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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not;teceived

patent(s)

ich may be required to implement this document. However, implementers are ca

this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade
constitute 3

For an expl
related to
Organizatig

This docum

This sixth e

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

&

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pword.html.

ent was prepared by Technical Committee ISOLTC 6, Paper, board and pulps.

dition cancels and replaces the fifth edition (ISO 2469:2014), which has been technic

The main clhanges are as follows:

intrody
D65, in

additio
reporte

additio
reflectd

update

update

ction of the method for calibrating to the CIE illuminant C and to the CIE standarg

h of limit values for brightness and whiteness to check the performance of the calibrg
d for non-fluorescence calibration);

h of effective residual ink concentration (ERIC number) to the list of optical properti
nce and radianee-measurements in the introduction;

of Annex Ciinorder to reflect the revised version of ISO 4094;

of bibliggraphy;

addition to the procedure for calibration of the non-fluorescent part of the spectrumj

lly revised.

| illuminant

tion (as itis

es based on

editori

h(Tevision.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The radiance factor depends on the conditions of measurement, particularly the spectral and geometric
characteristics of the instrument used. The diffuse radiance factor as defined by this document is determined
using instruments having the characteristics given in Annex A and calibrated with standards delivered in
the framework of the organisation described in Annex B.

The diffuse radiance factor is the sum of the reflected radiance factor and the luminescent radiance factor,
and the luminescent radiance factor of a luminescent (fluorescent) object is dependent on the spectral power
distribution of the illumination. If adequately accurate measurements are carried out on fluorescent objects,
the UV-content of the instrument illumination is adjusted to produce the same amount of fluorescence for
a fluorescent reference standard as the selected CIE illuminant. The preparation of fluorescent reference

standards
reference sf
properties

The spectry
specified w
of diffuse r
radiance fa

The diffuse
properties,
Kubelka-Mu
specific Int¢

11 Ao i e Ao 1 pa | - pa | 2l ph - A Valanl) £ 2l
U ClIdUIT U115 aujuauucut LU DT IIIdUCT 15 UTSLIITUCTU 111 AIIIICTA U, 11ICT UST Ul LIICTST
andards is described in detail in the International Standards describing the measiire
f the materials containing fluorescent whitening agents.

1| diffuse radiance factor or the weighted diffuse radiance factor applicable to ong
hvelength bands is often used to characterize the properties of pulp, papér and boar
diance factors associated with specified wavelength bands are the JISO'%brightness (|
rtor) and the luminance factor.

such as opacity, colour, whiteness, effective residual ink cdncentration (ERIC num}l
nk scattering and absorption coefficients. These various‘properties are described
brnational Standards.

fluorescent
ment of the

b or several
1. Examples
diffuse blue

radiance factor or diffuse reflectance factor is also used as(the basis for calculating optical

er) and the
in detail in
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International Standard

ISO 2469:2024(en)

Paper, board and pulps — Measurement of diffuse radiance
factor (diffuse reflectance factor)

1 Scope

This document describes the general procedure for measuring the diffuse radiance factor of all types of

pulp, paper

and board More pnrfir'n]:\rly’ it cpnr‘ifinc indetail the prnr‘nr‘nrnc tobhe used for cal

brating the

equipment,

This docun
containing

and in Annex A, the characteristics of the equipment to be used for such measurenie

Fluorescent whitening agents, provided that the UV-content of the instrumeént illunj

been adjusted to give the same level of fluorescence as a fluorescent reference staridard for a 5

illuminant,

Annex C de

2 Norm

The followi
requiremen

hccording to the International Standard describing the measurementof the property

cribes the preparation of fluorescent reference standards.

htive references

hg documents are referred to in the text in such a way that some or all of their content
ts of this document. For dated references, only the edition cited applies. For undated

the latest edlition of the referenced document (including any.aimendments) applies.

ISO 4094, P
issue of opti

3 Terms

For the pur
[SO and IEC

IECEle

3.1
radiance f3

B

ratio of the
the surface

nper, board and pulps — General requirements:for the competence of laboratories autho
cal reference transfer standards of level 3

and definitions
poses of this document, the following terms and definitions apply.

maintain terminology databases for use in standardization at the following address

[SO Online browsing platforin} available at https://www.iso.org/obp

ctropedia: availdble at https://www.electropedia.org/

ctor

radiatice of a surface element of a body in the direction delimited by a given cone wit

nts.

lent can be used to measure the diffuse radiance factors and related properties ¢f materials

ination has
elected CIE
in question.

constitutes
references,

rized for the

ES:

h its apex at

element to that of the perfect reflecting diffuser under the same conditions of illumination

Note 1 to entry: For luminescent (fluorescent) materials, the total radiance factor, S, is the sum of two portions, the
reflected radiance factor, fig, and the luminescent radiance factor, 8|, so that

B=PBs+

P

For non-fluorescent materials, the reflected radiance factor, fg, is numerically equal to the reflectance factor, R,
defined in 3.3.

Note 2 to entry: The radiance is expressed in W-m=2-sr1,

© IS0 2024 - All rights reserved
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diffuse radiance factor
ratio of the radiation reflected and emitted from a body to that reflected from the perfect reflecting diffuser
under the same conditions of diffuse illumination and normal detection

Note 1 to entry: The ratio is often expressed as a percentage.

Note 2 to entry: This document prescribes diffuse illumination and normal detection in an instrument constructed
and calibrated in accordance with the provisions of this document. The term “diffuse radiance factor” is used here
both for bidirectional and sphere geometries.

3.3

reflectance factor

ratio of the radiation reflected by a surface element of a body in the direction delimited by a

its apex at
of illumina

Note 1 to en

Note 2 to e
(fluorescenc

Note 3 to en
reflectance f
that the mea

ive
e surface element to that reflected by the perfect reflecting diffuser under the sam
ion

ry: The ratio is often expressed as a percentage.

try: This term may be used only when it is known that the test material)exhibits no 1

).

ry: In this document, it has been considered advisable to introduce the term radiance facto
actor into the title, because the increasing use of fluorescent whiténing agents in paperm
surement is seldom limited to reflectance. From a single measurehient the instrument canno

n cone with
b conditions

liminescence

- rather than
hking means
t distinguish

between the|two factors.

