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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 1SO
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
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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 is all

based on the same set of measurement and computational choices. The purpose of this International
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metric characteristics of graphic arts images to allow valid and comparable data to be ob
hternational Standard references ISO 3664, the International Standard established forviewi

ation with visual colour appearance.

mens exhibited fluorescence. In most cases, this was due to optical brightening agents cor
[ substrates. In rare cases, the printing inks were fluorescent. According,to the recommend
version of this International Standard, this would have meant that the séurce used for the m

Yet when this revision was started, not a single colour-measuring instrument sold for the
et provided an illumination system that closely matched CIE)illuminant D50. Instead, mos
incandescent lamps for light sources. The spectral power distribution of such lamps
nts of UV content. The variation in UV content betweenrinstruments could easily amoun
ence of 5 Ab* when measuring papers with a high level of optical brightening agents. Cons
urement results for unprinted paper substrates and.lighter colours differed appreciably betw

ment models. For a thorough study of fluorescence effects, see CIE Publication 163.

also been observed that graphic arts viewing booths vary with respect to UV content, ev
ly with the 1996 version of ISO 3664, The practical result is that specimens that have neg
ured colorimetric properties, at times will not visually match when viewed in the viewing bo
. Only part of such discrepancies canbe attributed to fluorescence. There can also be metg
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fo “non-standard” observers and 1o instrument wavelength errors, in addition to devigtions in the

urement source away from CIE'D50. Despite these other potential influences it was deemeq
le measurement solutions(that would minimize the systematic errors introduced by the
[ fluorescence and variatiens in the spectral power distribution of the sample illumination. Me
ction of instrument errors and procedures for reliable visual evaluation of colour images a
cope of this International Standard.

s revision, feUr measurement choices are specified. Measurement condition MO require
hation to closely match that of illuminant A; this provides consistency with existing instrum
-3. Measurement condition M1 requires the colorimetry of the specimen illumination to g

important to
nteraction of
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entation and
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lluminant D50. Measurement condition M2 only requires that the spectral power distripution of the

men. ilumination be provided in the wavelength range from 420 nm to at least 700 nm

subs

and have no

antial radiation power in the wavelength range below 400 nm (often referred to as “UVCut’).

Measurement condition M3 has the same sample illumination requirements as M2 and includes a polarizing
filter in the influx and efflux portions of the optical path with their principal axes of polarization in the orthogonal
or “crossed” orientation.

The requirements of this International Standard 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 interest in the basics of
measurement and process control.
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INTERNATIONAL STANDARD ISO 13655:2009(E)

Graphic technology — Spectral measurement and colorimetric
computation for graphic arts images

1 cope

This [International Standard establishes procedures for the measurements and colorimetrical ¢omputations
appropriate to objects that reflect, transmit, or self-illuminate, including flat-panel displays. It alsp establishes
procedures for computation of colorimetric parameters for graphic arts images. Graphic arts in¢ludes, but is
not limited to, the preparation of material for, and volume production by, production printing processes that
inclugle offset lithography, letterpress, flexography, gravure and screen printing-

This |nternational Standard does not address spectral measurements appropriate to other specif|jc application
needp, such as those used during the production of materials, e.g. prifting ink, printing paper |and proofing
medif.

2 ormative references
The [following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the reference document
(inclyding any amendments) applies.

ISO %-2, Photography and graphic technology — Density measurements — Part 2: Geometric ¢onditions for
transpittance density

ISO $-4:2009, Photography and graphic technology — Density measurements — Part 4: Geometfic conditions
for refflection density

ISO 3664, Graphic technolegy and photography — Viewing conditions

ISO 11664-1:2007, Colosimetry — Part 1: CIE standard colorimetric observers
ISO 11664-2:2007XColorimetry — Part 2: CIE standard illuminants

ISO 11664-4:2008, Colorimetry — Part 4: CIE 1976 L*a*b* Colour space

ISO 28478, Graphic technology — Exchange format for colour and process control data using XML or ASCII
text

CIE Publication 15:2004, Colorimetry, 3rd ed.

© 1SO 2009 — All rights reserved 1
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3 Terms

and definitions

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

3.1

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

[ISO 22028-1]

3.2
bandwidth
width of the s

3.3
calibration
set of opera
indicated by
reference m4

[ISO/IEC Gu

NOTE C
produces valu
indications (cr
the device, a
accepted valu

3.4

CIE illuminant

illuminant de
distribution
NOTE E

3.5
illuminant

numeric tabdilation of the relative/spectral distribution of the radiant (light) flux incident on the spec

surface

NOTE TH
wavelength ra
any kind of lig
between the If

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

tions that establish, under specified conditions, the relationship between values of qua
A measuring instrument or measuring system, or values represented by a material measur
terial, and the corresponding values realized by standards

de 99 (VIM)]

ntrary to a common usage, calibration is not the process of ,adjusting a measurement system such
bs that are believed to be correct. Calibration permits either the assignment of values of measurands
pating a reference table) or the decision to reset or adjustthe' device. Following the resetting or adjus
calibration needs to be verified to ensure that the new' device setting(s) provide indications with
S,

fined by the International Commissiofi;on lllumination (CIE) in terms of relative spectral

amples are CIE illuminants A, Cxand various D illuminants.

e CIE defings-an illuminant as “radiation with a relative spectral power distribution defined ov
nge that.ihfluences object colour perception”. In everyday English the term is more widely used to
ht fallifg=on a body or scene. See |EC 60050-845:1987 | CIE Publication 17.4:1987 (a joint publi
FC and(CIE) for further information.

tities
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that it
to the
ing of
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pr the
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3.6

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

NOTE

The numerical value of opacity as used in this International Standard 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

3.7

ISO 2471.

opaque substrate

substrate wh

ose opacity, measured according to A.3, is 0,99 or greater

© 1SO 2009 — All rights re;
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3.8
transparent substrate
clear material having minimal absorption or scattering of transmitted visible light

EXAMPLE Clear packaging film.

3.9

reflectance factor

ratio of the radiant or luminous flux reflected in the directions delimited by the given cone to that reflected in
the same directions by a perfect reflecting diffuser identically irradiated or illuminated

[IEC 60050-845:1987 | CIE Publication 17.4:1987]

NOTH 1 The industry commonly uses the term reflectance rather than reflectance factor.
NOTH 2 It is important to specify the geometry that establishes the given conditions of measurement. Se¢ Annex C.

3.10
specjmen backing
matefial placed behind and in contact with the specimen during measurement

NOTH For this International Standard this can be either white or black.

3.1
spectroradiometer
instryment for measuring radiometric quantities in narrow wavelength intervals over a given spectral region

[IEC p0050-845:1987 | CIE Publication 17.4:1987]

3.12
telespectroradiometer
specfroradiometer that uses an optical relay component to allow measurements to be made at a gdlistance from
the specimen

3.13
trangmittance

(for ipcident radiation of a given-spectral composition, polarization, and geometrical distribution)) ratio of the
transmitted radiant or luminousflux to the incident flux in the given conditions

[IEC p0050-845:1987 | GIE Publication 17.4:1987]
NOTH It is important to specify the geometry that establishes the given conditions of measurement. Se¢ Annex C.

