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THE INTERNATIONAL COMMISSION ON ILLUMINATION
The International Commission on Illumination (CIE) is an organisation devoted to international co-operation and exchange of
information among its member countries on all matters relating to the art and science of lighting.  Its membership consists of
the National Committees in 37 countries and one geographical area and of 10 associate members.

The objectives of the CIE are :
1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the fields

of light and lighting and for the interchange of information in these fields between countries.
2. To develop basic standards and procedures of metrology in the fields of light and lighting.
3. To provide guidance in the application of principles and procedures in the development of international and national

standards in the fields of light and lighting.
4. To prepare and publish standards, reports and other publications concerned with all matters relating to the science,

technology and art in the fields of light and lighting.
5. To maintain liaison and technical interaction with other international organisations concerned with matters related to the

science, technology, standardisation and art in the fields of light and lighting.
The work of the CIE is carried on by seven Divisions each with about 20 Technical Committees.  This work covers

subjects ranging from fundamental matters to all types of lighting applications.  The standards and technical reports developed
by these international Divisions of the CIE are accepted throughout the world.

A plenary session is held every four years at which the work of the Divisions and Technical Committees is reviewed,
reported and plans are made for the future.  The CIE is recognised as the authority on all aspects of light and lighting.  As
such it occupies an important position among international organisations.

LA COMMISSION INTERNATIONALE DE L'ÉCLAIRAGE
La Commission Internationale de l'Éclairage (CIE) est une organisation qui se donne pour but la coopération internationale et
l'échange d'informations entre les Pays membres sur toutes les questions relatives à l'art et à la science de l'éclairage.  Elle
est composée de Comités Nationaux représentant 37 pays plus un territoire géographique, et de 10 membres associés.

Les objectifs de la CIE sont :
1. De constituer un centre d'étude international pour toute matière relevant de la science, de la technologie et de l'art de la

lumière et de l'éclairage et pour l'échange entre pays d'informations dans ces domaines.
2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumière et de l'éclairage.
3. De donner des directives pour l'application des principes et des méthodes d'élaboration de normes internationales et

nationales dans les domaines de la lumière et de l'éclairage.
4. De préparer et publier des normes, rapports et autres textes, concernant toutes matières relatives à la science, la

technologie et l'art dans les domaines de la lumière et de l'éclairage.
5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées par des

sujets relatifs à la science, la technologie, la normalisation et l'art dans les domaines de la lumière et de l'éclairage.
Les travaux de la CIE sont effectués par 7 Divisions, ayant chacune environ 20 Comités Techniques.  Les sujets d'études
s'étendent des questions fondamentales, à tous les types d'applications de l'éclairage.  Les normes et les rapports techniques
élaborés par ces Divisions Internationales de la CIE sont reconnus dans le monde entier.
Tous les quatre ans, une Session plénière passe en revue le travail des Divisions et des Comités Techniques, en fait rapport
et établit les projets de travaux pour l'avenir.  La CIE est reconnue comme la plus haute autorité en ce qui concerne tous les
aspects de la lumière et de l'éclairage.  Elle occupe comme telle une position importante parmi les organisations
internationales.

DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION
Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und
dem Austausch von Informationen zwischen ihren Mitgliedsländern bezüglich der Kunst und Wissenschaft der Lichttechnik
widmet.  Die Mitgliedschaft besteht aus den Nationalen Komitees in 37 Ländern und einem geographischen Gebiet und aus 10
assoziierten Mitgliedern.

