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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 light ing.  Its membership con-
sists 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 sc ience, 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 ligh ting. 
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 ma tters 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 sub-
jects ranging from fundamental matters to all types of lighting applications.  The standards and technical reports deve l-
oped 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, r e-
ported 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 l'Eclairage (CIE) est une organisation qui se donne pour but la coopération internati o-
nale et l'échange d'informations entre les Pays membres sur toutes les questions relatives à l'art et à la science de l'écla i-
rage.  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 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 lumi ère et de l'éclai-

rage. 
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'écla irage. 
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'écla irage. 
5. De maintenir une liaison et une collaboration technique avec les autres organisations i nternationales 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 tec h-
niques 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 co n-
cerne tous les aspects de la lumière et de l'éclairage.  Elle occupe comme telle une position importante parmi les organi-
sations 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 rund 40 Ländern.  

Die Ziele der CIE sind : 
1. Ein internationaler Mittelpunkt für Diskussionen a ller 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 entwi ckeln. 
3. Richtlinien für die Anwendung von Prinzipien und Vorgängen in der Entwicklung internationaler und nationaler No r-

men 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.  
Alle vier Jahre findet eine Session statt, in der die Arbeiten der Divisionen überprüft, berichtet und neue Pläne für die 
Zukunft ausgearbeitet werden.  Die CIE wird als höchste Autorität für alle Aspekte des Lichtes und der Beleuchtung ang e-
sehen.  Auf diese Weise unterhält sie eine bedeutende Stellung unter den internationalen Organisationen.  
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This Technical Report has been prepared by CIE Technical Committee 2-43 of Division 2 
“Physical Measurement of Light and Radiation” and has been approved by the Board of Ad-
ministration of the Commission Internationale de l'Eclairage for study and application . 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. 

Ce rapport technique a été élaboré par le Comité Technique CIE 2-43 de la Division 2 "Me-
sures Physiques de la Lumière et des Radiations” et a été approuvé par le Conseil d'Adminis-
tration de la Commission Internationale de l'Eclairage, pour étude et emplo i. Le document ex-
pose les connaissances et l'expérience actuelles dans le domaine particulier de la lumière et 
de l'éclairage décrit ici. Il est destiné à être utilisé par les membres de la CIE et par tous les 
intéressés. Il faut cependant noter que ce document est indicatif et non obligatoire. 

Dieser Technische Bericht ist vom Technischen Komitee CIE 2-43 der Division 2 "Physikali-
sche Messungen von Licht und Strahlung” ausgearbeitet und vom Vorstand der Commission 
Internationale de l'Eclairage gebilligt worden. 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.  

Any mention of organisations or products does not imply endorsement by the CIE. Whilst eve-
ry 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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DETERMINATION OF MEASUREMENT UNCERTAINTIES IN PHOTOMETRY  

Summary  

This report is a recommendation for the determination of measurement uncertainties associ-
ated with the values of selected quantities in photometry. The report explains the steps from 
the initial procedures for a measurement of input quantities to a final statement of the output 
values with associated expanded uncertainties. The main part summarises the fundamental 
definitions for the evaluation of standard, combined and expanded uncertainties following the 
rules in the internationally agreed "Guide to the Expression of Uncertainty in Measurements" 
(GUM) and its supplement 1. In conjunction with this report supplements, with a wide selec-
tion of examples, provide guidance on how to model measurement procedures in a measure-
ment equation, combine uncertainties in a budget and convert to the presentation of expand-
ed uncertainty.  

 

DETERMINATION DES INCERTITUDES DE MESURES APPLIQUEE AUX GRAN-
DEURS PHOTOMETRIQUES 

Resume 

Ce rapport est une recommandation pour la détermination des incertitudes de mesures appl i-
quée aux grandeurs photométriques. Ce rapport explique les étapes à suivre, en partant des  
procédures pour la mesure des grandeurs d’entrée, jusqu’à l’établissement des valeurs de 
sortie, avec leurs incertitudes élargies associées. La partie principale rappelle les définitions 
fondamentales pour l’évaluation des incertitudes types, combinées et  élargies, en accord 
avec les règles internationales du « guide pour l’expression de l’incertitude de mesure » 
(GUM) et son supplément 1. En connexion avec le rapport des suppléments donnant une 
large gamme d’exemples, fournissent des méthodes pour modéliser la procédure de mesure 
sous forme d’une équation de mesure, établir le budget d’incertitudes et le convertir pour o b-
tenir l’incertitude élargie. 