3.14
trangmittance.factor
ratio pf flux:transmitted by a specimen in a given optical system to the flux transmitted when thg specimen is
remojed,from the sampling aperture

NOTE For example, this is the case when radiation penetrating a slide situated in a projector and reaching a screen
is compared to the radiation when the slide is removed from a projector and only an empty slide mount is in the projector.

3.15

polarizing filter

filter that converts randomly polarized light into linearly polarized light while absorbing all radiation with
wavelengths less than 400 nm

© 1SO 2009 — All rights reserved 3
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4 Spectral measurement requirements

4.1 Instrument standardization and adjustment

The measurement device or system shall be verified (standardized and possibly adjusted) in accordance with
its manufacturer's instructions. See also Annexes E and F.

NOTE 1 ISO 15790 defines the use of a certified reference material (CRM) to check calibration of a measurement
system. It also provides additional information relating to the use of CRMs, the determination of combined standard
uncertainty and data reporting.

NOTE 2 Where multiple instruments are used for measurement, there can be differences in the resulting data due to
the individual [characteristics of the instruments and variations in measurement conditions. Annexes E and FE-pfovide
information onl the improvement of inter-instrument agreement and the use of certified reference materials.

4.2 Refle¢tance factor measurement

4.21 Wavelength range, wavelength interval and bandwidth

The data should be measured from 360 nm to 780 nm and shall be measuredfrom 400 nm to 700 nm,
inclusive. Data should be measured at 10 nm intervals with a spectral response function that is triangulaf with
a 10 nm banfpwidth at the half-power point. Where data is measured at other intefvals and bandwidths, yhich
shall not excped 20 nm (interval and bandwidth), estimated data shall be reperted at 10 nm intervals, and the
data shall bg adjusted to simulate measurement data obtained with a triangular spectral response furction
with a 10 nm|bandwidth.

4.2.2 lllumjnation requirements and measurement conditions

4.2.21 Measurement condition M0

Historically, many spectrophotometers used in the graphic arts have used an incandescent lamp with a
relative spedtral power distribution that is close to.CIE standard illuminant A, as defined in ISO 11664}2. In
addition, this|illuminant has historically been required for the measuring of density. MO is provided to allow the
identification|of data measured using existing (instrumentation or instrumentation optimized for photogrpphic
density meagurements (see ISO 5-3).

The relative [spectral power distribution‘of the flux incident on the specimen surface should conform t¢ CIE
illuminant A|[(corresponding to a correlated colour temperature of 2 856 K). In practical instrumentg, the
relative specjral power distribution ef’the flux incident on the specimen surface should conform to a corrglated
colour tempgrature of 2 856 K100 K.

Because thg specification/of correlated 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 need to intercHange
data on shegqts that.exhibit fluorescence. When instruments meeting M1 are not available and relative dgta is
sufficient for|procéss' control or other data exchange applications, MO instruments of like manufacturef and
model providea viable alternative.

4.2.2.2 Measurement condition M1

To minimize the variations in measurement results between instruments due to fluorescence (by optical
brighteners in the substrate and/or fluorescence of the printing and/or proofing colorants), the spectral power
distribution of the light flux incident on the specimen surface for the measurement should match CIE illuminant
D50.

NOTE 1 Because SO 3664 also specifies the use of D50, this will improve the consistency between measurement
results made under condition M1 and visual assessment in viewing booths that meet the requirements of ISO 3664.

NOTE 2 For material testing as defined in 1ISO 5631-3, the UV-content of the illumination on the test piece has been

adjusted to conform to that of CIE illuminant C. Therefore measurements conforming to 1SO 5631-3 might not be
compatible with measurements conforming to this International Standard.

4 © 1SO 2009 — All rights reserved
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There are two methods to achieve conformance to condition M1.

1) The spectral power distribution of the measurement source at the sample plane should match CIE
illuminant D50. It shall conform to the UV range metamerism index specified for viewing condition P1
of ISO 3664. This method is to be used when both luminescent colorants and optical brighteners are
of concern.

2) 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 nm. 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 beygontinuous.

The instrument manufacturer should supply a representative spectral power distribution of\the rheasurement
sourge at the sample plane with the instrument documentation.

It shquld 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 and the power in‘the region betyveen 400 nm
to 50Pp nm be very similar to the ratio of D50 between these same regions.

The fonformance of M1 measurement condition shall be judged indirectly by measuring a s¢t of certified
refergnce materials (CRMs) (see Annex F) that includes a specimen material with a high concentration of
optical brighteners where the difference in CIE »* measured with_and without UV energy ingident on the
specimen material is greater than 3. Where the indicated values, including the combined ung¢ertainty, are
within the specified tolerances of the CRM, the instrument can be considered to be in conformgnce with this

Interpational Standard.

NOTH

NOTH
is the
proce
manu

4.2.2

Toe
agen
plang

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

4 In cases where a printing ink fluoresces and\accurate colorimetric data is required, measuremer
only choice. However, in many situations, instruments meeting M1 are not available and relative data
5s control or other data exchange applications. In such situations, comparison of data from instr
facturer and model provides a viable alternative.

3 Measurement condition.M2

s in the substrate surface, the spectral power distribution of the measurement source g
shall only contain (substantial radiation power in the wavelength range above 400 nm.

accomplished throughsappropriate design of the source or through the addition of a filter betwee

and t

The

up to|
cut-o
refled

he specimen.

isible fluprescence of optical brightener agents in paper is typically excited in the UV range
410 nm.In order to eliminate completely any fluorescence excitation of optical brighteners,
ff wavelength for the UV component would be 420 nm. However, it is desirable also
tance factors at 400 nm and 410 nm. Therefore, for each instrument type, the optimum trg

t condition M1
s sufficient for
iments of like

clude variations in measurement results between instruments due to fluorescence of optical brightening

[ the sample
This may be
n the source

from 300 nm
the optimum
to measure
de-off has to

be f

ind-between-a-sufficient suppression-of residual flucrescent excitation-and-areasonable-si

ratio of the measurement signal.

NOTE 1

transmittance characteristics:

©1S0

greater than 0,85 in the visible range above 420 nm;
less than 0,50 at 410 nm;
less than 0,10 at 400 nm;

less than 0,01 at 395 nm.
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Appropriate suppression of the UV portion of the spectral power distribution of the flux at the sample plane
shall be verified using the test procedure of Annex H.

For measurement condition M2, the source is not explicitly specified. However, it shall be continuous in the
wavelength range from 420 nm to at least 700 nm. The radiative power in each wavelength interval shall be
sufficiently high, in order to enable precise calibration and repeatable measurement results according to the
instrument specifications.

