflectance and transmittance data collected at 10 nm intervals

shall be those/given in Table 1.2 for 10 nm intervals, as taken, with permission,
-13. The weights in the ASTM table interpolate 10 nm data to 1 nm intervals.

ctral
1 CIE
also

hates
L The
hdius
brage

ased
ency
ased
e 2°
hbles
pund

br, to
and
from

CIE X,

L Z)use 1 nm intervals. However, that same standard also notes that, in some cases, the staj

method cann

over the full T3

btbe used because the colour stimulus function or relative colour stimulus function is not aval
: A " e TESTHT

O S0

ndard
lable

insignificant for the purpose of the user, tristimulus values can be calculated by numerical summation from
380 nm to 780 nm at wavelength intervals, AA, equal to 5 nm using colour matching functions x (1), y (A), z (A)
defined in ISO 11664-1. It does not recommend wider sampling intervals and bandwidths.

NOTE 2  The 2°standard observer is preferred over the 10° standard observer, because it more closely matches
the conditions under which image detail in printed material is being viewed. When judging large areas of uniform
solid colours, such as in packaging printing, the 10° standard observer is known to give better correlation to
visual evaluations.

NOTE3  The weights given in Table [.2 are taken from ASTM E308-13, Table 5.9 and are ideally intended to be
used with 10 nm data that have been corrected to have a 1 nm half power width.
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NOTE 4

Adding the values of the weights from 380 nm to 780 nm in Table .2 does not give a sum equal to

the values for X, Y, and Z,. This is because the writers of ASTM E 308-13 computed X, Y, and Z, using the CIE

standard tables to greater precision than the interpolation weights given by the summation of the
The check sums in Table 1.2 are provided for use in data transcription validation.

5.1.2 Calculations with data having 5 nm interval and bandwidth

table values.

For the standard 5 nm sampling interval, tristimulus values shall be calculated according to numerical
procedures described in ISO 11664-3 and presented in L.2. Tables of values for the D50 illuminant and
2° observer functions at 5 nm intervals are available in CIE Publication 15. Table 1.1 contains a sample
of reflectance factor data at 5 nm along with the results of tristimulus calculation using this procedure.

E2729[18]. Tristimulus values shall be calculated using the numericalVprocedurg
hich are taken from ASTM E308-13, with spectral weighting factors found in Table

e method in
s shown in
.2. Table 1.3

intended for use with 10 nm data that has been corrected for bandpass by of the available met
ASTM E2729[18], as specified in ISO 11664-3.

5.1. Calculations with data having other intervals and bandwidth

For interval and bandwidth less than 5 nm, data:should be converted to 5 nm interv
procgdure in Annex E. The procedures in 5.1.2 shall‘then be used to calculate tristimulus v

For ipterval and bandwidth greater than 5 nnrand less than 10 nm, data should be convet
interjvals using one of the interpolation méthods in CIE Publication 167. The procedure i
then(be used to calculate tristimulus valugs.

For interval and bandwidth greater than 10 nm and up to 20 nm, data should first be c
bandpass using the procedure in ASTM E2729[18]. The data should then be converted to 10
using one of the interpolation’methods in CIE Publication 167. Tristimulus values shall b
using the numerical procedtires shown in 1.3, which are taken from ASTM E308-13, with
weighting factors found ifn Tdble 1.2.

5.2 | Calculationoftristimulus values for self-luminous displays

The fristimulus'values are obtained by discrete summation of the following products:

K =K.\ -7§)Sn (A)x(A)AL

lation using

b 5.9 and are
hods, such as

hl using the
hlues.

ted to 5 nm
h 5.1.2 shall

brrected for
nm interval
e calculated
the spectral

(2)

380

780

Y=Ky 'zsn (l)}_/(l)Al
380
780

Z=Kpy- Y Sy (2)z(A) AL
380
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where
A is the wavelength, in nanometres (nm);
Sn(A) is the measured spectral power distribution, in W/(m2/sr/nm);

X(1),y(A)andz(1) are the colour matching functions of the CIE 1931 standard colorimetric
observer (see ISO 11664-1);

AA is the wavelength sampling interval, corresponding to the instrument
bandwdith or the adjusted bandwidth;

Km is the maximum spectral luminous efficacy of radiation in the CIE stand-
ard system of physical photometry and its value is 683 Im/W.

If the bandwidth and wavelength interval of the available data are 1 nm, the pertinent eplour mat¢hing
function of ISO 11664-1 with data at 1 nm intervals shall be used for insertion into Edrniulae (2) tp (4).
If the readings are obtained with a 5 nm bandwidth and sampling interval, then the’colour mat¢hing
functions in|ISO 11664-1 shall be extracted at every fifth point. These values at 5 nmyintervals are exiactly
the same asjthose found in the 5 nm tables for the 1931 Standard Colorimetric.@bserver in CIE 15.

Where the gvailable data are only available at a bandwidth and wavelength interval other than [l nm
or 5 nm, values of the radiance spectrum for 5 nm intervals shall be cal¢ulated from the measurement
values using one of the following steps.

— If the ayailable data are at a bandwidth and wavelength interval greater than 1 nm but less|than
5 nm, values of the radiance spectrum at 5 nm intervals shall be calculated from the measurement
values ysing the method of Annex E.

— Ifthe available data are at a bandwidth and wavelength interval greater than 5 nm but less than or
equal td 10 nm, data interpolation shall be performed to provide values of the radiance spectrym at
5 nm intervals using one of the interpolation procedures of CIE Publication 167:2005.

Relative vallies X, Y; and Z; shall be obtained as'shown in Formulae (5) to (7):

Xr = 100[X/ Yy (5)

Yy = 100|Y/ Yy (6)

Zr=100|Z/ Yy (7)
where

Xr, Yranld Zp\ ‘are the values relative to the adopted white;

Yw is the Y value of the adopted white.

Xy, Yr and Z; are the values of the measured area relative to the adopted white. In many cases, the
adopted white will be selected to be the display white point; however, in some cases, it will be selected
to be lower or higher in luminance. For example, if a display is used for soft proofing, the display white
point might be set to match the paper white, in which case the adopted white CIE Y value will be higher
than that of the display white point. In the case of a high dynamic range display, the adopted white
CIE Y value might be selected to be much lower than that of the display white point, to allow above
white colours to be reproduced on the display.

From the CIE 1931 tristimulus values, the chromaticity coordinates x, y and the CIE 1976 u’, v’ uniform
chromaticity coordinates shall be calculated using Formulae (8) to (11).

x=X/(X+Y+2Z) 8)
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=X/(X+Y+2Z)

u' =4x/(-2x + 12y + 3)

%

5.3

5.3.

