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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 is intended to be used by the CIE
membership and other interested parties. It should be noted, however, that the
status of this document 1is advisory and not mandatory. The Tlatest 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 &té approuvé, par le
Conseil de la Commission Internationale de 1'Eclairage, pour é&tude et
application. Le document traite des connaissances courantes et de 1'expérience
dans le domaine spécifique indiqué de la Tumiére et de 1'eclairage, et il est
établi pour 1'usage des membres de la CIE et autres groupements intéressés. I
faut cependant noter que ce document est indicatif et non obligatoire. Pour
connaitre d'eéventuels amendements, consulter les plus récents comptesrendus ou
le Journal de Ta 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 iiber 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
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
lTists, 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
lTa CIE. Malgré le soin apporté a la compilation de tous lTes 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
Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde, ist
es mdglich, 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 technigue 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 l'intensité lumineuse sont décrites en détail. Les autres sujets
traités sont 1l'alimentation électrique, les conditions de mesures et leur
éxécution, la correction et la représentation 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 1l'Eclairage [5].

IX
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ZUSAMMENF ASSUNG

DIE MESSUNG DER ABSOLUTEN LICHTST‘ARKEVERTEILUNG

Dieser Technische Bericht enthdlt zundchst die fir Lichtstdrkemessungen
wichtigen Begriffsbestimmungen. Danach werden die Prinzipien der Licht-
starkemessung und Angaben Uber 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 (ber die Photoelektronik und die Registrierung
und Datenverarbeitung bei der Messung der Lichtstarkeverteilung behandelt.
Auch Aussagen zur Spannungsversorgung, zu den Mefbedingungen und zur
Durchfiihrung, Korrektur und Darstellung der Lichtstarkemessungen werden
gemacht. Bei den einzelnen Kapiteln werden ausreichende Angaben (ber die
notwendige Kennzeichnung von Goniophotometern aufgefdhrt.

Dieser BRericht stitzt 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]. Bei den Begriffsbestimmungen sind die
Angaben des Internationalen W&rterbuchs der lLichttechnik [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 dé 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: 1I,I,
Unit : Candela (symbol: cd)

1.1.2 ILLUMINANCE

The illuminance E at & point of -a surface is the quotient of the
luminous flux dp incident on an element of the surface dA containing the
point, by the area of that element.

E = db/dA (2)

Symbol: E,E,
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 aree of the orthogonal projection of
the element of surface on & plane perpendicular to the given direction.

2
L = "o (3)
&2 o dA + cose
€ Angle between the normal to the area and the direction
considered

Symbol: L,Ly
Unit : Candela per square meter (symbol: cdem 2)
1
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1.2 SURFACE OF LUMINQUS 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 proporticnal 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 & direction-dependent responsivity
of at least 10% of the maximum responsivity.

Note:

The measuring field is wusually circular. Bther fixed or variable shapes
are also possihle, 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

Copyright International Commission on lllumination
Provided by IHS under license with CIE
No reproduction or networking permitted without license from IHS Not for Resale



C(IE 70 87 M@ 9300LL45 0003030 200 WA

1.6 TERMS FOR MEASURING INSTRUMENTS

1.6.1 PHOTOMETER

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

Note:

Photometric quantities are quantities that can be derived from
radiometric quantities by wmeans of certain conventions (law of
additivity, V(A) 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 photometrie 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.q., 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 1s 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

axes 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

lLuminous 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 from the basic law of
photometry.

2.1 PHOTOMETRIC DISTANCE LAW

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

IaE s 2 /(cos g9 * Q) (4)
I Luminous intensity in the direction to the acceptance area
E [1luminance on the acceptance area
Distance between light source and acceptance area
€9 Angle of incidence, measured relative to the normal to the ac-
ceptance area
Qo lsr (unit solid angle)
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The quantity R0 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 Lambertien 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 1limiting 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 acceount.

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.

5
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All parts of the background of the light source that are visible Ffrom
the measuring area of the photometer head should be as blacdk as possible
[11]. as large a distance as possible should be kept between the light
source and the background (Fig. 1).