NOTE 2  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 3  Annex D provides information on fluorescence and techniques to test for its presence.
4.2.24 Mepasurement condition M3
For use in the special cases detailed in informative Annex G, an instrument may be equippegd with a polafizing
filter in ordef to suppress the influence of first-surface reflection on the colour co-ordinates. An instryment
fitted with a|polarizing filter shall also meet the requirements of 4.2.2.3. Using the~test method of I$O 5-
4:2009, Anngx D, as modified below, the gloss suppression factors shall be detérmined 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 co-ordinates, subgtitute
“measured value reaches a maximum?” for “reflection density reaches a minimum?”. The equation becomes:

poX2

X4

where:

P is the gloss suppression factor;

X, is the value measured without the polarizing-filter;

X, is the value measured with the polarizing filter.
The gloss suppression factor is computediin a similar manner for CIE Y and CIE Z.
NOTE Fqr directional and uniplanarmeasurement geometries, which are not specified by this International Stapdard,
the polarization vectors of the illumination and measurement channels need to be either parallel or perpendicular ffo the
plane of incidgnce of the test object.
4.2.3 Sample backing material
The specimgn shall be\backed by either a black or a white material that conforms to A.2 or A.3, respecfively.
Where samples being measured by reflection are transparent, the backing used shall be white ang the
method shown-in"A.5 may be used to correct such measurements to an absolute reference.

NOTE

from the 1ISO 12647 series of process control standards.

4.2.4 Measurement geometry

For guidance concerning which sample backing material to use, refer to application standards such as those

The measurement geometry shall be (45°:0°) or (0°:45°), annular or circular; see Annex C. It shall also
conform to the geometric conditions defined in 1ISO 5-4 and shall meet the requirement that the realized
boundary of the larger of the illuminator region and the receiver region shall be outside the boundary of the
smaller by at least 0,5 mm, as specified for small sampling apertures. While being measured the sample shall
lie on a flat surface. The instrument base and the sample surface shall lie in the same plane.

NOTE 1 For angles and nomenclature for geometries, see C.1.1.

© 1SO 2009 — All rights reserved
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NOTE 2 The use of (45°:0°) or (0°:45°) geometry will not always adequately address variations in all surface
characteristics. Other instrumentation might be used to detect specific characteristics such as “bronzing”.

NOTE 3  Annex C 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). For non-opaque sample substrate
materials, the CIEXYZ data for the unprinted substrate material shall be reported for both black and white
backing, 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 fata should be measured from 360 nm to 780 nm and shall be measured from 400 nnp to 700 nm,
inclugive. Data should be measured at 10 nm intervals where the spectral response function is tfiangular with
a 10 |nm bandwidth at the half-power point. Where data is measured at other intervals and banglwidths, data
shall|be computed that estimates the values that would have been-obtained from measurements made at
10 nrp intervals with a triangular spectral response function with a~10-nm bandwidth at the halffpower point.
Meagurement data shall not be collected at intervals greater than<20him.

Whele measurement data is collected at intervals of less than*10 nm, it may be widened using the method of
Annex I.

4.3.2] Measurement geometry

Meagqurement geometry shall be normal:diffuse'\(0:d) or diffuse:normal (d:0). It shall conform to the geometric
condjtions defined in ISO 5-2.

NOTH For more information, see C.2.

4.3.3| Resolution and data reporting

Trangmittance factor shall Be'yeported to the nearest 0,000 1 relative to a perfect transmitting diffiser 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. The fact that an opal geometry was used shall also be reported. See also Clause 6.

4.4 | Self-luminous displays (spectral radiance) measurement

4.4.1 Wavelength range, wavelength interval and bandwidth

Data 'sheouldbemeasured—atintervals—of-5-am—erless—with—a—triangular speetralresponrse—function and a
half-power point bandwidth equal to the measurement interval. Data shall be measured at 10 nm intervals
where the spectral response function is triangular with a 10 nm bandwidth at the half-power point.

NOTE CIE recommends (CIE Publication DS 014-3) that the standard method of calculating tristimulus values
(CIE X, CIE Y and CIE Z) use 1 nm intervals. However, that same document also notes that, in some cases, the standard
method cannot be used because the colour stimulus function or relative colour stimulus function is not available over the
full range of 360 nm to 830 nm in 1 nm intervals. If it is demonstrated that the resulting errors are insignificant for the
purpose of the user, tristimulus values can be calculated by numerical summation from 380 nm to 780 nm at wavelength
intervals, delta lambda, equal to 5 nm using colour matching functions x (lambda), y (lambda), z (lambda) defined in
ISO 11664-1.

© 1SO 2009 — All rights reserved 7
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4.4.2 Measurement geometry

4.4.21 General

The spectral data may be measured either with a spectroradiometer in contact with the display surface, or a
telespectroradiometer placed at a typical viewer position. The measurements shall be carried out in the
direction of the normal to the display surface. The area measured for each sample shall have a diameter of no
less than 4 mm and shall contain at least 150 pixels.

For measurements made with a spectroradiometer or telespectroradiometer, the angular width of the sensing
cone, i.e. the angle region over which the efflux is sensed by the receiver, shall not be more than a half angle
of 5° and shquld not be more than a half angle of 2,5°.

4.4.2.2 Vipwer position

These measprements will be specific to the viewing conditions. Generally, the ambient ilumination should
conform to IO 3664. However, when the ambient illumination to be used in practice iS-known, it may be
desirable to jperform the measurements with this illumination. The illuminance level and-chromaticity ¢f the
ambient illumination, as measured at the display faceplate, should be reported. Care should be takpn to
minimize reflection of the ambient illumination from the display faceplate towards.the measurement device.
Specular reflections should be avoided.

4.4.2.3 Contact

These measyirements should be performed with the display in the dark, This can be achieved by coverirlg the
display and measurement device or by darkening the room. Care should be taken to ensure that only radjation
from the sanple area is measured.

NOTE Confact measurements are used to characterize thesdisplay only; they are independent of the ambient
illumination. Ifjcontact measurements are performed but viewer-position measurements are desired, it is necessary {o add
the veiling gldre that would be observed by the viewer tosdbtain measurements equivalent to those obtained from the
viewer position.

4.4.3 Pola]ization

The measurgment 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 chromaticity
coordinates $hall fit into a circle 0of-0,002 radius. The deviation of luminance of each measurement shall be
less than 1 % from the average ldminance.

4.4.4 Resoalution and data reporting

The measurgd efflux from the display surface with the small angular sensing cone corresponds to the spgctral
radiance. The radiancé’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. Values derived from the
radiance spgctrum according to 5.2, such as CIE X, CIE Y and CIE Z or CIE x, CIE y and CIE L, may be
reported. Theduminanece hall-be-reported-in-cdim2-See-also e-6

The uncertainty of the instrument shall be defined for the measurement of chromaticity coordinates of a typical
monitor white in accordance with 1ISO 3664 (short-term repeatability, 75 cd/m2, D65). The uncertainty of the
CIE xy chromaticity coordinates under these conditions shall be within the radius of < 0,002. The deviation of
luminance of each measurement shall be less than 1 % from the average luminance. See also Clause 6.

5 Colorimetric computation requirements

5.1 Calculation of tristimulus values for reflective and transmissive samples

To provide consistency with graphic arts viewing conditions, defined in ISO 3664, calculated tristimulus values
shall be based on CIE illuminant D50 and the CIE 1931 standard colorimetric observer (often referred to as

8 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=3eb8ce8ad92c31eb03b9ec68c784d9b2

ISO 13655:2009(E)

the 2 ° standard observer), as defined in ISO 11664-1. Computation shall be at 10 nm intervals. Factors
representing the product of CIE illuminant D50 and the 2 ° standard observer data, to be used for weighting
spectral reflectance and transmittance data, shall be those given in Table 1 for 10 nm intervals, as taken, with
permission, from ASTM E 308:2006.

