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This Technical Report has been prepared by CIE Technical Committee 2-02 of
Division 2 'Physical Measurement of Light and Radiation' 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 is intended to be used
by the CIE membership and other interested parties. It should be noted, how-
ever, that the status of this document is advisory and not mandatory. The
lates CIE Proceedings, CIE News, or publication listings should be consulted
regarding possible subsequent amendments.

Ce rapport technique a été préparé par le Comité Technique CIE 2-02 de la
Division 2 'Mesures physiques de la lumiére et des radiations' et a étée ap-
prouvé par le Conseil de la Commission Internationale de 1'Eclairage, pour
étude et application. Le document traite des connaissances courantes et de
1'expérience dans le domaine spécifique indiqué de 1la lumiére et de
1'eclairage, et i1 est établi pour 1'usage des membres de la CIE et autres
groupements intéressés. 11 faut cependant noter que ce document est indicatif
et non obligatoire. Pour connaitre d'éventuels amendements, consulter les plus
récents comptes rendus, CIE News ou liste des publications de la CIE.

Dieser Technische Bericht ist vom CIE Technischen Komitee 2-02 der Division 2
'Physikalische Messung von Licht und Strahlung' ausgearbeitet und vom Rat der
Commission Internationale de 1'Eclairage gebilligt worden. Das Dokument be-
richtet Ulber 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 neuesten CIE-
Tagungsberichte, das CIE-News oder die Publikationsliste sollten im Hinblick
auf mogliche spitere 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 groBe Sorgfalt bei der Erstellung von Verzeich-
nissen bis zum Zeitpunkt der Drucklegung angewendet wurde, 1ist es mdglich,
daB diese nicht volistandig sind.
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MEASUREMENT OF LUMINOUS FLUX

SUMMARY
This Technical Report defines the terminology required for luminous flux
measurements. It then deals with the principles of Tuminous flux measurements
and describes methods for the evaluation of the illuminance distribution, the
measurement of luminous flux by means of an integrating sphere photometer and
the determination of luminous flux via luminance, Tluminous intensity and
illuminance measurements.

The report is based on and replaces CIE Publication No. 25, 1973 'Procedures
for the measurement of luminous flux of discharge lamps and for their cali-
bration as working standards' [1] and on the conclusions of the 'CIE-
symposium on light and radiation measurement 81' [2]. The terminology follows
that in the 'International Lighting Vocabulary' [3].

MESURES DE FLUX LUMINEUX

RESUME
Ce rapport technique contient d'abord la terminologie nécessaire pour les
mesures de flux lumineux. Ensuite i1 traite des principes de mesure du flux
lumineux et donne des détails sur 1'evaluation de 1la distribution
d'éclairement lumineux, la mesure du flux lumineux au moyen d'une sphére
d'integration photométrique, et la détermination du flux lumineux par 1'inter-
médiaire de mesure de luminance, d'intensité lumineuse et d'éclairement.

Ce rapport remplace la publication CIE No. 25, 1973 'Procedures for the
measurement of luminous flux of discharge lamps and for their calibration as
working standards' [1] dont elle est issue et sur les conclusions du
'CIE-Symposium on Light and Radiation Measurement 81' [2]. La terminologie
est empruntée au vocabulaire international de 1'éclairage [3].

LICHTSTROM-MESSUNGEN

ZUSAMMENFASSUNG
Dieser Technische Bericht enthdlt zundchst die fir Lichtstrommessungen
wichtigen Begriffsbestimmungen. Danach werden die Prinzipien der Lichtstrom-
messung und Einzelheiten iiber die Auswertung der Lichtstdrkeverteilung, die
Auswertung der Beleuchtungsstdrkeverteilung, die Lichtstrombestimmung liber
Leuchtdichte-, Lichtstarke- oder Beleuchtungsstdrkemessungen behandelt. Die
allgemeinen MeBbedingungen werden genannt.

Dieser Bericht ersetzt und stiitzt sich vor allem auf die Publikation CIE No.
25, 1973 'Procedures for the Measurement of Luminous Flux of Discharge Lamps
and for their Calibration as Working Standards' [1] und auf die Ergebnisse
des 'CIE-Symposium on light and radiation measurement 81' [2]. Bei den
Begriffsbestimmungen sind die Angaben des Internationalen Worterbuchs der
Lichttechnik [ 3] weitgehend zugrunde gelegt.
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1 Scope

The purpose of this rep&ff is to review the main methods in use for
luminous flux measurements. One of these methods is used primarily by
national standards laboratories (calculation from illuminance or luminance
distribution), one is widely used in industry (measurement with an
integrating sphere), while yef another form of measurement can be carried
out in the limited number of industrial laboratories with access to a
goniophotometer for measuring luminous intensity distributions. While each
of the user groups will be primarily interested in the method in use in its
field, it is necessary for a reference work on luminous flux measurements
to cover all the main methods used for this purpdée and to put them in

perspective relative to each other.