BAFFLES
BLACK - - " —
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:
—-— f [ ] L]
I= (AL) L (g ) « dA} = cos g (5)

A 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
€1 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]:
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- good fit of the relative spectral responsivity to the V(A) function
(error f})

- 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)

ACCEPTANCE AREA

OR APERTURE

LIGHT
SOURCE[
(DIAMETER )

: ' et —

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 +» aff (7)
D largest permissible extent of the light source

d diameter of the lens
r distance between lens and light source

7
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The measurements can be made at an arbitrary distance r between light
source and lens as long as the condition according to eguation (7) and
conditions regarding the limiting photometric distance {(limiting the ratie
D/t to a maximum value) are satisfied (see also 3.2.3).

3.2.1.2 Photometer head with parallel oriented optics

Instead of a single lens it is alsoc possible to use several len-
3es that are positioned immediately next to each other. By means of such
an arrangement it is possible to measure light sources with larger emitting
areas.

Mote:

A photometer head with parallel oriented lenses can also be constructed
in such a way that the lenses are merely positioned next to each other
in a single line. This row of lenses can be moved or tilted in a plane
normal to the measuring direction, and the luminance integration (summa-
tion) perpendicular to the row of lenses must be performed numerically

[13].

3.2.1.3 Photometer head with tubes [14,15]

A photometer head for luminance integration can also be construc-
ted by means of parallel tubes followed by a light collecting device and a
photo-electric detector (with V() response). Ffigure 3 shows such an ar-
rangement, in which the light-collecting device is realized by means of a
spherical device located behind the tubes and with an effect similar to an
integrating sphere. The detector can be located at the side of the spheri-
cal device. A spatially constant evaluation of the luminance can be
achieved by means of apertures in front of the detector.

LUMINAIRE T
C 7 A -——-—i+—€)
m m
t
TUBES
SIRRERRREEEN
w
| PHOTOMULTIPLIER

CAP OF THE SPHERE

rig. 3: Photometer head with tubes for luminance integration

8
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The relative spectral responsivity of such a photometer head is determined
decisively by the spectral reflectance of the interior paint of the spheri-
cal collecting device. Pollution of the paint - even 1if it s
non-selective - can lead toc a change in the relative spectral responsivity
and in the absolute responsivity of the device as a whole.

Note:

A test of the relative spectral responsivity of the whole measuring head
is not possible in practice.

Figure & shows another arrangement of the photometer head with paraliel
oriented tubes, for which a high uniformity of the spatial responsivity can
be achieved and which has a stable and measurable spectral responsivity
[16].

TUBES
= ~—— DIFFUSING DISCS
HOUSING
PARTIAL
ABSORBER
DETECTOR

Fig 4: Photometer head for luminance integration

The distance between the light source and the acceptance area of the photo-
meter head can influence the result of the measurement.

In order completely to cover the emitting area of a light source, the
smallest distance ryj, between the acceptance area and the light source
should comply with (Fig. 5)

Toin = (/Y2 - d/2) .« f/d (8)
where
b3 distance between adjacent tubes in tube plate
tube diameter
f thickness of tube plate
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for mechanical reasons, rnin Must also exceed half of the largest extent
\D) of the light source. Thus a conservative limit for the largest dimen-
sion (Dpgy) Of the largest light source that may be measured with the in-
strument would be set by requiring the sum of rpi, and Dpax/2 to equal

the fixed radius of rotation (r) of the goniophotometer. Ffrom this condi-
tion Dpgax can be specified as

Dmax = 2(r - rpin) {9)
Dmax . largest extent of the largest permissible light source
Tinin according to equation (B)

ko]

given radius of rotation for a particular goniophotometer

LIGHT EMITTING AREA

N \\\A\Y\\I\K/ NN
X
HORIZONTAL \\ |
PROJECTION

|
\|/

y M
W f@ ruee-pLaTE

- 4 —
-4
VERTICAL 2 4
PROJECTION

O |

€ig. 5: Dimenslong for photometer head for luminance integration with
tube plate

10
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The minimum diameter B of the acceptance area of the photometer head should
be

B =Dpax + 2+ r * d/f (10)

1t should be ascertained whether the result is independent of the distance
between light source and acceptance area,

3.2.2 INFLUENCE OF INHOMOGENEOUS ILLUMINATION [2,3,15]

A spatially inhomogeneous luminance of the light source can cause measuring
errors, if the responsivity of the photometer head is not uniform over the
acceptance areas.