"=9y/(-2x+ 12y + 3)

CIE 1976 (L*a*b*) colour space; CIELAB colour space

(9)
(10)

(11)

Itisi
the 5
texti
imag
in bd

geIrerar

mportant to note that the issue of uniform visual colour spaces and colour difference
ubject of significant activity within CIE and related organizations. Much of this wor
e evaluation under D65. However, by analogy, this work may be extrapolatedto appl
es viewed under D50. The reader is urged to follow the work of CIE forcurrent dé
th uniform visual colour spaces and colour difference computations. Currently, for

applications, CIELAB uniform colour space and its associated colour difference computat

For d
with

If CI}
mate

5.3.2
The

omputation of CIELAB colour differences the formulae in AnnexJ“shall be utilized. In
ISO 11664-4, CIELAB values shall be computed using the formulae given in 5.3.2, 5.3.3

formulae is
k applies to
y to printed
bvelopments
braphic arts
ions suffice.
accordance
,and 5.3.4.

ELAB values for a self-luminous display are to be comparedyto those of reflective or {
rials determined in accordance with this document, the display adopted white needs to &

CIELAB colour space formulae

CIELAB colour space formulae are given in Formulae (12) to (20).

ransmissive
e setto D50.

I = 116 [f(Y/Y,)] - 16 (12)
a* = 500[f(X/Xn) - f(¥/Yn)] (13)
b* = 200[f(Y/Yn) - f(Z/Zn)] (14)
wheffe
fIX/Xn) = (X/Xn)1/3 if X/Xn> (6/29)3 (15)
fX/Xn) = (8417108) (X/Xy) + 4/29  if X/Xn < (6/29)3 (16)
and
fORLY = (VLY )13 if Y/Y, > (6/29)3 (17)
F(Y/Yn) = (841/108) (Y/Y,) + 4/29  if Y/Yn < (6/29)3 (18)
and
fZ/Zn) = (2/Zp)1/3 if Z/Zn > (6/29)3 (19)
f(2/Z,) = (841/108) (Z/Z) + 4/29  if  Z/Zn< (6/29)3 (20)
and where
© ISO 2017 - All rights reserved 13


https://standardsiso.com/api/?name=4d0ba538ea5f43c1a7a1e900b1bd3597

ISO 13655:2017(E)

L*, a* and b*

X, Yand

Xn, Yn and Zn

Z are tristimulus values calculated according to 5.1 or 5.2;

are the CIE 1976 L*, a* and b* coordinates;

are the white points from Table 1.1 for conditions specified in 5.1.

In accordance with ISO 11664-4, the reverse transformations are:

(21)

(22)

f(Y/Yy) = (L*+ 16)/116
f(X/Xn) =a*/500 + f(Y/Yy)
fZ/Zn) 7 f(Y/Yn) - b*/200
X = Xal AX/Xa)3 it f(X/Xn)>6/29
X =(108y841) X[ f(X/Xn) — 4/29] if f(X/Xn) <6/29
Y=Y, [AY/Y0)]3 if f(Y/Yy) > 6/29 for L* > 8
Y= (108)841)Y,[f(Y/Yn) — 4/29] if f(Y/Yn) <6/29 forl*< 8
Z=InlflZ/Zn)]3 it f(Z/Zn) > 6/29
Z=(108)841)Z,[f(Z/Zn) - 4/29] if f(Z/Zy)= 6/29
NOTE Infteger ratios, for example, 4/29, are used for the formulae in this subclause to avoid rounding e
Approximate correlates of the perceived attributes lightness, chroma and hue are calculated as fol
CIE 197p lightness L* as defined in Formula (17)
CIE 1976 chroma Cap=(a"?+b"2)1/2
CIE 1976 hue angle hgp =arctan (b*/a*)
where a* and b* are-the CIE 1976 a* and b* coordinates.
5.3.3 CIE|1976 colour difference formulae

(23)

(24)

(25)

(26)

(27)

(28)

(29)

[rors.

OWwWS.

(30)

(31)

The CIE 1976 colour difference formulae as given in Annex ] shall be used to compute CIELAB colour

differences.

5.3.4 CIEDE2000 colour difference formulae

The CIEDE2000 colour difference formulae as given in Annex K shall be used to compute CIEDE2000
colour differences.

14
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6 Measurement data reporting requirements

6.1

Required information

When data generated in accordance with this document are reported, they shall be accompanied by the
following information:

a)

b)
c)

d)

)

6.2

The required information should also be accomp@nied by:

EXANPLE 1 % "Standardized as per manufacturer recommendation and periodically verified intern

EXANPLE?2  Verified with in-house certified reference materials (as described in Annex D).

a statement that the measurements and computations are in conformance with this document,

[SO 13655;

the measurement conditions used (M0, M1, M2 or M3);

or reflection specimens, the specimen backing (black - also referred to “bb”, white —~\glso referred

o) “Wb”);

or non-opaque sample substrate materials, the CIEXYZ data of the unprinted substrate mpaterial shall
e reported for white backing and where practical should be reported for black backing (see 4.2.5);

instrument brand/model (where a single instrument is used for the provided data);

EXAMPLE [SO 13655 (MO, wb, Cosmodrive).

linked to a specific instrument. A typical example might be named: ISO 13655 (M2, bb).

Recommended information

the originator of the data;
the creation date of the data;

4 description of the purpose or contents of the data being reported;

information;

the wavelength ipterval used for calculation;

gtandardization consistency;

6.3 Electronic data reporting

If data are to be reported in electronic form, it shall comply with ISO 28178.

© IS0 2017 - All rights reserved

INOTE Characterization data can be created from multiple irfstruments and therefore ar¢ not directly

ghall report whether the manufacturer’s requirements\for standardization have been fpllowed.

3 description of the imstrumentation used, including, but not limited to samplipg aperture

the referenc€(sy used for standardization and the process used to ensure or gvaluate the

ally.
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Annex A
(normative)

Sample backing

A.1 General

Many substfates used in photography and printing are not totally opaque. Therefore, the characteristics
of the mateifial behind a specimen during measurement or any printing on the back side capnmodiffy the
reflectance factor measured. Any change in the spectral reflectance factor data will impact‘any values
computed frjom this data, for example, colorimetry, density, etc.

The impactjon the values measured is dependent on the opacity of the substrate. Where the isque is
printing on|the back side of the substrate, a partial suppression of the impact.is possible by usjng a
black backing.

If the substrate has a very low opacity, the differences in measured spectral reflectance factor|data
between white and black backing can be quite significant. An approXimate conversion between|data
measured with white and black backings is given in A.4.

The common options for backing materials are:

— standar{d black backing as defined in A.2;

— standar{d white backing as defined in A.3;

— self backing with multiple sheets of the specimen substrate material.

Self backing is preferred only in the paper/making industry. However, only standard black or yhite
backing shall be used for applications withinthe scope of this document.

NOTE Sq
to be measur
where the ba

A.2 Stang

Black mater

ISO 5-4 reqy

ed. This is often not the dase. Another problem would arise with automated scanning instrur
rking is inaccessibly hidden within the instrument.

lard black backing
ial shall eonform to ISO 5-4.

lires the following properties:

If backing depends on the availability of the unprinted substrate material whenever a specimen is

nents

spectra

ly-non-selective, i.e. the total range of spectral diffuse reflection density throughou

t the

wavelength interval from 400 nm to 700 nm does not exceed 5 % of the average density obtained
over the same interval,;

it should be diffusely reflecting (e.g., little or no perceptible specular reflection when viewed at any

angle less than 45° from the normal, under typical office room illumination conditions). As black
materials with a matte surface are prone to physical damage the black backing material should be
semi-matte (ISO 8254-75° gloss less than 40 GU);

opaque

minimu

16

substrate;

m [SO 5 visual reflection density of 1,30;

maximum ISO 5 visual reflection density of 1,60.
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A.3 Standard white backing

White material shall have the following characteristics.

a)

It shall be opaque (e.g., ceramic, plastic or paper). The opacity shall be equal to or greater than 99.