Die Ziele der CIE sind :
1. Ein internationaler Mittelpunkt für Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der

Lichttechnik und für den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Ländern zu sein.
2. Grundnormen und Verfahren der Meßtechnik auf dem Gebiet der Lichttechnik zu entwickeln.
3. Richtlinien für die Anwendung von Prinzipien und Vorgängen in der Entwicklung internationaler und nationaler Normen

auf dem Gebiet der Lichttechnik zu erstellen.
4. Normen, Berichte und andere Publikationen zu erstellen und zu veröffentlichen, die alle Fragen auf dem Gebiet der

Wissenschaft, Technik und Kunst der Lichttechnik betreffen.
5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen der

Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben.
Die Arbeit der CIE wird in 7 Divisionen, jede mit etwa 20 Technischen Komitees, geleistet.  Diese Arbeit betrifft Gebiete mit
grundlegendem Inhalt bis zu allen Arten der Lichtanwendung.  Die Normen und Technischen Berichte, die von diesen
international zusammengesetzten Divisionen ausgearbeitet werden, sind von der ganzen Welt anerkannt.
Tagungen werden alle vier Jahre abgehalten, in der die Arbeiten der Divisionen überprüft und berichtet und neue Pläne für die
Zukunft ausgearbeitet werden.  Die CIE wird als höchste Autorität für alle Aspekte des Lichtes und der Beleuchtung
angesehen.  Auf diese Weise unterhält sie eine bedeutende Stellung unter den internationalen Organisationen.
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CIE 51 - 1981 has been prepared by CIE Technical Committee 1.3 "Colorimetry" and has
been approved by the Board of Administration of the Commission Internationale de l’Eclairage
for study and application. The supplement of 1999 has been prepared by CIE Technical
Committee 1-45 “Revision of CIE Publication 51 to Include D50 Simulators”. Part I. of the
present document contains the original CIE 51-1981 report and Part II. the supplement. The
document reports on current knowledge and experience within the specific field of light and
lighting described, and is intended to be used by the CIE membership and other interested
parties. It should be noted, however, that the status of this document is advisory and not
mandatory. The latest CIE proceedings or CIE NEWS should be consulted regarding possible
subsequent amendments.

CIE 51 - 1981 a été préparé par le Comité Technique CIE 1.3 Colorimetrie et a été approuvé
par le Bureau d'Administration de la Commission Internationale de l'Eclairage, pour étude et
application. Le supplément 1-1999 a été préparé par le Comité Technique 1-45 de la CIE
“Révision de la publication CIE 51, incluant des simulateurs D50”. La première partie de ce
document contient la publication originale CIE 51-1981, la deuxième partie le supplément. Le
document traite des connaissances courantes et de l'expérience dans le domaine spécifique
indiqué de la lumière et de l'éclairage, et il est établi pour l'usage des membres de la CIE et
autres groupements intéressés. Il faut cependant noter que ce document est indicatif et non
obligatoire. Pour connaître d'éventuels amendements, consulter les plus récents comptes
rendus de la CIE ou le CIE NEWS.

CIE 51 - 1981 ist vom CIE Technischen Komitee 1.3 Farbmessung ausgearbeitet und vom
Vorstand der Commission Internationale de l'Eclairage gebilligt worden. Die Ergänzung 1-1999
wurde vom CIE Technischen Komitee 1-45 “Überarbeitung der CIE Publikation 51 unter
Berücksichtigung der D50 Simulatoren” ausgearbeitet. Teil 1 der vorliegenden Publikation
beinhaltet den ursprünglichen Bericht CIE 51-1981, Teil 2 die Ergänzung. Das Dokument
berichtet über den derzeitigen Stand des Wissens und Erfahrung in dem behandelten Gebiet
von Licht und Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und durch andere
Interessierte bestimmt. Es sollte jedoch beachtet werden, daß das Dokument eine
Empfehlung und keine Vorschrift ist. Die neuesten CIE-Tagungsberichte oder das CIE NEWS
sollten im Hinblick auf mögliche spätere Änderungen zu Rate gezogen werden.

Any mention of organisations or products does not imply endorsement by the CIE. Whilst
every care has been taken in the compilation of any lists, up to the time of going to press,
these may not be comprehensive.

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le
soin apporté à la compilation de tous les documents jusqu'à la mise sous presse, ce travail ne
saurait être exhaustif.