The measuring error will depend on the luminance distribution of the light
source, the size of the source and the magnitude and distribution of
responsivity differences over the acceptance area.

If a calibration is performed, the measuring error will depend on the rela-
tive properties of the calibration source and the source to be measured as
well as on the position of the sources relative to the acceptance area.

If possible the calibration source and the source to be measured should be
placed in the same position.

To provide a basis for the evaluation of possible measuring errors the
responsivity distribution over the acceptance area should be determined.

This may be done by bringing the photometer head to a horizontal position
with the normal te the acceptance area pointing upwards and moving a light
source in a horizontal plane at a distance greater than the minimum dis-
tance cpin (see equation 8) in such a way that it covers successively the
whole area above the photometer head.

The light source should have an approximately constant luminous intensity
distribution in directions close to the normal and its emitting area should
not exceed 1/10 of the acceptance area ar 10 cm? (whichever is smaller). A
100 W frosted incandescent lamp may be used.

The readings of the photometer for the various positions of the lamp may be
used to calculate the error fyg by inhomegeneous illumination relevant to
the intended use of the photometer.

A worst-case error is obtained if fg is determined as the largest percen-
tage difference between readings.

11

Copyright International Commission on lllumination
Provided by IHS under license with CIE
No reproduction or networking permilted without license from IHS Not for Resale



CIE 70 &7 900bk145 0003039 438 M

fo = (1 - Ynin / Ymax) * 100 % (112

Y
Y

min Minimum reading
max Maximum reading

I[f the photometer is to be used for the measurement of compact light
sources, fg should be determined as the largest percentage difference of
.a) the mean of the readings taken along the circumference of any circle
contained within the acceptance area and centred on the midpoint of the
area and (h) the midpoint reading

360 © 360 © 1 Ad
fg = 1 (F Y, ) - ( Yo Vi e = o2 L 100 % (lla)
s =L Clgo Yedmax = (T o Yedin 1+ o=+ 55
Yo midpoint reading
Ax angular step size of readings in degrees

(T Yy dnax maximum of the mean reading along a cirecle

(Y Yg)dmin minimum of the mean reading along a circle

If the photometer is to be used for the measurement of lirnear 1light
sources, fg should be determined as the largest: percentage difference of
the mean reading along any diameters of the circles and the mean reading
along the circle diameter parallel to the ‘horizontal axis of the photo-
meter.

If the photometer is to be used for both ‘compact and linear light sources
the larger of the above errors should be stated.

Readings should be taken at .the smallest possible increments in circle dia-
meters and angular distance between diameters. In the determination of fy
percentage dif ferences for-increments of circle diameters of 20 cm and in-
crements of angular distance of 5© should be calculated.

3.2.5 INFLUENCE .OF THE MEASURING-FIELD ANGLE

When the luminous intensity is determined by an illuminance measure-
ment the limiting photometric distance r determines a maximum value for the
ratio D/r (D being the largest extent of the light source). This limiting
ratio must also be taken into account if the luminous intensity is deter-
mined via a luminance measurement. For a photometer head with lens this
means

Tan a € D/r (12)

v  Measuring-field angle according to equation (6)

12
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For a photometer head with tubes it requires
d/f € 2 D/r (133

d,f see Fig. 5
4. MEASURING PLANE [2,3,4,17]

In general the luminous intensity distribution of light sources (lamps
or luminaires) is measured in a number of planes. The number of luminous
intensity distribution curves and the selection of measuring planes depend
on the kind of light source and its use as well as on the type of gonio-

photometer. From the variety of possible measuring planes three systems of
planes have proven specially useful.