34

diffuse ref
R

ratio of the
diffuse illug

ectance factor
reflection from a body to that from the perfect reflecting diffuser under the same cpnditions of
hination and normal detection

Note 1 to enflry: The ratio is often expressed as a percentage.

Note 2 to ent structed and

calibrated in

ry: This document specifies diffuseillumination and normal detection in an instrument con|
accordance with the provisions of this document.

3.5
international reference standardlevel 1
IR1
primary opftical reference stafidard, the perfect reflecting diffuser, the ideal diffuser exhibitil
diffuse refl¢ction with a reflectance equal to 1, used for calibration of optical transfer standardg

g isotropic

Note 1 to enflry: Reflectankeis defined as the ratio of the reflected to the incident radiation.

[SOURCE: 130 409432017, 3.4]

3.6
internatiopalreference standard level 2
IR2

secondary optical reference transfer standard for the certification of level 3 (IR3) (3.7) standards or for the
calibration of instruments, consisting of a material certified against an international reference standard of
level 1 (3.5) by a standardizing laboratory, as specified in the relevant International Standard

Note 1 to entry: This document refers to two types of IR2: a non-fluorescent IR2, whose spectral reflectance factors
have been determined by a standardizing Laboratory in relation to the IR1; and a fluorescent IR2, whose total spectral
radiance factors corresponding to a specified CIE illuminant have been determined by a standardizing laboratory. A
non-fluorescent IR2 is used to calibrate the photometric scale of an authorized laboratory’s reference instrument, and
a fluorescent IR2 standard is used to adjust the UV level of an authorized laboratory’s reference instrument.

[SOURCE: ISO 4094:2017, 3.5]

© IS0 2024 - All rights reserved
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international reference standard level 3

IR3

tertiary optical reference transfer standard consisting of a material certified against an international
reference standard of level 2 (3.6) by an authorized laboratory, as specified in the relevant International

Standard, a

nd used by a testing laboratory for the calibration of instruments

Note 1 to entry: This document refers to two types of IR3: a non-fluorescent IR3, whose spectral reflectance factors
have been determined by an authorized laboratory in relation to the non-fluorescent IR2; and a fluorescent IR3,
whose calibration values have been determined by an authorized laboratory in relation to the fluorescent IR2. A non-
fluorescent IR3 is used to calibrate the photometric scale of a testing laboratory’s instrument. A testing laboratory

uses a fluore

[SOURCE: I

scent IR3 to adjust the UV level of the testing laboratory’s instrument.

04094:2017, 3.6]

3.8
working st
physical stg
internation
requiremen

Note 1 to ent

3.9
primary w

working standard that is used routinely to validate and check a given easuring instrument for its i

Note 1 to enf
to a different

validation pyrposes only on instruments of the same type.

3.10

control plate

secondary \
working stg
primary wd

andard
ndard whose radiance (reflectance) factors have been determined by calibfation wit
hl reference standard (IR3) for subsequent use on a single instrument that’conform
ts

ry: The specific requirements are given in this document.

prking standard

ry: The assigned radiance (reflectance) factors of the primary working standard may not bg
instrument, even of the same type (see 3.8). However,itis possible to use a primary working|

vorking standard
indard that is used on an infrequent'basis to monitor and validate the performanc
rking standard

Note 1 to en
to re-calibra

standard (IR3).

4 Principle

[ry: When one or more contrel.plates give anomalous results on a given instrument, it can
e the primary working standard used with that instrument with an appropriate internatio

h a suitable
5 to specific

ntended use

transferred
standard for

e of a given

be necessary
hal reference

A test piecq]is irradiated‘diffusely in a standard instrument and the light reflected (and emitted as a result

of fluorescgnce) in aldjrection normal to the surface is passed to a detection system. This detec
may consist eithef~of a defined optical filter and photodetector or of an array of photodetectors
detector refponds to a specific effective wavelength. The desired radiance factors are determ

tion system
where each

y

ed directly

from the output from the photodetector in the former case or by calculation from the detector arnray outputs

using appropriate weighting functions in the latter case.

5 Apparatus

5.1 Reflectometer

Reflectometer having the geometric, spectral and photometric characteristics in accordance with Annex A.

© IS0 2024 - All rights reserved
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5.2 Reference standards

For photometric calibration of the instrument and its working standards, use a non-fluorescent reference
standard issued by an authorized laboratory (AL), as defined in Annex B, and fulfilling the requirements for
an [R3, in accordance with Annex B.

Use reference standards sufficiently frequently to ensure satisfactory calibration.

NOTE If fluorescent materials are measured, a fluorescent reference standard issued by an authorized laboratory
is needed to enable the UV-content of the instrument illumination to be adjusted to produce the same amount of
fluorescence as the selected CIE illuminant. This UV adjustment procedure is described in detail in Annex C. The use
of these fluorescent reference standards is described in the International Standards for the determination of specific
optical properties.

5.3 Working standards

For measuilements on non-fluorescent materials, two working standards of opal glass, |ceranpic or other
suitable mafterial with flat surfaces.

NOTE I1} some instruments, the function of the primary working standard (see 6.4) can be fulfilled by a built-in
internal starjdard.

For measurements on white fluorescent materials, stable fluorescent working standards of plagtic or other
material in¢orporating a fluorescent whitening agent are required. These working standards arje described
in the relevint International Standards.

5.4 Blac]( cavity
i

For calibratfion or validation of the low end of the photomettic scale. This black cavity shall hav¢ a radiance
factor which does not differ from its nominal value by mere than 0,2 percentage points at all wavelengths.
The black cpvity shall be stored upside-down in a dustfree environment or with a protective cgver. During
calibration,|the instrument shall be adjusted to the nominal value of the black cavity.

It is not yef possible to institute a system of reference standards to enable testing laboratories to check
the reflectgnce factor of the black cavity. At\the time of delivery, the level should be guaranfeed by the
instrument| maker. Questions concerning-the use and condition of the black cavity should be fesolved by
contacting the instrument maker.

6 Calibnation of the instrument and its working standards

6.1 Gendral

Handle each IR3 carefully and protect the test area from contamination. Store it in darkness ywhen not in
use. It is refcommended to store IR3s in temperature conditions not exceeding 24 °C, and prefefably below
10 °C for long terim-storage in airtight packages.