08 = (Yb/Yw) x 100

where

b)

‘)
d)

Ogr__is opacity (0°:45°, D50, 2° Y) of the backing material;

(A1)

Yy is the CIE Y value computed from measurements made using black backing confort

Yw isthe CIE Y value computed from measurements made using a stack of atdeast thre
the material to be used for backing.

It should be diffusely reflecting (e.g., little or no perceptible specular reflection when v
gngle less than 45° from the normal, under typical office room illumination condition
feferred to as a matte appearance). As white materials with a matte’surface are prong

amage the white backing material shall be semi-matte (ISO 75¢gloss less than 40 GU);

OTE1 Many print shops do not own an ISO 8254-75° glossmeter. However, as gloss tends f
he angle increases, the same tolerance can be used with anglesiof 60° or 85° as used with inks

s CIELAB C* value shall not exceed 3 and should not\exceed 2,4.

t shall be non-fluorescing (no emission in the\response band of interest when ex

instrument source). This is equivalent to reading the backing sheet with M1 and M2 m
ifferences at any wavelengths greater than410nm shall be less than or equal to 30
eviations) of 5 readings of the backing sheet using only the M2 mode.

The §pectral reflectance factor values shall lie within the range of the curves given in Table

NOTHE 2  While the data in Table A.T are described as conforming to ISO/CIE geometry 0°:45°,
preclpide the use of an instrument with 45°:0° geometry since the backing is required to be diffus
and gs such will follow the Helmholz law of reciprocity so that the readings from the two geom
identjcal.

Table A.1 — Spectral reflectance factor

ning to A.2;

e sheets of

ewed at any
5 - typically
e to physical

p

o increase as
and coatings.

rited by the
des and the
(3 standard

AL

this does not
ely reflecting
btries will be

Wavelength Spectral reflectance factors
nm Upper limit Lower limit
380 0,74 0,12
390 0,80 0,19
400 0,84 0,37
410 0,87 0,61
420 0,88 0,75
430 0,89 0,78
440 0,90 0,79
450 0,90 0,79
460 091 0,79
470 091 0,79
480 091 0,79
490 091 0,79
500 091 0,79

© IS0 2017 - All rights reserved
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Table A.1 (continued)
Wavelength Spectral reflectance factors
nm Upper limit Lower limit
510 091 0,79
520 091 0,79
530 091 0,79
540 091 0,79
550 0,91 0,79
560 5,9+ e
570 091 0,79
580 091 0,79
590 091 0,79
600 091 0,79
610 091 0,79
620 091 0,79
630 091 0,79
640 091 0,79
650 091 0,79
660 091 0,79
670 091 0,79
680 091 0,79
690 091 0,79
700 091 0,79
710 091 0,79
720 091 0,79
730 091 0,79
A.4 Black/white backing conversion
One possiblé conversion method.is-based on the observation[21] that if the differences of CIE X, CIE ¥, and
CIE Z betwepn measurements-made over two backing materials (i.e. black and white) are plotted versus
CIE X, CIE Y,[and CIE Z for theasurements made over either backing, the best fit result is approximately a
straight ling. This leads, as-an approximation, to a linear conversion.
For CIE X:
Xw =X A+C) =X pin -C (A.2)
with
X —X
C=—SWw ~sb (A.3)
Xsb - Xmin
where

Xw is the converted value of X of the specimen over white backing;
Xp is the measured value of X of the specimen over black backing;

c is a constant;
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Xsw  is the measured value of X of the specimen substrate over white backing;
Xsh is the measured value of X of the specimen substrate over black backing;
Xmin is the minimum value of X of the specimen over black backing.

In practice, the X value of the four-colour solid (ID 1286 in ISO 12642-2) are very close to, or equal to,

the

minimum value and may be used as Xpin.

Conversion of CIE Y and CIE Z is accomplished in an analogous manner and CIELAB values are computed

ina

Blac}
recoj
only
inter]
in ch|
print
in to
chan|

The

Diffe
new

A5

For

tranf
eithe
desc

Refle
back
difful

whel

The

©IS

similar fashion.

t and white backing conversion methods are still an active field of research and
mmended to test each model in the light of the pertinent use case. Printing substra
in colour but also in physical properties. Changes in physical properties impact in
Action and light scattering. Changes in ink/substrate interaction and lightscattering
anges in the tone values of the printed material for the same ink laydown, \Therefore, g
ing substrate will usually require changes in colorimetric aims (due to*paper colour)
he reproduction and process control aims to correct for the changes in tone value (re
pes in physical characteristics).

Correction technique described in this Annex only accounts for the changes in subs
rences in ink absorptivity or hold-out will result in a colouryshift that cannot be corrg
hims must be developed.

Measurement of transparent materials
dubstrates viewed by transmitted light, the mieasurement conditions of 4.3 apply. In
parent substrates, which are viewed by reflection, a reflectance factor measurg
r 0°:45° or 45°:0° geometry is appropriate, using a white sample backing with the ch:
ribed in A.3.

ctance measurements of transparent materials are highly dependent on the reflec
ing material. In order to correct.such measurements so that they are relative to a perfe
ser, the following computation should be performed:

R(A) = R(A)/Rb(A)

is theewavelength, in nanometres (nm);

Rt(A) isthe reflectance of the transparent specimen over the white backing material

length 4;

the user is
fes vary not
k/substrate
often result
change in a
hnd changes
bulting from

frate colour.
cted so that

the case of
ment using
iracteristics

tance of the
ct reflecting

(A4)

ht wave-

b(A)
strate) at wavelength A;

R(A) isthe corrected reflectance at wavelength A.
correction can also be performed using CIEXYZ as follows:

X =100 x (X¢/Xb)

Y =100 x (Vi/Y})

02017 - All rights reserved

is the reflectance of the white backing material itself (not covered by the transparent sub-

(A.5)

(A.6)
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7 =100 x (Z¢/Z) (A7)

where the subscripts “t” and “b” have the same meaning as above.

NOTE This correction only applies to clear and not translucent material.

20 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4d0ba538ea5f43c1a7a1e900b1bd3597

B.1

ISO 13655:2017(E)

Annex B
(informative)

Geometry

Reflectance measurement

B.1.

The
coml
coml
basid
or g
any

the

Refe]
offer
prac

In de
imag
the b
spec
data
ISO §
toler]

One
not 3

for this purpose.