4.1 A-PLANES (See Fig. 6)

The totality of A-planes is the group of planes for which the line of
intersection goes through the photometric centre parallel to the emitting
area and perpendicular to the assumed axis of the light source.

Note:

The system of A-planes is coupled rigidly to the light source and fol-
lows its tilt if the light source is tilted.

L <AXIS OF LIGHT
SOURCE

Fig. 6: A-planes

13
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4.2 B-PLANES (See Fig. 7)

The totality of B-planes is the group of planes for which the line of
intersection goes through the photometric centre and is parallel to the
assumed axis of the light source and is perpendicular to the line of
intersection of the A-planes.

Note:

The system of B-planes is coupled rigidly to the light source and fol-
lows its tilt if the light source is tilted.

O~ _LINE OF INTERSECTION AND
AXIS OF LIGHT SOURCE

Fig. 7¢ B-planes

4.3 C-PLANES (See Fig. 8)

The totality of C-planes is the group of planes for which the line of
intersection is the wvertical line through the photometric centre.

Note:

The system of C-planes is generally oriented rigidly in space and does
not follow a tilt in the light source. The line of intersection of C~
planes is only perpendicular to the lines of intersection of the A- and
B-planes for zero tilt (6 = 0) of the light source.

In some cases the totality of C-plenes is also referred to as the group of
planes whose line of intersection is the line of intersection of Ag- and
Bg-planes (see Fig. 9). In that case the system of C-planes is also rigid-
ly coupled to the light source (as is the case for the A- and B-planes).

14
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AXIS OF LIGHT
- -~ " SOURCE

(PERPENDICULAR TO
MEASURING PLANES)

Fig. 8: C-planes (6 tilt angle of* luminaire)

C270 L
,r-225
i CIBO
o _
A - ¥— LINE OF INTERSECTION
7o (OF Ay~ AND B, - PLANE)
‘n
| C 45 -
95%] —=F
C=931°—J C90 T

A XIS OF LIGHT SOURCE

Fig., 9: C-planes with rigid coupling to the light source
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4.4 CONICAL SURFACES (Fig. 10)

For some goniophotometers it is convenient to measure the luminous in-
tensity distribiytion curves at constant polar angles and to describe the
results as curves on conical surfaces. The axis of the cane corresponds to
the line of intersection of the C-planes.

LIGHT SOURCE

LUMINOUS INTENSITY
DISTRIBUTION

Fig. 19: Conical surfaces

4.5 SYMBOLS FOR PLANE ANGLES

The tilt angles of planes are designated by an index. The tilt angles
of the A- and B-planes are taken from. -180° through 0° to 180°, those of
the C-planes from 0 © to 360 © (semiplanes). The opening angle of the
conical surfaces is measured relative to the line of intersection of the
C-planes.

The following symbols are used (For angle symbols see Figs. 6-10):

- the angles in the A-plane have the symbnl o and are measured from the
line perpendicular to the line of intersection of the A- planes

- the angles in the B-planes have the symbol 8 and are measured from the
line perpendicular to the line of intersection of the B-planes

~ the angles in the C-plane have the symbol y and are measured from the
line of intersection of the C-planes in the downward direction

- the angles on the conical surfaces have the symbol C and are measured
from the Cy-plane.

The tilt angles of the planes are added as indices to the relevant planes.

16

Copyright International Commission on lllumination
Provided by IHS under license with CIE
No reproduction or networking permitted without license from IHS Not for Resale



CIE 70 &7 E® 900L145 0003044 &T5 W

4.6 RELATIONSHIPS

A certain direction in each system of planes is characterized by two
angles:

- an angle in one plane or conical surface
- and angle for the tilt of the plane or conical surface.