 

BESTIMMUNG VON MESSUNSICHERHEITEN IN DER PHOTOMETRIE  

Zusammenfassung  

Dieser Bericht ist eine Empfehlung zur Bestimmung von Messunsicherheiten, die den Werten 
ausgewählter Größen in der Photometrie beigeordnet sind. Der Bericht erklärt die Schritte von 
den anfänglichen Messprozeduren der Eingangsgrößen bis zur abschließenden Angabe der 
Werte von Ausgangsgrößen mit beigeordneter erweiterter Messunsicherheit. Der Hauptteil 
fasst die grundlegenden Definitionen zur Ermittlung von Standardmessunsicherheit, komb i-
nierter und erweiterter Messunsicherheit zusammen entsprechend den Regeln des internati o-
nal vereinbarten "Guide to the Expression of Uncertainty in Measurements" (GUM) und seines 
Supplements 1. In Verbindung mit diesem Bericht werden Supplements mit einer breiten Aus-
wahl an Beispielen anleiten, wie Messprozeduren modelliert werden, wie Messunsicherheiten 
in einem Budget kombiniert und wie sie umgewandelt als erweiterte Messunsicherheit ange-
geben werden.  
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Scope 

This recommendation is a basis for the determination of measurement uncertainties associa t-
ed with the values of selected quantities used in photometry. It summarises fundamental defi-
nitions for the evaluation of standard, combined and expanded measurement uncertainties 
and provides guidance on how to build the models for the evaluation of selected quantities 
based on the measurement procedures. The document shows in supplements a selection of 
examples as practical help and guidance, explaining in great detail the measurement uncer-
tainty budget, the determination of the effective degrees of freedom, and the presentation of a 
measurement result with the statement of the associated expanded uncertainty. The examples 
selected are photometric ones, but it is planned that Division 2 will develop more examples for 
current and newly created quantities in future technical reports of the CIE and more supple-
ments will be added to this report.  

1 Introduction  

The value of a physical quantity depends on the procedure by which the measurement was 
carried out, which also affects the measurement uncertainty (MU) associated with the result of 
the measurement. This report recommends methods for the determination of MUs associated 
with the values of selected quantities in photometry. It is organized as a main part and a se-
ries of supplements, which are divided in four parts numbered from “1” to “4”. These parts will 
be extended from the contributions of future technical committees according to their needs but 
following the styles and the intention of the examples already given in the Supplement 1, 
which is published in conjunction with this report. 

This main part summarises principal definitions, which are presented in mathematical equa-
tions and used as reference in the examples explained in the supplements. This includes the 
evaluation of standard MUs of the two types denoted as “Type A” for statistical methods and 
“Type B” for any other method. It shows the principles for a combination of standard MUs to 
obtain combined MUs. The combination is based on the components in the measurement 
equation used for modelling the measurement procedure and it takes into account a possible 
correlation between these components.  

Some photometric quantities are determined as parameters in functions using least -mean-
square-approximation for a set of original data. A principal method is explained for curve fit-
ting and the evaluation of the associated standard MUs as part of the covariance matrix which 
includes correlations between the reported quantities. This report also explains the determina-
tion of the coverage factor as a function of the effective Degrees Of Freedom (DOF) and its 
use for the evaluation of the expanded MU. Some functions in photometry are defined by 
models with higher order or absolute values, both of which can create a non-linear property. 
Instead of the traditional GUM-method the Monte-Carlo-method (MC) must be used for the 
evaluation of associated MUs. The use of MC is explained and examples will be given, too. 
For some terms used very often throughout the document acronyms are introduced and sum-
marised at the end of the document. 