Before use, tondition the unopened packages in the laboratory atmosphere to reach temperature équilibrium.
Then, unpack and condition the IR3s in the laboratory atmosphere.

6.2 Photometric calibration of the instrument and UV setting

6.2.1 Step1

Using the procedure appropriate to the instrument, calibrate the photometric scale of the instrument with a
non-fluorescent IR3. Using the values assigned to the non-fluorescent reference standard (5.2), calibrate the
instrument with the UV-cut-off filters removed from the radiation beams. The setting of the UV-adjustment
filter is not important at this stage.

© IS0 2024 - All rights reserved
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6.2.2 Step2

When the measurements are made on fluorescent materials, carry out also a UV-calibration with a
fluorescent IR3. Using the appropriate measurement procedure, measure the diffuse radiance factors of
the fluorescent IR3, calculate the brightness/whiteness value and compare the value obtained with that

assigned to the fluorescent reference standard.
NOTE Brightness measurement is used to perform UV C setting and whiteness measurement for UV D65 setting.

A measured brightness/whiteness value higher than the assigned value indicates that the relative UV-

content is too high and vice versa.

6.2.3 Step3

Using the U
measureme

NOTE If
rather than |

6.2.4 Ste

Repeat the
the positior]
whiteness ¢
agree with
correct brig

6.2.5 Ste

Repeat 6.2.]
obtained w
measured 3

exceed 0,0§.

used for the
CIE whiteng
content is 1
value equiv
gives the C
Record the

NOTE1 V
and other p

NOTE 2
6.2.5 is perfq

!

V-adjustment filter or other adjustment device, adjust the UV-content of the illumi
nt gives the correct brightness/whiteness value.

the UV-content is too low, it can be necessary to replace the UV-adjustment filter with a filter
pwers the relative UV-content.

b 4

calibration as described in 6.2.1 using the non-fluorescent IR3{with the UV-adjustm
which gave the correct brightness/whiteness value. Repeatthe measurement of the

hation until

which raises

ent filter in
brightness/

f the fluorescent IR3 as described in 6.2.2. If the brightaiess whiteness value obtained does not

the assigned value, adjust the position of the UV-adjustment filter until measureme
htness/whiteness value as described in 6.2.3.

p 5

Jt until the correct value for the brightnessy/whiteness of the fluorescent reference

ith the instrument correctly calibrated(to the non-fluorescent IR3. The deviation G
nd the assigned brightness of the non-fluorescent IR3 used for the primary calibrati

primary calibration shall not excéed 0,3. The deviation between the measured and t
bss of the fluorescent IR3 uséd for the primary calibration shall not exceed 0,5. The
ow correctly adjusted with respect to brightness so that the setting gives the ISQ
alent to the CIE illuminant C and CIE 1931 (2°) observer, and to whiteness so that

E whiteness value equivalent to the CIE standard illuminant D65 and CIE 1964 (10pP

cettings of the UV-adjustments.

hriations in the'green/red tint value can still arise and it cannot be assumed that the tristi
ameters will'also be exactly applicable to the D65 illuminant.

most instruments available on the market at the time of publication, the procedure indicat

rmed\adtomatically.

nt gives the

standard is
etween the
n shall not

t
The deviation between the measured and the assigned ISO brightness of the flu(j?escent IR3

he assigned
relative UV-
brightness
the setting
) observer.

mulus values

bd in 6.2.2 to

All calibrat

d an IR3 to

which absolute Values have been assigned respectlvely by a standardlzlng laboratory and by an authorized
laboratory using an instrument conforming to this document.

6.3 Value assignment to the working standards for their intended use

Clean the working standards (see 6.5) and measure their radiance factors using an instrument previously
calibrated with a set of IR3s and read off and record the values to the nearest 0,01 percentage point. This
value assignment of the working standard is instrument-specific, for given conditions of measurement.

© IS0 2024 - All rights reserved
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The working standard shall only be used for subsequent control on the same instrument and for the same
instrument conditions in which it was originally measured.

NOTE In order to achieve agreement with the reference instrument, a working standard can be assigned multiple
control values, depending on the working level and the purpose of the measurement. This applies, for example, if the
working standard is translucent or glossy and if the linearity of the instrument scale is poor so, in this case, the control
is both sample and instrument specific.

6.4 Use of the working standards

Use one plate as a primary working standard for checking a given instrument, and use the other much less
frequently as a control plate for checking the primary working standard. The frequency with which the
instrument needs to be calibrated depends on the type of instrument. Frequent calibration of the instrument

tends to int
when a che
working stg
noticed, cle
and recalib

The primar
any change

NOTE A
and 0,5 for I

6.5 Cleaning the working standards

Handle wit
standards d
ingredients
free enviro
optically st

NOTE C
of the mater

7 Samp

If the tests
the tests ar
sample recg

8 Preparationiof the test pieces

For the det

oduce undesirabie fiuctuations i the IS trument, and the instrument stratt be recat
'k with the primary working standard indicates that calibration is necessary. Check
indard periodically against the control plate. If any significant change in the-radiar
hn the primary working standard by the procedure described in 6.5. If the change pe
ate both working standards against an appropriate IR3.

y working standard should be checked against the control plate sufficiently often to

in the primary working standard is discovered before an error is ibtroduced into the

O Brightness and 1,0 for CIE whiteness on fluorescent standards.

n care. If cleaning is necessary, follow the manufacturer's instructions. In the case
f opal glass or ceramic material, rinse with distilled water and detergent free from
while rubbing with a soft brush. Rinse thorgughly in distilled water and dry in the g

hble.
bramic material standards can require‘days of drying in a dessicator to avoid getting water d
al, and to restore the optical propetties, as the backing of a ceramic is very porous.
ing

are being made to evaluate a lot, the sample shall be selected in accordance with I
e made on anothenrtype of sample, make sure that the test pieces taken are represen
ived.

eriination of optical properties based on the measurement of radiance factors and

brated only
he primary
iIce factor is
rsists, clean

ensure that
control.

significant change can be 0,2 for R, and R,; 0,3 for R, and ISO brighthess on non-fluorescent standards,

of working
fluorescent
ir in a dust-

hment without allowing anything to touch'the surface. Leave them in a desiccator until they are

nto the back

50 186M11. If
fative of the

defined by

another Int

ernational Standard, prepare the test pieces in accordance with the instructions

riven in the

relevant International Standard.

