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Foreword

ISO (the I

nternational 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 partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not, received ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee«]SO/TC 256, Pigments, dyestuff and extenders, in

collabora
Pigments
(Vienna A

fion with the European Committee for Standardization (CEN) Technical Committee CEN/TC 298,
and extenders, in accordance with the Agregment on technical cooperation between ISQ and CEN
greement).

This secopd edition cancels and replaces the-first edition (ISO 18314-4:2020), which has been t¢chnically

revised.
The main

— abrie

— Formjpla (1) has been updated to align with Formulae (2) and (4) to (24);

— thek

Alistof a

changes are as follows:

fintroduction about differentiation between metamerism and paramerism has been added in 8.1;

by of Figure A.4 ' has been updated.

| parts inthe1SO 18314 series can be found on the ISO website.

complete

isting of these bodies can be found at www.iso.org/members.html.

Any feed‘xfack er questions on this document should be directed to the user’s national standards body. A
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Introduction

This document distinguishes three kinds of metamerism of pairs of samples:

a)

b)

[lluminant metamerism occurs if both of the object colours of a pair of samples are perceived as being
the same only under a specific illuminant (e.g. under illuminant D65), while they differ under a different
illuminant (e.g. illuminant A).

Observer metamerism occurs if the object colours of a pair of samples are perceived as being the same
by one observer, while a different observer perceives a colour difference under the same illuminant and
the same reference conditions.

NOTE|[1

The observer metamerism 1s caused by differences between the distributions of spec

matcHing functions of different observers.

Field{size metamerism occurs if both of the object colours of a pair of samples are perceived as
same|on the retina for a size of an observation field (e.g. determined by the 2° standard obsery

they gliffer for a different observation field on the retina (e.g. 10°).

NOTE|2

during an observation situation. The colour matching functions change with thé size of the observati
the rdtina. Such change of the observation field can also occur if, for example;the pair of samples is

ral colour

being the
er), while

The reason for field-size metamerism is based on the existent colour mat¢hing functions of an observer

from dlifferent distances.

pn field on
examined

© IS0 2024 - All rights reserved
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Analytical colorimetry —

Part 4

Metamerism index for pairs of samples for change of

illuminant

1 Scope

This docyment specifies a formalism for the calculation of the illuminant metamerism of solid surface
colours. I cannot be applied to colours of effect coatings without metrical adaptationt

This docuyment only covers the phenomenon of metamerism for change of illuminant, which has the greatest
meaning |n practical application. In the case where chromaticity coordinatésyof a pair of sampgles under
reference|conditions do not exactly match, this document gives guidance en“which correction mgasures to
take. Regarding the reproduction of colours, the metamerism index is used as a measure of qualitly in order
to specify tolerances for colour differences between a colour samplé, and a colour match undey| different
illuminatjon conditions.

The quanftification of the illuminant metamerism of pairs of samples is formally performed by a colour
differenc¢ assessment, for which tolerances that are common forthe evaluation of residual colour djfferences
can be usgd.

NOTE In the colorimetric literature and textbooks, thesterm geometric metamerism is sometimes u$ed for the
case wher¢ two colours appear to be the same under a specific geometry for visual assessment and selectefl standard
observer gnd standard illuminant pair, but are perceived as two different colours at changed observation|geometry.
The term geometric metamerism is different to metamerism described in this document.

2 Normative references

The folloying documents are referted to in the text in such a way that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only the edition cited applies. For undated rgferences,
the latest|edition of the referenced document (including any amendments) applies.

[SO/CIE 11664-1, Colorimetpy — Part 1: CIE standard colorimetric observers

ISO/CIE 11664-2, Colerimetry — Part 2: CIE standard illuminants

ISO/CIE 11664 -4-Eolorimetry — Part 4: CIE 1976 L*a*b* colour space

CIE 015, doforimetry

3 Terms and definitions

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

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

— ISOO0

nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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metamerism
property of spectrally different colour stimuli that have the same tristimulus values in a specified
colorimetric system

[SOURCE: CIE S 017:2020, 17-23-006]

3.2
parame

rism

characteristic of a pair of samples with spectral colour stimulus functions which have different fundamental
colour stimulus functions as well as different residuals or metameric black values within the visible spectral

range

Note 1 to ¢ntry: Parameric objects are characterized by the fact that they reflect colour stimuli of differe

power dis

perceptior] under the selected observation conditions.

3.3

colour difference

AE

differenc¢ between two colour stimuli, defined as a distance between the points representing
specified olour space

3.4

reference illuminant

illumina

nt with which other illuminants are compared

[SOURCE;|CIE S 017:2022, 17-22-108]

3.5
testillu
illumina

3.6

inant
, for which the colour difference (3.3) between'the two samples to be tested is assessed

metameljism index for change in illuminant

M

colour difference (3.3), AE , between the.two0 samples under test illuminant (3.5) if AE =0 is obser
the referepce illuminant (3.4)

3.7

correctign method
algorithn] for theoretically-eliminating a colour difference (3.3) of the pair of samples under the
illuminant (3.4)

4 Symbols

For the applieation of this document, the symbols given in Table 1 apply.

ht spectral

[ribution functions under a specified standard illuminant, which cause approximately the sqme colour

them in a

yed under

reference

Table 1 — Symbols

Symbol Identification
XY Z standard tristimulus values of a measured object colour
X0 Y Z, standard tristimulus values of the used illuminant
X,y,2 colour-matching functions
L*, a*, b basic coordinates of the CIELAB system
AL* Aa*, Ab* differences between basic coordinates of the CIELAB system
M, metamerism index for change in illuminant

© IS0 2024 - All rights reserved

2


https://standardsiso.com/api/?name=994b379ec9e81e68e3b5a77e6d6b0dee

ISO 18314-4:2024(en)

Table 1 (continued)
Symbol Identification
N,N¢,N, vector of the radiometric function of a sample with associated fundamental colour stimulus (f) and
metameric black (r)
A wavelength
S relative spectral distribution function of an illuminant
w vector of the standard tristimulus values
w integration weights for the calculation of the standard tristimulus values
A matrix of the integration weights w for the calculation of the standard tristimulus values
R projection-matrix
I identity matrix
Index spl sample
Index std standard
Index t colour under test illuminant
Index corfjj corrected value
Index mulfipl multiplicative correction
Index f fundamental colour stimulus
Index r metameric black values (residuals)
Index ref reference illuminant
Index T transposed matrix

5 Reference illuminant

The standard illuminant D65 shall be chosen as refereiice illuminant in accordance with ISO/CIH
Other ref¢rence illuminants required in special cases-shall be specified.

