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This Technical Report has been prepared by CIE Technical Committee 2.2
Detectors {now within CIE Division 2) and has been approved by 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
of light and lighting described, and 1is 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 Journal should be consulted regarding possible subsequent
amendments.

Ce rapport technique a été préparé par le Comité Technique CIE 2.2, Détecteurs
(maintenant partie de la Division 2 de la CIE), et a été approuve, par le
Conseil de 1la Commission Internationale de 1'Eclairage, pour etude et
application. Le document traite des connaissances courantes et de 1'expérience
dans le domaine spécifique indiqué de la lumiére et de 1'éclairage, et il est
établi pour 1'usage des membres de la CIE et autres groupements intéressés. Il
faut cependant noter que ce document est indicatif et non obligatoire. Pour
connaitre d'eventuels amendements, consulter les plus récents comptesrendus ou
le Journal de la CIE.

Dieser Technische Bericht ist vom CIE-Technischen Komitee 2.2 Detektoren (z.Z.
in der CIE Division 2) ausgearbeitet und vom Rat der Commission Internationale
de 1'Eclairage gebilligt worden. Das Dokument berichtet liber den derzeitigen
Stand von Wissen 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, daB das Dokument
eine Empfehlung und keine Vorschrift ist. Die neue- sten CIE-Tagungsberichte
oder das neueste CIE-Journal sollten im Hinblick auf mdgliche spdtere
‘Knderungen zu Rate gezogen werden.

Any mention of organisations or products does not imply endorsement by
the CIE. Whilst every care has been taken 1in the compilation of any
1ists, 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'd la mise sous presse, ce travail ne saurait étre exhaustif.

Die Erwdhnung von Organisationen oder Erzeugnissen bedeutet keine
Billigung durch die CIE. Obgleich groBe Sorgfalt bei der Erstellung von
Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde, ist
es moglich, daB diese nicht vollstandig sind.
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SUMMARY

This technical report contains the terminology required for measurements of
luminous intensity distributions. It also summarizes the principles of lu-
minous intensity measurements and the requirements for the photometer heads
employed for such measurements. The coordinate systems used for the mea-
surement and representation of luminous intensity distributions are des-
cribed. The types of goniophotometers, possibilities for angle encoding,
characteristics of the photo-electronic system and the acquisition and pro-~
cessing of the data in measurements of luminous intensity distributions are
discussed in detail. Other subjects covered are the power supply, the mea-
suring conditions and the execution, correction and representation of lumi-
nous intensity distribution measurements. The various sections contain
sufficient data on the required characterization of goniophotometers.

The report is based mainly on the Technical Report of CIE Technical Commit-
tee TC-2.2 on "Methods of characterizing the performance of radiometers and
photometers [1] as well as on CIE publications 24 [2], 27 [3] and 43 [4].
The terminology is largely based on the International Lighting Vocabulary

[5]-
RESUME

LA MESURE DES DISTRIBUTIONS D'INTENSITE LUMINEUSE ABSOLUE

Ce rapport technique contient la terminologie nécessaire pour la mesure des
distributions d'intensité lumineuse. Il résume aussi les principes de me-
sure de l'intensité lumineuse et les qualités requises pour la téte photo-
métrique utilisée pour de telles mesures. Les systémes de coordonnées
utilisés pour la mesure et la représentation des distributions d'intensité
lumineuse sont décrits. Les types de goniophotométre, les possibilités de
repérage angulaire, les caractéristiques du systéme électronique et celles
de l'acquisition et du traitement des données dans les measures de distri
bution de 1'intensité lumineuse sont décrites en détail. Les autres sujets
traités sont l'alimentation électrique, les conditions de mesures et leur
éxécution, la correction et la réprésentation des mesures de distribution
d'intensité lumineuse. Les différentes sections contienent des données
suffisantes sur les caractéristiques requises pour les goniophotométres.