If only radiance factors must be measured, rather than some other optical property defined by another
International Standard, use the following procedure.

Avoiding watermarks, dirt and obvious defects, cut rectangular test pieces approximately 75 mm x 150 mm,
taking care to avoid touching the future test area.

Assemble test pieces in a pad with their top sides uppermost; the number shall be such that doubling the
number of test pieces does not alter the radiance factor. Protect the pad by placing an additional sheet on
both the top and bottom of the pad; avoid contamination and unnecessary exposure to light or heat. Mark
the top test piece in one corner to identify the sample and its top side.

© IS0 2024 - All rights reserved

6


https://standardsiso.com/api/?name=a6210e5fa4ef565afc5a9263dc0c3d0f

ISO 2469:2024(en)

If the top side can be distinguished from the wire side, it should be uppermost; if not, as may be the case for
papers manufactured on double/twin-wire machines, ensure that the same side of the sheet is uppermost

throughout

the pad.

If sufficient sheets are not available or if it is desired to measure a background-dependent radiance factor,
select a suitable background and include a description of this background in the report.

9 Procedure

9.1 General

For the determination of optical properties based on the measurement of radiance factors, follow the

procedure

If it is desir

escribed 1n the relevant International Standard.

bd to measure the radiance factors only, follow the procedure described in 9.2 and“9.]

9.2 Veriflication of calibration

Check the ¢
an IR3 (5.3}

Ifthe instru
a fluoresce
produced b
level 3 refe
to match th
illuminant

9.3 Meas

Remove thg
appropriatq
record the ¥

10 Calcul

Express the

Calculate th
factors or
2470-2L 1

I1SO 22754 |
NOTE C

alibration of the instrument using a non-fluorescent working standard calibrated i
. Recalibrate the instrument if necessary.

ment is of the spectrophotometer type, and if the material to be measured contains or
it component, the UV content of the illumination shall beé~adjusted to match the f
y the selected CIE illuminant using the fluorescent (5.2)@nd non-fluorescent (5.2) iy
rence standards in an iterative procedure. More details on the procedure for UV
e CIE standard illuminant D65 are given in ISO 11475 and for UV-adjustment to m4
[ in ISO 2470-1.

urement

protecting sheets from the test piecé.pad. Without touching the test area, use th
to the instrument, and the workingstandard, to measure the desired radiance factor
ralue to the nearest 0,01 percentage point.

ation and expression of results
radiance factor results in per cent with 2 decimal numbers.

e results as required in the relevant International Standard for the determination
optical properties based on the measurement of radiance factors, e.g. ISO 24

50 24714180 5631-1[5],1S0 5631-2161-1SO 5631-37], ISO 9416181, SO 11475], IS
1],

bmmentson the definition and calculation of the measurement uncertainty are given in Ann

relation to

can contain
luorescence
ternational
adjustment
itch the CIE

b procedure
s.Read and

of radiance
70-1[2] SO
D 114760101

bx D,

11 Precis

on

Data relating to the precision of results obtained in accordance with the procedure described in this
document are given in the relevant test method for the determination of radiance factors or optical
properties based on the measurement of radiance factors. (See also Annex D).

12 Test report

The test report shall include the following details:

a) datean

b) precise

d place of testing;

identification of the sample;

© IS0 2024 - All rights reserved
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g)
h)

ISO 2469:2024(en)

areference to this document, i.e. ISO 2469:2024;

the type of instrument used;

the wavelength range, pitch and bandwidth if a spectrophotometer is used, or the type of filter if a filter

instrument is used;

the illuminant to which the UV-content of the illumination of the instrument is adjusted;

the number of test pieces and the procedure adopted to calculate the reported results;

the test results;

any departure from this document or any circumstances or influences that could have affected the

results

© IS0 2024 - All rights reserved
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Annex A
(normative)

Instruments for the measurement of radiance factor

A.1 Geometric characteristics

means of
selective wl

A.1.2 The
a test piece
surface of t

A.1.3 The
piece nor th

A.1.4 The
the area of

A.1.5 The
at the cent
reflected lig
aradiance f

A.1.6 The
the interna
including th

A.1.7 The

NOTE It
pseudo-nonl

A.1.8 The
no light ref

an i

tgrating sphere (see 1SO 1166-2:207, 845.05.24[]) with an internal se
hite diffusing surface and an internal diameter of (150 * 3) mm.

th a

sphere shall be constructed as a dual-beam instrument so that a measurenent can
and a reference measurement can be made simultaneously on a refefence region
he sphere.

e reference region is directly illuminated by the light source.

he inner surface of the sphere.

receptor aperture shall be surrounded by a black'annulus subtending a half-angle of

actor of less than 4 %, at all wavelengths‘within the visible region.

e thickness of the internal ¢pating.

is expected thathe use of the smaller area aperture will eliminate edge effects, which
nearity, and that this will lead to a higher reproducibility between instruments.

diametet of the aperture shall be larger than that of the test area (34,0 + 0,5) mm, to

from the rilr ofithe aperture can reach the detector.

sphere shall be constructed or equipped with screens (baffles]*to ensure that neit

total area of the apertures and other non-reflecting areas in the sphere shall not exd

re of the test piece aperture. This black.annulus serves as a “gloss trap” so that
ht from the test piece does not reach the receptor. The black annulus shall be matt and shall have

measured test area onythe test piece shall be circular with a diameter of (28 * 3) mnp.

ected from the rim of the test piece aperture or from the test piece within a distar

achieved by
‘trally non-

be made on
bf the inner

her the test

eed 13 % of

15,8 £0,8)°
specularly

test piece aperture shall be designed so that the test piece itself is essentially a conftinuation of
wall of the sphere. The rim, of the test piece aperture shall have a thickness of (1,(

+ 0,5) mm

an lead to a

ensure that
ce of 1 mm

A.1.9 The test piece shall be viewed normally, i.e. at an angle of (0 + 1)° to the normal. Only reflected rays
within a cone, the vertex of which is centred in the test piece aperture and the half-angle of which is not
greater than 4°, shall fall on the receptor.

A.2 Photometric linearity

The photometric accuracy of the instrument shall be such that the residual departure from photometric
linearity after calibration does not give rise to systematic errors exceeding 0,3 % radiance factor.