NOTE 1 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.

NOTE 2  The weights given in Table 1 are based on triangular bandpass characteristics as referred to in 4.3.1.

NOTE 3  Adding the values of the weights from 360 nm to 780 nm in Table 1 does not give a sum equal to the values
for X, Y, and Z,. This is because the writers of ASTM E 308:2006 computed X,, Y, and Z to greater precision than given

by thg summation of the table values. The check sums in Table 1 are provided for use in data transcription,vplidation.
The ¢gomputation of the CIE X, CIE Y and CIE Z values for reflective specimen data shall be'as follows:
780
= D R(A)XWy(A) (1)
A =360
780
= ) R(A)xWy(A) 2)
A =360
780
Z= Y RA)XW4(A) (3)
=360
wherge
) is the wavelength, in nanometres (nm);
R(A) is the reflectance factor at wavelength 4;

'W4)  is the weighting factor at wavelength A for CIE X;
W4) is the weighting factor‘at wavelength A for CIE 7;
AA) is the weighting facter at wavelength A for CIE Z.

The ¢gomputation of the CIEWY, CIE Y and CIE Z values for transmission sample data shall be as f¢llows:
780
= > TRy (A) 4)
=360
780
V= > T(A)x Wy (A) (5)
780
Z= D T(A)xWy(A) (6)
A=360
where
A is the wavelength, in nanometres (nm);
o) is the transmittance factor at wavelength 4;

Wy(A) is the weighting factor at wavelength A for CIE X;

© 1SO 2009 — All rights reserved 9
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Wy(A) is the weighting factor at wavelength A for CIE Y;

W,(A) is the weighting factor at wavelength A for CIE Z.

If the measured spectral data begin at a wavelength greater than 360 nm, then all the weighting values in
Table 1 for wavelengths less than the first measured wavelength shall be summed and added to the weighting
value for the first wavelength measured. If the last measured spectral data point is at a wavelength less than
780 nm, then all the weighting values in Table 1 for wavelengths greater than the last measured wavelength
shall be summed and added to the weighting value for the last measured wavelength.

NOTE 4  This procedure is consistent with ASTM E 308:2006.

EXAMPLE Reflectance data are provided from 400 nm to /700 nm at 10 nm bandwidth and inferval. First, S the
weights contajned in Table 1 from 360 nm to 390 nm and from 710 nm to 780 nm for W,(1), W(4), and W ,(4) individually
and add them|to the values for 400 nm and 700 nm, respectively. Enter the spectral and weight data into a spreadsheet or
similar program and carry out the wavelength-wise multiplications. The results of that summation are the yalues for CIE X;
for CIE Y, for CIE Z.
Table 1 — Spectral weights, #(1), for illuminant D50 and the 2° observer for calculating tristimulus
from data at 10 nm intervals
Wavelength Spectral weights

(nm) W) od W02

360 0,000 0,000 0,001

370 0,001 0,000 0,005

380 0,003 0,000 0,013

390 0,012 0,000 0,057

400 0,060 0,002 0,285

410 0,234 0,006 1,113

420 0,775 0,023 3,723

430 1,610 0,066 7,862

440 2,453 0,162 12,309

450 2,777 0,313 14,647

460 2,500 0,514 14,346

470 1,717 0,798 11,299

480 0,861 1,239 7,309

490 0,283 1,839 4,128

500 0,040 2,948 2,466

510 0,088 4,632 1,447

520 0,593 6,587 0,736

530 1,590 8,308 0,401

540 2,799 9,197 0,196

550 4,207 9,650 0,085

560 5,657 9,471 0,037

570 7,132 8,902 0,020

580 8,540 8,112 0,015

590 9,255 6,829 0,010

10
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Wavelength Spectral weights
(nm) W) W) W02
600 9,835 5,838 0,007
610 9,469 4,753 0,004
620 8,009 3,573 0,002
630 5,926 2,443 0,001
640 4171 1629 0,000
650 2,609 0,984 0,000
660 1,541 0,570 0,000
670 0,855 0,313 0,000
680 0,434 0,158 0,000
690 0,194 0,070 0,000
700 0,097 0,035 0,000
710 0,050 0,018 0,000
720 0,022 0,008 0,000
730 0,012 0,004 0,000
740 0,006 0,002 0,000
750 0,002 0,001 0,000
760 05001 0,000 0,000
770 0,001 0,000 0,000
780 0,000 0,000 0,000
Check sums 96,421 99,997 8p,524
White point X, = 96,422 Y, = 100,000 7,482,521
@ The values of these weighting functiohs are extracted, with permission, from Table 5.9 of ASTM E 308:2006.
5.2 | Calculation of tristimulus values for self-luminous displays
The ftristimulus values are obtained by discrete summation of the following products:
780
X =% S, (Ax(A)AL (7)
=360
780
Y=k Y S,(DFAA (8)
=360
780
Z=k Y S, (AE(DHAL (9)
=360
where
A is the wavelength, in nanometres (nm);
© ISO 2009 — Al rights reserved 1
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S,(A)

X(1), 7(A) and Z(4)

AL

k

is the measured spectral power distribution, in W/(m2/sr/nm);

(see CIE Publication 15:2004);

are the colour matching functions of the CIE 1931 standard colorimetric observer

is the wavelength sampling interval, corresponding to the instrument or the

adjusted bandwidth;

is a conversion factor from watts to lumens and its value is 683 Im/\W.

If the bandwidth and wavelength interval of the available data is 1 nm, the pertinent colour matching function

of ISO 1166

Where the a
radiance spq
following ste

If the a
values 0
the meth

If the av
10 nm, ¢
using on

Relative valu
X, =100
Y, =100
Z,=100
where
X,, Y, an

Y,

W

NOTE X,
white will be {
luminance. Fo
in which case
dynamic rangg

-Twith data at T nm intervals shall be used for insertion into Equations (7) to (9).

ctrum for 5 nm intervals shall be calculated from the measurement values using‘one ¢
DS.

ailable data is at a bandwidth and wavelength interval greater than 1 nm but less than
f the radiance spectrum at 5 nm intervals shall be calculated from the measurement values
od of Annex |.

hilable data is at a bandwidth and wavelength interval greater than 5 nm but less than or eq

is the Y value of the-adopted white.

Y, and Z, arethe values of the measured area relative to the adopted white. In many cases, the ag
elected to be/the display white point; however, in some cases, it will be selected to be lower or hig
I example,\if/a display is used for soft proofing, the display white point might be set to match the paper

b display, the adopted white CIE Y value might be selected to be much lower than that of the displayj

vailable data is at a bandwidth and wavelength interval other than 1 nm or 5 nm, yvalues ¢f the

f the

b Nm,
using

hal to

(10)
(11)

(12)

ata interpolation shall be performed to provide values of the+adiance spectrum at 5 nm intg¢rvals
e of the interpolation procedures of CIE Publication 15:2004.

es X, Y, and Z, shall be obtained as follows:

XY,

7Y,

/Y.,

d Z. are the values relative)to the adopted white;

opted
her in
white,

the adopted white CIE Y value will be higher than that of the display white point. In the case of & high

white

point, to allow

aboye white colours to be reproduced on the display.

