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Foreword

ISO (the
bodies (
through

International Organization for Standardization) is a worldwide federation of national standards
ISO member bodies). The work of preparing International Standards is normally carried out
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

electrot

echnical standardization

The pro
describe
differen
editoria

cedures used to develop this document and those intended for its further maintenance.ate
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed)fer t

[ types of ISO documents should be noted. This document was drafted in accordance-with t
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attenti

patent rfghts. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patgnt rights identified during the development of the document will be in theintroduction and/d
on the I§0 list of patent declarations received (see www.iso.org/patents).

Any tradle name used in this document is information given for the conyvenience of users and does nqt

constit

For an

express
World T
.org/iso

=

is drawn to the possibility that some of the elements of this document may'he the subject ¢

= =

e an endorsement.

explanation of the voluntary nature of standards, the imganing of ISO specific terms anfd
ons related to conformity assessment, as well as information about ISO's adherence to thie
rade Organization (WTO) principles in the Technical*Barriers to Trade (TBT) see www.isp
foreword.html.

This do
with Ted

This firs
it consti

A list of

Any feec
complet

=}

fument was prepared by the International Commission on Illumination (CIE) in cooperatio
hnical Committee ISO/TC 274, Light and lighting.

t edition of ISO/CIE 11664-3 cancels andbeplaces ISO 11664-3:2012 | CIE S 014-3:2011, of which
futes a minor revision, incorporating/minor editorial updates.

hll parts in the ISO 11664 and ISO/CIE 11664 series can be found on the ISO website.

=

|lback or questions on this decument should be directed to the user’s national standards body.
e listing of these bodies,ean/be found at www.iso.org/members.html.
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Introduction

Colour stimuli with different spectral distributions can look alike. An important function of colorimetry
is to determine which stimuli look alike to a given observer with a given set of colour-matching
functions. This is done by calculating a set of three tristimulus values for each stimulus. Equality
of tristimulus values indicates equality of colour appearance under equal irradiation and viewing
conditions. This document is based on long-standing CIE recommendations (see CIE 15[1]) for the
calculation of tristimulus values.

© ISO/CIE 2019 - All rights reserved v
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Colorimetry —

Part 3:
CIE tristimulus values

1 Scope

|

his document specifies methods of calculating the tristimulus values of colour stimuli fq
he spectral distributions are provided. These colour stimuli can be produced by{self-lumin
purces or by reflecting or transmitting objects.

wn_ct+

—

his document requires that the colour stimulus function be tabulated at measurement intg
nm or less in a wavelength range of at least 380 nm to 780 nm. Extrapoelation methods are sy
br cases where the measured wavelength range is less than 380 nm to 780 nm.

=

he standard method is defined as summation at 1 nm intervals overthe wavelength range from
b 830 nm. Alternative abridged methods are defined for larger intervals (up to 5 nm) and
anges (down to 380 nm to 780 nm). The alternative methodsare to be used only when appropt
Fhen the user has reviewed the impact on the final results;

< = o

This document can be used in conjunction with the GIE 1931 standard colorimetric observs
IE 1964 standard colorimetric observer.

fan)

2 Normative references

|

he following documents are referred.to in the text in such a way that some or all of thein
onstitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition-of the referenced document (including any amendments)

Q

]

50/CIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers
I50 23539, Photometry —The CIE system of physical photometry
(IE S 017, ILV: International Lighting Vocabulary

3 Terms and definitions
Hor the purposes of this document, the terms and definitions given in CIE S 017 apply.

I50 and TEC maintain terminological databases for use in standardization at the following add

r which
us light

brvals of
|ggested

360 nm
shorter
iate and

r or the

content
lies. For
applies.

esSes:

iflaWa™a - L 3 1o4£, lalal £ ot L/ 3 PN
ToOU UTITIIIC DT U W STITS PTAtTOTTIT. ~a vV aITdOTC a U IICT U S, 77 VW VW VW.ISU . OT E7 U DD

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

© ISO/CIE 2019 - All rights reserved
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4 Symbols and abbreviations

k kq normalizing constants

K., maximum spectral luminous efficacy of radiation in the CIE standard
system of physical photometry