For the measurement of fluorescent papers, photometric linearity up to a total radiance factor value of at

least 200 %

is necessary in the wavelength region corresponding to the fluorescence emission.

© IS0 2024 - All rights reserved
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A.3 Spectral characteristics

There are two main types of instrument that conform to this document, known respectively as filter
colorimeters and abridged spectrophotometers.

In the case of filter colorimeters, the spectral characteristics are determined by the filters inserted into the
light beams in combination with the characteristics of the receptor, the sphere lining, the lamps and other
optical parts of the instrument, or by a set of individual optical filters with different specific wavelengths.
The filters shall be chosen so that the overall characteristics of the instrument agree with the spectral
functions specified in the test methods relating to the determination of specific optical properties. The CIE
recommended methods for characterizing these filter colorimeters are given in CIE Publication 179:2007[12],

In the case of abridged spectrophotometers, the spectral characteristics are determined by the accuracy
to which tt bandwidth
associated subsequent
calculation; mly spaced
over at leas

C 1ud1v;dua} ICLClJtUlD ICPI CDCllt t}lC llUlllilla} VVdVC}Cllst}lD aaaisucd tU t}lClll, thC
vith each receptor, and the values given to the mathematical functions used inthe
. For colorimetry, the instrument shall incorporate not less than 16 receptors.{ihifoy
[ the range from 400 to 700 nm.

In instrum
instrument

intervals ed
from its nofninal wavelength by more than +0,5 nm. However, in practical applications, it may b
to carry out
20 nm, dep¢

The spectrg

A4 Com

A.4.1 General

To calculatg
or 1964), th

methods fo

be used. Th

no attempt

The tables {
the data is

with the da

The followi

400 nm or 4

When data
which data

available, i.¢.:

ents providing spectral data, the manufacturer shall indicate the ,ptical band
Ideally the colorimetric data shall be computed only from spectral data measured at
ual to the instrument's optical bandwidth. The centroid wavelength-of each band sh3

the calculations using predicted rather than measured data at @wavelength interval
bnding on the nominal instrument bandpass.

| characteristics can be checked using suitable coloured reference standards.

putational procedures

e tristimulus values as specified by the CIE illuminant and standard observer fung
e appropriate tables of weighting factors presented in Tables A.1 to A.8 and in the r
" determining specific optical properties for measurement at e.g. 10 nm or 20 nm int
e tristimulus values shall be calculated by direct summation using these tabulated
bt interpolation using, e.g,-dcubic spline function.

o be used are those which assume that the spectral bandpass of the instrument usg
qual to the measuremeént interval and is triangular in shape. These tables shall be ug
fa for which the manufacturer has identified the instrument bandpass as previously

g instructighsvshall be followed with regard to the summation of the tabulated v
bove 700 nm'if the measurement data do not cover the full extent of the tables.

for B(A).are not available for the full wavelength range, add the weights at the wav
hrenot available to the weights at the shortest or longest wavelength for which spect

h

pass of the
wavelength
111 not differ
e necessary
of 10 nm or

tions (1931
elevant test
brvals, shall
values with

bd to obtain
ed together
mentioned.

hlues below

elengths for
ral data are

a) add the weights for all wavelengths (360 nm, ...) for which measured data are not available to the next
higher weight for which such data are available;
b) add the weights for all wavelengths (..., 780 nm) for which measured data are not available to the next

lower weight for which such data are available.

If data are from an instrument with a triangular lineshape [13] operating with a bandwidth of 5 nm, this
5-nm data shall be convolved with a 10-nm or 20-nm triangular bandpass function to give data at 10-nm
or 20-nm, respectively. If data from an instrument operating with a bandwidth of 10 nm are presented and
used at 20 nm intervals, the 10 nm data shall not be converted merely by taking the 10 nm data at 20 nm

© IS0 2024 - All rights reserved
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intervals. If the original data are from an instrument with a triangular lineshape, the convolved data should
preferably be calculated using a 3-point equation, as shown in Formula (A.1)

Ryo (A:) =% Rio (4 =AA)+2 Ryg () + Ryg (4 +AL)

where AA =
It should be

NOTE

10 nm.

noted that such a computation can still be only approximate.

(A1)

If data are from an instrument that does not have a triangular lineshape, then a 3-point convolution

equation is not necessarily a good choice. For example, for data from an instrument using a two-monochromator
method for the measurement of fluorescent IR2 standards, the instrument lineshape is nearly Gaussian and a 5-point
equation can give better inter-instrument agreement.

A.4.2 Pra

Use Tables
and for whi

With Cillunpinant, Table A.1 is to be used when the data have been obtained at 10mm measureme

Table A.2 is

With D65 i
intervals; T

These tabl
tristimulus

A.4.3 Pra

Use Tables
dependencg
measureme

With Cillunpinant, Table A.5 is to be used wheénthe data have been obtained at 10 nm measureme

Table A.6 is

With D65 i
intervals; T

NOTE R
However, aft]

Tablq

cedure for using data without bandpass correction

A.1, A.2, A.3 and A.4 when the spectral data have not been corrected for bandpass
Ch the bandpass is approximately equal to the measurement interval.

to be used when the data has been obtained at 20 nm measurementintervals.

luminant, Table A.3 is to be used when the data have been ébtained at 10 nm m
hble A.4 is to be used when the data has been obtained at 26.Am measurement interv

values.

cedure for using data with bandpass correction

(e.g. by the instrument manufacturer) and for which the bandpass is approximately
nt interval;

to be used when the data have'been obtained at 20 nm measurement intervals.

luminant, Table A.7 is td_be used when the data have been obtained at 10 nm m
hble A.8 is to be used wheh the data have been obtained at 20 nm measurement inter

aw reflectance data*will differ for instruments with built-in bandpass correction from th
er the appropriaté-weighting table is used, the resulting colourimetric values will be nearly i

A.1 — Weighting functions (C/2°) for instruments without bandpass correctio
measuring at 10 nm intervals

Hependence

nt intervals;

basurement
als.

ps apply a correction for spectral bandpass dependence built into the calculation of the

[A.5, A.6, A.7 and A.8 when the spectral“data have been already corrected for bandpass

equal to the

ht intervals;

pasurement
vals.

ose without.
dentical.