Ce rapport s'appuye principalement sur le rapport technique du comité tech-
nique 2.2 de la CIE "Methods of characterizing the performance of radio-
meters and photometers" [1] ainsi que sur les publications CIE no 24 [2],
27 [3], et 43 [4]. La terminologie est largement empruntée au Vocabulaire
International de 1'Eclairage [5].
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ZUSAMMENF ASSUNG

DIE MESSUNG DER ABSOLUTEN LICHTSTKRKEVERTEILUNG

Dieser Technische Bericht enthdlt zundchst die fir Lichtstdrkemessungen
wichtigen Begriffsbestimmungen. Danach werden die Prinzipien der Licht-
stidrkemessung und Angaben Ulber die dementsprechend zu verwendenden Photo-
meterkdpfe zusammengestellt. Die fdr die Messung und Darstellung der
Lichtstdrkeverteilung verwendeten Ebenensysteme werden angegeben. Beson-
ders werden die Arten von Goniophotometern, die Mdglichkeiten der
Winkelerfassung, Aussagen Uber die Photoelektronik und die Registrierung
und Datenverarbeitung bei der Messung der Lichtstdrkeverteilung behandelt.
Auch Aussagen zur Spannungsversorgung, zu den MeBbedingungen und zur
Durchfiihrung, Korrektur und Darstellung der LichtstArkemessungen werden
gemacht. Bei den einzelnen Kapiteln werden ausreichende Angaben (ber die
notwendige Kennzeichnung von Goniophotometern aufgefihrt.

Dieser BRericht stiitzt sich vor allem auf den Technischen Bericht des CIE
Technischen Komitees TC-2.2 "Methods of characterizing the performance of
radiometers and photometers" [1] sowie auf die CIE-Publicationen No. 24
[2], No. 27 [3], und No. 43 [4]. B8ei den Begriffsbestimmungen sind die
Angaben des Internationalen Worterbuchs der lichttechnik [5] weitgehend
zugrunde gelegt.
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1. TERMINOLOGY

1.1 QUANTITIES [5]
1.1.1 LUMINOUS INTENSITY

The luminous intensity I (of a source in a given direction) is the
quotient of the luminous flux d¢ leaving the source, propagated in an ele-
ment of solid angle containing the given direction, by the element of solid
angle d2.

I = do/dR (1)

Symbol: I,Iy
Unit : Candela (symbol: cd)

1.1.2 ILLUMINANCE

The illuminance £ at a point of a surface is the quotient of the
luminous flux dd¢ incident on an element of the surface dA containing the
point, by the area of that element.

E = do/dA (2)

Symbol: E,Ey
Unit : Lux (symbol: 1x)

1.1.3 LUMINANCE

The luminance L (in a given direction, at a point on the surface of
a source or a receptor, or at a point in the path of a beam) is the quo-
tient of the luminous flux, d2¢; leaving, arriving at, or passing through
an element of surface dA 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 ares of the orthogonal projection of
the element of surface on a plane perpendicular to the given direction.

2
- de (3)
d2 e dA e« coss

€ Angle between the normal to the area and the direction
considered

Symbol: L,Ly

Unit : Candela per square meter (symbol: cdem 2)
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1.2 SURFACE OF LUMINDUS INTENSITY DISTRIBUTION

The surface of luminous intensity distribution is the surface formed

by the extremities of all the radius vectors drawn from a common origin,
the length of each radius vector being proportional to the luminous inten-
sity of the source in the corresponding direction.

1.3 LUMINOUS INTENSITY DISTRIBUTION CURVE

The luminous intensity distribution curve (for a lamp or light fit-
ting) is the curve, generally polar, which represents the luminous intensi-
ty in a plane passing through the source, as a function of the angle mea-
sured from some given direction.

Note:
a) When the source has a symmetrical luminous intensity distribution, the
plane is generally a meridian plane.

b) When the reference direction is vertical, angles are measured from the
downward vertical.

1.4 ISOCANDELA DIAGRAM

The isocandela diagram is the array of isocandela curves. These are
curves traced on an imaginary sphere with the source at its centre and
joining all the points corresponding to those directions in which the lumi-
nous intensity is the same, or a plane projection of this curve.