6 Test

The selec
specified,
lamp typ
indicated

When cal
of wavele
for FL11

these valyes shall be\interpolated and/or extrapolated.

7 CIELJAB'coordinates L*, a*, b*

illuminant

Fion of the test illuminant depends on the application. If the test illuminants are not p3

b, such as FL11 in accordance with CIE 015, shall be selected. The test illuminant use
as an index to M, e.g. M x~or Mgy 1.

Culating the standafd tristimulus values X, Y, Z under the selected test illuminants, the bz

hind FL2. In ¢ases of missing measuring values of the standard or sample for these waj

11664-2.

rticularly

standard illuminant A in accordance with ISO/CIE 11664-2 and/or illuminants of the fluorescent

1 shall be

sic raster

hgths shall comply with those given in ISO/CIE 11664-2 or CIE 015 for A and D65, and in CIE 015

Felengths,

The metamerism index, M,, is based on the CIELAB coordinates L',a,b ofsamples1and 2 which are

compared. L*, a*, b" shall be calculated in accordance with ISO/CIE 11664-4 from the standard tristimulus
values X, Y, Z. These values are derived from the sample for the CIE 1964 10° standard observer in accordance

with ISO/CIE 11664-1 for the reference illuminant and the selected test illuminant. If calculating L',a,b

*

under the test illuminant, the respective standard tristimulus values X, , Y, Z,, of the entirely matt white

surface shall be used in accordance with CIE 015. For the standard illuminants A and D65 or for the
illuminant recommendation FL11, the standard tristimulus values X, Y, Z, of the entirely matt white

surface apply in accordance with Table 2.

Table 2 specifies standard tristimulus values for the frequently used standard illuminants D65 and A as well
as illuminant FL11 and both of the standard observers according to CIE 015.

© IS0 2024 - All rights reserved
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Table 2 — Standard tristimulus values

2° standard observer | 10° standard observer
Standard
tristimulus Illuminant
values
D65 A FL11 D65 A FL11

X, 95,04 109,85 100,96 94,81 111,14 103,86

Y, 100,00 100,00 100,00 100,00 100,00 100,00

Z, 108,88 35,58 64,35 107,32 35,20 65,61
For fluore A 3 55 ible to that
illuminanjt for wh1ch the standard trlstlmulus values are determlned
NOTE In contrast to non-fluorescent samples, the calculation of metamerism indices for fluor¢scent [samples is
erroneous|if the samples are measured only under one illuminant.

8 Metamerism index for change in illuminant

8.1 General calculation methods

Metameri

test illumjf

(a2; ) +(aap ) +(an; )

Ab;

sm implies no colour difference under the reference illuminant. The colour difference

In case

nant is used as metamerism index. This index is described in*Formula (1):

is the colour under test illuminant;

* *

= Lspl,corr,t - Lstd,t )
*

=Ugp],corr,t ~ Ystd,t >
* *

= bspl,corr,t - bstd,t .

of a small colour difference already present under reference illuminant conditions, t
¢ at change of illuniinant is called paramerism. To eliminate the effect of the differe:l;ce under
ining colour

inder the

)

he colour

[ism have

Iready be
luminant

the multlphcatlve correctlon these 1nherent colour dlfferences often merge w1th the dlfference 1ntroduced
by the change of the illuminant. The third method, the spectral correction, works more fundamentally by
the separation of inherent colour differences under the reference illuminant from those introduced by the
change of the illuminant.

NOTE

Annex A includes calculation examples.

© IS0 2024 - All rights reserved
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8.2 Basic calculation of the metamerism index from colour differences

After this correction (see 8.1) leading to the virtual sample, the common formula for a metamerism index
at change in illuminant, expressed in CIELAB coordinates for the test illuminant (t), is given by Formula (2):

*

M (x)= \/(ALZOI‘I' )2 + (Aacorr )2 + (Ab:orr )2

where

t

*

is the colour under test illuminant;

x

(2)

AL

cor

*
cor

Aa

Ab,

cor

X
Formulae

Analogou
Euclidian
colour-sp
rotation t
applicatig
significan

8.3 Coxrection methods

83.1 A

When usi
and the s
the stand|
index M,

Mt(ad

where

*

AL

cor

AL

= Lspl,corr,t _Lstd,t )
*

*
= Ugpl,corr,t ~9std, t

* *
= DOspl,corr,t ~ Ystd,t

nominates the correction method.
(1) and (2) are provided as examples if using the CIELAB colour space!

5 equations apply for other Euclidian colour spaces such as DIN 990 as specified in DIN 617
colour spaces such as CIE 94 or CIEDE2000,[¢] the specific/colour differences are prov
hce dependent weight functions and, in regard to the latfep case, are expanded by an
erm. The CIELAB metric used in this document is an exainple and should be replaced in
ns by one of the more recent metrics mentioned (e.g» CIE 94, CIEDE2000, DIN 990), {
tly more uniform than the CIELAB model.

dditive correction

hg the additive correction, the differénces of colorimetric coordinates between the stan
hmple (spl) under the reference‘illuminant (ref) are added to the respective difference
ard and the sample under the test illuminant (t). The resulting calculation for the me]
(add), expressed in differences of CIELAB coordinates, is then given by Formula (3):

) = \/(ALZOI‘I‘ )2 + (Aa;:korr )2 + (AbZOrr )2

*

* *
= Lspl,t _Lstd,t _ALref;

* *

=L L

6. In non-
ided with
hdditional
practical
which are

lard (std)
between
tamerism

3

ref

spl,ref — “std,ref *

Analogous relationships apply for Aa* and Ab*. It should be noted that slightly different results are to be
expected, if the correction is applied to standard tristimulus values prior to transformation into a uniform
colour space such as CIELAB or DIN 99o.