Com
degr
circu

geonpetry uses, @s-'an approximation of the annular geometry, for example, a num

sour

If, ha
effec

| Angles

ination with a wide range of surface effects such as gloss, shape, texture;€tc. Unfort
ination of spectral reflectance and surface effects is difficult to characterize and m
instrumentation available to make reflectance measurements is limited to three co
bometries. These are (0°:45°) or (45°:0°) and (d:8°) instruments. Unfortunately

ronfigurations. Under certain circumstances, spectral calculations permit convg
rence [22]). For many applications the geometry is not critical. For others, specific co
unique advantages and for some applications, the configuration used has its basis
ice and databases rather than application requirements.

veloping this document, one of the principal applications considered was the appearan
es on paper. Information available strongly indicated that the 0°:45° or 45°:0°geomef
est correlation to the reflectance seen by a human observer using the standard viewin|
fied in ISO 3664 for graphic arts and photography. In addition, in the graphic arts,
is often used in conjunction with densitametric data. The current reflection densitomet
-4 specify the use of (0°:45°) or (45%0°) geometry and CIE Publication 176 provides
Ances on the aims.

example of an important graphic arts application where the geometry specified in this
dequate is the determination of “bronzing” of inks. An integrating sphere instrumenf

bliance with ISO 5-4-requires one of the geometries “forty-five degree annular: normal
be circumferentjalnriormal”, “normal: forty-five degrees annular”, and “normal: forty-
mferential”. Aiahnular geometry is achieved with a ring reflector whereas a cirg

res/sensgrs(placed around the circumference; see CIE Publication 176:2006.

wever~sensing and/or irradiation is limited to a single azimuthal angle, directional
ts-are emphasized. These geometries are deprecated in ISO 5-4 and in CIE Publica]

hppearance of any opaque object is largely a function of the spectral reflectance of that object in

unately, this
easure. The
hfigurations
data from

bne of these configurations cannot be easily modified to match data measured witl another of

rsions (see
hfigurations
n historical

Ce of printed
ry provides

g conditions

rolorimetric
ry standard
guidance on

document is
is required

', “forty-five
five degrees
umferential
ber of light

and texture
ion 176 and

henc

e in‘this document Thpy are known as “Fnr‘fy-Fivp r‘]pgrnpc directional: normal” and “nd

rmal: forty-

five degrees directional”.

NOTE

B.1.2 Over filling and under filling

Further details on measuring geometry and geometry tolerances can be found in CIE Publication 176.

Control patches on print control strips are seldom larger than 5 mm square and small spot (45°:0°) and
(0°:45°) geometry spectrophotometers are available to read them. The small size of the control patches
and the small sampling aperture required to read them requires special consideration of variations due
to translucent blurring (lateral scattering) error.

When a specimen is translucent, at least to some degree, some of the illuminating light penetrates the
specimen and scatters laterally to points outside of the area viewed by the instrument detector, causing
the reported reflectance values to be lower than they would be if all the reflected light were collected.
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The interaction between the translucency of the specimen and optical configuration of the instrument
is called translucent blurring, and the difference in the reflectance factor measured on the translucent
specimen compared to the corrected reflectance factor is called translucent blurring error[20](23],

White glass reflectance standards and pressed powder pellets often used to calibrate large sampling
aperture spectrophotometers are generally translucent. Graphic arts proofing and printing substrates
are also translucent to some degree.

To minimize translucent blurring error, large uniform specimens are measured by illuminating a spot
larger than the sample aperture (“over filling”) or vice versa (“under filling”). ISO 5-4 states that “the
realized boundary of t ver region shall be outside the

boundary ofrthe-sms - attes rat-samplingaper 3 qired; . nsion
shall be at least 0,5 mm. The magnitude of the resulting lateral diffusion error should be accépted as
part of the dverall measurement uncertainty, or a greater boundary differential should be used.”
To minimizg errors due to translucent blurring, it is important to use opaque standardization reference
materials.
B.1.3 Sampling aperture size, scanning area
When measpring half-tones, screen ruling is another factor that should be’considered when selefting
the instrumlent sampling aperture. If the area measured is made too small;-the measurements become
erratic and flepend on the number of half-tone dots that happen to be{measured. For a periodic s¢reen
and a singlg measurement, a rule of thumb says that at least 79 half-tone dots need to be within the
sampling aplerture, although 177 is better. This corresponds to the'rule that for circular apertures the
diameter ought to be at least 10 times, better 15 times, greater,than the screen width. Table B.1 shows
the minimum and recommended circular sampling aperturé-diameters and areas, respectively|as a
function of gcreen ruling. If the sampling aperture is not circular, no dimension should be smaller|than
the diametef of a circular aperture.
Sampling apertures smaller than those of Table B.Dare permissible if the greater uncertainty df the
single measpirement is reduced by averaging over-multiple measurements that are performed over an
area that is|within the range given by columns4 and 5 of Table B.1. This method is to be appli¢d by
scanning ingtruments.
For half-tones without a constant screen frequency (non-periodic screens), it is recommended tp use
Table B.1 with a pseudo screen frequeiicy calculated by dividing 0,120 by the diameter of the minimum
image elemént of the non-periodicsereen.
EXAMPLE The minimum diameter of a given non-periodic screen is 20 um (0,002 cm). The division of 0,120
by 0,002 cm Yields 60/cm, hencéthe recommendations of the line labelled 59,1 (150) in Table B.1 apply.
Table B.1 —+ Circularisampling aperture diameters and areas for the measurement of half-tpnes
Screen Diameter Area

frequenty Minimum Recommended Minimum Recommende¢d

cm-1 (Ipi) mm mm mm?2 mm?2

25,6 (65) 3,9 59 12,0 27,0

33,5 (85) 3,0 4,5 7,0 15,8

39,4 (100) 2,5 3,8 51 11,4

47,2 (120) 2,1 3,2 3,5 79

52,4 (133) 1,9 2,9 2,9 6,4

59,1 (150) 1,7 2,5 2,3 5,1

68,9 (175) 1,5 2,2 1,7 3,7

78,7 (200) 1,3 19 1,3 2,9

98,4 (250) 1,0 1,5 0,8 1,8
22 © IS0 2017 - All rights reserved
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B.2 Transmission measurement geometry

Transmission measurement geometry is defined in this document to be in accordance with ISO 5-2, i.e.
(0:d) or (d:0), with an opal glass or a plastic as the diffusing medium. The characteristics of the diffuser
are also specified in ISO 5-2. For half-tones, the recommendations given in B.1.3 are also useful.