Table 1 shows the angle symbols commonly used in the various systems of

planes.
TABLE 1
Angle symbols
System Angle in the plane Tilt angle of plane
A-planes a A
B-planes B B
C-planes Y C
Conical surfaces C Y

The conversion equations listed in Table 2 hold for the angles in Table 1.

TABLE 2

Conversion equations for systems of planes

Direction
Tilt angle of plane|{ Angle in the plane

Given|Wanted

Ao B, |tan B = tan a/cos Al sin B = sin A . cos @
Ao C,y tan C = tan a/sin A| cos Y = cos A . cos o
B,B A,o ltan A = tan B/cos B| sina = sin B . cos B
B,B C,Y j{tan C = sin B/tg B | cos Y = cos B . cos B
C,y A,a tan A = cos C.tg ¥ sin ¢ = sin C ., sin Y
C,y B,8 tan B = sin C.tg v sin B = cos C . sin ¥

17
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12,4,18]

L

5. GONIOPHOTOMETER WITH FACILITY FOR TURNING THE LIGHT SOURCE
5.1 PRINCIPLE

In these goniophotometers the light source is tugcned around a vertical
as well as a horizontal axis. The photometer head is fixed. Accurate re-
sults for the luminous intemsity distribution with this type of goniophoto-
meter were only obtained for light sources in which the luminous intensity
distribution is independent of orientation and temperature.

Note 1:

For measurements of the luminous intensity distribution of fluocrescent
lamps and luminaires with fluorescent lamps this type of goniophotometer
can be used provided that for positions of the light source differing
from the normal burning position the luminous intensity in each direc-
tion is held constant by means of an auxiliary detector or that the ap-
oropriate correction factors are applied (see section 5.4).

Note 2:

The optical distance between light source and photometer head can be in-
creased by the use of a deflection miecror mounted at the far wall of the
measuring room, Selective reflection and polarization by the mirror
must be taken into account.

5.2 APPLICATION

Goninphotometers with a facility for turning the light source should
only be used to measure incandescent lamps and fluorescent lamps or lumi-
naires fitted with these lamps. These goniophotometers are the most advan-
tageocus type regarding construction and price. They are usually used for
the determination of the luminous intensity according to the photometric
distance law. The wuse of an auxiliary detector (section 5.4) is usually
required.

5.3 CONSTRUCTION PRINCIPLES

There are three types of goniophotometers with facilities for turning
the light source:

Type 1  Fixed horizontal axis and a moveable axis perpendicular to the
fixed horizontal axis (Fig. 11) [19]. Measurements are made in
the A~ or B-planes, when the light source is turned around the
norizontal axis and the second axis is in a fixed position.

18
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A

Se——
—

=0

,B,J{ PHOTOMETER HEAD

Fig. ll: Goniophotometer with facility for turning the light source, type
1.

Type 2 Fixed vertical axis, moveable horizontal axis (Fig. 12). Measure-
ments are made in the A- or B-planes.

S~
.-
S~

0

PHOTOMETER HEAD

Fig. 12: Goniophotometer with facility for turning the light source, type
2.

5.4 AUXILIARY DETECTORS [2,3]

Light sources for which the (absolute) luminous intensity distribution
changes with a change in burpning position but not the relative luminous
intensity istribution (e.g., fluorescent lamps or luminaires with
fluorescent lamps) can be measured with a goniophotometer in which the
light source is turned if the measurements are corrected by means of an
auxiliary detector. For precision measurements this method is not recom-
mended. An illuminance meter with a separate photometer head can be used
as reference detector. The auxiliary detector must be fixed to the light
source, so that it follows its movements. It should preferably be iliu-

19
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Type 3: Fixed vertical axis, moveable horizental axis .fig. i53,. Measure-
ments are made in the C-planes oar conical surfaces. Type 3 is
equivalant to type 2 if the light source is turned by 90 degrees.

f \\.
- PHOTOMETER HEAD
\\O

I
|

_e

Fig. 13: Goniophotometer with facility for turning the light source, type
3.

minated by all parts of the emitting area and should not mask the illumina-
tion by the light source on the photometer head used for measuring the lu-
minous intensity.