K10 maximum spectral luminous efficacy of radiation when the V;4(4) func-
tion is used for photometry

R(A) spectral reflectance factor

S relative spectral distribution of an illuminant

V(A) spectral luminous efficiency function in the CIE standard system of
physical photometry

Vio(4)

W, (A), W, (A), W,(2)
Wy 10D Wy,10(A), W, 10(4)
X,y Z

X100Y100 £10

x(4), y(R), z(2)

X10(A4),10(4), 219 (A)

spectral luminous efficiency function when the y;¢{4) function is useg

for photometry

pre-calculated weighting functions for tristimulus integration using the
CIE 1931 standard colorimetric observen

pre-calculated weighting functions-fer tristimulus integration using the
CIE 1964 standard colorimetric observer

chromaticity coordinates calgulated using the CIE 1931 standard colori
metric observer

chromaticity coordindtes calculated using the CIE 1964 standard colori
metric observer

colour-matchjing-functions of the CIE 1931 standard colorimetric obsery
er (also knewn as the CIE 2° standard colorimetric observer)

colour*matching functions of the CIE 1964 standard colorimetric obsery
er (also known as the CIE 10° standard colorimetric observer)

XY Z tristimulus values calculated using the CIE 1931 standard colorimetric
observer

X0 Y10 F10 tristimulus values calculated using the CIE 1964 standard colorimetric
observer

BA) spectral radiance factor

AA wavelength interval

@, () colour stimulus function (description of a colour stimulus by the spec-
tral concentration of a radiometric quantity, such as radiance or radiant
power, as a function of wavelength)

@A) relative colour stimulus function (relative spectral distribution of the
colour stimulus function)

A wavelength

p(A) spectral reflectance

T(A) spectral transmittance

2 © ISO/CIE 2019 - All rights reserved
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5 Standard method

5.1 General

This document may be used in conjunction with the CIE 1931 standard colorimetric observer or the
CIE 1964 standard colorimetric observer. If the angle subtended at the eye by the colour stimulus (or
fields to be matched in colour) is between about 1° and 4° the CIE 1931 standard colorimetric observer
shall be used. If this angular subtense is greater than 4° the CIE 1964 standard colorimetric observer shall
be used. The same colorimetric observer shall be used for all stimuli to be compared with each other.

3.2 Calculation of tristimulus values

]

h the CIE 1931 standard colorimetric system, tristimulus values X, Y and Z are defined’as integrals over

the spectral range 360 nm to 830 nm according to Formulae (1) to (3):
X=k [0 (A)x(2)dA (1)
A
Y=k [0 () ¥(2)dA 2)
A
Z=k [0 (M)Z(A)dA 3)
A
Where
@A) is the colour stimulus fufiction to be evaluated;

X(A), 7(A), Z(A) are the colour-matching functions of the CIE 1931 standard colorime{ric

observer;
k is a normaljzing constant defined in 5.3 and 5.4.
The standard method for evaluating these integrals is numerical summation from 360 nm to 880 nm at
wavelength intervals, AA, equal to 1 nm according to Formulae (4) to (6):
X=k) ¢;(A)x(2) 84 4
A
Y=k 0, (AJY(A) AL (5)
A
2=k, (M)z(1) A1 6)
A

ysing ~ colour-matching functions x(4),y(A),z(A) defined with seven significant figures in

ISO/CIE 11664-1 and a colour stimulus function, ¢,(A), measured using a symmetrical triangular or
trapezoidal bandpass with a half width equal to 1 nm.

Tristimulus values are often evaluated on a relative basis. In such cases the relative colour stimulus
function, ¢(A), may be used instead of the colour stimulus function, ¢, (A). It is essential that, for stimuli
that will be considered together, all the spectral distributions involved be assessed on the same relative
basis. The tristimulus values obtained are then relative in the sense that all the values involved may

© ISO/CIE 2019 - All rights reserved 3
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be multiplied by the same single arbitrary constant, k. In certain cases, however, k shall be chosen
according to agreed conventions; these conventions are explained in 5.3 and 5.4.