As stressed in ISO 5-2, measurements made using the CIE Publication 15:2004 integrating sphere
method do not produce exactly the same results. This is primarily due to inter-reflections occurring
between the specimen and the diffuser in the ISO 5-2 method (which reflects many practical situations).
Experimental evidencel21] indicates that the differences obtained by the two procedures are most
significant at high transmittances and the error introduced is generally linear with transmittance
(and[CTEXYZ Vvalues) CIEXYZ values that are measured Using an opat reference witt bg jhigher than
thos¢ obtained using an integrating sphere reference. The degree of difference is a funetioh of the opal
matdrial, as well as the surface characteristics of the material being measured (smoothness, matte
level| etc.).
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Improving inter-instrument agreement

C.1 Calibration
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number of
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the manufa
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C.2 Screg
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C.3 Meas

Many cases
different co
such as geo
or de:8°), U
(engaged or
the reporte
function (2
provisions @

cturer’s procedures and measure the white reflection referencecIn“all cases, follo

e human intervention. It is always a good idea to verify a standardizing step, once comp
g the reference material again and comparing results toarget values.

en ruling and sampling apertures

pas are not to be measured with a sampling aperture that is too small to effectively eva
n. See Annex B for more detailed infortmation about the aperture sizes for use \
half-tones with various screen rulings.. Different sampling apertures measure diff
ecimen. Therefore, it is a good idea to uSe a common sampling aperture size and shay
son of measurements.

urement conditions

of measurement disagteément can be traced to the comparison of data measured y
nditions. An operatot often has a choice of various instruments and their physical op
metry (0°:45° or_diffuse:normal with the specular component included or excluded,
V component of\the measurement source flux (included or excluded) or a polarizing
not). Additignhally, there are many computational options, which can change the valy
1 readings,\including the CIE illuminants (A, D50, D65, C, etc.) and the standard obs¢
or 10°wisual field size). Make sure that instruments and their settings comply wit
f thisidocument.

ht devices need to be standardized using their own, up-to-date, standardizing imaterial
reference materials (CRMs). It is good practice to first verify that the referepce material
lidity has not expired. Next, check whether the reflection values stored in the ihistrument
hin to the white reference to be used, this is generally performed by checkingthat the derial
he reference tile matches that of the instrument. Then, as part of the fullystandardization
make a zero reflectance measurement (on a black-trap apparatus),if provided as pdrt of

the

specified by the manufacturer of the instrument and those that¢ome with the refefence
most modern instruments, many of the standardizing procedures have been automated to

ted,

[uate

when
brent
e for

nder

kions

di:8°
filter
es of
brver
h the

C.4 Common model and manufacturer

The best agreement is achieved when devices employed come from a single manufacturer, and better
still, from the same product family.

C.5 Reference materials

Many instruments employ a feature allowing the user to enter reference data into the memory of the
instrument manually or through a reference material measurement process or downloaded from
an interfaced computer system. Measurements are then made relative to the reference material’s
values. This can be helpful when comparisons between different specimens are required or should
pass/fail parameters be used. Care needs to be taken to ensure this reference function is not
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accidentally activated. Such errors could result in gross measurement differences between two or more
instruments. For further information, see Annex D.

C.6 Spectral correction

If the measures recommended in C.1 to C.5 are not sufficient to significantly improve inter-instrument
agreement, consider the methods described in References [19] and [22]. These authors use regression
analysis to correct the measured spectra such that they approximate those of a chosen reference
instrument.
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Certified reference materials (CRMs)

D.1 General

As defined 1§
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substrates.
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A single set
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to set tH

Suitable set

Ind proofs itrterms of spectral dependence, surface and scattering characteristics,

n ISO Guide 30, these are reference materials, accompanied by a certificate, oneror
operty values are certified by a procedure which establishes traceability to an-acci
bf the unit in which the property values are expressed, and for which each certified {
ied by an uncertainty at a stated level of confidence. For the graphic arts-ifidustry, a
e of roughly 95 % is generally accepted as sufficient. This corresponds to-acoverage f;

set of colour measurement in graphic technology, it has been plagued by a relatively

referably be thick-film specimens because these are less sensitive to wear,

elprovided with the spectra and the CIELAB values of all patches measured in accord

more
irate
ralue
level
hctor

tistical standard deviations in the case of a normal distribution. For.more information, see

poor

ment agreement. This was the reason for the introduction 6f Annex C into this document.

e situation has been further confounded by the use of highly fluorescent papers as print
[his tends to amplify differences between instruments where the spectral compositipn of
b not identical in the UV region.

of certified reference materials, certified by{or traceable to a single, internatiopally
basic standards institute, that is adopted by practically all manufacturers would serve the
rposes:
the users about the inter-instrument problem;
them when an instrument is out-of.specifications;
e stage for a gradual reductien of inter-instrument differences.
5 of CRMs
clude patches for white, the primary and secondary solids of the process colours, as wgll as
br of tertiary intermediate tones,
mploy colorants and ink formulations that reasonably agree with those used for pragtical

ance

a) wouldi
a numb
b) would ¢
prints a
c¢) wouldp
d) wouldH
with thi
e)

such as

S document, and

NIST (USA), PTB (DE), NPL (UK), CTP (France) and NRC (Canada).

would need to be certified, or traceable to, an internationally recognized basic standards institute

CRMs would enable users to determine whether their instrument is within or outside the specs and
would allow them to have the instrument recalibrated by the manufacturer, if necessary. Alternatively,
the data given by the instrument could be used to correct the data by means of software tools, which

need to be o

ffered by the vendors.

Where a CRM contains optical brightening agents, spectra and colorimetric data needs to be provided
for both measurement conditions M1 and M2.
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Use of certified reference materials

Following the manufacturer’s procedures for setting up and standardizing the instrument, measure a
CRM colour patch and compare the measured CIELAB values to the reference values from the CRM’s
certificate.

For this comparison to be meaningful, it is necessary to determine the combined standard uncertainty
of the result of the measurement. In order to determine this quantity, it is necessary to first estimate
the uncertainties of each component of the process. (These estimates may be determined by statistical
or other methods.) This process requires a knowledge of all sources of uncertainty, including
reproduc1b111ty, ur, [see ISO 15790 2004, 6.1. 5) CRM uncertamty, UCRM, (see ISO 15790 2004, 6.1.6),

and

expr
devii
therg
arei

pssed as a variance (for normal distributions, thls is the equlvalent of the square of'o
ition) or an estimate thereof, the positive square root of the sum of the varianees (ary
of) is equal to the combined standard uncertainty (assuming that all of the sources of|
hdependent, that is that they are not correlated); see ISO 15790:2004, 6.1.%

The fincertainty of a measurement result determined for the measurement of.a CRM might

to th
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Once
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e uncertainty of results of measuring other materials, even though they may have beg
the same instrument. For example, the gloss of a reflection-density CRM is a charag
which might not affect the instrument’s ability to accurately~measure the densit

ument, this gloss difference may affect the uncertainty of;the measured results. In sug
t of gloss should be determined, and combined with other sources of uncertainty. Se
ne characteristics of CRMs, which may also need toberconsidered when evaluating m
rtainties.

the combined standard uncertainty of the\measurement system has been dete
ument calibration should then be verified @sing a CRM. If the absolute value of th
een the measured value and CRM reference value is equal to or less than the combin
rtainty, no correction need be applied. If:the absolute value of the difference between t}
e and reference value is greater than‘the combined standard uncertainty, a correctid

applied to the measurement result.