n and

Wavfllslngth Wy Wy w,
360 0,000 0,000 0,000
370 0,001 0,000 0,003
380 0,004 0,000 0,017
390 0,015 0,000 0,069
400 0,074 0,002 0,350
410 0,261 0,007 1,241
420 1,170 0,032 5,605
430 3,074 0,118 14,967
NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.1 (continued)

Wav;allrerzlngth Wy Wy w,
440 4,066 0,259 20,346
450 3,951 0,437 20,769
460 3,421 0,684 19,624
470 2,292 1,042 15,153
480 1,066 1,600 9,294
490 0,325 2,332 5,115
500 0,025 3,375 2,788
510 0,052 71,823 1,431
520 0,535 6,468 0,669
530 1,496 7951 10,381
540 2,766 9,193 L2 0,187
550 4,274 9,889 Y 0081
560 5,891 9,898 O 0,03
570 7,353 9,186 ¢ \7 0,019
580 8,459 goog , O 0,015
590 9,036 6,621<)" 0,014
600 9,005 5 0,007
610 8,380 2168 0,003
620 7,111 093,147 0,001
630 5,300 N 2174 0,00(
640 3,669 IR 1,427 0,00(
650 2,320 xO 0,873 0,00(
660 1333 b 0,492 0,00(
670 0,683 ()* 0,250 0,000
680 0,356 0,129 0,000
690 (03162 0,059 0,000
700 0,077 0,028 0,000
710 57 0038 0,014 0,00(
720 & o018 0,006 0,000
730 oV 0,008 0,003 0,004
740 0,004 0,001 0,00(
750 <7 0,002 0,001 0,000
760 0,001 0,000 0,00(

0.000 0.000 0.00
780 0,000 0,000 0,000
Check sum 98,074 99,999 118,231
White point 98,074 100,000 118,232

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]

© IS0 2024 - All rights reserved

12



http://www.astm.org
https://standardsiso.com/api/?name=a6210e5fa4ef565afc5a9263dc0c3d0f

ISO 2469:2024(en)

Table A.2 — Weighting functions (C/2°) for instruments without bandpass correction and
measuring at 20 nm intervals

Wavelength

nm WX WY WZ
360 0,000 0,000 0,000
380 0,066 0,000 0,311
400 -0,164 0,001 -0,777
420 2,373 0,044 11,296
440 8,595 0,491 42,561
460 6,939 1,308 39,899
500 -0,217 6,596 4728
520 0,881 12,925 1,341
540 5,406 18,650 0,319
560 11,842 20,143 0,059
580 17,169 16,095 0,028
600 18,383 10,537 0,013
620 14,348 6,211 0,007
640 7,148 2,743 0,00d
660 2,484 0,911 0,000
680 0,600 0,218 0,000
700 0,136 0,049 0,000
720 0,031 0,011 0,000
740 0,006 0,002 0,00d
760 0,002 0,001 0,000
780 0,000 0,000 0,000

Chgck sum 98,073 99,998 118,231

White point 98,074 100,000 118,232

NOTE Sourcqd ASTM E308-17. Reprinted, with\permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete stapdard may be obtained frommww.astm.org.[20]
Table Al.3 — Weighting fuinctions (D65/10°) for instruments without bandpass correction and
measuring at 10 nm intervals

Wayelength Wiox Wioy Wiot
nm
360 0,000 0,000 0,000
370 0,000 0,000 -0,001
356 6-600+ 6,660 660+
390 0,005 0,000 0,020
400 0,097 0,010 0,436
410 0,616 0,064 2,808
420 1,660 0,171 7,868
430 2,377 0,283 11,703
440 3,512 0,549 17,958
450 3,789 0,888 20,358
460 3,103 1,277 17,861

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.3 (continued)

Wavelength Wiox Wioy Wioz
nm
470 1937 1,817 13,085
480 0,747 2,545 7,510
490 0,110 3,164 3,743
500 0,007 4,309 2,003
510 0,314 5,631 1,004
520 1,027 6,896 0,529
530 2,174 8,136 0,271
540 3,380 8687 0 119
550 4,735 8,903 _0)03
560 6,081 8,614 70,003
570 7,310 7,950 . 0001
580 8,393 7,164 aY o000
590 8,603 5,945 D 0,00
600 8,771 5110 ¢ N7 0,000
610 7,996 4,067 , O 0,000
620 6,476 2,9900)" 0,000
630 4,635 2,020 0,000
640 3,074 1275 0,000
650 1,814 209 0,724 0,000
660 1,031 0407 0,000
670 0,557 N\ 0,218 0,000
680 0,261 xO 0,102 0,00
690 0114 b 0,044 0,00
700 0,057 C ¥ 0,022 0,000
710 0,028 0,011 0,000
720 (0,011 0,004 0,000
730 0,006 0,002 0,000
740 5 0,003 0,001 0,000
750 & o001 0,000 0,000
760 oY 0,000 0,000 0,000
770 0,000 0,000 0,000
780 <7 0,000 0,000 0,000

Check$um’ 94,813 99,997 107,304

White point 94,811 100,000 107,304

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.4 — Weighting functions (D65/10°) for instruments without bandpass correction and
measuring at 20 nm intervals

Wavelength Wiox Wioy Wioz
nm
360 0,000 0,000 0,000
380 0,003 -0,001 0,025
400 0,056 0,013 0,199
420 2,951 0,280 13,768
440 7,227 1,042 36,808
460 6,578 2,534 37,827
486 +278 4872 +4236
500 -0,259 8,438 8)254
520 1,951 14,030 1,025
540 6,751 17,715 0,184
560 12,223 17,407 -0,013
580 16,779 14,210 0,004
600 17,793 10,121 -0,001
620 13,135 5971 0,000
640 5,859 2,399 0,000
660 1,901 0,741 0,000
680 0,469 0,184 0,000
700 0,088 0,034 0,000
720 0,023 0,009 0,000
740 0,005 0,002 0,000
760 0,001 0,000 0,000
780 0,000 0,000 0,000
Chgck sum 94,812 100,001 107,306
White point 94,811 100,000 107,304
NOTE Sourcqd ASTM E308-17. Reprinted, with\permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete stapdard may be obtained frommww.astm.org.[20]
Table A.5 +— Weighting functions (C/2°) for instruments with bandpass correction and m¢asuring at
10 nm intervals
Wavrellrerslngth Wy Wy w,
360 0,000 0,000 0,000
370 0,001 0,000 0,004{0
356 6,604 8-066 00+
390 0,018 0,001 0,084
400 0,076 0,002 0,358
410 0,325 0,009 1,547
420 1,292 0,038 6,207
430 2,968 0,123 14,496
440 3,959 0,261 19,860
450 3,931 0,443 20,728
460 3,360 0,692 19,286