2 Terminology <3>

2.1. Photometric quantities <3>

2.1.1 Luminous flux (&,; &)

Quantity derived from radiant flux &g by evaluating the radiation
according to its action upon the CIE standard photometric observer. For

photopic vision

. V(M)A , (1)

2 dBg(M)
@v = Km g Y

where d@o(A)/dA is the spectral distribution of the radiant flux and V(A)

the spectral luminious efficiency.

Unit: 1m
2.1.2 Luminous intensity (of a source, in a given direction) (I;I)
Quotient of the luminous flux d®, leaving the source and propagated in

the element of solid angle d? containing the given direction, by the
element of solid angle.

_ ey (2)
de
Unit: e¢d = lmesr—!
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2.1.3 Illuminance (at a point of a surface) (EV;E)

Quotient of the luminous flux d®, incident on an element of the surface

containing the point, by the area dA of that element.

d‘I)v
EV:T:IK . (3)

-2

Unit: 1x Imem

2.1.4 Luminance (in a given direction, at a given pont of a real or

imaginary surface) (L,;L)
Quantity defined by the formula

d@v

LV

= 4
dA * cos O ¢ du 4)

where d®, is the luminous flux transmitted by an elementary beam passing
through the given point and propagating in the solid angle d? containing
the given direction; dA is the area of a section of that beam containing
the given point; © is the angle between the normal to that section and the
direction of the beam.

Units cd'm—2 = Imem™2 ¢ gp~?

2.2 Terms for measuring instruments

2.2.1 Photometer <{3>

Instrument for measuring photometric quantities.
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2.2.2 Integrating photometer <3>

Photometer for measuring luminous flux, generally incorporating an
integrating sphere.

2.2.3 Integrating sphere; Ulbricht sphere <3>

Hollow sphere whose internal surface is a diffuse reflector, as non-
selective as possible.

2.2.4 Box photometer

A box photometer is an integrating photometer employing an arbitrarily
shaped, hollow box or cavity instead of an integrating sphere.

2.2.5 Photometer head <4, 17>

A photometer head consists of a light-sensitive detector and facilities for
the spectral weighting (e.q. colour filters) or for the spectral dispersion
(e.g. gratings) of the light. It may also contain facilities for direc-
tional evaluation of the light, e.g. diffusing windows, lenses, apertures.
2.2.6 Acceptance area <17>

The acceptance area is the area of the photometer head which is receiving
and directionally evaluating the incident light.

2.2.7 Goniophotometer <3>

Photometer for measuring the directional light distribution characteristics

of sources, luminaires, media and surfaces.
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3 Methods of measurement

The luminous flux of a light source can be calculated or measured by
different methods:

- Calculation from the luminous intensity distribution (section 4)

- Calculation from the illuminance distribution (section 5)

- Measurement with a sphere photometer by photometric or spectral mea-
surements (section 6)

-  Measurement with a box photometer (section 6.4)

- Relative measurements via illuminance, luminous intensity or luminance

(section 7)

Calculation of the luminous flux from the luminous intensity distribution
is appropriate where measurements of the latter are already being made

(e.g. for luminaires) <5>.

The derivation of the luminous flux from a measurement of the illuminance
distribution of a lamp is the method used in many national standards labo-
ratories to set up the basic standards of luminous flux. The unit of lumi-
nous flux, the lumen, is thus established in terms of the SI base unit of
luminous intensity, the candela <6,7,12,13,14>. An accurate measurement of
the spatial variation of the colorimetric properties of light sources <8>
and of their spectral power distribution <9> can also be made using this
method.

Luminous flux measurements using a sphere photometer are appropriate for:

-  Measurements in industrial laboratories for production control
~  Measurements by test houses and users
- The calibration of standard lamps (e.g. working standards) against

higher order standard lamps, making extra corrections for errors due to
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geometric, spectral and light distribution differences between the
lamps to be compared.

- The measurement of light sources with luminous fluxes varying with time
(e.g. adjustable lamps, flashlamps)

- The measurement of luminous flux as a function of time.

Measurements with a sphere of the light-output ratio of a luminaire which
is calculated from the luminous flux of the lamp and the luminous flux of
the luminaire, cannot be recommended if the luminous intensity distribu-

tions of lamp and luminaire differ considerably.

A luminous flux measurement with a box photometer only presents a direct
relationship between the luminous flux of the light source and the indirect
illuminance at an arbitrary point at an inside surface of the box, if the
reference light source and the light source to be measured have the same
spatial luminous intensity distribution, the same spectral distribution and

same dimensions.

Measurements of spectral radiant flux can be made with an integrating
sphere photometer, for light sources where the spectral power distribution
varies with direction (e.g. metal halide lamps). This method gives all the

information necessary for the calculation of:

-  Spectral power distribution
-  Luminous flux

- Radiant flux

- Colour

- Colour rendering indices

The determination of the luminous flux of light sources via a measurement
of illuminance, luminous intensity or luminance is often carried out in
practice to determine the influence of specific parameters (e.q. ageing,
temperature, position). It usually takes the form of a relative measure-
ment. The method can also be used for measuring the luminous flux of fluo-

rescent lamps in lighting installations <10>.