From the CIE 1931 ftristimulus values, the chromaticity co-ordinates x, y and the CIE 1976 ' v' uniform
chromaticity co-ordinates shall be calculated using Equations (13) to (16).

x=XI(X+Y+2)

y=YI(X+Y+2)

u' = 4x/(—

V' = 9yl(-

12

2x+ 12y + 3)

2x + 12y + 3)

(13)
(14)
(15)

(16)
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5.3 CIE 1976 (L*a*b*) colour space; CIELAB colour space

5.3.1 General

It is important to note that the issue of uniform visual colour spaces and colour difference equations is the
subject of significant activity within CIE and related organizations. Much of this work applies to textile
evaluation under D65. However, by analogy, this work may be extrapolated to apply to printed images viewed
under D50. The reader is urged to follow the work of CIE for current developments in both uniform visual
colour spaces and colour difference computations. Currently, for graphic arts applications, CIELAB uniform
colour space and its associated colour difference computations suffice. In accordance with ISO 11664-4,
these values shall be computed using the equations given in 5.3.2 and 5.3.3 .

If CIELAB values for a self-luminous display are to be compared to those of reflective~op|transmissive
matefials determined in accordance with this International Standard, the display adopted‘white| needs to be
set tq D50.
5.3.2| CIELAB colour space equations
The CIELAB colour space equations are given in Equations (17) to (36).
1 =116[A1/7,)] - 16 (17)
¢* = 500[A(X/X,) - A(¥/7,)] (18)
b* =200[AY7Y,) - AZ/Z,)] (19)
wherg
AX/x,) = (x/x,)13 if X/x,> (6/29)3 (20)
AX/X,) = (841/108) (X/X,) + 4/29 if XX, < (6/29)3 (21)
and
Ay, = vy )13 if Y/Y, > (6/29)3 (22)
AY7Y,) = (841/108) (Y/Y; )+ 4/29 if 7Y, < (6/29)3 (23)
and
Az/z,) = (2/z,)13 if 7/7, > (6/29)3 (24)
NZ/Z,)=(841/108) (Z/Z,) + 4/29 if 7/7, < (6129)3 (25)
and where

L*, a*and b*  are the CIE 1976 L*, a* and b* co-ordinates;

X,Yand Z are the values calculated from Equations (1) to (9);

X, Y,and Z,  are the white points from Table 1 for conditions specified in 5.1.
In accordance with ISO 11664-4, the reverse transformations are:

AY/Y,) = (L*+ 16)/116 (26)

AX/X,) = a*1500 + f(Y/Y,) (27)

© ISO 2009 — Al rights reserved 13
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AZ/z,) =AY7Y,) - b*200 (28)
X:Xn[/'()(/)(n)]3 if SX/X,) > 6/29 (29)
X=(108/841)X [f(XIX,) — 4/29] if SIX/X,) < 6/29 (30)
Y=Y [AYIY,)P if f(Y/Y,)>6/29 for L*> 8 (31)
Y =(108/841)Y,[(YY,) — 4/29] if fY/Y,) <6/29for L* < 8 (32)
Z=7 Az )3 if AZ/Z )= 6I29 (33)
Z=(108841)Z [(Z/Z,) — 4/29] if AZ/z,) < 6/29 (34)
NOTE Infeger ratios, e.g. 4/29, are used for the equations in this subclause to avoid rounding errors.

Approximate

CIE 197
CIE 197
CIE 197

where a* and

5.3.3 CIE1
The CIE 197

*

AE ), =
AL* = L]
Aa* = ¢
Ab* =

ACy =

Ahab =

correlates of the perceived attributes lightness, chroma and hue are calculated-as follows.

b lightness L* as defined in Equation (17)
5 chroma C;b = (a*2 +b*2)1/2 (35)
b hue angle h,, = arctan (b*/a*) (36)

b* are the CIE 1976 a* and b* co-ordinates.

*

AHab:

where

AEab

Aa*

Ab*

14

976 colour difference equations

5 colour difference equations are given in Equations (37) to (43).

(AL )" +(aa*)° +(a0%)° (37)
~ L, (38)
1 —az (39)
1 —bs (40)
Cavt ~Cipa (41)
AN 2 (42)
k\/(AE;b)z -(AL *)2 - (Ac;b)z ; k=—-11if Ahy <0, k=1 elsewhere; (43)

is the CIE 1976 L* a* b* colour difference;

is the CIE L* difference between specimens 1 and 2;
is the difference of the CIE 1976 «* values between specimens 1 and 2;

is the difference of the CIE 1976 5* values between specimens 1 and 2;
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*

AC,, is the CIE 1976 q, b chroma difference between specimens 1 and 2;

*

AH is the CIE 1976 q, b metric hue difference between specimens 1 and 2;

Ahgy, is the CIE 1976 a, b hue angle difference, in radian, between specimens 1 and 2.

Measurement data reporting requirements

6.1 Required information

When data generated in accordance with this International Standard is reported, they shall\be Lccompanied

by the following information:

a)

b)

c)

d)

6.2 Recommended information

The fequired information should also be accompanied by:

a)
b)
c)
d)
e)

f)

statement that the measurements and computations are in conformance with this’Internatio
IISO 13655:20009;

e measurement conditions used (MO, M1, M2 or M3);

r reflection specimens, the specimen backing (black — also refefred to “bb”, white — alg
Twb");

instrument brand/model (where a single instrument is used.for'the provided data);
XAMPLE ISO 13655 (MO, wb, Cosmodrive).

OTE Characterization data can be created from multiple instruments and therefore is not dir¢
pecific instrument. A typical example might be named: ISO 13655 (M2, bb).

e originator of the data;

e creation date of the.data;

description of the purpose or contents of the data being reported;
description ©fthe instrumentation used, including, but not limited to sampling aperture infor|

e wavgelength interval used for calculation;

nal Standard,

o referred to

ctly linked to a

mation;

r-non-opaque sample substrate materials, the CIEXYZ data of the unprinted substrate ma
pnrfnd far haoth black and white hanl{ing (eoo A_’)_R)_

erial shall be

6.3 Electronic data reporting

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

© 1SO 2009 — All rights reserved
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Annex A
(normative)

Sample backing

A.1 General

Many substr:lates used in photography and printing are not totally opaque. Therefore, the characteristi¢s

material beh
factor measu
data, e.g. co

The impact g
on the back §

If the substrd
white and bl
white and bl3

The commor

standard

standard

self bacl

Self backing
backing shal

NOTE S¢

measured. Th
backing is ina

A.2 Stand

Black material shall cenform to ISO 5-4.