Part 1 in all supplements shows a collection of small models referred as “1.xx”. These models 
are herein denoted as “modules”, which represent typical quantities (mechanical, electrical , 
optical etc.) contributing to the combined MUs associated with the values of photometric 
quantities. Modules for reading of indicating instruments, distance measurement, angular 
alignment, and others dealing with the properties of sources or photometers are explained 
and prepared for the incorporation into larger models, also denoted as "measurement equa-
tions" used to evaluate the values of selected photometric quantities as properties of a Device 
Under Test (DUT). The values are determined either by the substitution method with refer-
ence standards for the specific quantity, or by a measurement procedure, that combines sev-
eral input quantities similar to a fundamental realisation of the unit of the output quantity. The 
modelling of a measurement is affected by the instrumentation, the measurement procedure 
and the reference standards used for traceability. Thus, the models given in the examples of 
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the supplements have to be modified to fit the measurement procedures carried out in other 
laboratories. The MUs associated with the values of two or more transfer standards are corre-
lated, if they are calibrated in one measurement campaign with the identical reference. A 
method to avoid such a “logical” correlation is explained and introduced in the examples.  

Part 2 in all supplements shows examples of complete models for single photometric quanti-
ties, which are determined from a series of input quantities mainly of different kind. Several 
models for the evaluation of output quantities are shown starting with the substitution method 
and using the modules explained in supplements’ part 1. The combination of the MUs of input 
quantities with the related sensitivity coefficients is demonstrated in uncertainty budgets to 
obtain the values of the output quantities and the associated standard MUs. The modelling of 
a measurement is affected by the instrumentation, the measurement procedure and the refer-
ence standards used for traceability. Thus, the models given in the examples have to be 
modified to fit the measurement procedures carried out in each laboratory. 

Part 3 in all supplements gives examples for solutions of systems of equations such as the 
calibration factors of a tristimulus head or curve fitting with more than one coefficient. Using 
these approximation functions the values of the quantities are calculated and the associated 
MUs are determined from the coefficients with correlated MUs. The procedure is explained 
and demonstrated with examples. It is more convenient to evaluate the values and associated 
MUs of input quantities with correlated MUs by using matrices instead of conventional math-
ematics and the examples are given this way. For a more general use of the MC method the 
covariance matrix of the input quantities has to be converted by Cholesky-decomposition. This 
procedure is also demonstrated for some cases.  

Part 4 in all supplements deals with output quantities that are calculated from a series of input 
quantities mainly of the same kind, such as the values of distribution functions of spectrally or 
angularly resolved quantities. The output quantities are defined either by weighted integrals 
taken over that list of values or as the coefficients of a curve fitting. The weights may be spe-

cific functions such as the spectral luminous efficiency (  V  ) tabulated at fixed wavelengths 

and used for the determination of the values of photometric or colorimetric quantities from 
spectroradiometric measurements, or functions (e.g. trigonometric) defined in a continuous 
range of arguments for goniophotometric or absolute integrating sphere methods for the lumi-
nous flux determination. Examples for the evaluation of combined MUs under these conditions 
are also presented. 

All the examples show the values of the output quantities, presented with associated expand-
ed MUs and an explanation on the meaning of that statement. The conversion from combined 
to expanded MU is achieved by multiplication with the coverage factor as function of the re-
lated effective DOF, and the evaluation is explained based on individual entries in the MU 
budget.  

2 Definitions  

A value assigned to a physical quantity, e.g. a property of a transfer standard, refers to the 
related SI-unit and always has to be given together with the associated MU. This MU is ob-
tained from the combined standard MUs of the input quantities and finally has to be presented 
as expanded MU with the specified confidence level taken into consideration. In 1993 a con-
cept for the consistent evaluation of MU was internationally agreed upon and its determination 
was explained by some general rules. The related terms are collected in the "Guide to the Ex-
pression of Uncertainty in Measurement" [1] often referred to as "GUM". This concept is valid 
for linear models for the evaluation of the values of output quantities. The definitions from this 
document are repeated in the next section. 

Subsequently a Supplement I of the GUM [2] has been published dealing with situations 
where a linear model is no longer appropriate as the measurement equation . In this case, in-
stead of standard MUs for input quantities, their Probability Distribution functions (PDs) must 

Copyright International Commission on Illumination 
Provided by IHS under license with CIE Licensee=Hong Kong Polytechnic University/9976803100, User=ertert, rtet

Not for Resale, 05/09/2015 01:33:28 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
,
`
`
,
`
,
,
,
,
,
,
,
,
,
`
,
`
,
,
`
,
,
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: CIE 198-2011

http://www.avadocuments.com/doc/cie-198-2011
http://www.avadocuments.com/doc/cie-198-2011