Corr
Beca
firmj
instr

Whe
verif
spec
calib,

pctions are preferably madetusing the spectral methods mentioned in References ||
use these are tedious, it(is preferable to use algorithms that either reside in the i
vare or are supplied by.the manufacturer as software for computers that communic
ument. Alternativelyj the instrument could be adjusted by the user or the manufacturg

h the result of the) CRM measurement is equal to or within the specification, the per
jed and adjustiment is not required. When the result of the calibration falls outside the i
fication, there is potentially a problem with the method of measurement, the f
[ration, theinstrument or the CRM.
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Procedures for widening the bandwidth

This document describes procedures for tristimulus integration of spectral measurements taken
with instruments of various bandwidths. The method used for tristimulus integration assumes that

the instrum
assumes a |
half-power |
the classic 14

Where data
5 nm intery
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been collect]
correspondj
to successiv]
sampling in
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The weighti

w (an )
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The function is definediin‘'the interval given by

|;LYn - 2')

ent bandwidth and sampling interval are approximately equal (a 5 nm sampling int
nm bandwidth). A triangular response function of the measuring instrument, wit
points defining the bandwidth, is also assumed. This assumption is based on the-desi
iboratory instrument which uses slit apertures and a diffraction grating or pfism.

is available which has been collected at intervals that do not correspond to the de
als of the available colorimetric weighting functions, it should be modified (resam
stimated (pseudo) data at the required interval. This should be done only if the dat
ed at an interval that is less (smaller) than the desired 5 nm interval and if the bandy
to the sampling interval. The technique that shall be used tg)create the desired dz
ely apply a triangular weighting function to the existing data based on the desired
fervals and bandwidth. This data is then summed over thevinterval and normalized b
eights used. This process is repeated for each new data point required.

hg function is as shown in Formula (E.1):

| M|y~
AL

is the weighting function at wavelength Xj,;
is the wavelength for which data is to be computed;
is the wavelength of available data;

is the desired-bhandwidth
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1d be

assumed to be uniform and the last available measured value should be used to define the end values.

EXAMPLE

436 nm. The

The following example assumes that data is available at 3 nm intervals and that data is desired
at 5 nm intervals. In the region of 420 nm, the specific values are at wavelengths of 403 nm, 406 nm, 409 nm, . ..

computation for the value at 420 nm is accomplished by the following.

a) Since the bandwidth (AA) is 5 nm, only data from 410 nm to 430 nm will be used in computation (data values
at 412 nm, 415 nm, 418 nm, 421 nm, 424 nm, 427 nm and 430 nm).

b) The weighting functions will be 412 (0,2), 415 (0,5), 418 (0,8), 421 (0,9), 424 (0,6), 427 (0,3) and 430 (0). The
sum of the weights is 3,3.

c) The spectral data at each wavelength X, is multiplied by the value of the weighting factor X, and the products
are summed and divided by the sum of the weights (3,3 in this example). This is then the value to be used for a

5 nm bandpa

28

ss centred at 420 nm.
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d) This process is repeated at wavelengths within the range of 340 nm to 780 nm at 5 nm intervals.

The same procedure is used to modify other available data intervals to provide input for colorimetric
computation.

Narrowing the bandwidth is a more difficult procedure and is not, in general, a unique transformation.
For more information on how to modify a measured reflectance factor curve to narrow the apparent
bandwidth, see References [18], [27], [28] and [30].
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(informative)

Fluorescent specimens

F.1 General

At present,

cases, this if
require ultr
blue region.

In rare case
visible radid
can be avoi
fluorescing

The tests d
Specimens

excitation b
fluors canng

F.2 Histd

F.2.1 Gen

The tests d
Specimens

is significar
presence of

F.2.2 Dud

The specim

lmost all graphic technology printing substrates exhibit substantial fluorescencexIn
due to the presence of optical brightening agents in the printing substrate materials. T

hviolet radiation of wavelengths below 400 nm for their excitation and then erhitTight i
The result is a shift of the CIELAB b* coordinate towards the blue by abougt 1to 10.

5, however, fluorescing colorants are used in the printing and proofing inks that respo
tion well above 400 nm for their excitation. While practically all UV-excited fluoresq
led by complying with the UV-cut specification M2 in 4.2.2.3, effects due to visible
colorants cannot be avoided and therefore tests for their presence are required.

escribed below are appropriate only for specimens that) contain UV activated fl
containing the so-called daylight fluors, mentioned in ‘the previous paragraph, hay
and that is significantly overlapped with the visible emission band. Such visible actiy
t be easily assessed for the level or presence of flugrescence.

rical tests for presence of fluorescerice

eral

escribed below are appropriate“only for specimens that contain UV activated fl
containing so-called daylight .activated fluors, that is, having an exciatation band
tly overlapped with the visible emission band, cannot be easily assessed for the ley
fluorescencel25].

1 source measurement

bn is measured\Wwith two sources, one of which approximates illuminant A, the oth

which appr
spectral daf

ximates D65).Fhe two spectral power distributions are strongly different. The resu
a is then.used to compute the tristimulus values, relative to D50, for both sources

most
hese
n the

nd to
ence
light

uors.
e an
rated

uors.
that
el or

er of
ltant
The

CIELAB difference between them is a measure of the fluorescence. It is acceptable if the two sources
are obtained by, filtration of a single source. If the instrument manufacturer provides the two spg

power distrjibutions of the measurement sources, these are to be quoted when communicatin
results in orderto permit indpppndpnr checks

:T

ctral
b the

F.2.3 Single ultraviolet cut-off filter

This method only tests for the presence or absence of UV-excited fluorescence. If the instrument is
provided with an optional UV-cut filter, for example, a filter with the transmission characteristics
implicit in the specification in 4.2.2.3, measure the specimen with and without the UV-cut filter in the
illumination light path. The CIELAB difference between the two measurements is a measure of UV-
excited fluorescence.

F.2.4 Samples with and without optical brightener
This method tests for the change in total radiance factor between a white material with no brightener

and the same material with a high level of optical brightener added. These material standards do not
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need to be certified. The method requires that the two patches be read using the standard instrument
conditions and the differences between the two spectral radiance factors be computed. The CIELAB
difference between the readings of the patches is a measure of the UV-excited fluorescence.
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Test method for UV-cut conformance

G.1 Test materials

Two substrg

G.1.1 Sub

Substrate 1
instruments
the differen

G.1.2 Tes
A test filter
a)
b)
<)
d)
NOTE

but not limite
not constitut

greater
less tha
less tha

less tha

G.2 Prep

The followiy

This is equivalent to commercially available filters including the Wratten 2B and the FujiFilm

tes and a test filter are required.

strates

consisting of a non-fluorescing white standard (WS); the white calibfation tile of
would suffice. Substrate 2, a paper with a high concentration of optical'brighteners w
Ce in CIE b* measured with and without a UV-cut filter is in the range-of 3 to 5.

[ filter

having the spectral transmittance characteristics is required:
than 0,65 in the visible range above 420 nm;

h 0,50 at 410 nm;

n 0,20 at 400 nm;

h 0,01 at 390 nm.

d to either of these. This informatian is'given for the convenience of users of this document and
e an endorsement by ISO of the product named.

aratory procedures

1g procedures shallbe noted prior to performing this test.

strates shall be placed over a black backing.

buld be takén to maintain proper instrument placement over the substrate.