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die
CIE. Obgleich große Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der
Drucklegung angewendet wurde, ist es möglich, daß diese nicht vollständig sind.
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PART I. TECHNICAL REPORT CIE 51 - 1981

FOREWORD

This report has been prepared by CIE Technical Committee TC-1.3, Colorimetry, it being
largely the work of the Sub Committee on Standard Sources1.

Members of Technical Committee 1.3 during the preparation of this report

L.O. FREEMAN Australia
F.J. WILKINSON
F. ROTTER Austria
L. MORREN Belgium
T. KEKHLIBAROV Bulgaria
A.R. ROBERTSON Canada
J. MORAVEK Czechoslovakia
V. KOP Denmark
A. AIROLA Finland
A. JANNES
G. BERTRAND France
TH. TANNEBERGER German Democratic Republic
H. TERSTIEGE Germany, Federal Republic
R.W.G. HUNT (Chairman) Great Britain
G. LUKACS Hungary
A. TCHETCHIK Israel
C. GENTILE Italy
Y. NAYATANI Japan
A. VALBERG Norway
TH. SEIM
J. PIETRZYKOWSKI Poland
G. ISPASOIU Rumania
M.C. BOSHOFF South Africa
A.N. CHALMERS
E. SAURAS Spain
A. STENIUS Sweden
E. GANZ Switzerland
X. FINK
H. HEMMENDINGER U.S.A.
C.J. BARTLESON
A.B. MATVEEV U.S.S.R.

Members of Sub-Committee on Standard Sources

D. STROCKA Germany, Federal Republic
H. TERSTIEGE Germany, Federal Republic
J.D. SCHANDA Hungary
Y. NAYATANI (Chairman) Japan
N. OHTA Japan
E. ALLEN U.S.A.
D.H. ALMAN U.S.A.
C.S. McCAMY U.S.A.
F.T. SIMON U.S.A.

                                                   
1 At the time of the publication of the original report CIE 51 - 1981 the CIE illuminants A, B, C,
D55, D65 and D75 were considered as standard illuminants. According to a later decision of
CIE, only two illuminants are called "CIE standard illuminants": A and D65. All other illuminants
defined by CIE are now called "CIE illuminants".
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A METHOD FOR ASSESSING THE QUALITY OF DAYLIGHT SIMULATORS FOR
COLORIMETRY

SUMMARY

A method is provided for evaluating the suitability of a test source as a simulator of CIE
Standard Illuminant D55, D65, or D75. For each of these three Standard Illuminants, spectral
radiance factor data are supplied for five pairs of non-fluorescent samples that are metameric
matches. The colorimetric differences of the five pairs are computed for the test illuminant; the
average of these differences is taken as the Visible Range Metamerism Index, and this is
used as a measure of the quality of the test illuminant as a simulator for non-fluorescent
samples. For fluorescent samples, the quality is further assessed in terms of an Ultraviolet
Range Metamerism Index; this consists of the average of the colorimetric differences
computed with the test illuminant for three further pairs of samples, each pair consisting of a
fluorescent and a non-fluorescent sample which are metameric under the Standard Illuminant.

UNE MÉTHODE D'ÉVALUATION DE LA QUALITÉ DES SIMULATEURS DE LUMIÈRE DU
JOUR POUR LA COLORIMÉTRIE

RÉSUMÉ

Une méthode pour apprécier la validité d'une source d'essai comme simulateur des
Illuminants Normalisés CIE, D55, D65 ou D75 est indiquée. Pour chacun de ces trois
Illuminants Normalisés, les facteurs spectraux de luminance énergétique sont donnés pour
cinq paires d'échantillons, non fluorescents, capables de mettre en évidence le métamérisme.
Les différences colorimétriques entre les cinq paires sont calculées pour l'illuminant d'essai; la
moyenne de ces différences représente l'Indice de Métamérisme pour le Domaine Visible. Cet
Indice est utilisé comme mesure de la qualité de l'illuminant d'essai en tant que simulateur
pour les échantillons non fluorescents. Pour les échantillons fluorescents on évalue de plus
cette qualité au moyen de l'Indice de Métamérisme pour le Domaine Ultraviolet. Celui-ci est
représenté par la moyenne des différences colorimétriques calculées pour l'illuminant d'essai,
pour trois paires supplémentaires d'échantillons, chacune étant composée d'un échantillon
fluorescent et non fluorescent capables de mettre en évidence le métamérisme pour
l'Illuminant Normalisé.

