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THE INTERNATIONAL COMMISSION ON ILLUMINATION

The International Commission on Illlumination (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 about 40 countries.

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'ECLAIRAGE

La Commission Internationale de I'Eclairage (CIE) est une organisation qui se donne pour but la coopération internationale et
I'échange d'informations entre les Pays membres sur toutes les questions relatives a I'art et a la science de I'éclairage. Elle
est composée de Comités Nationaux représentant environ 40 pays.

Les objectifs de la CIE sont :

1. De constituer un centre d'étude international pour toute matiére relevant de la science, de la technologie et de I'art de
la lumiére et de I'éclairage et pour I'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 lumiére et de I'éclairage.

3. De donner des directives pour I'application des principes et des méthodes d'élaboration de normes internationales et
nationales dans les domaines de la lumiére et de I'éclairage.

4. De préparer et publier des normes, rapports et autres textes, concernant toutes matieres relatives a la science, la
technologie et I'art dans les domaines de la lumiere et de I'éclairage.

5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées par
des sujets relatifs a la science, la technologie, la normalisation et I'art dans les domaines de la lumiére et de
I'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, a tous les types d'applications de I'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 pléniére 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 lumiére et de I'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 Mitgliedsldndern bezlglich der Kunst und Wissenschaft der Lichttechnik
widmet. Die Mitgliedschaft besteht aus den Nationalen Komitees in rund 40 Landern.

Die Ziele der CIE sind :

1. Ein internationaler Mittelpunkt fiir Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der
Lichttechnik und fiir den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Landern zu sein.

2. Grundnormen und Verfahren der Messtechnik auf dem Gebiet der Lichttechnik zu entwickeln.

3. Richtlinien fur die Anwendung von Prinzipien und Vorgéngen in der Entwicklung internationaler und nationaler Normen
auf dem Gebiet der Lichttechnik zu erstellen.

4. Normen, Berichte und andere Publikationen zu erstellen und zu veréffentlichen, 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 auf der ganzen Welt anerkannt.
Alle vier Jahre findet eine Session statt, in der die Arbeiten der Divisionen tberprift, berichtet und neue Plane fiir die Zukunft
ausgearbeitet werden. Die CIE wird als héchste Autoritat fur alle Aspekte des Lichtes und der Beleuchtung angesehen. Auf
diese Weise unterhélt sie eine bedeutende Stellung unter den internationalen Organisationen.
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This Technical Report has been prepared by CIE Technical Committee 1-44 of Division 1
"Vision and Colour™. 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.

Ce rapport technique a été élaboré par le Comité Technique CIE 1-44 de la Division 1 "Vision
et Couleur". Le document expose les connaissances et l'expérience actuelles dans le
domaine particulier de la lumiére et de I'éclairage décrit ici. Il est destiné a étre utilisé par les
membres de la CIE et par tous les intéressés. Il faut cependant noter que ce document est
indicatif et non obligatoire. Il faut consulter les plus récents comptes rendus de la CIE, ou le
CIE NEWS, en ce qui concerne des amendements nouveaux éventuels.

Dieser Technische Bericht ist vom Technischen Komitee CIE 1-44 der Division 1 "Sehen und
Farbe" ausgearbeitet. Das Dokument berichtet Gber 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 die CIE NEWS sollten im Hinblick auf mégliche spatere Anderungen 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 a la compilation de tous les documents jusqu'a la mise sous presse, ce travail ne
saurait étre exhaustif.

Die Erwdhnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die
CIE. Obgleich grof’e Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der
Drucklegung angewendet wurde, besteht die Mdglichkeit, dass diese nicht vollstdndig sind.
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PRACTICAL DAYLIGHT SOURCES FOR COLORIMETRY

SUMMARY

This publication discusses the state-of-the-art of practical daylight sources for colorimetry. It
provides information on these lamps and devices used for illumination in the visual evaluation
and instrumental measurement of non-fluorescent and fluorescent specimens.

Suppliers of lamps, booths and spectrophotometers provided some of the data on
daylight sources. TC members and advisors at four institutions measured the rest. These
institutions are the University of Derby (UK), the Hong Kong Polytechnic University (Hong
Kong, China), the University of Pannonia (Veszprém, Hungary) and SENAI/CETIQT (Rio de
Janeiro, Brazil).

The report concludes from these data that practical daylight sources are commercially
available that satisfy the criteria of the relevant national and international standards for both
visual evaluation and instrumental measurement. Filtered tungsten, filtered xenon and
fluorescent lamps currently provide the best results for visual evaluation. Pulsed filtered
xenon provides the best results for instrumental measurements. Light-emitting diode (LED)
sources may appear as viable alternatives for both applications in the not too distant future.