Lest ptocedure described in G.3, the test filter can be placed over the light path or optio
Fhrillumination and pickup as long as the resultant double absorption in the blue area

some
there

5C-41
does

nally
does

nts.

a) The sub
b) Caresh
c) Forthe
over bo
not incr
d)

adacianaltanaicata 4 doagraath t ~ffactc tha ~hilitvu o malba ranaat~hla masciiram
o C SIS o= to- oo T e g e ottt oot ooty toO Mot e ptataotCmEasur et

Instrument repeatability shall be verified prior to the test.

G.3 Procedure

Perform the following test measurements with the instrument operating in the M2 measuring mode.

a) Forthe first measurement, place the test filter (G.1.2) in the illumination light path of the instrument
and measure the spectral reflectance factor of the Substrate 1, (WS) (G.1.1).

b) For the second measurement, remove the test filter and measure the spectral reflectance factor of

Substra
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te 1, (WS).
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c) For the third measurement, place the test filter in the illumination light path of the instrument and
measure the spectral reflectance factor of Substrate 2 (the optically brightened paper) (G.1.1).

d) For the fourth measurement, remove the test filter and measure the spectral reflectance factor of
Substrate 2 (the optically brightened paper).

e) Calculate the spectral reflectance factor of Substrate 2 relative to Substrate 1, with the test filter
included, by dividing the third measurement with the first measurement.

f) Calculate the spectral reflectance factor of Substrate 2 relative to Substrate 1, without the test
filter, by dividing the fourth measurement with the second measurement.

avelength region, the mean value of the spectral reflectance factors in the range from 550 nm to
70 nm is computed for both cases, resulting in M5 (mean value of the relative §pectrum with test
filter) and M6 (mean value of the relative spectrum without test filter).

g) ir/l order to remove a residual scaling error between the two relative spectra in the green to red

h) KEach value of the relative spectrum with the test filter [e)] is then multiplied by the factpr (M6/M5).
i) $ubtract the relative spectra with [h)] and without [f)] the test filter.

j)  Compare the relative reflection factors at 440 nm. The difference'shall be smaller than|0,03.
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Special cases: Use of polarization

Although first-surface reflection is an important component of the optical stimulus that reaches the
eye, there are special cases where first-surface reflection tends to dilute or disturb the effect that one

seeks to mej
signal. Due
conjunction

A classic ex
discovered
density ver
density dry
is reduced s
CIELAB colg
ready stage
ISO 13656,
primary opt

In ink form
of the consf
improved.

It is further
measured c

Notwithsta
needstobe
This include
proof and pi
with laming
back side.

]

hsure. The installation of crossed polarizing filters removes most of the unwanted refle
to the relatively high UV absorption of most polarizing filters, they are normally~us
with, or they double as, UV-cutoff filters.

imple is the densitometric control of ink film thickness in sheet-fed offset printing. If

bus ink film thickness dependence towards higher values, and serves“to greatly rdg
back. A similar effect is observed with the CIELAB colour drift due to/ink drying; the
ignificantly if polarizers are incorporated. Also, the linear part of'the dependence @

while printing with high-intensity inks. Nevertheless it should be noted, in agreement
hat for controlling the production run (production after’thé OK copy), densitometry i
ion.

hlation, the correlation between the measured celour coordinates and the concentr
ituent colorants is improved and hence the aecuracy of the resulting ink formulati

observed that with bronzing inks, the correlation between the visual impression an
plour coordinates is improved.

ding the beneficial effects of crossed polarizers in the special cases mentioned abo
oted that for most other instances’in colorimetry, the use of polarizers is counterprodu
s, but is not limited to, the.comparison of matt and glossy specimens (often the case
oduction prints) and the méasurement of print specimens which have been surface fin
ting films or which consist of a transparent plastic material that has been printed o

ction
ed in

was

that the installation of crossed polarizing filters serves to extend theflinear part of the

duce
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f the

ur locus on the ink film thickness is extended. This is useful for process control at the npake-
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Annex I
(informative)

Example computations for converting spectral measurements to

tristimulus values

I.1 | General
This|document describes the method for collecting the fundamental spectral properties pf materials
or frpm sources and converting the tabulated spectral data into CIE tristimulus/values, CIELAB colour
space coordinates and computing colour differences between two such computations. Such|conversions
are defined to be based on the numerical integration of the colour stimulus’ function &, which for
obje¢t mode colorimetry is obtained by multiplying the spectral reflectdnge or transmittance data by
the amount of radiation (light) available using the values from an illuminant table as shown|in Formulae
(I.1) pnd (1.2).
@(A1)=R(2)xS(A) (L1)
or
B(1)=T(2)xS(A) 1.2)
The tolour stimulus function is then to be combined with the standard observer or colofir matching
functions and numerically integrated from 380 nm to 780 nm as shown in Formula (1.3)
780
=k ®(A)xX(A)dA
"a(2)xx (1)
780
Y= D(A)xy(A)dA
"a(2)x3(1)
780 _ (L.3)
4= O(A)xz(A)dA
"a(1)xz(1)
B 100
YED —
[0 SEAT% ¥ (1) d
While it is-assumed that the colour stimulus function and the colour matching functions fare analytic
functions. of the wavelength, the exact form of these functions are not generally knowh. Thus, the
functions are normally approximated by a discrete sampling of the data at number of dvenly space

wavelengths across the desired range (380 nm to 780 nm). Analytic integration, which requires
infinitesimal steps, shall be approximated using numerical integration.

This Annex provides worked examples for a set of spectral data in order that users of this document
may verify that they have in fact implemented the standard correctly. It has been a standard practice in
graphic reproduction not to include spectral data in reference materials, profiles and characterization
data sets. Even though such spectral data were originally obtained, the creators of the sets would use
the spectra to compute tristimulus data and then discard the original spectra. It is therefore one goal
of this Annex that we now provide a standard data set in tabular format which can be used to examine
the process of numerical integration of a reflectance curve, illuminant (D50) and observer (1931 colour
matching functions).
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When converting measured spectral reflectance or transmittance factor into colorimetric values, one
needs to approximate the unit nanometre numerical integration with a simpler, weighted summation.
In an algebraic summation, the normalization constant k, included the constant AA = 5 nm in both the
numerator and the denominator of the calculation and so, unlike the case for self-luminous colorimetry,
the measurement step size need not be included in the summation. The procedure is thus very simple,
if the object colour data has been collected at 5 nm intervals with a 5 nm spectral bandpass. See

Formula (1.4).

780

X=k)

380
780

Y=kY

380
780

Z=k)

380
k=100
where
A i
R(A) i
SA) i

x(2)

For data co

R{A)<StA=<=th)
R(A)x S(A)x y(A)

R(1)x S(A)x Z(A)

780

2.5(2) x y(2)

380

s the wavelength, in nanometres (nm);

s the spectral reflectance factor at wavelength' A;

s the relative spectral power distribution at wavelength A;

s the spectral colour-matching furetion at wavelength A for CIE X;
is the spectral colour-matching function at wavelength A for CIE Y;

is the spectral colour-matching function at wavelength A for CIE Z.