EINE METHODE ZUR GÜTEBEWERTUNG VON KÜNSTLICHEM TAGESLICHT FÜR DIE
FARBMESSUNG

ZUSAMMENFASSUNG

Es wird eine Methode zur Bestimmung der Brauchbarkeit von künstlichen Strahlungsquellen
zur Darstellung der Normlichtarten D55, D65 und D75 angegeben. Für jede dieser drei
Normlichtarten werden die Werte der spektralen Strahldichtefaktoren für fünf metamere nicht-
fluoreszierende Probenpaare mitgeteilt. Die Farbabstände dieser fünf Probenpaare werden für
das zu beurteilende künstliche Tageslicht berechnet und der Mittelwert dieser Farbabstände
als Metamerie-Index für den sichtbaren Strahlungsbereich genommen. Dieser Metamerie-
Index wird als Maß für die Güte der künstlichen Tageslichtart zur Farbmessung nicht-
fluoreszierender Proben benutzt. Für fluoreszierende Proben wird die Güte zusätzlich noch
über den Metamerie-Index für den UV-Strahlungsbereich bewertet. Dieser ist der Mittelwert
der Farbabstände von je drei weiteren metameren Probenpaaren für die zu beurteilende
künstliche Tageslichtart, wobei jedes unter der Normlichtart farbgleiche Probenpaar aus einer
fluoreszierenden und metameren Probe besteht.
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1. PREFACE

In 1966 the CIE recommended that the new Standard Illuminants D55, D65 and D75
supplement the CIE Standard Illuminants A, B and C.  At a joint meeting of CIE Committees E-
1.3.1 (now TC-1.3, Colorimetry) and E-1.3.2 (now TC-3.2, Colour Rendering) in Washington
(1967), it was recognised that daylight simulators were urgently required that would serve as
CIE Standard Sources to represent the new CIE Standard Illuminants.

As a first step, several spectral irradiance distributions of daylight simulators that
resembled those of D55, D65 or D75 were collected with the cooperation of the CIE National
Committees. None of the daylight simulators collected provided a relative spectral irradiance
distribution in an exact agreement with the illuminants. The goodness-of-fit of these spectral
distributions to those of either D55, D65, or D75 was tested by several methods for evaluating
the deviations between each of the daylight simulators and its target standard illuminant; this
work was reported by Wyszecki (1970).

This report stimulated further studies on assessment of the discrepancies between
the spectral distributions, in terms of suitable colorimetric parameters, particularly those that
employ metameric pairs. Various workers have used the spectral irradiance distributions of
these collected daylight simulators in succeeding studies on the assessment.

At a joint meeting of E-1.3.1 and E-1.3.2 in Barcelona (1971), it was agreed that all
members and consultants of the two committees should study Wyszecki’s report with a view to
developing a working program for the next phase of the project. In addition, a Sub-Committee
of TC-1.3, on Standard Sources, was formed with G. Wyszecki as chairman from 1971 to
1975, and Y. Nayatani thereafter. By 1973, there were several studies on visible (Berger and
Strocka 1973, Nayatani and Takahama 1972, Richter 1972) and ultraviolet (Berger and
Strocka 1973) range evaluations. The visible range evaluation in all the studies was made by
using specific metameric sample pairs of non-fluorescent colours. The ultraviolet range
evaluation was made by quantifying the fluorescence emission of a fluorescent sample excited
by daylight simulators.