NOTE IS

nd a specimen during measurement or any printing on the back side can modify the reflec
red. Any change in the spectral reflectance factor data will impact any values computed fror
orimetry, density, etc.

n the values measured is dependent on the opacity of the substrate. Where, the issue is pr
5ide of the substrate, a partial suppression of the impact is possible by usjfng a black backing

te has a very low opacity, the differences in measured spectral reflectance factor data bet
bck backing can be quite significant. An approximate conversion ‘between data measureg
ck backings is given in A.4.
options for backing materials are:
black backing as defined in A.2;
white backing as defined in A.3;

ing with multiple sheets of the specimen substrate material.

is preferred only in the paper and.ink-making industries. However, only standard black or
be used for applications within the-scope of this International Standard.

If backing depends on the ayailability of the unprinted substrate material whenever a specimen is
is is often not the case. Ahother problem would arise with automated scanning instruments whe
cessibly hidden within thesinstrument.

ard black backing

O 54 réquires the following properties:

bf the
ance
n this

nting

ween
with

white

to be
e the

spectrally
from 400

non-selective, 1.e. the total range of speciral diffuse reiflection density throughout the wavelengin in
nm to 700 nm does not exceed 5 % of the average density obtained over the same interval;

illumination conditions);

essentiall

minimum

16

y opaque;

ISO 5 visual reflection density of 1,30.

terval

diffuse-reflecting (i.e. no perceptible specular reflection when viewed at any angle under typical office room
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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.
Op = (Yp/Y,,) x 100 (A1)
where

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

Yy is the CIE Y value computed from measurements made using black backing donforming to
A2,

Yy is the CIE Y value computed from measurements made using a stack of at least|three sheets
of the material to be used for backing.

b) It shall be diffuse-reflecting (e.g. no perceptible specular reflectionwhen viewed at any|angle under
pical office room illumination conditions).

c) lts CIELAB C* value shall not exceed 3 and should not exceed®,4.

d) [t shall be non-fluorescing (no emission in the response band of interest when excited by the instrument

gource).
e) The spectral reflectance factor values shall exceed those of Table A.1 but the CIE L* vdlue shall not
géxceed 97.
Table A.1— Spectral reflectances
Wavelength Spectral reflectance
nm factor value
400 0,30
410 0,30
420 0,75
450 0,75
460 0,80
670 0,80
680 0,75
700 0,75
NOTE This corresponds to a CIE L* greater than 92.
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A.4 Black/white backing conversion

One possible conversion method is based on the observation[20] that if the differences of CIE X, CIE Y, and
CIE Z between measurements made over two backing materials (i.e. black and white) are plotted versus
CIE X, CIE ¥, and CIE Z for measurements made over either backing, the best fit result is approximately a
straight line. This leads, as an approximation, to a linear conversion.

For CIE X:
Xy =Xp (1+0) = Xpin - C (A.2)
with
C=Xsb = Xsp (A.3)
X = Xmin
where

X, is the converted value of X of the specimen over white backing;

X, is the measured value of X of the specimen over black backing;

C  is @& constant;

is rhe measured value of X of the specimen substrate over white backing;
X, s fhe measured value of X of the specimen substrate over black backing;
is the value of X of the specimen in the groupyhaving the lowest value of X over black bagking,

typically an area where three or four inks aré printed on top of each other with 100 % coverage (if
this value is not known, a value of zero maly.be used for X,;,).

min

Conversion gf CIE Y and CIE Z is accomplished.in an analogous manner and CIELAB values are computgd
there from.

Black and white backing conversion methods are still an active field of research and the user is recommgnded
to test each fnodel in the light of thepertinent use case.

A.5 Measurement of transparent materials
For substrates viewéd)by transmitted light, the measurement conditions of 4.3 apply. In the case of

transparent gubstrates, which are viewed by reflection, a reflectance factor measurement using either (°:45°
or 45°:0° gegmetry'is appropriate, using a white sample backing with the characteristics described in A.3

Reflectance measurements of transparent materials are highly dependent on the reflectance of the backing
material. In order to correct such measurements so that they are relative to a perfect reflecting diffuser, the
following computation should be performed:

R(A) = R {(A)Rp(A) (A.4)
where
A is the wavelength, in nanometres (nm);

Ry(4) s the reflectance of the transparent specimen over the white backing material at wavelength 4;
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Ryp(4)

wavelength 4,

R(A) s the corrected reflectance at wavelength A.

The correction can also be performed using CIEXYZ as follows:

X = X/X,

Y=Y/Y,

wher

NOTE

= X,/Z,
b the subscripts “t” and “b” have the same meaning as above.

This correction only applies to clear and not translucent material.

©1S0
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is the reflectance of the white backing material itself (not covered by the transparent substrate) at

(A.5)
(A.6)

(A7)
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Annex B
(informative)

Computation of the CIE 2000 total colour difference (CIEDE2000)

One recommended procedure for calculation of small colour differences is the use of the CIEDE2000 formula
as described in CIE Publication 15:2004 and CIE Publication 142. It is also advisable to consult the CIE

website (http

-/Iwww . cie.co.at) for the latest publications in this field

The parame
conditions: S
edge contact
greater than

Presently, th
2000 Ix and
decisive exp

The CIEDE2
small colour
for industrial
chroma dep
scaling along
recommends
quoted from

tandard illuminant D65, illuminance 1 000 Ix, homogenously-coloured object samples in
, with a CIE 1976 total colour difference not exceeding 5, the samples subtending’a visual
1°, the samples lying on a background with a uniform, neutral grey colour with £*="50.

bre are no established parametric factors for the viewing condition P1 spéecified in ISO 366
D50, which is nearly always employed in graphic technology. In thetinterim period, until
primental results are available, the choice of 1, 1, 1 is regarded as the best solution.

DOO total colour difference formula corrects for the non-uniforniity*of the CIELAB colour spa
differences under reference conditions. Improvements to thé<calculation of total colour diffe
colour difference evaluation are made through corrections.for the effects of lightness depend
bndence, hue dependence and hue-chroma interaction” on perceived colour difference
the a* axis is modified to correct for a non-uniformity-observed with grey colours. The res
tion for the CIEDE2000 total colour difference AESO and its calculation is summarized b
CIE Publication 15:2004. A sample calculation_is;given in ASTM D 2244.

ric factors for variation in the experimental conditions, &, kg, ky are 1, 1, 1 for thexfollpwing

Hirect
Angle

1, i.e.
more

ce for
ence
ence,

The
Lilting
elow,

(B.1)

,\2 , \2 ,\2 ’ ’
) ) ) i)
where
AL’ is the transformed-ightness difference between specimens 1 and 2, see Equation (B
AC is the transformed chroma difference between specimens 1 and 2;
AH’ is the‘transformed hue difference between specimens 1 and 2;
Rt issthe rotation function, see Equation (B.11);
k., kc andley ~ are the parametric factors for variation in the experimental conditions;

S, Scand Sy are the weighting functions, see Equations (B.7) to (B.9).

First, a localized modification of the scaling along the a* axis is made which is most significant for colours at

low chroma.