8.3.2 Multiplicative correction

NOTE

The multiplicative correction is specified in CIE 015 as the correction method.

When using the multiplicative correction, the standard tristimulus values of the sample (spl), which are
observed under test conditions (t) are multiplied with the quotient of the standard tristimulus values

© IS0 2024 - All rights reserved
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of standard (std) and sample (spl), which are obtained under reference conditions (ref). The resulting
calculation is given in Formula (4):

Y.
std,ref
Yspl,corr,t :Yspl,t Y 4)
spl,ref

in which case, again, analogous combinations for X, and Z.,.. apply. Subsequently, a transformation into
a uniform colour space (e.g. CIELAB) takes place and results in Formula (5):

_ . 2 . 2 2
M, (multipl)= (ALcorr ) + (Aacorr ) (Abcorr ) (5)
with
ALcory = Lspl,corr,t _Lstd,t :

Analogoup relationships apply for the two remaining specific differences Aa,. .. and-Ab.

corr corr *

8.3.3 Spectral correction

The spedtral method considers that under the reference illuminanti minor differences between the
tristimulys values of the sample and the standard can already exist; which are not relevant for the
metamerism characteristics. In order to first mathematically compensate them and only determine the
effective fomponent of metamerism at change in illuminant of sariplé pairs with given spectral reflectance,
it is possiple to mathematically split a spectral reflectance into two additive components.

One component describes only the function that is effectiyédor the formation of the colour stimylus under
the refergnce illuminant and the other component describes a function, which does not lead to a coptribution
to the colpur stimulus when integrating via the stimulus under the reference illuminant.

This fundtion necessarily includes positive andmegative components. The fundamental colour| stimulus
function fesults from the first component of the“spectral reflectance under the reference illumipant. This
is effectivle for the formation of the colour. The respective second part of the colour stimulus funcfion leads
to a metameric black of the decomposition (residue), i.e. an invisible contribution with a resulting colour
stimulus jdentical to zero.

The complensation of the deviations.-of the colour stimuli of a test sample from the standard sample, which
are non-effective for metamerisnm-characteristics, is realized by replacing the fundamental colouf stimulus
of the sarhple by that of thesstandard. The component that is effective for the metamerism chatacteristic
remains finchanged, i.e. a-neéw colour stimulus function of the sample is generated from the syim of the
replaced fundamental €olour stimulus and the unchanged second component. The sum determines the
metamerjsm at changedn illuminant with regard to the standard.

The mathematicaldescription of the method of spectral correction starts with the general definifion of the
spectral feflection function of a sample in Formula (6) and the definition of a matrix of spectrgl weights
[Formula|(9)] to calculate the expected trlstlmulus values. This matrlx of welghts 1s composed| from the
spectral i : g educt of the
matrix of Welghts w1th the spectral reflectlon functlon results in the tristimulus values in Formula (11),
which appear under the illuminant considered.

As specified in this document by Formulae (12) to (15), a decomposition into visible and invisible parts of
colour stimuli uses the splitting of the spectral reflectance function under the defined reference illuminant
into a “fundamental reflection function” [Formula (13)], and a “black reflection function” [Formula (14)].
These parts lead to the visible fundamental colour stimulus and the invisible black colour stimulus
functions for the illuminant considered. So, it should always be noted that this method is only valid under
the assumption that these components of the spectral reflection function describe the visual effects in
combination with the spectral distribution of the reference illuminant (D65 in this document). Consequently,
the distribution function of the reference illuminant is inherently included in the decomposition of the
reflectance functions.

© IS0 2024 - All rights reserved
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In order to highlight this connection, the components are additionally marked in the text by “for the reference
illuminant “, when decomposing the reflectance function of a colour in Formulae (16) to (18). These formulae
describe differences and resulting correction terms for a pair of samples.

In the model of the spectral decomposition developed by Cohen and Kappauf,[21[11] the spectral reflectance
of an object colour obtained in the visible spectral range is summarized in the vector in Formula (6):

p(4)

<] PU o

p(A)
The components of the vector N are the reflectance values p(4)(i=1,2,...,n) of the examingd colour,

which arg discretely present on n intervals. For the calculation of the respective standard tristimujus values
X,Y,Z fyom the reflectance functions, the product based on the supporting points of the ditribution
function ¢f the used illuminant S(A), the respective standard colour-matching functipn [see Formula (7)],

the distarlce of supporting points AA and a normalization constant k shall be determined.

(A =[x (%), ¥(4),Z (4)] (7)

The components p(4;) of the vector N are the reflectances of the examined colour. Considering the
illumina S(),i ), the standard tristimulus components X, Y, Z are calculated from the sum of the products
S(A)p(4)@(2; )ALk with the normalization constant k. The tertd & (4;)=[x(A;), ¥(A;),Z (4;)] |[describes

n
the coloyr matching functions. The constant k is determined from kzl/ZS(l,-))_/(/'Ll-)A” for the

1
Y-comporlent of the illuminant considered.

These prdducts mentioned above are introduced as'weights in Formula (8):
wg (4)=kS(4;)a(4;) A4 (8)

All weights of all supporting points for the standard colour-matching curves are given in matrix|{form in a
n x 3 matfix in Formula (9):

Ve (M) w3 (A1) wz (Ap)
Vs ()W (A2 )wz (%)

—

—

9

-

Vs (A )Wy () wz (4,)

© IS0 2024 - All rights reserved
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The transposed vector of the tristimulus values in Formula (10):

w={x,y,z}"

results in

accordance with Formula (11):

w=A4T.N

(10)

(11)

from the matrix multiplication of the transposed weighting matrix A" with the radiometric function N .