At a meeting of CIE TC-1.3 (Colorimetry) in London (1973), the proposal by Berger
and Strocka (1973) was studied and discussed. With regard to their use of a single fluorescent
sample for the ultraviolet range evaluation, many of the members expressed the opinion that
more than one sample should be used. Later, Berger and Strocka (1975) reported a method
for the ultraviolet evaluation involving assessment of the effective excitation of three
fluorescent samples with different absorption peaks in the ultraviolet range. Based on these
studies (Berger and Strocka 1973, 1975), a German Standard (DIN 1975) was specified. As a
result of discussion at a meeting of TC-1.3 in London (1975), it was suggested that this
German Standard be tested by theoretical methods and methods that involve physical
measurement combined with visual assessment. In particular, it was suggested that the
effective excitation method used for the ultraviolet assessment be examined to see whether
alternative methods employing metamers, at least one of which must be a fluorescent sample,
could be used to advantage. It was further suggested that the 10 metameric pairs in the
German Standard for assessing the visible spectrum be examined to see whether other
metameric pairs would be more appropriate.

Already an alternative method for the ultraviolet range evaluation had been reported
(Richter 1975): this method used metameric pairs, each of which consisted of fluorescent
samples. The characteristics of this method were further studied and a modification of it was
reported (Nayatani et al. 1977). In succeeding discussions by the Standard Sources
Subcommittee, it was recognised that this method gave, in principle, the same ultraviolet
range evaluation as that given by the German Standard (DIN 6173).

Ganz (1977) also proposed an alternative method for ultraviolet range evaluation,
based on the colorimetric error of a fluorescent sample resulting when the daylight simulator to
be tested was used as an irradiating source on the samples instead of the appropriate
standard illuminant. The proposal was also interpreted as a method using a metameric pair,
consisting of a fluorescent and a non-fluorescent sample that are a spectrally identical match
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for the daylight simulator (the term metameric is used for convenience, but is not strictly
correct for spectrally identical matches). At the meeting of TC-1.3 in Troy (1977), the
discussions were mainly on the proposed methods of ultraviolet range evaluation and a
modification of the Ganz proposal was adopted. The method used three metameric pairs for
each standard illuminant. Each metameric pair consisted of a fluorescent and a non-
fluorescent sample.

The reasons for the adoption of this method are:

(a) it uses the same form for the visible and the ultraviolet range evaluations;
(b) it is based on the evaluation of colorimetric errors of fluorescent samples; and
(c) it gives similar evaluations for daylight simulators to those by the German Standard

(DIN 6173).

At the Troy meeting, the chromaticity tolerance limits for daylight simulators were also
specified, and the adjustment and the selection of metameric pairs for visible range evaluation
were decided, but the principle of the visible range evaluation was unchanged. The daylight
simulators assessed to be good by the present method are expected to be used for visual
colour matching and for physical colorimetry or spectrophotometry of fluorescent samples.

2. INTRODUCTION

The purpose of this assessment is to quantify the suitability of a test source as a practical
reproduction of CIE Standard Illuminant D55, D65, or D75 for colorimetric tasks (1) *.

The basis for the assessment is the special metamerism index (2) for change in
illuminant, employing specified samples that are metameric matches for the standard daylight
illuminant and the CIE 1964 Supplementary Standard Colorimetric Observer. The method
quantifies the mismatch resulting when samples that are a match under the standard daylight
illuminant are viewed under the illumination of the test source, the CIE 1964 Supplementary
Standard Colorimetric Observer being used throughout.

A visible range metamerism index is employed to evaluate the colorimetric suitability
of the test source for the visible wavelength range. The metameric samples for this
assessment are defined by tables of spectral reflection radiance factors.

An ultraviolet range metamerism index is employed with a second set of metameric
samples to evaluate the suitability of the test source in relation to ultraviolet-excited
fluorescent colours. The metameric sample pairs for this assessment are comprised of a
fluorescent and a non-fluorescent sample that are a spectrally identical match for the standard
daylight illuminant. The non-fluorescent sample in each metameric pair is specified by values
of spectral reflection radiance factor for each standard daylight illuminant (D55, D65, and
D75).