The only stringent requirements on the auxiliary detector are for small fa-
tigue and drift parameters. The rest of the parameters characterizing the
properties of illuminance meters are .of less importance.

For the measurement of the luminous intensity distribution one has to ob-
tain the reading on the auxiliary detector in the normal burning position
of the light source. On turning the light source around a horizontal axis
the reading on the auxiliary detector can be maintained at a constant level
via a corresponding adjustment of the supply voltage.

A second possibility consists in keeping the supply voltage of the light
source constant and correcting the measured luminous intensity in each
direction by means of a correction factor.

[ = Klpeas (14)

[ Luminous intensity of light source
K Correction factor
[neas Measured (inaccurate) luminous intensity

The correction factor K follows from the measured readings on the auxiliary
detector as

20

Copyright International Commission on lllumination
Provided by IHS under license with CIE
No reproduction or networking permitted without license from IHS Not for Resale



CIE ?0 47 BM 900b145 0003048 Yup mm

Eo
K = _— (15)
Eg
[y Reading on the auxiliary detector for the light source in the pre-
scribed burning position (after burn-in)
tq Reading on the auxiliary detector for the light source in the

position characterized by the angle 6.

6. GONIOPHOTOMETER WITH MOVING PHOTOMETER HEAD [2,4,18]
6.1 PRINCIPLE

In these goniophotometers the light source is turned around a vertical

axis and the photometer head moves around the light source in a vertical
plane.
Instead of a moving photometer head one can also use a number of fixed pho-
tometer heads that are positioned in a vertical plane, corresponding to the
movement of a photometer head. The possibility also exists to replace the
process of turning the lamp by an arrangement of photometer heads in a
number of vertical planes.

Note:

The use of fixed photometer heads in one or more vertical planes re-
quires a number of photometer heads corresponding to the desired angular
steps., All photometer ‘heads have to be calibrated separately, which is
in practice quite a disadvantage. In turn it is possible to use a sim-
pler mechanical construction and the measuring time is significantly re-
duced.

6.2 APPLICATION

Since the light source is turned only about the vertical axis in these
photometers and can therefore be measured in its normal burning position it
is possible to measure all kinds of lamps and luminaires containing them.
The prerequisite for an accurate measurement 1is a sufficiently large
distance between the light source and the photometer head; this distance
depends of course on the photometer head used. If a photometer head for
illuminance measurements is used it is generally necessary to use a room of
relatively great depth and height.

6.3 CONSTRUCTION PRINCIPLES

For goniophotometers with a moving photometer head there are basically
three types

21
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Type 1 The light source is turned at the point of intersection of the
horizontal and vertical axes around a vertical axis. The photo-
meter head 1is turned around a horizontal axis (Fig. 14). Alterna-
tively the photometer head can be moved on a circle in the
vertical plane around the 1light source without any mechanical
coupling with the light source (Fig. 15).

PHOTOMETER HEAD

Fig. 14: Goniophotometer with moving photometer head, type 1. The photo-
meter head is turned around a horizontal axis.

LIGHT SOURCE

PHOTOMETER HEAD

rig. 15 Goniophotometer with moving photometer head, type 1. The photo-
meter head moves on a circle around the measuring object without
direct mechanical coupling.
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Type 2: Light source and photometer head are at the opposite ends of a
beam, which is turned around a horizontal axis through the
centre of the beam (20]. The photometer head is rigidly fixed
to the beam, while the horizontal spindle supporting the lumi-
naire ensures that the luminaire hangs down like a plumb bob
as the beam rotates. The light source is turned in the pre-
scribed burning position around a vertical axis and the photo-
metric centre of the light source is turned around a horizon-
tal axis in a C-plane (Fig. 16). It must be mentioned that
many types of lamps have a temperature-dependent light out-
put. Therefore air velocity because of lamp movement must be
kept low. Rotating the lamps can also give rise to changes
because of centrifugal movement of, for instance, liquid
metal. The required room depth is only half that of type 1.
The use of this type is only meaningful in conjunction with a
photometer head for illuminance measurements.