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the

complete standard may be obtained from www.astm.org.[20]
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Table A.5 (continued)

Wavrellrerslngth Wy Wy w,
470 2,283 1,061 15,022
480 1,116 1,612 9,479
490 0,363 2,358 5,286
500 0,048 3,414 2,868
510 0,092 4,842 1,512
520 0,578 6,449 0,720
530 1,519 7936 0,381
540 2,786 9145 0, 19%
550 4,285 9,831 _0)08b
560 5,877 9,834 0,038
570 7,323 9,148 &2 002
580 8,414 7990 a0 o01$
590 8,985 6,629 D 0,01
600 8,958 5321 ¢ N7 0,007
610 8,324 4177 ., © 0,008
620 7,055 3,146)" 0,001
630 5,327 2,196 0,000
640 3,692 1,442 0,00
650 2,352 o7 0,887 0,000
660 1,360 0503 0,000
670 0,713 R 0,261 0,000
680 0364 O 0,132 0,00
690 0172~k 0,062 0,000
700 0,080," 0,029 0,000
710 0,039 0,014 0,000
720 (10,019 0,007 0,000
730 0,009 0,003 0,000
740 £ 0004 0,001 0,000
750 N 0,002 0,001 0,000
760 oV 0,001 0,000 0,000
770 0,000 0,000 0,000
780 0,000 0,000 0,000

ChecK sium 98,074 100,000 0 118,280

white point 98.074 100,000 118,22

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.6 — Weighting functions (C/2°) for instruments with bandpass correction and measuring at
20 nm intervals

Wavilrflngth Wy W, w,
360 -0,001 0,000 -0,006
380 -0,011 0,000 -0,054
400 0,089 -0,001 0,393
420 2,919 0,085 14,033
440 7,649 0,511 38,518
460 6,641 1,382 38,120
500 0,069 6,910 5,752
520 1,198 12,876 1,447
540 5,591 18,258 0,357
560 11,750 19,588 0,073
580 16,794 15,991 0,024
600 17,896 10,696 0,013
620 14,018 6,261 0,003
640 7,457 2,902 0,00(
660 2,746 1,008 0,00d
680 0,712 0,257 0,00d
700 0,153 0,055 0,00d
720 0,034 0,012 0,00(
740 0,007 0,003 0,00(
760 0,002 0,001 0,000
780 0,000 0,000 0,00d
Check sum 98,077 100,001 118,234
White point 98,074 100,000 118,232
NOTE Sourcqd ASTM E308-17. Reprinted, with\permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete stapdard may be obtained frommww.astm.org.[20]
Table|A.7 — Weighting functions (D65/10°) for instruments with bandpass correctidn and
measuring at 10 nm intervals
Wayelength Wiox Wioy Wiot
nm
360 0,000 0,000 0,000
370 0,000 0,000 0,000
350 6,666 6,666 6,602
390 0,008 0,001 0,033
400 0,137 0,014 0,612
410 0,676 0,069 3,110
420 1,603 0,168 7,627
430 2,451 0,300 12,095
440 3,418 0,554 17,537
450 3,699 0,890 19,888
460 3,064 1,290 17,695

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.7 (continued)

Wavelength Wiox Wioy Wioz
nm
470 1933 1,838 13,000
480 0,802 2,520 7,699
490 0,156 3,226 3,938
500 0,039 4,320 2,046
510 0,347 5,621 1,049
520 1,070 6,907 0,544
530 2,170 8,059 0,278
SE1Y 5,577 0,000 U,kL L
550 4,732 8,855 _0)03%
560 6,070 8,581 0,000
570 7311 7951 &2 0,000
580 8,291 7,106 aY  o00p
590 8,634 6,004 ~D 0,000
600 8,672 5079 o N7 0,000
610 7930 4,065 , O 0,000
620 6,446 2,999)" 0,000
630 4,669 2,042 0,000
640 3,095 “1)290 0,000
650 1,859 07 0,746 0,000
660 1,056 S 0417 0,000
670 0,570 N4 0,223 0,000
680 0,274 xO 0,107 0,000
690 0121 b 0,047 0,000
700 0,058 ( 0,023 0,000
710 0,028 0,011 0,000
720 (0,012 0,005 0,000
730 0,006 0,002 0,000
740 5 0,003 0,001 0,000
750 & o001 0,001 0,000
760 oV 0,001 0,000 0,000
770 N 0,000 0,000 0,000
780 <7 0,000 0,000 0,000

Chdcks$um’ 94,809 100,000 107,37

White goint 94,811 100,000 107,304

NOTE Source ASTM E308-17. Reprinted, with permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete standard may be obtained from www.astm.org.[20]
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Table A.8 — Weighting functions (D65/10°) for instruments with bandpass correction and
measuring at 20 nm interval

Wavelength Wiox Wioy Wioz
nm
360 -0,001 0,000 -0,007
380 -0,043 -0,004 -0,200
400 0,378 0,035 1,667
420 3,138 0,320 14,979
440 6,701 1,104 34,461
460 6,054 2,605 35,120
486 +739 4,56+ 15986
500 0,071 8,687 4,038
520 2,183 13,844 1,031
540 6,801 17,327 0,229
560 12,171 17,153 0,002
580 16,465 14,150 -0,003
600 17,230 10,118 0,000
620 12,872 6,012 0,000
640 6,248 2,593 0,000
660 2,126 0,832 0,000
680 0,544 0)210 0,000
700 0,105 0,041 0,000
720 0,023 0,009 0,000
740 0,005 0,002 0,000
760 0,001 0,000 0,000
780 0,000 0,000 0,000
Chgck sum 94,811, 99,999 107,303
White point 94,811 100,000 107,304
NOTE Sourcqd ASTM E308-17. Reprinted, with\permission, from ASTM E308-17, copyright ASTM International. A copy of the
complete stapdard may be obtained frommww.astm.org.[20]
A.5 UV-ddjustment
For the mefpsurement gf-materials containing fluorescent whitening agents, some means of|[setting the
spectral poper distribution of the incident radiation upon the test piece is required. The incident radiation
shall be set|to a spécified UV-content (CIE illuminant C or D50, or CIE standard illuminant D65), within the
spectral rapge (frem 400 nm to 700 nm). There shall be a way to maintain this level or of mathematically
simulating $uch'a power distribution.