Standardization of any particular source as “best representing daylight” is not
recommended. There are significant differences between the spectral properties of the
sources currently used in visual evaluation and the sources used in instrumental
measurement. These differences produce large differences in the rendering of colours of
specimens, especially fluorescent specimens.

SOURCES PRATIQUES LUMIERE DU JOUR POUR LA COLORIMETRIE

RESUME

Cette publication fait le point de I'état de I'art concernant les sources pratiques reproduisant la
lumiére du jour pour la colorimétrie. Elle fournit des informations sur les lampes et les
dispositifs d'éclairage utilisés pour les évaluations visuelles et pour les mesures
instrumentales des matériaux non fluorescents et des matériaux fluorescents.

Les fournisseurs de lampes, de cabines d'éclairage et de spectrophotomeétres ont
communiqué quelques données sur les sources lumiére du jour. Les membres du TC et les
consultants de quatre institutions ont mesuré les autres données. Ces institutions sont
I'Université de Derby (UK), I'Université Polytechnique de Hong-Kong (Hong-Kong, Chine),
I'Université de Pannonie (Veszprém, Hongrie) et le SENAI/CETIQT (Rio de Janeiro, Brésil).

De ces données, le rapport tire la conclusion que les sources pratiques reproduisant la
lumiére du jour sont disponibles dans le commerce et qu'elles satisfont les exigences des
normes nationales et internationales appropriées, aussi bien pour |'évaluation visuelle que
pour les mesures instrumentales. Les lampes tungsténe filtré, les lampes au xénon filtré et les
lampes fluorescentes fournissent usuellement les meilleurs résultats pour les évaluations
visuelles. Le xénon pulsé et filtré fournit les meilleurs résultats pour les mesures
instrumentales. Les sources a diodes électroluminescentes (LED) paraissent fournir, pour un
futur pas trop éloigné, une alternative valable pour ces deux types d'applications.

La normalisation de toute source particuliere comme "la meilleure représentation de la
lumiére du jour" n'est pas recommandée. Il existe des différences significatives entre les
propriétés spectrales des sources usuellement utilisées dans les évaluations visuelles et les
sources employées pour les évaluations instrumentales. Ces différences sont a l'origine de
grandes différences dans le rendu des couleurs des matériaux, spécialement pour les
matériaux fluorescents.

Documents

Document Sharing Hub

W

Copyright International Commission on lllumination

Full document details: CIE 192-2010


http://www.avadocuments.com/doc/cie-192-2010
http://www.avadocuments.com/doc/cie-192-2010

CIE 192:2010

GEEIGNETE TAGESLICHTQUELLEN FUR DIE FARBMESSUNG

ZUSAMMENFASSUNG

Diese Publikation diskutiert den Stand der Technik hinsichtlich geeigneter Tageslichtquellen
fur die Farbmessung. Sie liefert Informationen zu diesen Lampen und Geréaten, die fur die
Beleuchtung bei visueller Bewertung und instrumenteller Messung nicht-fluoreszierender und
fluoreszierender Proben verwendet warden.

Anbieter von Lampen, Kabinen und Spektrophotometern lieferten einige der Daten von
Tageslichtquellen. TC-Mitglieder und -Berater von vier Institutionen fiihrten die restlichen
Messungen durch. Diese Institutionen sind die University of Derby (UK), die Hong Kong
Polytechnic University (Hong Kong, China), die Universitdt von Pannonia (Veszprém,
Hungary) und SENAI/CETIQT (Rio de Janeiro, Brazil).

Der Bericht schlie®t aus diesen Daten, dass geeignete Tageslichtquellen kommerziell
erhaltlich sind, welche die Kriterien der maf3geblichen nationalen und internationalen Normen
sowohl fiir die visuelle Bewertung als auch fiir die instrumentelle Messung erfillen. Gefilterte
Gluhlampen sowie gefilterte Xenon- und Leuchtstofflampen liefern zur Zeit die besten
Ergebnisse fiir die visuelle Bewertung. Gepulste, gefilterte Xenonlampen liefern die besten
Ergebnisse flir instrumentelle Messungen. Leuchtdioden (LED) scheinen praktikable
Alternativen fur beide Anwendungen in nicht zu ferner Zukunft zu sein.