1.5 MEASURING FIELD AND MEASURING-FIELD ANGLE IN LUMINANCE MEASUREMENTS[ 6]

The measuring field of a luminance meter is the totality of all points
in the external space that radiate into the acceptance area and are sensed
by the detector and evaluated by it with a direction-dependent responsivity
of at least 10% of the maximum responsivity.

Note:

The measuring field is usually circular. Other fixed or variable shapes
are also possible, however (e.g., trapezoidal, rectangular, quadratic).

The measuring-field angle a is the angle under which the measuring field
appears when viewed from the measuring plane.

2
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1.6 TERMS FOR MEASURING INSTRUMENTS

1.6.1 PHOTOMETER

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

Note:

Photometric quantities are quantities that can be derived from
radiometric quantities by means of certain conventions (law of
additivity, V(1) function, definition of the unit of luminous intensity)

[7].
1.6.2 GONIOPHOTOMETER

A goniophotometer is a photometer for the measurement of the angular
dependence of a photometric quantity.

Note:

A goniophotometer for the measurement of the spatial luminous intensity
distribution is also called a luminous intensity distribution
photometer.

A goniophotometer for the measurement of the spatial luminous intensity
distribution usually consists of a mechanical device for the support and
positioning of the light source and the photometer head and one (or more) -
often moveable - photometer heads together with the necessary transducers
and readouts as well as devices for acquiring and processing data.

1.6.3 PHOTOMETER HEAD

A photometer head consists of a light-sensitive detector and facili-
ties for the spectral evaluation (e.g., colour filters) or for the spectral
dispersion (e.g., gratings) of the light. It may also contain facilities
for the directional evaluation of the light, e.g., diffusing windows, len-
ses, apertures. The light-sensitive detector converts the incident light
into an electrical quantity.

1.6.4 ACCEPTANCE AREA

The acceptance area is the area of the photometer head which is re-
ceiving and directionally evaluating the incident light.
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1.7 PHOTOMETRIC CENTRE (OF A LAMP OR LUMINAIRE)

The photometric centre of a lamp or luminaire is the reference point
from which the photometric distance law is applicable (see section 2.1).
For lamps the photometric centre corresponds to the centre of gravity of
the light-emitting area. For lamps with reflectors the photometric centre
is situated at the centre of the exit aperture. For luminaires data about
the photometric centre are contained in the Technical Report '"Photometry of
Luminaires" [8].

Note:

For the measurement of the luminous intensity distribution the photo-
metric centre of the light source should lie on the crosspoint of the
axas of the goniophotometer.

1.8 STRAY LIGHT

Stray light is the part of the luminous flux incident on and evaluated
by the photometer head that does not reach the measuring area of the photo-
meter head in a direct line from the light source.

1.9 LIMITING PHOTOMETRIC DISTANCE

The limiting photometric distance is the allowed minimum distance be-
tween light source and photometer head, for which the measuring error is
smaller than the permitted error.

2. PRINCIPLES OF LUMINOUS INTENSITY MEASUREMENTS

Luminous intensities can be measured via a measurement of the illumi-
nance and calculation via the photometric distance law, or by integration
of the luminance. Both possibilities follow Ffrom the basic law of
photometry.

2.1 PHOTOMETRIC DISTANCE LAW

The photometric distance law allows one to determine the luminous in-
tensity according to

IoE e« r? /(cos g9 * Qp) (4)
I Luminous intensity in the direction to the acceptance ares
£ [lluminance on the acceptance area
T Distance between light source and acceptance area
€9 Angle of incidence, measured relative to the normal to the ac-

ceptance area
Qo Isr (unit solid angle)
4
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The quantity Qo is used in accordance with the fourth edition of the CIE
vocabulary (in preparation), which permits its optional use. There is no
complete agreement on the need to use Qp, which may equally well be omitted
or replaced by the number 1.