NOTE The wavelength range of 360 nm to 830 nm is in accordance with established CIE practice
(ISO/CIE 11664-1 and Reference [1]). Clause 6 of this document specifies abridged methods that can be used
when data are not available over the full range of 360 nm to 830 nm at 1 nm intervals.

5.3 Normalizing constant for self-luminous light sources

For self-]u ) e he norma g ant, k 15U hosen on the grounds of convenience
If, howeper, in the CIE 1931 standard colorimetric system, the Y value is required to be numericall
equal to[the absolute value of a photopic photometric quantity, ¢;(A) shall be the spectral concentratio
of the rgdiometric quantity corresponding to the photometric quantity required, and the constant,

shall be|set equal to 683 Im-W-1 which is the numerical value of K, the maximum spectral Tuminou
efficacylin the CIE system of physical photometry as specified in ISO 23539 | CIE S 010.

wn I =

5.4 Normalizing constant for reflecting or transmitting objects

For refl¢cting or transmitting object colours, the colour stimulus function, ¢;(4), shall be replaced bjy
the relative colour stimulus function, ¢(A), evaluated as shown in Formulae (7)to (10).

o(A)=R(A)S(A) @)
or

p(A)=B(1)S(A) )
or

(A)=p(A)S(2) €))
or

p(A)=7(2)S(4) (10
where

R(A) is the spectralreflectance factor;
B(A)| is the spectral radiance factor;
p(A)| isthe'spectral reflectance;

T(A)| Asthe spectral transmittance;

S(A) is the relative spectral distribution of the illuminant.

In all these cases, the constant, k, shall be chosen so that Y =100 for objects for which R(A) [or B(A), p(A),
7(A)] equals 1 for all wavelengths. Hence, as shown in Formula (11):

k=100/ S(A) y(A)AA (11)
A
where the summation range and interval, and the values of y(A), are the same as in Formulae (4) to (6).

The values of Y for all objects are then equal to the percentage values of luminous reflectance factor [in
the case of R(A)], luminance factor [in the case of f(A)], luminous reflectance [in the case of p(A)] or

4 © ISO/CIE 2019 - All rights reserved
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luminous transmittance [in the case of (A)]. This is because the y(A) function is identical to the CIE

spectral luminous efficiency function V(A).

NOTE All four quantities, R(A), S(A), p(A) and t(A), are ratios. If, for convenience, any of these quantities are
reported as percentages, the numerical values must be divided by 100 for the above derivation of k to be correct.

5.5 CIE 1964 standard colorimetric system

The colour-matching functions v (2 3 (2 =7
17 il da il = 2 il I A AV LIV AN | VB GA P

A

T T ot THetetr

(ISO/CIE 11664-1) may be used in place of x(1), y(A), z(A). In this case, the symbols X, ¥, Z«an|d k shall
He replaced by X;, Y1, Z;g and kyq in all formulae in this document.

OTE Use of the y;9(A) function for photometry (as in 5.3), with the apprbpriate value |of K o,

83,6 Im-W-1) has not been standardized or approved by the General Conference.on Weights and Measures
Conférence Générale des Poids et Mesures, CGPM). However, CIE 165:2005[2] has recommended that thd function
An be so used, especially if luminance has to be determined parafoveally.

[oWenYon) —

oD

) Abridged methods

4.1 General

Ih some cases, the standard method defined in Clause.S cannot be used because the colour $timulus
flinction or relative colour stimulus function is not available over the full range of 360 nm to 830 nm in
J nm intervals.

6.2 Abridged method for data at 5 nnrintervals or less

]

it is demonstrated that the resultingerrors are insignificant for the purpose of the user, tristimulus
alues X, Y, Z shall be calculated by numerical summation from 380 nm to 780 nm at wayelength
htervals, AA, equal to 5 nm aecording to Formulae (4) to (6) using colour-matching ffinctions

F(1), ¥(A),z(A), as defined with seven significant figures in ISO/CIE 11664-1 (see 7.4 for bahdwidth

requirements).

—

Ne.