Eine Standardisierung irgendeiner bestimmten Quelle als “am besten Tageslicht
reprasentierend” wird nicht empfohlen. Es gibt signifikante Unterschiede zwischen den
spektralen Eigenschaften der Quellen, die zur Zeit fir die visuelle Bewertung verwendet
werden, und den Quellen fur instrumentelle Messungen. Diese Unterschiede erzeugen
ihrerseits grof’e Unterschiede in der Wiedergabe der Farben insbesondere fluoreszierender
Proben.
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1 INTRODUCTION

Specification of the colour of objects transmitting or reflecting light requires specification of
both the spectral transmittance or reflectance of the object and the spectral characteristics of
the illumination. This illumination must be reproducible, unlike ever-changing natural daylight.
Practical applications must therefore use artificial light sources. These may be standard
sources (when their relative spectral power distribution [SPD] is identical to that of the
standard illuminant and has been accepted as such by the CIE), or simulators, when the SPD
of the source approximates that of a standard illuminant, but has not been accepted as
standard.

The SPD of the light source is important when making visual assessments (whether by
the naked eye or in a colour comparator) and in tristimulus colorimeters. In
spectrophotometers it is only important when measuring the spectral transmittance or
reflectance of fluorescent specimens.

Why do we need simulators? The SPD of CIE standard illuminant D65 for average
daylight (CIE 2006) is based on experimental measurements of natural daylight, as reported
by Judd, MacAdam and Wyszecki (1964). D65 has replaced llluminant C as the primary CIE
standard for daylight, but even today, over 40 years after the publication of the SPD, there is
no corresponding CIE standard source.

“Natural daylight” as defined by CIE has very irregular spectral characteristics, quite
different from those of blackbody radiators, as illustrated in Figure 1.
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Figure 1. The SPD of a 6 500 K blackbody radiator compared to that of llluminant D65.

The D illuminants (D50, D55, D65 and D75) represent different phases of the “average”
daylight, with approximate correlated colour temperatures of 5 000 K, 5500 K, 6 500 K and
7 500 K, respectively. The CIE recommends using D65 whenever possible. D50, D55, or D75
should be used when D65 is not adequate. When none of these is adequate, another daylight
illuminant calculated by the CIE formulae should be used (CIE 2004).

Since the conception of the D illuminants, some industries have requested a version of
one of these illuminants modified by the transmittance of typical window glass to produce
what is usually called indoor daylight. CIE Technical Committee TC1-66 Indoor Daylight
llluminants has prepared a Technical Report (CIE 2008) with recommendations for these
modified D illuminants.

Wyszecki (1970) listed the SPDs of eleven filtered and unfiltered high-pressure xenon
arcs, six filtered tungsten-halogen lamps, and sixteen fluorescent lamps with respect to their
suitability as standard daylight sources. Twenty years later Terstiege (1991) listed eighteen
lamps, seventeen of which did not reach CIE Publication 51 (1981) Category B rating even in
the visible range. Category B is the minimum requirement for visual assessment according to
ASTM D1729 (1996).
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Some authors suggested a redefinition of the standard daylight illuminants (Clarke,
1979, Schanda and Kranicz, 1996, Kranicz and Schanda, 2000). Others - most notably Hunt
(1992) - advocate the standardization of new sources to represent daylight, sharing
Gundlach’s (1995) view that there will probably never be a D65 standard source. Terstiege
(1989) and McCamy (1990, 1994) reviewed daylight simulation, and Zwinkels (1995) reported
on the feasibility of a CIE recommendation on practical daylight sources for colorimetry.

At the CIE Division 1 meeting held at New Delhi on November 7-8, 1995 a proposal for
a new Technical Committee (TC) was approved with the following terms of reference:

e tointercompare existing daylight sources for colour measuring instruments and colour
matching booths;

e on the bases of intercomparison to recommend practical methods for simulating
daylight illuminants.

In order to have representation by all the fields interested in the work of the TC,
members and advisers were invited from national and standardising laboratories, academia,
lamp manufacturers, booth manufacturers, spectrophotometer and spectroradiometer
suppliers and the following user groups: textiles, dyestuffs, automotive, graphic arts (including
photography), pulp/paper and television.

According to its work plan, the TC set out to

e obtain spectral irradiance data on existing simulators for both colour-matching booths
and colour measuring instruments (some of the TC members had originally suggested
round-robins with well-defined light sources, but this has turned out to be unviable);

e evaluate the performance of these existing simulators according to various criteria;
e prepare a technical report on these findings.