The fluorescent sample in each metameric pair is specified by values of spectral
reflection radiance factor, relative spectral distribution of radiance emitted by fluorescence,
and spectral external radiant efficiency.

The ultraviolet range metamerism index quantifies the failure of the spectrally identical
match between the fluorescent and the non-fluorescent sample pairs resulting from changing
the illuminating source from a standard daylight illuminant to a test source.

A glossary of terms used is given in Section 4

3. PROCEDURE

3.1 Spectroradiometry

The spectral power distribution of the test source is determined by spectroradiometry for the
near ultraviolet and visible wavelength ranges.

                                                   

* Numbers refer to Explanatory Comments given in Section 5.
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Notes :

(i) The radiometric quantity measured should be the spectral irradiance at the sample
surface. Thus the effects of all wavelength selective modulators such as lenses,
mirrors, diffusers, filters and booth walls are included in the measurement.

(ii) Sources producing significant spectral irradiance at the sample surface for
wavelengths less than 300 nm are not suitable as daylight simulators.

(iii)Regardless of how the test source spectroradiometry is performed the data must be
presented in the form of the spectral concentration of irradiance at 5 nm intervals
and over 5 nm bands from 300 nm to 700 nm. Depending on the nature of the
measurement and the nature of the spectrum of the test source (i.e. continuous or
mixed continuous and line emission) this may be accomplished by measurement or
by a combination of measurement and interpolation (3).

3.2 Normalisation

The spectral power distribution of the test source is normalised so that the assessment is
independent of the absolute level of illumination.

The normalisation is:

( ) ( ) ( ) ( ) λλλλλ /100 10

700

400
n ySSS ∑= (1)

where 10y is the CIE 1964 Supplementary Standard Colorimetric Observer Y10 function, S is

the irradiance, the subscript n denotes the normalised quantity, and λ indicates wavelength.

3.3 Chromaticity specification

As a preliminary requirement, the chromaticity coordinates of the test source must be within a
specified range from the chromaticity coordinates of the standard daylight illuminant in the CIE
1976 Uniform Chromaticity Scale diagram, u’10, v‘10 (4). The allowable range in this diagram is
defined by a circle of radius 0,015 centred on the point representing the standard illuminant
concerned (5). Figure 1 shows the allowable gamuts of chromaticity for CIE Standard
Illuminants D55, D65 and D75 in the x10, y10 chromaticity diagram.

Figure 1. - Allowable range of chromaticity of daylight simulator for colorimetry of D55, D65
and D75. (These ellipses are circles on the CIE 1976 Uniform Chromaticity Scale diagram,

u’10, v‘10.)
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3.4 Specification of the sample data

3.4.1 Visible range evaluation

Five sets of metameric data (6) are provided in Table 1. Each set includes the spectral
reflection radiance factor of a standard and three metamers to the standard. Each of the
metameric samples is metameric to the standard for the CIE 1964 Supplementary Standard
Colorimetric Observer and one of the standard daylight illuminant (D55, D65 or D75). Thus
each set contains one metameric pair for each of the three standard illuminants.

3.4.2 Ultraviolet range evaluation (7)

Three pairs of metameric samples are specified by the data given in Tables 2 and 3. The
fluorescent sample in each metameric pair is defined by the tabulated values of the spectral
reflection radiance factor, the relative spectral distribution of radiance emitted by fluorescence
and the spectral external radiant efficiency given in Table 2. The non-fluorescent sample in
each metameric pair is defined by tabulated values of spectral reflection radiance factor given
in Table 3.

The definition of the spectral reflection radiance factor of the non-fluorescent sample
varies depending on which of the daylight illuminants is the standard illuminant in order to
maintain the spectrally identical match condition.

