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This Technical Report has  been prepared by CIE  Technical Committee TC-2. 2 

Detectors  (within the former CIE  structure)  and has been approved by CIE  
Division 2  and the Council of the Commission internationale de 1' Eclairage 

for study and application.  The document reports on current knowledge and 

experience within the specific field o f  light and lighting described,  and is 

intended to be used by the C I E  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 Journal should be consulted regarding 

possible subsequent amendments.  

Ce rapport technique a été préparé par le Comité Technique CIE 2. 2,  Détecteurs 

(dans le cadre de  l' ancienne organisation de la CIE) ,  et  a été approuvé,  par 

la Division 2  et le Conseil de la Commission Internationale de l' Eclairage,  
pour étude et application.  Le document traite des connaissances courantes et  

de l' expérience dans le domaine spécifique indiqué de la lumiére et de 

l' éclairage,  et  il est établi pour l' usage des  membres de la CIE et  autres 

groupements intéressés.  I1 faut cependant noter que ce document est indicatif 
et  non obligatoire.  Pour connaitre d' éventuels amendements,  consulter l e s  plus 

récents comptesrendus ou le  Journal de la  C IE .  

Dieser Technische Bericht ist vom CIE-Technischen Komitee TC-2. 2 Detektoren 

(in der früheren CIE-Gliederung)  ausgearbeitet und von der CIE-Division 2  so- 
wie vom Rat der Commission Internationale de 1' Eclairage gebilligt worden.  Das 
Dokument berichtet über den derzeitigen Stand von Wissen und Erfahrung in dem 

behandelten Gebiet von Licht und Beleuchtung;  es ist zur Verwendung durch C IE -  

Mitglieder und durch andere Interessierte bestimmt.  Es sollte jedoch beachtet 

werden,  Die neue- 

sten CIE-Tagungsberichte oder das neueste CIE-Journal sollten im Hinblick auf 
mögliche spätere Änderungen zu  Rate gezogen werden.  

dai3 das Dokument eine Empfehlung und keine Vorschrift ist.  

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 5 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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Summary 

This technical report defines the properties of photometers and photometer 

heads f o r  the measurement of illuminance and luminance.  Methods of 

calibration are given and several sources of errors are described.  Several 

properties determining the performance o f  photometers can be characterized 

by numerical values.  There are some properties? however,  which it has not 

been found possible to quantify.  

The report is  intended to serve as  a guide for anyone wishing to do light 

measurements and for those who want to judge the quality of instruments.  It  

is not intended fo r  the casual buyer and user of such instruments.  

cethodes de caractérisation des luxm6tres et luminancemètres 

Exécution,  caractéristiques et attributs 

Résumé 

Le present rapport définit les propriétés des photomètres et des têtes de 

mesure photométriques pour le mesure d' éclairement et de luminance 

lumineuse.  Quelques méthodes  d' étalonnage sont données et les sources 

d' erreur sont indiquées.  Les propriétés déterminant les performances des 

photométres peuvent être représentées par des valeurs numériques.  Pour les 

autres propriétés,  une valeur numerique ne peut être déterminée.  

Ce rapport a pour but de servir de guide 5 ceux qui désirent faire des 

mesures de lumière ainsi qu' à ceux qui désirent apprécier la qualité des 

instruments.  I1  n' est pas  destiné à l' usage de l' acheteur ou utilisateur 

occasionel de telles instruments.  

Methoden zur Charakterisíerung von Beleuchtungsstärkemessern und Leucht- 

dichtemessern -  Ausfuhrung,  Eigenschaften und Merkmale 

Zusammenfassung 

Dieser technische Bericht definiert die Eigenschaften von Photometern und 

Photometerköpfen fur die Messung von Beleuchtungsstärke und Leuchtdichte.  

Einige Kalibriermethoden werden gegeben und Fehlerquellen werden genannt.  

Einige Eigenschaften,  die die Güte eines Photometers bestimmen? lassen sich 

durch Masszahlen charakterisieren,  während andere sich noch nicht mittels 

Masszahlen beschreiben lassen.  

Der Bericht soll al s  Hilfe fur alle dienen,  die  Lichtmessungen durchfuhren 

und für diejenigen,  die die Qualität von Messgeräten beurteilen möchten.  Er 

ist nicht geeignet fur gelegentliche Käufer oder Benutzer solcher Geräte.  
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O INTRODUCTION 

The purpose of this report is to give an objetive means for evaluating the 

properties of illuminance and luminance meters that are under consideration 

for a given application.  
The factors that constitute the evaluation may also serve as a guide to 

manufacturers in developing improved photometric instruments.  

The report is therefore divided into sections dealing with the optical 

properties of photometer heads and other sections dealing with signal 

processing in the associated measuring apparatus.  Some practical methods for 
calibration are given and possible calibration errors are mentioned.  