20

(B.2)
(B.3)

(B.4)
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with
_*7
G=05{1- |8 _ (B.5)
Cab +257
and
Cab =0.5(Cap1 + Capa) (B.6)
wherg

1’ is the transformed lightness;

¢ is the transformed «* (red-green opponent) co-ordinate;

b is the transformed b* (yellow-blue) co-ordinate;

; is a quantity that depends on the mean chroma of specimens 1 and-2.

The fransformed L', a', b' values are then used to calculate hue _angle, chroma and lightness| These new

quaniities are designated by a prime mark. With these results the/weighting functions and the rotation function
are determined using the following equations:

0,015(L" —50)?
+

S =1 — (B.7)
20 + (L - 50)2
5c =1+0,045C" (B.8)
Sy =1+0,015CT (B.9)
with
I =1-0,17 cos(/’ — 30°)+ 0,24 cos(2h’) + 0,32 cos(3h’ + 6°) — 0,20 cos(4h’ — 63°) (B.10)
wherg
S|, Sc and Sy _<are the weighting functions;
L is the mean of the transformed lightnesses for specimens 1 and 2;
C is the mean of the transformed chromas for specimens 1 and 2;
T is a quantity that depends on the mean of the transformed hue angles for specimens 1
and 2;
% is the mean of the transformed hue angles for specimens 1 and 2.
Finally, the rotation function is calculated from the following equations:
Rt =—Rc sin(2A0) (B.11)
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with

AG = 30°exp{—[(/7 - 275°)/25]2}

—
2\/—7C 7
c''+25

and

Rc

where
Ry

AO

22

(B.12)

(B.13)

is th

e rotation function;

is the hue angle difference depending on the mean of the transformed hue angles’for specimens

1 ar

is th

is a

is th

d2;

e mean of the transformed hue angles for specimens 1 and 2;

quantity that depends on the mean of the transformed chromas for specimens 1 and 2;

e mean of the transformed chromas for specimens 1 and 2,
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Annex C
(informative)

Geometry

Reflectance measurement

CA.

The
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instry
Thes|
cann
circu
geon
the ¢

In de
printg
the K
spec
often
spec

One

Stanglard is not adequate is the determination of “bronzing” of inks. An integrating sphere

requi

Com
circu

An gnnular geometry is achieved with a ring reflector whereas a circumferential geometry

apprq
circu

If, ho
emplk
know

NOTH

Angles

pppearance of any opaque object is largely a function of the spectral reflectance of t
ination with a wide range of surface effects such as gloss, shape, texture,‘vetc. Unfor|
ination of spectral reflectance and surface effects is difficult to characterize~ahd measun
mentation available to make reflectance measurements is limited to three configurations o
e are (0°:45°) or (45°:0°) and (d:8°) instruments. Unfortunately, data from.any one of these G
bt be easily modified to match data measured with another of ‘the configurations. U
mstances, spectral calculations permit conversions (see Reference [21]). For many apq
etry is not critical. For others, specific configurations offer uniquée advantages and for somg
bnfiguration used has its basis in historical practice and databases rather than application re

veloping this International Standard, one of the principal. applications considered was the a
d images on paper. Information available strongly indicated that the 0°:45° or 45°:0° geom
est correlation to the reflectance seen by a human~observer using the standard viewir
fied in ISO 3664 for graphic arts and photography.”In addition, in the graphic arts, colorin
fy the use of (0°:45°) or (45°:0°) geometry.

example of an important graphic artsi-application where the geometry specified in this

red for this purpose.

bliance with 1ISO 5-4 requires one of the geometries “forty-five degree annular: normal”, “fort
mferential: normal”, “normal:forty-five degrees annular”, and “normal: forty-five degrees cirg

ximation of the annular geometry, for example, a number of light sources/sensors place
mference, see CIE-Rublication 15:2004.

wever, sensing and/or irradiation is limited to a single azimuthal angle, directional and textu

n as “forty-five degrees directional: normal” and “normal: forty-five degrees directional”.

nat object in
unately, this
e. The basic
geometries.
onfigurations
nder certain
lications the
applications
juirements.

bpearance of
etry provides
g conditions
netric data is

used in conjunction with densitometric dataz;The current reflection densitometry stanglard 1SO 5-4

International
nstrument is

y-five degree
umferential”.
uses, as an
j around the

'e effects are

asized. These geometries are deprecated in ISO 5-4 and hence in this International Standard. They are

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

C.1.2 Over filling and under filling

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. The
interaction between the translucency of the specimen and optical configuration of the instrument is called
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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 [191122],

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”). 1ISO 5-4 states that “the realized
boundary of the larger of the illuminator region and the receiver region shall be outside the boundary of the
smaller by at least 2 mm. Where small sampling apertures are required, this dimension shall be at least
0,5 mm. The magnitude of the resulting lateral diffusion error should be accepted as part of the overall

measuremer|

To minimize

C.1.3 Sam

When meas

instrument sampling aperture. If the area measured is made too small, the measurements become errati

depend on t

measuremer
although 177
ten times, bd

circular sam
aperture is n

Sampling ap
measuremer
within the ramge given by columns 4 and 5 of Table C.1. This’method is to be applied by scanning instrur

For half-tongs without a constant screen frequency- (non-periodic screens), it is recommended td

Table C.1 wi
element of th

t uncertainty, or a greater boundary differential should be used.”

errors due to translucent blurring, it is important to use opaque calibration reference material

bling aperture size, scanning area

iring half-tones, screen ruling is another factor that should be considered when selectin
he number of half-tone dots that happen to be measured. For a periodic screen and a s
t, a rule of thumb says that at least 79 half-tone dots need to be‘within the sampling ape
is better. This corresponds to the rule that for circular apertures.the diameter ought to be at
tter 15 times, greater than the screen width. Table C.1 shaWws+the minimum and recommsg

bt circular, no dimension should be smaller than the diameter of a circular aperture.

ertures smaller than those of Table C.1 are permissible if the greater uncertainty of the s
t is reduced by averaging over multiple measurements that are performed over an area t

e non-periodic screen.

g the
c and
ingle
rture,
least
nded

bling aperture diameters and areas, respectively, as a function of screen ruling. If the sanppling

ingle
hat is
nents.

use

h a pseudo screen frequency calculated by dividing 0,120 by the diameter of the minimum image

EXAMPLE The minimum diameter of a‘given non-periodic screen is 20 ym (0,002 cm). The division of 0,120 by
0,002 cm yields 60/cm, hence the recommendations of the line labelled 59,1 (150) in Table C.1 apply.
Table C{1 — Circular sampling aperture diameters and areas for the measurement of half-tones
Screen freqyiency Diameter Area
Minimum Recommended Minimum Recommended
cm~ (Ipf) mm mm mm?2 mm2
25,6 (69) 3,9 5,9 12,0 27,0
33,5 (89) 3,0 4,5 7,0 15,8
39,4 (100) 2,5 3,8 5,1 11,4
47,2 (120) 2,1 3,2 3,5 7,9
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 1,9 1,3 2,9
98,4 (250) 1,0 1,5 0,8 1,8
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C.2 Transmission measurement geometry

Measurement geometry is defined in this International Standard 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 C.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 1ISO 5-2 method (which reflects many practical situations). Experimental evidence [20]
indicates that the differences obtained by the two procedures are most significant at high transmittances and
the error mtroduced is generally Imear W|th transmlttance (and CIEXYZ values) CIEXYZ values that are
re reference.
The degree of dlfference is a functlon of the opal matenal as well as the surface charactensncs of the material
beind measured (smoothness, matte level, etc.).
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Annex D
(informative)

Fluorescent samples

D.1 General
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by complying with the UV-cut specification M2 in 4.2.2.3, effects due to visibledight fluorescing colg

cannot be a\f

D.2 Histo
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The specimg
approximate
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between them is a measure of the fluorescence. It is aceeptable if the two sources are obtained by filtrat

a single so
measuremer
checks.