From the
n x n mat

R=A

The appli

R-N=

to the ra
reference

The tristi

N_.=]

r

is calculat

W. =

r

and resul

This cont
and does
contribut
negative \

composed
realized.
combinat
n x n proj

matrix A of the integration weights, Cohen and Kappaufl®Ll1l constructed an'®

'ix shown in Formula (12):
-1
AT-a) AT
Cation of the matrix in Formula (13):
Ny
Hiometric function N of an object colour isolates its fufidamental reflectance functig
illuminant N¢, which actively forms the process of coleur perception.
mulus value W, assigned to the difference in Formula (14):
0
ed from Formula (15):
u’ N,
s in zero.
ribution, identified as_ metameric black value or residuals, does not bear any colour in

not become visibleduring the colour-perception process under the reference illum

'thogonal

(12)

(13)

n for the

(14)

(15)

formation
nant. N,

bs positively asCwell as negatively. Also, regarding the obtained fundamental colo
rector elemepnts.éan occur. It is essential that N; >0Vi applies for the reflectance functio

of fundamerntal reflectance function and the metameric black values, in order to be
The designations of fundamental or black parts of reflectance function consider their

ection matrix R depends on the standard observer (2° 10°) and the used standard illumi

stimuli,
, which is

bhysically
action in

on with the reference illuminant, which is included in the weights according to Formulp (8). The

hant.

Fairman[10][11L.[12].[16] proposed a model of residual colour difference of parameric pairs of samples with
minor colour difference. This model was based on the described decomposition of a spectral reflectance
function into a fundamental reflectance function for the reference illuminant and the residuals as metameric
black values of the reflectance function.

© IS0 2024 - All rights reserved
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The vectors N4 and Nspl describe the reflectance functions of a parameric pair of samples, the n elements

of which represent the measured reflectance values of the respective object colour within the visible
spectral range. They can be decomposed into their fundamental reflectance functions for the reference
illuminant and metameric black functions (r) for the reference illuminant by means of the Cohen-Kappauf
decomposition in Formula (16) and Formula (17):

Ngq =Nf,std +Nr,std (16)

Nspl :Nf,spl +N (17)

r,spl-

By additipmof the Tesiduats of the sampte {imdicated by the imdex T;5ph)—amd the fumdamemntat Tgflectance

function ¢f the standard for the reference (indicated by the index f,std), a virtual sample with‘corrected
reflectange function Ngp oo is generated. This composition does not show any residual eglour lifference
with regalrd to the standard under the reference illuminant, but still has the same metamerit chargcteristics
compared to the standard. The resulting Formula (18] is:

N Jrr:R'Nstd+(1_R)'Nspl (18)

spl,¢

where I igthe n x n identity matrix and R is the decomposition or projectionumatrix developed by (ohen and
Kappauf. For the calculation of a specific metamerism index for the illuminant metamerism, the experimental

reflectan¢e function of sample Nspl isreplaced by the reflectance fupetion Nspl’corr , which has beerf modified
by means|of the spectral correction.

NOTE1 [Annex A includes calculation examples.

In summary, the calculation of the metamerism index *for the spectral correction method requires the
following|steps.

1) Measire the radiometric functions N4 and Nspl of the reference and the sample, respectively.

2) Calcullate the weighting matrix A for the xeference illuminant and the respective weighting mdtrix A4, for
the t¢st illuminant;

3) Calcullate the Cohen—-Kappauf matrix R for the reference illuminant as shown in Formula (19):
-1

R=A(A"-4) A" (19)

4) Calcuflate the radiometric function of the corrected sample, according to Formula (20):

N

spl, orr:R'Nstd+(1_R)'Nspl (20)

wherk [ i§ the identity matrix;

5 C l | SN drar ol 1 1 £, 4] £, ki - A I 1 daX: MY S 1 dalah B
dlcuratetire tristmmaras-varaes ror tine rererence  mmiant i rormua {z o ana rormuta {zz .

- T ~
Wsg =4 Ngg (21)
- T =
Wspl,corr =4 'Nspl,corr (22)
and for the test illuminant in Formula (23) and Formula (24):
- T =
Wstd,t =4; ‘Ngy (23)
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Wspl,corr,t

T =
= At : Nspl,corr (24)

NOTE 2 Wstd :Wspl,corr under the reference illuminant and the fundamental parts of W ¢ and Wy, corr ¢

under the test illuminant are equalized. Any differences between Wspl,corr,t and Wy  are introduced only by the

residual part of Nspl,corr that appears black for the reference illuminant and changed for the test illuminant.

6) Calculate the colour differences between W4 and Wy o ¢ using any appropriate system in mind

and calculate the metamerism index. For the CIELAB-colour space, for example, the resulting formulae
are shown as Formulae (25) to (28):

M, (gpectr)= \/[(ALZOrr )2 +(Aa:0rr )2 +(Ab:0rr )2 ] (25)
ALZorlr :LZpl,corr,t _L:td,t (26)
Aa:mr :a:pl,corr,t _a:td,t (27)
Ab:mlr =b:pl,corr,t _b:td,t' (28)

8.4 Teqtreport

In the tesf report, the used correction method for the residuakcolour difference under reference qonditions
shall be ipdicated in the formula of the metamerism index-as argument. In the identifier M, (x), |the index

“t” is for the used test illuminant (e.g. t = A for test illuminant A or FL11 for test illuminant FL11, et¢.) and the
argument “x” is for the correction method (x = add for the additive correction, x = multipl for the multiplicative
correctiof, and x = spectr for the spectral Cohen=Kappauf correction). For example, M, (spectf) is for a

metamerism index for the test illuminant A usingthe spectral Cohen-Kappauf correction.