For this purpose, a filter having a half-peak cut-off wavelength of 395 nm shall be used or an equivalent
procedure having the same impact shall be employed. If the filter is movable, it shall be mounted in a device

which permits its position to be identified and maintained, and reproducibly reset.

NOTE The relative spectral power distributions of the CIE illuminants C, D50, and CIE standard illuminant

D65M13114] are defined only for wavelengths longer than 300 nm.

A.6 Fluorescence elimination

For the measurement of radiance factors with the fluorescence effect eliminated, the instrument shall be
equipped with a sharp cut-off UV-absorbing filter having a transmittance not exceeding 5 % at and below a
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wavelength of 410 nm and exceeding 50 % at a wavelength of 420 nm (i.e. a half-peak cut-off wavelength of
420 nm), or shall employ an equivalent procedure.

The cut-off filter shall have characteristics such that a reliable radiance factor value is obtained at 420 nm.
This value shall be repeated at all lower wavelengths to provide adequate data for the colorimetric
computations, provided that the International Standard for the quantity concerned does not include other
instructions.

Instrument makers should recognize the need to provide the means to maintain atleast three interchangeable
and easily accessible calibrated situations, UV D65 corresponding to the CIE standard illuminant D65, UV C
corresponding to the CIE illuminant C, and UV ex(420) corresponding to a fluorescence-eliminated (420 nm
cut-off) situation.
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Annex B
(normative)

Calibration service — Photometric calibration

B.1 General

In this document, a sequence of non-fluorescent reference standards of three different levels is mentioned,

the ultimafe reference standard (the international reference standard of Ievel 1) being {

reflecting
a recomme
[lluminatio

To permit

standard, tle following procedure is specified.

B.2

This calibr
provides a

Stru

reflecting dfiffuser. The authorized laboratories take this transferstandard and, with the help of]

instrument
with assigy
instrument

iffuser”. The use of the perfect reflecting diffuser as ultimate reference is in full agrg
hdation made by the prime authority on optical properties, the International-Con
1 (CIE), in 1969 [16],

vorking instruments to relate their radiance factor measurements to)this ultimat

cture of the service

hition procedure involves two stages for fundamental £easons. The standardizing
ransfer standard of level 2 with assigned radiance factor values directly traceable tg

conforming to this document, mediate to industridl laboratories a reference standa
ed radiance factor values which are traceable-to the perfect reflecting diffuser
having the prescribed geometric characteristics. Calibration at the industrial labo

e “perfect
ement with
mission on

e reference

laboratory
the perfect
areference
rd of level 3
through an
ratory level

with a trangfer standard of level 2 is not in accordance\with this document.

NOTE Allist of standardizing and authorized labgratories is available on the ISO/TC 6 website [17],

B.3 Standardizing laboratories

indardizing
1l reference

Certain lab
laboratorie
standards @

bratories equipped for absolute radiance factor measurements are appointed as “st
5” in accordance with ISO 4094. The standardizing laboratories issue Internationg
flevel 2 (IR2) to the ‘authorized laboratories.

ntervals of
hitored and

The standardizing laboratoties are required to exchange reference standards of level 2 at
no longer than five years, so that the level of agreement between their measurements is mo
maintained

B.4 Authorized laboratories

Laboratories having the necessary technical competence and maintaining reference instruments having
the characteristics specified in Annex A of this document are appointed as “authorized laboratories”
in accordance with ISO 4094. Each authorized laboratory maintains an instrument conforming to the
requirements of Annex A as a reference instrument which is calibrated using a reference standard of
level 2. The authorized laboratories then issue International reference standards of level 3 (IR3) on request
to industrial laboratories which use the IR3 for the purpose of calibrating their instruments and working
standards periodically.

Specific requirements for laboratories authorized to issue optical property reference transfer standards of
level 3 are described in ISO 4094:2017, Annex A. One of these requirements is cited hereafter.

Authorized laboratories (ALs) shall engage in monthly bilateral comparisons and arrange for the results of
these comparisons to be compiled, analysed and reported to all of the AL members on an annual basis. These
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inter-AL comparison results over a period of several years serve as the basis for the precision statement
issued by the ALs, which is also available on the ISO/TC 6 website [17],

B.5 IR3 Non-fluorescent standards

The IR3 non-fluorescent reference standards shall have the following properties:

a) when properly cared for, their reflectance factors shall not change, within the precision of the
instrument, over a reasonable period of time;

b) they shall be clean, opaque, and uniform in reflectance factor;

they shall be flat and shall have a smooth matt surface;

9]
d) theysh
B.6 Assi;

hll be free from fluorescence.

snment of calibration values to IR3s

For the calibration of abridged spectrophotometers, the authorized laboratory 'shall provide reference

standards |
reference in

For the cali
having assi
according t

R, =(X
Ry =Y/1
R,=27/1
where X, Y 4

If a referen

D65/10° illuminant/observer conditions, the assigned R, o, Ry;o and R,;, values shall be

according t

Ry10=(
R,10=4

kned R,

10,167 07 Z)/78,321

aving assigned reflectance factors obtained by direct measurement-ef the IR3 in th
strument.

bration of three-filter colorimeters, the authorized laboratofy shall provide referenc
R, and R, values. These shall be calculated for“G/2° illuminant/observey

b Formula (B.1) as follows (see ISO/TR 10688[19]):

00
18,232

nd Z are the tristimulus values, calculated in accordance with A.4.

Ce standard is required fer\the calibration of a three-filter colorimeter for measure

b Formula (B.2) as follows:
K10 — 0,167 47 Z,0)/76,841

10/100

/407,304

b calibrated

e standards
conditions

(B.1)

ment under
calculated

(B.2)

where X;, Y;,and Z;, are the D65/10° tristimulus values, calculated in accordance with A.4.
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