Methods for assessing individual errors are presented and a list of 

estimated state-of-the-art performance parameters is appended.  The 

terminology presented is taken mainly from CIE publication No.  53 (1982)' 
"Methods of characterizing the performance of radiometers and photometers.  I t  
In some cases,  definitions are taken from existing literature.  

Where the photometer head is used separately for one type  of quantity,  a 

letter,  E  or L,  designates the specific section for illuminance and 

luminance measurements respectively.  

1  DEFINITIONS 

1.1 MEASUREMENT TERMS 

1  .I .i E  
The illuminance E  at a point of an area is the quotient of the luminous flux 
d@  received by an area element dA containing that point and the area of 

that element.  

illuminance E' 

Note:  The illuminance E  follows from the luminance distribution in the lit 
hemisphere as 

E =  I  L  di2 cos c ( 2 )  

(271 sr)  

L Luminance in the direction of da 
E Angle of incidence (see fig.  1 )  

1.1.2 E Spherical illuminance E: 
The spherical illuminance E,  is the integral of the luminance over the full 

solid angle 4nsr.  

L Luminance in the direction of dQ 

dQ  Element of solid angle 
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Normal to the s u rfac e  

I 

Fig.  1:  Coordinates for defining illuminance and spherical 

illuminance.  The direction for @=O should be specified if 
necessary.  

Note:  The spherical illuminance E,  is four times the quotient of the lumi- 

nous flux @ on the outside of  a small imaginary sphere around the 

point and the surface area  AK  of the sphere.  
4 4  

E, = -  
A K  

(4)  

1.1.3 E Cyïinäricaî iïïuminance gZ3*'  

The cylindrical illuminance E,  is the arithmetic mean of  the vertical 

illuminance E,  at a point 

2n 

(5)  
1  

TI 2a  
E,  = -  I L da s i n  E = -  I E, dQ  

( 4 as r )  O 

L Luminance in the direction of  di2 

da Element of solid angle 
E 

E,  Vertical illuminance for an area element with its  normal i n  the 

Q Ang l e  in t h e  plane perpendicular to the optical ax i s  (see fig.  2 )  

Angle of incidence,  measured with respect to the optical axis 
(see fig.  2 )  

direction da 

1.1.4 E  
The semi-cylindrical illuminance E,h  is the arithmetic mean E,  of the 

vertical illuminance at  a point in the range of  az imu th  angles - n / 2 G Q 6 n / 2  

Semi-cylindrical illuminance E,h 4 . 5  

(see fig.  3 )  
n / 2  

- * i 2  

1  

n 
E,h = -  I E,  d@  

2 
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Optical axis 

Illuminated cross section 

Fig.  2:  Co-ordinates for the definition of cylindrical illuminance.  

The direction for @ = O should be stated if necessary.  

“t 

Back h a l f  

of cylinder,  

no transmittance 

Fig.  3:  Coordinates for defining semi-cylindrical illuminance.  

3 
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2  1.1.5 L Luminance 
(in a given direction,  at a point on the surface of a source 

or at a point in the path of a beam)  

or a detector,  

Quotient of the luminous flux leaving,  arriving at,  or passing through an 

element of surface at this point and propagated in directions defined by an 
elementary cone containing the given direction,  by the product of the solid 

angle of the cone and the area of the orthogonal projection of the element 

of surface on a plane perpendicular to the given direction.  

unit:  cd m-2  
d2@  

L =  
dQ dA cos e '  (7)  

E Angle of radiation,  measured with respect to the surface normal 

1.1.6 L Equivalent veiling luminance'  

The equivalent veiling luminance is  the luminance,  which,  when added to the 

luminance of the surroundings,  renders the same observed contrast-reduction 

as that made by stray light in the eye.  For a point light source and 8 >2 * ,  

the equivalent veiling luminance [cd m-'] is  calculated by:  

(8)  

E g l  Illuminance (lx)  at the eye perpendicular to line of sight caused 
by the source of glare.  
Glare angle (in degrees)  measured with respect to the line of  

sight.  

K Factor,  increasing with age.  For young people the value is  10.  
Dimension :  degree2 sr-'  

Note:  For a hemisphere with a luminance distribution L ( 0 , ß )  the equivalent 

L,  = K ~~1  e - *  

veiling luminance L,  is:  

L,  = -  K I I L ( 8 , B )  e - *  sin 28  d6 dß 

2 

8 Glare angle,  measured with respect to the direction of  sight 

8 Angle in the plane perpendicular to 0=0 .  

(optical axis)  

1.2 INSTRüMENT "E3MS 

1.2.1 Photometer'  
A photometer is an instrument for the measurement of photometric quantities.  

Photometric quantities can be derived from radiometric quantities by means 

of certain conventions (law of additivity,  V( A)  function,  definition of the 

unit of  luminous intensity) .  The measuring instrument displays the measured 

value.  The reading can be either digital or analog.  