Further, dolour differences should not exceed the range recommended in the respective standafds of the
colour difference formulae (for CIELAB AE;b <5 should be fulfilled).
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10


https://standardsiso.com/api/?name=994b379ec9e81e68e3b5a77e6d6b0dee

ISO 18314-4:2024(en)

Annex A
(informative)

Calculation examples

The following calculation examples serve to verify the programmed implementation of the correction
methods recommended in this document. As examples, pairs of green samples Green-1, Green-2 and Green-3
have been chosen. Their spectral reflectance factors are given as a function of wavelength in the second and
fifth colujnn 1n Tables A.Z and A.Z, respectively. The wavelength ranges from 400 nm to 700 nm Jwith data
, based on illumination D65, 10° CIE 1964 observer. Green-1 serves as the standard)and Green-2
and Greep-3 as the samples, respectively. The colorimetric data of all samples had been ealculated in the
range of 00 nm to 700 nm using the weighting functions given in ASTM E308-22, Table”5.19.|Values at
wavelengths below 400 nm and above 700 nm are summed up and included in the results of the 400 nm and

700 nm vplues. All colour differences are calculated in the CIELAB AE;b. For bothtest example$ of green
pairs undpr reference conditions (illuminant D65, CIE 1964 10° standard observet),there is a residpal colour
differenc¢ of about AE;b =3 units.

All relevant data of both examples are summarized in Table A.2 to Table A5.

In a first step, the projection matrix R is calculated for the selected reference conditions (illumipant D65,
CIE 1964 [10° standard observer) in accordance with 8.3. The result of this calculation is given in figure A.2
and in Talple A.1.

Applying |this matrix R to the reflectance functions of standard (Nstd) and sample (Nspl) legds to the
vectors for the fundamental reflectance functions Nf,std and Nf,spl' the black parts of the r¢flectance

functions|(residuals N q and N. . ) and to the surhmarized spectrally corrected reflectance fyinction of

r,st r,spl

sample Nspl,corr' These are given for the colours Green-1 as standard and Green-2 as sample (see [fable A.2)

as well as|for the colours Green-1 as standardand Green-3 as sample (see Table A.4). In accordancq with this
method, the corrected functions do not‘show residual colour differences any more with regard to the
standard [sample Green-1) under the reference illuminant D65.

Figure A.ll a) shows the reflectafice’functions of the standard Green-1 and of the sample Greenf2 and, in
comparispn, the corrected reflectance function of the sample Green-2. This insignificantly differg from the
original feflectance functiohy)particularly at short wavelengths. Figure A.1 b) shows the corrg¢sponding
fundamental reflectanceCAfunctions of standard Green-1 and of the sample (Green-2) whjch differ
insignifichntly.

Both the [reflectanice functions illustrate the components that actively create the visible coloyirs under
the refergnce illuminant D65. Figure A.1 c) shows the residuals of the standard and the sample pnder the
reference| illuminiant D65, demonstrating the black parts of the reflectance functions, which d¢ not lead
to visible|colpurs. These functions necessarily also include negative values, since their integrals| assessed
by the spectral power distribution of the reference illuminant and the spectral matching runctions of the
observer are identical to zero.

Further calculation provides a change of illuminant D65 to illuminant A. All colorimetric data of the pair of
samples Green-1 and Green-2 for the reference illuminant and illuminant A are summarized in Table A.3.
For illuminant D65, the corrected reflectance function of the sample Green-2, in accordance with the
specification, does not lead to a colour difference compared to Green-1, while the parameric residual colour
difference of the original sample Green-2 compared to the standard Green-1 is given in column D65/Green-2/
spl and equals 3,005 1.

Under illuminant A, the colour calculated from the corrected reflectance function also shows a difference
compared to the colour of the standard Green-1. Accordingly, the metamerism index is 3,541 7 in this case.
For comparison, the data resulting from the additive and the multiplicative correction and the respective
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metamerism indices (3,79) are also given in Table A.3. In this case, these data give slightly higher values
for the respective metamerism index, since in their definitions the existing colour difference related to
paramerism is not removed, thereby spectrally matching the fundamental parts of the reflectance functions.

In the example for colour Green-3, an exception was selected. The colour calculated from the corrected
reflectance function coincidentally also does not give any colour difference for illuminant A compared to
the calculated colour of standard Green-1 under illuminant A. Accordingly, the metamerism index for the
change of illuminant D65 to illuminant A is identical to zero in this case. This characteristic does not become
apparent from the definitions of metamerism indices of the additive or multiplicative correction, since both
give finite values. Thus, these definitions do not clarify that in this case the colour difference compared to
the standard is a mere residual colour difference.

For the calculation of the nv:\mp]nc, reflectances below 400 nm and above 700 nm are ignnrnr] since the

weighting functions applied already include an approximation of rolled up values at 400 nm_ and 700 nm
and, hencg, are specified for the range from 400 mm to 700 nm only.
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a) Reflectance functions of the standard Green-1, the samplé Green-2 and corrected reflectance
function of the sample Green-2 under the reference illuminant D65
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b) Fundamental reflectance function and corrected reflectance function of the sample Green-2 for
the decomposition under the reference illuminant D65
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c) Metgmeric black values (residuals) of the reflectance funetions of standard Green-1 angl of the
sample Green-2 for the decomposition under the reference illuminant D65

Key

A wavelength, in nm 4 fundamental part of the reflectance function of
the sample, spl, Green-2

Y1 spectyal reflectance functions, in % 5 corrected fundamental part of the feflectance
function of the sample Green-2

Y2 fundamental reflectance ratios, in % 6  black part (residual) of the reflectan¢e function

of standard Green-1

Y3 metatperic black values of the \reflectance functions7  black part (residual) of the reflectange function
(residuals), in % of the sample Green-2

referdgnce function of the standard, std, Green-1,
refergnce function of the sample, spl, Green-2
corre¢ted function of thésample, spl,corr, Green-2

NOTE The curves_Cerrespond to the data compiled in Table A.2 (std — standard Green-1, spl - sample Green-2,
spl,corr - cprrected saniple Green-2).