]

F the colour stimulus-function or relative colour stimulus function data are provided at wayelength
htervals of 2 nm, 3 un-or 4 nm, the same method shall be used, subject to the same conditions

—

If the wavelength-interval is less than 5 nm but not an integer multiple of 1 nm, either thg colour-
hatching funictions and the illuminant or the colour stimulus data shall be interpolated so that they
hatch. See-7Z3 for guidance on this.

= =

NOTE 15> Some publications give the colour-matching functions from ISO/CIE 11664-1 with values rqunded to
fpur’significant figures. These rounded values can be used provided that it is demonstrated that the fresulting
ejrrors are insignificant for the purpose of the user.

NOTE2 Some CCD array spectrometers record data at unequal wavelength intervals. In this case, AA in

Formulae (4), (5), (6) and (11) will vary.

6.3 Abridged method for 10 nm or 20 nm data for reflecting or transmitting objects

This document does not cover abridged methods for 10 nm or 20 nm data. It applies only to data at 5 nm
intervals or less.

NOTE1 A common method for calculating tristimulus values X, Y, Z of reflecting or transmitting object colours
at wavelength intervals, AA, equal to 10 nm or 20 nm is to use Formulae (12) to (14):

© ISO/CIE 2019 - All rights reserved 5
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X=) R(A)W, (1) (12)
A

Y=Y R(AW,(A) (13)
A

Z=Y R(A)W,(A) (14)
A

where
R(A) is the spectral reflectance factor measured using a symmetrical trignguldr

w.

The spe
factor 8

NOTE 2

NOTE 3
and [7]).

6.4 Al

This dog
interval
it is dem
evaluatg
as fluor
from sti
results.

7 Suy

7.1  Ge

This cla

—_—

or trapezoidal bandpass with a half width equal to the wavelength intterva
(10 nm or 20 nm);

\), Wy(4) and W,(4)  are pre-calculated weighting functions that take intorac¢ount the col-
our-matching functions, the relative spectral distributiomnof the illuminant,
the wavelength interval, the bandwidth and the ngpmalizing constant,
to give the best fit to the standard method (see'Clause 5) based on thle
assumption that R(A) varies smoothly between the measured (10 nm dr
20 nm interval) values.

ctral reflectance factor R(A) may be replaced in Formulae (12) to (14) by the spectral radiande
A), the spectral reflectance p(A) or the spectral transmittange (7).

Examples of pre-calculated weighting functions prepared for this purpose are given in ASTM E308-15(41.

Details of the calculation of weighting functions_have been published (see References [4], [5], [4

—

pridged method for 10 nm or 20 nm data for self-luminous light sources

ument does not cover abridged methads for 10 nm or 20 nm data. It applies only to data at 5 ni
5 or less. Data intervals of larger.thah 5 nm should not be used for light sources, except whep
onstrated that the error for a larger interval is negligible for the particular light source being
d. For many self-luminous_light sources, particularly those with narrow-band features suc
escent lamps, gas discharge famps and light-emitting diodes, calculation of tristimulus value
mulus functions measured at wavelength intervals, AA, greater than 5 nm will not give accurat]

=3

D n =

)plementary treatment of input data

pneral

1se“outlines supplementary treatment of data necessary to apply the methods of Clauses 5 and

6ortoc

prrect measured data for improved accuracy.

The use

of the methods described in Clauses 5 and 6 of this document requires that the colour stimulus

function, ¢,(4), or the relative colour stimulus function, ¢(A), be known over a specified wavelength
range, at a specified interval, and with a specified bandwidth. It is important to use the same

wavelen

gth range, interval and bandwidth throughout for any set of calculations in which data for

different colours are to be compared precisely. In practical applications, however, all the required data

may not
unequal

be available because the measurement was made at intervals greater than specified, and/or
wavelength intervals were used, and/or data at the spectral extremes were omitted, and/or the

bandwidth was not equal to the sampling interval, and/or the bandpass shape was not a symmetrical

triangle

or trapezium. Sometimes it is possible to predict the needed but unmeasured data, although

calculation from predicted data may be inexact. Thus, prediction methods should only be used if the

© ISO/CIE 2019 - All rights reserved
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