(1.4)

lected at the recommended 5 nm sampling interval and 5 nm bandwidth, the wejights

referenced here are simply; the product of a CIE illuminant, such as D50 and a CIE standard obsqrver,

such as the
the measurg

1931 2° colour-matching functions, taken from CIE Publication 15, Tables T.1 and T.4. If
bd spectral data begin at a wavelength greater than 360 nm, then all the weighting values

for wavelengths less than the first measured wavelength shall be computed, summed and added

to the weig
is at a wave

hting \value for the first wavelength measured. If the last measured spectral data
léngth less than 780 nm, then all the weighting values for wavelengths greater than the

boint

last measured wavelength shall be summed and added to the weighting value 1or the last measured

wavelength.
Table I.1 — Reflectance factor data for a set of process colours
Wavelength C M Y K Wavelength C M Y K

(nm) (nm)
380 27,20 20,03 19,32 2,00 600 591 38,34 92,33 | 2,15
385 32,18 19,32 18,73 | 2,00 605 5,31 51,65 92,38 | 2,17
390 37,06 18,53 17,85 | 2,00 610 494 63,35 92,55 | 2,19
395 41,28 17,79 16,77 | 2,00 615 491 72,66 92,74 | 2,21
400 44,52 17,28 15,68 | 2,00 620 4,99 79,65 93,05 | 2,24
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Wavelength C M Y K Wavelength C M Y K

(nm) (nm)
405 4714 | 1725 | 14,50 | 2,00 625 506 | 84,44 | 93,37 | 2,27
410 4950 | 17,81 | 13,23 | 2,00 630 509 | 87,39 | 93,72 | 2,30
415 51,59 | 18,87 | 12,06 | 2,00 635 525 | 89,38 | 94,12 | 2,33
420 53,88 | 2014 | 11,09 | 2,00 640 547 | 91,03 | 94,54 | 2,36
425 5744 | 21,35 | 10,18 | 2,00 645 501 | 92,21 | 9494 | 2,39
436 66:59——22-37——942—2-00 656 6-52—9296——95,37 | 2,43
435 6474 | 2312 | 868 | 2,00 655 716 | 9342 | 93,69 | 247
440 70,35 | 23,59 | 8,00 | 2,00 660 784 | 93,63 9361 | 2,51
445 74,85 | 23,59 | 763 | 2,00 665 845 | @359 | 9431 | 2,55
450 7749 | 23,36 | 797 | 2,00 670 8,81 (<9349 | 95,05 | 2,59
455 7895 | 22,60 | 870 | 2,00 675 877 | 9335 | 94,85 | 2,64
460 79,80 | 21,25 | 946 | 2,00 680 K 93,33 | 94,69 | 2,68
465 80,51 | 19,56 | 996 | 2,00 685 K824 | 9367 | 9482 | 2,73
470 80,70 | 1768 | 9,87 | 2,00 690 < | 782 | 9422 | 9§22 | 2,78
475 80,33 | 1579 | 965 | 2,00 695 735 | 9471 | 93,74 | 2,83
480 79,81 | 14,05 | 10,08 | 2,00 700 6,50 | 9508 | 94,20 | 2,88
485 78,76 | 12,55 | 12,28 | 2,01 . 705 590 | 9545 | 94,57 | 2,93
490 7711 | 11,18 | 1743 | 2,01 | 710 550 | 9578 | 94,92 | 2,98
495 7535 | 998 | 2640 | 2,014 715 558 | 96,08 | 9726 | 3,04
500 7338 | 886 | 3889 | 2,00 720 615 | 96,30 | 91,50 | 3,09
505 7081 | 771 | 52,84 [*2,01 725 713 | 96,52 | 9167 | 3,14
510 6766 | 6,58 | 65430] 2,01 730 8,50 | 96,78 | 971,85 | 3,20
515 6373 | 550 | 74583 | 2,01 735 10,39 | 97,05 | 98,02 | 3,25
520 5916 | 4,67<1-80,16 | 2,02 740 13,39 | 9717 | 94,23 | 3,31
525 5410 | 445/ | 83,61 | 2,02 745 18,57 | 97,33 | 98,49 | 3,36
530 48,84 [3,80 | 8586 | 2,02 750 26,44 | 9753 | 98,63 | 3,42
535 43,60D 363 | 8754 | 2,02 755 3710 | 9779 | 98,63 | 3,48
540 3852 | 361 | 8895 | 2,03 760 49,39 | 98,06 | 98,71 | 3,53
545 4339 | 358 | 8991 | 2,03 765 61,07 | 9818 | 9892 | 3,59
550 <) 2836 | 342 | 90,54 | 2,04 770 70,32 | 98,15 | 99,08 | 3,64
5550~ | 23,25 | 3,07 | 9096 | 2,04 775 7731 | 98,19 | 9913 | 3,70
60 1846 | 2,79 | 91,26 | 2,05 780 83,08 | 9848 | 9927 | 3,75
b?)b 14,60 2,69 91,36 2,06
570 11,98 | 2,71 | 91,39 | 2,07 X 1890 | 3572 | 7784 | 2,07
575 10,16 | 2,97 | 91,47 | 2,08 Y 28,54 | 18,16 | 83,64 | 2,09
580 879 | 4,06 | 91,69 | 2,09 Z 60,60 | 16,01 | 10,62 | 1,65
585 7,72 736 | 91,93 | 2,10
590 697 | 14,38 | 9214 | 2,12
595 645 | 2522 | 92,32 | 2,13
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1.3 Wide sampling interval computational procedures for object colours

When computing tristimulus values from spectral data with 10 nm interval data, the numerical
integration can be approximated using the ASTM spectral weights method. This method applies
weighting functions at each wavelength that are the algebraic equivalent of interpolating the measured
spectral data to 1 nm intervals and then multiplying the 1 nm data by the 1 nm CIE illuminant D50 and
CIE standard observer values taken from ISO 11664-1 and I1SO 11664-2. Examples are shown for both
spectral reflectance and transmittance readings. Unmeasured data are extrapolated as equal to the
last measured value.

X= )RR

A =360

A=340

where

A

R(A)
Wx(2)
Wy(4)
Wz(2)

The comput

780

X= Z 1
380

780

Y= z 1
380

780

Z=31

380

b0

R(A)xWy (1)

R(A)xWz(4)

is the wavelength, in nanometres (nm);

is the spectral reflectance factor at wavelength A;
is the weighting factor at wavelength A for CIE X;
is the weighting factor at wavelength A for\GIE Y;
is the weighting factor at wavelength A'for CIE Z.

pation of the CIE X, CIE Y and CIE Z values for transmission sample data shall be as folloy

(AW (1)

(A Wy (1)

(A Wz (4)

where

(L5)

(1.6)

(1.7)

VS:

(1.8)

(19)

1.10)

A

()
Wx ()
Wy (2)
Wz (A)

is the wavelength, in nanometres (nm);

is the spectral transmittance factor at wavelength A;
is the weighting factor at wavelength A for CIE X;

is the weighting factor at wavelength A for CIE Y;

is the weighting factor at wavelength A for CIE Z.

NOTE1  This procedure is consistent with ASTM E 308-13.
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