Figure A<l - Diagrams of the reflectance functions for the CIE 1964 10° standard colorilretric
observer
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re A.2 — Diagram of the orthogonal projectienatrix R for the CIE 1964 10° stanc
colorimetric observer and illuminant D65
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Table A.1 — Elements of the orthogonal projection matrix R for the CIE 1964 10° standard
colorimetric observer and illuminant D65

R;; 400 410 420 430 440 450 460 470
400 | 0,000300 | 0,001446 | 0,003529 0,005 560 0,007987 | 0,008931 | 0,007738 | 0,005 339
410 | 0,001446 | 0,006936 | 0,017 004 0,026 799 0,038 523 0,043113 | 0,037416 | 0,025920
420 | 0,003529 | 0,017 004 0,041 538 0,065 498 0,094 205 0,105526 | 0,091732 | 0,063 802
430 | 0,005560 | 0,026799 | 0,065 498 0,103 342 0,148 764 0,166 856 | 0,145397 | 0,101 719
440 | 0,007987 | 0,038523 0,094 205 0,148 764 | 0,2144072 | 0,240916 | 0,210 648 | 0,148 578
450 | 0,008931 | 0,043 113 0,105 526 0,166 856 0,240916 | 0,271448 | 0,238578 | 0,170 364
460 | 0,007738 | 0037416 0091 732 0145397 0210648 | 0238578 | 0211737 154 646
470 | 0,005339 | 0,025920 0,063 802 0,101 719 0,148 578 0,170 364 | 0,154 646|\9,118 709
480 | 0,p02657 | 0,013 056 0,032 522 0,052 752 0,078 900 0,093642 | 0,090205°| 0,077 755
490 | 0,000739 | 0,003 854 0,010 146 0,017 731 0,029 100 | 0,038887 | 0,0443874 | 0048931
500 | -0/000370 | -0,001 441 | -0,002 663 | -0,002 132 0,001 277 | 0,009076 | _0,020796 | (036 582
510 | -0J001 046 | -0,004 663 | -0,010435 | -0,014 101 | -0,015273 |-0,008 221C}+0,007 942 | 0,031 454
520 | -0[001 393 | -0,006 336 | -0,014 510 | -0,020424 | -0,024 058 |-0,017408| 0,001 181 | 0,028963
530 | -0/001 491 | -0,006858 | -0,015883 | -0,022 730 | -0,027 540 |-0,02D456 | -0,002 425 | (1,026 455
540 | -0]/001 355 | -0,006 296 | -0,014 733 | -0,021 351 | -0,026 333 | 6,021 322 | -0,004 196 | (,022 145
550 | -0[001 039 | -0,004912 | -0,011 674 | -0,017 196 | -0,021 6223¢ -0,018 118 | -0,004 731 | (,016 243
560 | -0/000572 | -0,002829 | -0,006985 | -0,010 669 | -0,013915 | -0,012 295 | -0,004 242 | 0,008 901
570 | -0/000 021 | -0,000 355 | -0,001378 | -0,002789 | -0,004480 |-0,004934| -0,003 106 | 0,000 813
580 | 0,p00512 | 0,002046 | 0,004080 | 0,004907 0;004 771 0,002 330 | -0,001906 | -0,007 009
590 | 0,000925 | 0,003919 0,008 371 | 0,011 0060, [~+0,012 166 0,008 217 | -0,000803 | -0,013 094
600 | 0,001196 | 0,005155 0,011 218 0,015 073 0,017 125 0,012 200 | -0,000 001 | -p,017 101
610 | 0,p01256 | 0,005456 | 0,0119689 | 0,016 230 0,018 647 0,013560 | 0,000489 | -9,018 043
620 | 0,001106 | 0,004 826 0,010 631 0,014 482 0,016 731 0,012 288 | 0,000656 | -0,015933
630 | 0,000838 | 0,003663 | 0,008085 0,011 040 0,012 791 0,009 441 | 0,000585 | -09,012 082
640 | 0,000573 | 0,002509 0,005 547+ 0,0075869 | 0,008807 | 0,006522 | 0,000442 | -9,008273
650 | 0,000352 | 0,001544 | 0,003417 0,004 679 0,005 438 | 0,004 037 | 0,000290 | -0,005 089
660 | 0,000202 | 0,000886 | ©,001961 0,002 686 0,003124 | 0,002321 | 0,000170 | -,002919
670 | 0,p00110 | 0,000481 (10,001 065 0,001 459 0,001 697 | 0,001262 | 0,000094 | -0,001584
680 | 0,000053 | 0,000 231 0,000 512 0,000 702 0,000817 | 0,000607 | 0,000045 | -9,000 762
690 | 0,000023 | 0,0Q0\03 0,000 227 0,000 311 0,000 362 0,000269 | 0,000020 | -,000 338
700 | 0,00021 | ©,000091 | 0,000 203 0,000 277 0,000323 | 0,000240 | 0,000018 | -,000301
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Table A.1 (continued)