Four universities: University of Derby (UK), The Hong Kong Polytechnic University
(Hong Kong, China), University of Pannonia (Veszprém, Hungary) and SENAI/CETIQT
(Brazil) conducted research work related to the TC’s terms of reference. Most of the results
have been published and are incorporated in this report. References to these results, together
with other sources of spectral data, are listed in the second part (7.2) of the References
chapter.

Remarks follow on some technical terms used frequently in this report, accompanied by
a warning against possible misunderstanding.

Fluorescent lamp — fluorescent material

A fluorescent lamp is a discharge lamp of the low pressure mercury type in which most of the
light is emitted by one or several layers of phosphors excited by the ultraviolet radiation from
the discharge.

NOTE These lamps are frequently tubular and are often referred to as “fluorescent tubes”.

Fluorescent material: material which exhibits fluorescence as the result of exposure to optical
radiation.

NOTE These materials absorb energy from optical radiation in the shorter wavelength
regions of the visible spectrum and/or in the ultra-violet region and re-radiate some
of this energy at longer wavelengths, producing narrow bands of emission in the
visible region.

Visible range — visual evaluation

The visible range is that part of the spectrum which generates a visual response in the
average (or “normal”’) human observer. The range of wavelengths for visible radiation is
generally taken as 380 nm to 780 nm. The UV range most often used is 300 nm to 400 nm.

We speak of the visual evaluation of specimens when the “detector” used is the visual system
of a human observer as contrasted with instrumental evaluation (measurement). While the
latter can be applied to the determination of optical properties of specimens both in the visible
and in the UV range, visual evaluation perceives radiation only in the visible range, whether
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coming from fluorescent or non-fluorescent samples. (Only this radiation may properly be
called light, i.e. there is no such thing as “UV light”).

2 DAYLIGHT SIMULATOR TECHNOLOGIES

2.1 Filtered Incandescent Lamps

This technology has been around since electric gas-filled tungsten incandescent lamps
became commercially available over 80 years ago (McCamy, 1990). Today the conventional
“light bulb” has been mainly replaced by quartz tungsten halogen (QTH) lamps which have
the following advantages (Keller, 1999):

e greater luminous efficacy and/or service life;

e constant luminous flux;

e steady colour temperature throughout their service life;
e small dimensions.

The light of a QTH lamp of colour temperature about 3 000 K may be modified with
adequate filters to 6 500 K, with a very good spectral approximation to D65 in the visible
range. This is the greatest advantage of this technology.

In the UV range, however, the filtered light will have much less energy than D65, and
an extra “UV lamp” must be utilized to improve the fit. This UV lamp is typically a low pressure
mercury lamp with a UV-activated phosphor or a fluorescent lamp. The disadvantage of this
arrangement is the high cost of the special filters, relatively high energy consumption, and
inadequate uniformity in all but the best colour matching booths.

2.2 Dichroic Lamps

A dichroic lamp has a thin, multi-layer dielectric (non-metallic) film coating that allows infrared
(IR) radiation (heat) from the filament capsule to pass through the reflector while it reflects
visible radiation (light) forward. Dichroic lamps have high light output, longer life and superior
colour rendition when compared to standard parabolic aluminized reflector (PAR) lamps. The
average life-time is approximately 2 000 hours (Sylvania, 2005). The disadvantage of dichroic
lamps is that light directly from the filament is not filtered, and thus the radiance is actually a
mixture of low and high colour temperature radiance. All dichroic lamps must therefore
incorporate a flux mixer such as a ground glass diffuser or integrating sphere to mix the
reflected and the direct light to produce a uniform, higher colour temperature spectral
distribution.

With a suitable dichroic coating, the SPD of the light leaving these lamps can be made
very similar to that of D50 (in the visible range). Filtered dichroic lamps may provide excellent
D65 simulation in the visible range.

UV radiation as well as IR is transmitted backwards by the dichroic film. This may be an
advantage in some applications (such as the illumination of works of art), but it is a
shortcoming for a true daylight simulator. There is of course the theoretical possibility of
combining dichroic lamps and special UV lamps in a booth, but the TC is not aware of such a
solution having been implemented.

2.3 Filtered Xenon Lamps

Xenon short arc lamps produce light by arc discharge across the cathode and anode. Their
main characteristics and advantages are high luminance, daylight colour temperature of
approximately 6 000 K, continuous spectrum in the visible range, high colour rendering index

(CRI) (R.>95), and constant colour appearance throughout the life of the lamp. With
adequate filters, these lamps can be turned into excellent daylight simulators.

Docyments
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