2.2.1.1 E  Definition  

Illuminance meters usually consist of a built-in or detachable photometer 

head (with cable link) ,  a transducer and the display unit.  Power supplies 

can be  part of an illuminance meter even if  they are separate.  Illuminance 

meters that are suitable for the measurement of  the relevant quantities by 

means of attachable or built-in accessories are referred to as 

4 
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-  Instrument for the measurement o f  illuminance ( E  meter)  
-  Instrument for the  measurement of  spherical illuminance (E,  meter)  
-  Instrument for the measurement of  cylindrical illuminance (E,  meter)  
-  Instrument for the measurement of  semi-cylindrical illuminance (E,h  meter)  

1.2.1 .2 L Defin ition  

A luminance meter is a photometer f o r  the measurement of luminance.  

Luminance meters usually consist of a built-in or detachable photometer 

head (with cable link) ,  a converter and display unit.  Power supplies can be 
part of  a luminance meter or separate.  

1  
1.2.2 Photometer head 
A photometer head consists of a  light-sensitive detector and facilities for 

the spectral weighting (e. g. ,  colour filters)  or for the spectral dispersion 

(e. g. ,  gratings)  of the light.  It may a l s o  contain facilities fo r  direc- 

tional evaluation of the light,  e. g. ,  diffusing windows,  lenses,  apertures.  

The light-sensitive detector converts the incident light i n t o  an electrical 
quantity .  

The photometer head of a luminance meter has  either a variable-focus or a 
fixed-focus optical system in front  of the detector.  Whereas simple instru- 

ments have only a tube in front of the detector,  photometer heads with vari- 
able focus normally have an optical viewing arrangement for visual orien- 

tation of the measurement field.  By the use of additional lenses the range 

of fo c u s  can  be increased or the spatial evaluation function changed (to 

facilitate the measurement of equivalent veiling luminance,  for example) .  

7 
1.2.3 Acceptance area 

The acceptance area is  the arda of the photometer head which is  receiving 

and directionally evaluating t'ne incident light (fig. 4) .  

\ 
Enhance pupil 

Apertue stop ,  
Angutor 
operture -  

F i g .  

Note :  

4:  Diagram illustrating the definition of the acceptance area.  

The acceptance area of a luminance meter is the area of the lens which 

contributes to the response of the instrument.  Strictly speaking,  the 

acceptance area is the  image of the limiting aperture stop called the 

entrance pupil that limits the cone of rays z n t e r i n g  the system.  

5 

Copyright International  Commission on I l lumination  

Full document details: CIE 69-1987

http://www.avadocuments.com/doc/cie-69-1987
http://www.avadocuments.com/doc/cie-69-1987


~ 

C I E  69  87  R 9006145  0002987  431  

1.2.4 L Measurement field,  measurement f i e l d  angle 

The measurement field is  the sum total of all points in object space,  radi- 

ating toward the acceptance area,  collected by the  detector,  and evalu- 
ated with a directionally dependent responsivity of at least 10% of the 

maximum responsivity (fig. 5) .  

Fig.  5 :  Diagram showing characteristic ray tracing in a 

luminance meter.  

Note 1:  

Note 2:  

Note 3:  

1.2.5 L 

The measurement field is generally circular.  It  can,  however,  have 

other shapes (i. e. ,  trapezoidal,  square or quadrilateral)  or be com- 
pletely variable.  The measurement field angle is the angle sub- 

tended by the infinitely distant measurement field at the en- 

trance pupil.  

The measurement field of circularly limited fields is defined only 

by the measurement field angle.  Diffcrently shaped measurement 

fields can have the field angle expressed in various ways com- 

prising various planes on the optical a x i s  of the photometer head.  

The measurement field angle corresponds to the ten percent measure- 

ment angle.  (See section 1. 2. 6 ) .  

F i e l d  of view,  angular f i e l d  of view’  

The field of view is the  sum total of all points in object space visible 

through the eyepiece of the photometer head.  The angular field of view is 
the angle subtended by the field of view at the entrance pupil.  

1.2.6 L 
The f i f t y  percent,  ten percent or one percent measurement angle  EI /^,  
E 1 / 1 0  and E l / l o o  respectively)  of  a photometer head (luminance meter) ,  

measured in a plane through the optical ax i s ,  is the ang le  wihtin which the 

response of the photorneter is equal to  or greater than one-half,  one- 

tenth o r  one-hundredth of the response to incident light in the direction of 
the optical axis.  

Note:  Use of the fifty percent measurement angle can lead to e r r o r s  in 

Fifty percent,  ten percent and one percent measurement angles 

resolution of the luminance of two closely spaced objects.  

1.2.7 

The display range is  t h e  range of all values of the measured quzntity that 

can be  read on a measuring instrument.  
The measurement range is tinat range of values of the measured quantity in 

which defined,  agreed or guaranteed error l i m i t s  are nor exceeded.  For 

measuring instruments wi th  a number of display rznges,  d i ffe r e n t  errrir 

Measurement range and display range 
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