R; 480 490 500 510 520 530 540 550
400 | 0,002657 | 0,000739 | -0,000370 | -0,001046 | -0,001393 |-0,001491| -0,001 355 | -0,001 039
410 | 0,013056 | 0,003854 | -0,001441 | -0,004 663 | -0,006336 |-0,006858| -0,006296 | -0,004 912
420 | 0,032522 0,010 146 | -0,002663 | -0,010435 | -0,014510 |-0,015883 | -0,014733 | -0,011 674
430 | 0,052752 0,017731 | -0,002132 | -0,014 101 | -0,020424 |-0,022730| -0,021 351 | -0,017 196
440 | 0,078900 | 0,029 100 0,001 277 | -0,015273 | -0,024 058 |-0,027 540 | -0,026 333 | -0,021 622
450 | 0,093 642 | 0033337 0,009076 | =0,008221 | =0,017408 | =0,021456{=0,021322 {=0,018118
460 | 0,090205 | 0,044 374 0,020 796 0,007 942 0,001181 |-0,002425| -0,004 196 —‘),004 731
470 | 0,77 755 | 0,048931 0,036 582 0,031 454 0,028 963 0,026 455 | 0,022 1450| 0,016 243
480 | 0,062926 | 0,053 052 0,053 172 0,056 664 0,059 075 0,058100 | 0,051415 | 0,040 106
490 | 0,p53052 0,056 995 0,066 416 0,076 526 0,082899 | 0,083445 | 0,075312 | 0,060 250
500 | 0,p53172 0,066 416 0,083 068 0,098 939 0,109 094 0,111 318¢}40,101 934 | 0,083 334
510 | 0,56 664 | 0,076 526 0,098 939 0,119 827 0,133 634 0,137917 | 0,128058 | 0,106 998 6
520 | 0,p59075 | 0,082899 0,109 094 0,133 634 0,150 588 0,157847 | 0,148439 | 0,127 150
530 | 0,p58100 | 0,083 445 0,111 318 0,137 917 0,157 347 0,166 984 | 0,160 695 | (,141 847
540 | 0,p51415 0,075 312 0,101 934 0,128 058 0,148 439 0,160 695 | 0,158503 | 0,144 952
550 | 0,p40106 | 0,060 250 0,083334 | 0,1069986 | 0,127 150 0,141 847 | 0,144952 | 0138990
560 | 0,p24 691 0,039 026 0,056 479 0,075 812 0,094518 0,111281 | 0,120529 | (123 964
570 | 0,006 995 0,014 301 0,024 846 0,038 650 0;055 030 0,073407 | 0,089039 | (0,102 660
580 | -0]j010 289 | -0,009986 | -0,006424 | 0,001 630 0,015 277 0,034 664 | 0,055992 | (079 037
590 | -0[{024 027 | -0,029 544 | -0,031968 | -0,029.134* | -0,018 523 | 0,000 604 | 0,025445 | 0,054 995
600 | -0J033 206 | -0,042 722 | -0,049 337 | -0,050275 | -0,042071 |-0,023584 | 0,003 159 | 0,036 623
610 | -0/035890 | -0,047 013 | -0,055608 | -0,058770 | -0,052763 |-0,036298| -0,010 752 | (022 154
620 | -0/032 085 | -0,042 402 |-0,050 730 :)\-0,054 514 | -0,050419 |-0,037 267 | -0,015927 | (},012 035
630 | -0)024 482 | -0,032 499 | -0,039 104~ -0,042363 | -0,039732 |-0,030305| -0,014 602 | 4,006 169
640 | -0J016 835 | -0,022 415 | -0,022073 | -0,029486 | -0,027907 |-0,021706 | -0,011177 | 0,002 845
650 | -0J010 387 | -0,013859 | +0,616 783 | -0,018348 | -0,017 473 |-0,013771 | -0,007 392 | (4,001 145
660 | -0J005965 | -0,007 965( 0,009 656 | -0,010 572 | -0,010092 |-0,007994 | -0,004 358 | (0,000 518
670 | -0/003 240 | -0,004,328/| -0,005250 | -0,005752 | -0,005499 |-0,004368| -0,002402 | 0,000 239
680 | -0J001 559 | -0,002,083 |-0,002527 2| -0,002770 | -0,002 648 |-0,002 105 | -0,001 159 | (4,000 111
690 | -0J000 691 | +0,000923 | -0,001 121 | -0,001 229 | -0,001176 |-0,000936 | -0,000518 | 0,000 044
700 | -0]/000 616.4. 0,000 823 | -0,000997 | -0,001092 | -0,001 043 |-0,000826| -0,000451 | 0,000 053
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Table A.1 (continued)

R; 560 570 580 590 600 610 620 630
400 | -0,000572 | -0,000021 | 0,000512 0,000 925 0,001 196 0,001 256 | 0,001 106 0,000 838
410 | -0,002 829 | -0,000 355 | 0,002 046 0,003 919 0,005 155 0,005 456 | 0,004 826 0,003 663
420 | -0,006985 | -0,001378 | 0,004 080 0,008 371 0,011 218 0,011969 | 0,010631 |0,0080846
430 | -0,010 669 |-0,0027891| 0,004907 0,011 006 0,015 073 0,016 230 | 0,014 482 0,011 040
440 | -0,013915 | -0,004480 | 0,004 771 0,012 166 0,017 125 0,018 647 | 0,016 731 0,012 791
450 | -0,012295 | 0004934 | 0002330 0,008 217 0012200 | 0013560 | 0012288 00094411
460 | -0J004 242 | -0,003 106 | -0,001 906 | -0,000803 | -0,000001 | 0,000489 | 0,000 6564 0,000 585
470 | 0,008901 0,000813 | -0,007009 | -0,013094 | -0,017 101 |-0,018 043 | -0,015933)| -9,012 082
480 | 0,924 691 0,006995 | -0,010289 | -0,024 027 | -0,033206 |-0,035890 | -0,032:085 | -0,024 482
490 | 0,939026 0,014 301 | -0,009986 | -0,029 544 | -0,042722 |-0,047 013 | -0,042 402 [-0,0324990
500 | 0,p56479 0,024 846 | -0,006424 | -0,031968 | -0,049 337 |-0,055608}-0,0507301| -,039 104
510 | 0,975812 0,038 650 0,001 630 | -0,029134 | -0,050275 |-0,058%70| -0,054 514 | -(,042 363
520 | 0,094 518 0,055 030 0,015277 | -0,018523 | -0,042 071 | -0,052763 | -0,050 419 | -9,039 732
530 | 0,11 281 0,073 407 0,034 664 0,000 604 -0,023584 | -0,036 298| -0,037 267 | -9,030 305
540 | 0,020529 0,089 039 0,055 992 0,025 445 0,003 159-¢ -0,010 752 | -0,015927 | -09,014 602
550 | 0,123 964 0,102 660 0,079 037 0,054 995 0,036 623 0,022 154 | 0,012 035 (0,006 169
560 | 0,121 013 0,113 085 0,102 062 | 0,087 157 2 0,074°505 0,060 190 | 0,044 744 (0,030 624
570 | 0,113 085 0,120 156 | 0,1233985 | 0,119 106 0;113 225 0,099 636 | 0,078935 0,056 298
580 | 0,102062 | 0,1233985 | 0,140 313 0,146 390 0,147 221 0,134 737 | 0,109 583 0,079 399
590 | 0,087 1572 | 0,119 106 0,146 390 0,160 716 0,167 060 0,156 198 | 0,128 776 0,094 047
600 | 0,074 505 0,113 225 0,147 221 0,167°060 0,177 166 0,167 713 0,139 335 1,102 206
610 | 0,60 190 0,099 636 0,134 737 0,156 198 0,167 713 0,159 958 | 0,133 498 (0,098 178
620 | 0,044 744 0,078 935 0,109 583 0,128 776 0,139 335 0,133498 | 0,111721 0,082 290
630 | 0,030 624 0,056 298 0,079 399 0,094 047 0,102 206 0,098 178 | 0,082290 | 0,060 665
640 | 0,19 429 0,036 891 0,052.645 0,062 719 0,068 377 0,065 804 | 0,055217 0,040 732
650 | 0,011 275 0,021 964 0,031 626 0,037 843 0,041 355 0,039853 | 0,033 469 (0,024 700
660 | 0,006312 0,012 431 0,017 967 0,021 537 0,023 558 0,022 716 | 0,019 083 0,014 086
670 | 0,03 378 0,006 696 0,009 698 0,011 637 0,012 736 0,012 285 | 0,010 322 0,007 620
680 | 0,003 217 0,004662 0,005 595 0,006 124 0,005 908 0,004 964 | 0,003665 |0,p016213
690 | 0,000713 0,001 419 0,002 059 0,002 472 0,002 707 0,002 612 | 0,002 195 (0,001 620
700 | 0,00 651 0,001 283 0,001 855 0,002 223 0,002 432 0,002 345 | 0,001970 0,001 454
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ISO 18314-4:2024(en)