The method used for the measurement of luminous flux depends on the avail-

able equipment. Equipment and method used are influenced by:
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-  The task of the photometric laboratory
-  Economy
- Time consumption

-  Acceptable measurement uncertainty.

4 Calculation of luminous flux from luminous intensity distribution

4,1 Measurement principle

According to the definition, the luminous flux @ can be derived from the

spatial distribution of the luminous intensity I by the relation

o=/1dQ (5)
(Q)

where Q = 4n sr Total solid angle

The luminous intensity distribution can be measured with a goniophotometer
1D,

4.2 Measurement of luminous intensity distribution

The measurement of luminous intensity distribution is described in a sepa-
rate Technical Report of the CIE <11>. That report contains information
about goniophotometers used for the measurement of luminous intensity dis-

tribution as well as data about the execution of the measurements.

4.3 Method of calculation

In order to evaluate the luminous flux, the luminous intensity should be
integrated over the full solid angle as shown in equation (5). The element

of solid angle dQ can be expressed trigonometrically as

dQmasinededn (6)
with
dsl Element of solid angle
€,7M Angles depending on the chosen coordinate system;
€ elevation angle with € = 0 at zenith and n azimuth ffideuments
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The angles & and m should be substituted to accord with the coordinate

system used during the measurement of luminous intensity distribution.

In a practical evaluation the inteqrals are replaced by sums. In that case
the luminous flux can for example be calculated according to the following

formulae:

For measurements in

Mo
A-planes: © @ AA ) ) I{a,A) { sin(nba) - sin[(n - 1)aal} (7a)
m=1 n=-N+l1
M N
B-planes: @ = AB )} ) I(B,B) { sin(n&B) - sin[(n - 1)48]} (7b)
m=1 nz=-N+1
M N .
C-planes: @ = AC ) ) I(v,C) { cos[(n-1)Ay] - cos(nAy)} (7c)
m=1 n=1

Aax and AB represent angular step sizes of m/2N and Ay corresponds to m/N,
while AA, AB and AC are given by 2n/M (see appendix and reference <11>).

The smaller the angular steps that are chosen, the more accurate will be
the resulting determination of luminous flux. Steep luminous intensity

distributions require smaller angular steps.

4.4 Sources of error

Specific errors in the determination of the luminous flux through an evalu-

ation of the luminous intensity distribution can be caused by:

- Errors in the measurement of luminous intensity <11>

- Too large step angles

- Shading of the light source by mechanical parts of the goniophotometer
and the holder for the light source (see section 4.8)

- Instability of the light source during measurement

- Instability of the mechanical arrangement of the photometer.

5 Calculation of luminous flux from the illuminance

distribution

5.1 Measurement principle

By definition, the luminous flux ® can be derived from the distribution of
illuminance E over a closed surface A around the light source E%QH;LUﬂZGFQIS
Document Sharing Hub
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lation

= [EdnA (8)
(A)

The illuminance distribution can be measured by means of a goniophotometer
over a spherical surface around the light source. It is not necessary for
the light source to be exactly at the centre of the imaginary sphere. It
is, however, recommended that it should be positioned as close to the cen-

tre of the sphere as possible.

The minimum distance between the centre of the sphere and the photometer
head depends on the largest dimension of the light source to be measured,
for purely mechanical reasons. It may be smaller than the limiting photo-
metric distance as long as the illuminance meter still evaluates illumi-

nance correctly in terms of direction (cosine response), etc. <4>.

5.2 Types of goniophotometer

It is possible to distinguish between the different types of goniophotome-
ter used for the measurement of illuminance distribution. In all of them
the light source to be measured is operated in the prescribed burning posi-

tion.
5.2.1 Goniophotometer with light source in a fixed position

In these goniophotometers the light source is operated in the prescribed
burning position without being moved. The photometer head of the
illuminance meter used for the measurement is rotated about two axes, which

intersect one another at right angles, around the light source.

In the example depicted in Fig. la to lc these two axes can be oriented
arbitrarily in space by means of the outer frame, which remains stationery

during a measurement.

In the terminology defined in the Appendix, the measurements are carried
out in C-planes, with the innermost frame position characterised by the

angle v and the position of the middle frame by the angle C.
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Fig. 1: Photograph.of a model of a goniophotometer with a light
source, which stays immobile in a fixed position

Fig. 1 a) For the luminous flux integration a compact light source L
(e.g. an incandescent lamp) is supported on a holder H either
from the top or the bottom of the frame. The holder is fixed
rigidly to the external frame, which can be turned into any
position, but is kept stationary during the measurement. The
two inner frames move the photometer E over the surface of a
sphere by rotating simultaneously.
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Fig. 1 b) With the external frame in a horizontal position the tubular

lamp L is measured in a horizontal position. Mechanical
support and electrical power are supplied via two lamp

holders H. Two photometers E are moved over the surface of a

sphere. Documents
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Fig. 1 c) To calibrate the photometer, the part of the igner frame
carrying the photometer E is turned outwards by 180 ~. O0One of
the bearings of the outer frame is hollow. Through it the
luminous intensity standard lamp N, which is placed outside
the system of rotating frames, illuminates the detector E with
a known illuminance.
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