The Equation (4) only applies for distances r that exceed the limiting
photometric distance.

measuring error depends on:

- the largest dimension of the light source

- the spatial and directional luminance distribution of the light source

- the spatial and directional responsivity of the acceptance area of the
photometer head.

Note 1:

For a circular emitting area with constant luminance (lambertian radia-
tor) and a circular receiving area the limiting photometric distance r
is taken as 10 times (5 times) the diameter of the larger of the two
areas. In this case the error of I in the direction of the axis of the
disk in the calculation according to the photometric distance law is
less than 0,5 % (1 %).

Note 2:

For narrow luminous intensity distributions the limiting photometric
distance is greater than for a Lambertian radiator [9,10].

Note 3:

When calculating the luminous intensity according to equation (4) it
should be ascertained, if necessary by means of measurements at
different distances, whether the limiting photometric distance is
exceeded. For goniophotometers with stationary photometer heads for
which the measuring distance is smaller than the limiting photometric
distance, the measuring distance can be extended by the use of a
sufficiently large deflecting mirror. The polarization of the light by
the deflecting mirror as well as the spectral reflectance of the
deflecting mirror must be taken into account.

Note 4:

When the luminous intensity is derived according to equation (4) it is
important to limit the incidence of stray light on the photometer head
by means of baffles between the light source and the photometer head.
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411 parts of the background of the light source that are visible from
the measuring area of the photometer head should be as black as possible
[ll]. As large a distance as possible should be kept between the light
source and the background (Fig. 1).

BAFFLES
BLACK N T~
BACKGROUND ,
/ PHOTOMETER HEAD
. LIGHT (ACCEPTANCE AREA)
SOURCE
Fig. 1 Reduction of stray light in luminous intensity measurements

2.2 LUMINANCE INTEGRATION

Luminous intensity can be determined by means of luminance integra-

tion:
2 . .
I= (a) L (gy) + dA; * cos g (5)

Ay emitting area

dAy element of the emitting area

L{ey) luminance of the area element dA; in the direction in which

the luminous intensity is to be determined
€ emitting angle of the area element dA, between its area normal

and the direction for which the luminous intensity is to be
determined.

3. TYPES OF PHOTOMETER HEADS
Depending on the theoretical relationship used for the determination of
the luminous intensity (equation (4) or (5)), there are two types of photo-

meter heads in use in goniophotometers.

3.1 PHOTOMETER HEAD FOR MEASURING ILLUMINANCE

For the determination of the luminous intensity according to equation
(4) a photometer head for the measurement of illuminance must be employed.
Such a photometer head must comply with the following requirements [1,6]:

6
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- good fit of the relative spectral responsivity to the V(A) function
(error fy)

- linearity (error f3)

- low fatigue (error fs)

- independence from the ambient temperature (temperature coefficient a)

- as small a solid angle as possible for the acceptance area of the photo-
meter head as seen from the photometric centre.

The terminology for the errors f; to fg and a classification of illuminance
meters have been compiled by the CIE [6].

3.2 PHOTOMETER HEAD FOR LUMINANCE INTEGRATION

3.2.1 CONSTRUCTION

3.2.1.1 Photometer head with lens [12]

A photometer head for luminance integration by means of a lens
consists of a lens with a diameter larger than the light source and a de-
tector (including filter for V(A) correction) that is positioned behind a
diaphragm at the focal point of the lens (also called the field stop)
(Fig. 2). The measuring field angle a of such a photometer head is

a =2 » arc tan (a/2f) (6)

f focal length of lens
a diameter of measuring-field stop

LENS (DIAMETER d)

«
A
LIGHT T e e ——— — > ACCEPTANCE AREA
souncs[ e = — =" OR APERTURE
L — {DIAMETER Q)
- r ‘L t i}

Fig. 2: Photometer head with lens for luminous intensity measurements by
means of luminance integration

The largest diameter D of a light source that can be measured with a photo-
meter head for luminance integration by means of a lens is given by

Dad-r+ af (7)

D largest permissible extent of the light source
d diameter of the lens
distance between lens and light source
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