3.5 Calculation of visible and ultraviolet range metamerism indices

All tristimulus integrations must employ the CIE 1964 Supplementary Standard Colorimetric
Observer data and the normalised spectral power distribution of the test source. The
tristimulus integrations must be performed for wavelengths from 400 nm to 700 nm at 5 nm
intervals (10).

3.5.1 Visible range evaluation

Tristimulus values are calculated for the five metameric pairs in Table 1 (each pair consists of
the standard and the metameric sample for the appropriate standard illuminant) using the
normalised spectral power distribution of the test source. The colour differences between the
five sets of tristimulus values are calculated using the CIE 1976 L*u*v* or L*a*b* formula. The
visible range metamerism index (MIvis) is calculated from the individual colour differences by

∑
=

=
5

1i
ivis 5/MI E (2)

where ∆Ei is the CIE 1976 L*u*v* or L*a*b* colour difference between the ith pair of metamers.

3.5.2 Ultraviolet range evaluation

The spectral total radiance factor for the fluorescent sample part of each metameric pair is
calculated by equation (3) using the normalised spectral power distribution of the best source
and the fluorescent sample characteristic data in Table 2.

( ) ( ) ( ) ( )λλλβλβ nST /SFN ⋅+= (3)

since ( ) ( ) ( )λβλβλβ LST +=

and ( ) ( ) ( )λλλβ nL /SFN ⋅=

where ( ) ( ) ’’’
460

300
n λλλ QSN ∑=

and Sn (λ’) are the values of Sn (λ) over the range 300 nm to 460 nm
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and

βT(λ) is the spectral total radiance factor;
βs(λ) is the spectral reflection radiance factor;
F (λ) is the relative spectral distribution of radiance emitted by fluorescence;
Q (λ) is the spectral external radiant efficiency;
N     is the effective excitation;
Sn(λ) is the normalised spectral power distribution of the test source;
λ       indicates wavelengths of reflection and emission;
λ’      indicates wavelengths of excitation.

Depending on which standard illuminant is referred to, the spectral reflection radiance
factor of the non-fluorescent sample part of each metameric pair is selected from the data in
Table 3.

The tristimulus values of the metameric pairs are then calculated using the spectral
radiance factor data and the normalised spectral power distribution of the test source. The
colour difference between each pair of tristimulus values is calculated using the CIE 1976
L*u*v* or L*a*b* Colour Difference Formula. The ultraviolet range metamerism index (MIuv) is
then calculated by:

∑
=

=
3

1j
juv 3/MI E  (4)

where ∆Ej is the CIE 1976 L*u*v* or L*a*b* colour difference between the jth pair of metameric
samples.

3.6 Interpretation of the metamerism indices

Test sources may be categorised as follows, depending upon the colour difference formula
used.

CIELAB CIELUV Category
  < 0,25   < 0,32 A
0,25 to 0,5 0,32 to 0,65 B
0,5 to 1,0 0,65 to 1,3 C
1,0 to 2,0 1,3 to 2,6 D
  > 2,0   > 2,6 E

The MIvis category must be given first and the MIuv category second. For example, a
test source having MIvis equal to 0,3 in CIELAB and MIuv, equal 0,6 in CIELAB has the
category BC (CIELAB). The colour difference formula used (CIELUV or CIELAB) is an
essential part of the rating and must always be indicated. The correlation of these categories
with the requirements for various practical applications must be determined by experience
(11). At the present time, daylight simulators of category BC (CIELAB) are found to be useful
for many applications.

The Appendix contains the assessment of a number of daylight simulators, using the
procedures set out in this report.

4. GLOSSARY OF TERMS

Radiance factor (at a representative element on the surface of a non-self-radiating medium,
in a given direction, under specified conditions of irradiation).

Ratio of the radiance of the medium to that of a perfect reflecting or transmitting diffuser
identically irradiated.

Symbol : β

Note: In the case of fluorescent media the radiance factor is the sum of two portions,
the reflected radiance factor βs and the fluorescent radiance factor βL.
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