D.2.2 Sing
This method
with an optig

4.2.2.3, mes
CIELAB diffe

D.2.3 Sam

This method

b the presence of optical brightening agents in the printing substrate materials. These’re
ultraviolet ragliation of wavelengths below 400 nm for their excitation and then emit light in the blue [region

5, however, fluorescing colorants are used in the printing and proofing inks_that require V

Imost all graphic technology printing substrates exhibit substantial fluorescence. In mostic

ft of the CIELAB 5* co-ordinate towards the blue by about 1 to 10.

above 400 nm for their excitation. While practically all UV-excited fluorescence can be av

oided and therefore tests for their presence are required.

rical tests for presence of fluorescence

source measurement

n is measured with two sources, one of whichvapproximates illuminant A, the other of
5 D65. The two spectral power distributions are’strongly different. The resultant spectral d
b compute the tristimulus values, relative._ to D50, for both sources. The CIELAB diffe

rce. If the instrument manufacturer\provides the two spectral power distributions o
t sources, these are to be quoted when communicating the results in order to permit indepe

e ultraviolet cut-off filtéer

only tests for the presence or absence of UV-excited fluorescence. If the instrument is pro
nal UV-cut filter, exg_ia filter with the transmission characteristics implicit in the specificat
sure the specimén with and without the UV-cut filter in the illumination light path.
rence between the two measurements is a measure of UV-excited fluorescence.

ples with.and without optical brightener

tests, for the change in total radiance factor between a white material with no brightener an

pses,
quire
. The

isible
bided
rants

vhich
bta is
ence
on of
f the
hdent

vided
on in
The

d the

same materi

al“with a high level of optical brightener added. These material standards do not need

o 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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Annex E
(informative)

Improving inter-instrument agreement

E.1 Calibration

Meagurement devices need to be standardized using their own, up-to-date, standardizing materi
refergnce materials (CRMs). It is good practice to first verify that the reference material period g
not gxpired. Next, check whether the reflection values stored in the instrument indeed’ pertain
refergnce to be used. Then, as part of the full calibration procedure, make a zero reflectance 1
(on g black-trap apparatus) and measure the white reflection reference. In all cases follow th
specified by the manufacturer of the instrument and those that come with thenreference mat
modegrn instruments, many of the standardizing procedures have been automated to require
interyention. It is always a good idea to verify a standardizing step, once completed, by m
refergnce material again and comparing results to target values.

E.2 |Screen ruling and sampling apertures
Half-
spec
tones

one areas are not to be measured with a sampling aperture that is too small to effectively
men. See Annex C for more detailed information apout the aperture sizes for use when me
with various screen rulings. Different sampling apertures measure different areas of

bl or certified
f validity has
to the white
heasurement
procedures
rial. In most
little human
easuring the

evaluate the
asuring half-
a specimen.

Thergfore, it is a good idea to use a common sampling aperture size and shape for the comparison of

meagurements.

E.3 [Measurement conditions

cases of measurement disagreement can be traced to the comparison of data measured u
condftions. An operator often has a choice of various instruments and their physical options such
(0°:45%° or diffuse:normal with the specular component included or excluded, di:8° or de:8°), UV ¢
the mpeasurement source flux (included or excluded) or a polarizing filter (engaged or not). Addit
are many computationakoptions, which can change the values of the reported readings, inclu
illumipants (A, D50, B65, C, etc.) and the standard observer function (2° or 10° visual field size
that ihstruments and their settings comply with the provisions of this International Standard.

Many

E.4 |Common model and manufacturer

nder different
as geometry
omponent of
ionally, there
ding the CIE
). Make sure

The

bost aareement is achieved when devices nmplnynd come from 3 cingln manufacturer an
3

d better still,

from the same product family.

E.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 accidentally activated. Such errors could result
in gross measurement differences between two or more instruments. For further information, see Annex F.

© 1SO 2009 — All rights reserved 27


https://standardsiso.com/api/?name=3eb8ce8ad92c31eb03b9ec68c784d9b2

ISO 13655:2009(E)

E.6 Spectral correction

If the measures recommended in E.1 to E.5 are not sufficient to significantly improve inter-instrument
agreement, consider the methods described in References[18] and [21]. These authors use regression
analysis to correct the measured spectra such that they approximate those of a chosen reference instrument.
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Annex F
(informative)

Certified reference materials (CRMs)

F.1 General

p or more of
realization of
panied by an
roughly 95 %
cal standard

As defined in ISO Guide 30, these are reference materials, accompanied by a certificate,.on
whose property values are certified by a procedure which establishes traceability to an accurate
the upit in which the property values are expressed, and for which each certified value ,is accom
unceftainty at a stated level of confidence. For the graphic arts industry, a level of confidence of
is generally accepted as sufficient. This corresponds to a coverage factor of 2{(or 2 statist
devigtions in the case of a normal distribution. For more information, see ISO 15790

Since the onset of colour measurement in graphic technology, it has been plagued by a re
inter{nstrument agreement. This was the reason for the introduction%of* Annex E into this
Stanglard. Recently, the situation has been further confounded by the use’of highly fluorescent pa
subsfrates. This tends to amplify differences between instruments\where the spectral compg
sourge is not identical in the UV region.

gle set of certified reference materials, certified by or*traceable to a single, internationall
standards institute, that is adopted by practically all.manufacturers would serve the followi
rt the users about the inter-instrument problem, to show them when an instrument is out of §
finally, to set the stage for a gradual reduction ofinter-instrument differences.

A sin
basig
to al6
and,

Suitaple sets of CRMs:

vould include patches for white, the\primary and secondary solids of the process colours
mumber of tertiary intermediate tones;

a)

b) Wwould employ colorants and-ink formulations that reasonably agree with those used for py

and proofs in terms of spectral dependence, surface and scattering characteristics;

c) \ould preferably be thick-film specimens because these are less sensitive to wear;

d) \ould be provided with the spectra and the CIELAB values of all patches measured in acc

this International-Standard;

ould need'to be certified, or traceable to, an internationally recognized basic standards insf
IST (USA), PTB (DE), NPL (UK), CTP (France) and NRC (Canada).

latively poor
International
pers as print
sition of the

ly recognized

Ng purposes:
specifications

as well as a

actical prints

ordance with

itute such as

CRM
allow them t

o have the instrument recalibrated by the manufacturer, if necessary. Alternatively, t

5, and would
he data given

by the instrument could be used to correct the data by means of software tools, which need to be offered 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.

F.2 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.
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