Table A.1 (continued)

R;; 640 650 660 670 680 690 700
400 | 0,000573 | 0,000352 | 0,000202 0,000 110 0,000 053 | 0,000023 | 0,000021
410 | 0,002509 | 0,001544 | 0,000886 | 0,000481 0,000231 | 0,000103 | 0,000 091
420 | 0,005547 | 0,003 417 0,001 961 0,001 065 0,000 512 0,000 227 | 0,000 203
430 | 0,007587 | 0,004679 | 0,002 686 0,001 459 0,000 702 0,000311 | 0,000 277
440 | 0,008807 | 0,005438 | 0,003124 | 0,001697 0,000817 | 0,000362 | 0,000323
450 | 0,006522 | 0004037 | 0002321 0,001 262 0000607 | 0000269 | 0000240
460 | 0,000442 | 0,000290 | 0,000170 0,000 094 0,000 045 | 0,000020 | 0,000018
470 | -0{008 273 | -0,005089 | -0,002919 | -0,001584 | -0,000762 |-0,000338| -0,000301
480 | -0/016 835 | -0,010 387 | -0,005965 | -0,003 240 | -0,001559 |-0,000691| -0,000:616
490 | -0)022 415 | -0,013859 | -0,007 965 | -0,004 328 | -0,002 083 |-0,000923 | 0,000 823
500 | -0{027 073 | -0,016 783 | -0,009 656 | -0,005 250 | -0,002 527 2 | -0,001 121¢}+~0,000 997
510 | -0J029 486 | -0,018 348 |-0,010 5717 | -0,005 752 | -0,002 770 |-0,001-229°| -0,001 092
520 | -0[027 907 | -0,017 473 | -0,010 092 | -0,005499 | -0,002 648 | -0,002176 | -0,001 043
530 | -0]021 706 | -0,013771 | -0,007 994 | -0,004 368 | -0,002 105 |+6,000936 | -0,000 826
540 | -0{011 177 | -0,007 392 | -0,004 358 | -0,002 402 | -0,001 1593¢ -0,000 518 | -0,000 451
550 | 0,p02845 | 0,001 145 0,000 518 0,000 239 0,000 121¥ | 0,000 044 | 0,000 053
560 | 0,p19429 | 0,011 275 0,006 312 0,003378 | 0,00:6213 | 0,000713 | 0,000 651
570 | 0,p36891 | 0,021964 | 0,012431 0,006 696 ;003 217 0,001 419 | 0,001 283
580 | 0,p52645 | 0,031626 0,017 967 0,009 698 0,004 662 | 0,002059 | 0,001 855
590 | 0,p62719 | 0,037 843 0,021 537 0,011 637, 0,005 595 0,002 472 | 0,002 223
600 | 0,068377 | 0,041 355 0,023 558 0,012°736 0,006 124 | 0,002707 | 0,002 432
610 | 0,p65804 | 0,039853 0,022 716 0,012 285 0,005908 | 0,002612 | 0,002 345
620 | 0,p55217 | 0,033 469 0,019 083 0,010 322 0,004964 | 0,002195 | 0,001970
630 | 0,p40732 | 0,024 700 0,014 086 0,007 620 0,003 665 | 0,001620 | 0,001454
640 | 0,p27360 | 0,016597 | 0,009466 | 0,005121 0,002 463 | 0,001089 | 0,000977
650 | 0,p16 597 0,010 070 0,005 744 0,003 108 0,001495 | 0,000661 | 0,000593
660 | 0,009466 | 0,005744 (10,003 277 0,001 773 0,000853 | 0,000377 | 0,000338
670 | 0,p05121 | 0,003 168-/| 0,001773 0,000 959 0,000461 | 0,000204 | 0,000183
680 | 0,p02463 | 0,001T495 | 0,000853 0,000 461 0,000222 | 0,000098 | 0,000088
690 | 0,p01089 | 0600661 | 0,000377 | 0,000 204 0,000098 | 0,000043 | 0,000 039
700 | 0,00977.4.0,000593 | 0,000338 | 0,000 183 0,000 088 | 0,000039 | 0,000 035

The elemgnts jrithis table are calculated for the wavelength range 400 nm <A < 700 nm and a distance
of supporting points of A = 10 nm.
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