LIGHT
SOURCE

— C ——————— AXIS OF
ROTATION

PHOTOMETER HEAD

Fig. 16: Goniophotometer with moving photometer head, type 2. Movement of
photometer head and light source on a circle in a vertical plane.

Type 3: The light source is turned around a vertical axis in a fixed posi-
tion. The photometer head is moved along straight lines in C-
planes (horizontally and vertically) without mechanical coupling
to the light source (Fig. 17). The moving photometer head can be
aligned with its optical axis on the photometric centre of the
light source. If the responsivity of the photometer head as a
function of the angle of incidence is taken into account numeri-
cally it can also stay in a fixed spatial orientation (optical ax-
is of photometer head vertical or horizontal). The influence of
the change in distance between light source and photometer head
must be taken into account numerically.

23
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PHOTOMETER HEAD
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£ig., 17: Goniophotometer with moving photometer head, type 3. Movement of
photometer head on a horizontal or vertical line.

For goniophotometers of types 1 and 3 it is possible to use a number of
fixed photometer heads - each calibrated separately - instead of the moving
one.

Their number depends on the required angular resolution and thus signifi-
cantly on the kind of light source. /The measuring time of such a gonio-
photometer can be very short. Calibration and ageing problems may be con-
siderable with these multi-photemeter head systems. Goniophotometers of
the first type can be fitted with-either a photometer head for the measure-
ment of illuminance or with a photometer head for the measurement of lumi-
nance. Goniophotometers «of the second and third type are used exclusively
with photometer heads for the measurement of illuminance.

For goniophotometers with moving photometer head measurements are made 1in
C-planes or on conical surfaces.

7. GONIOPHOTOMETERS WITH ROTATING MIRROR
7.1 PRINCIPLE

In tnese goniophotometers the light source is turned around a vertical
axis and a mirror arrangement around a horizontal axis. The position of
the photometer head is fixed.

24
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Note:

The optical distance between light source and photometer head can be in-
creased by the use of a deflecting mirror that is positioned al the far
end of the measuring room. Selective reflection and polarization due
to the mirror must be taken into account,

7.2 APPLICATION

Since the light source is turned only around a vertical axis in these
goniophotometers and can therefore be measured in the prescribed burning
position, all kinds of lamps and luminaires containing them can be mea-
sured.

The prerequisite for an accurate measurement is a sufficiently large dis-
tance between light source and photometer head, which depends on the kind
of photometer head used.

7.3 CONSTRUCTION PRINCIPLES

Goniophotometers with rotating mirror are today usually built with a
single mirror for easier alignment. ~Goniophotometers with several mirrors
are, however, also known [21]. Figures 18 and 19 show the construction
principle of a goniophotometer with rotating mirror. No direct light from
the light source must reach the photometric head. The mirror must be
sufficiently large so as 'not to cause vignetting in the beam path.

~HOLDER FOR LIGHT SOURCE

LIGHT SOURCE |

| PHOT(?METER HEAD

A OPTICAL AXIS
~ AND AXIS OF ROTATION -

: |

BAFFLES

Fig. 18: Goniaphotometer with rotating mirror (mircor on optical axis'
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Baffles must be placed between mirror and photometer head so that no direct
light from the light source and, preferably, alsoc no light reflected from
the floor, the ceiling or the walls can reach the photometer head.
Measurements are made in C-planes or on conical surfaces.,

/ OPTICAL AXIS
-~ — —_ PHOTOMETER HEAD

MIRROR

Fig 19: Goniophotometer with rotating mirror (lamp on optical axis).

The measurement of the errar caused by the turning mirror should be per-
formed according to section 3.2.2.

8. ANGLE MEASUREMENT

8.1 POSSIBILITIES

For the measurement of luminous intensity in a defined direction two
angles must be determined according to the particular system of planes
used. The positioning of the light source in the goniophotometer will
usually be done by hand or by motor. If by motor, it can be controlled by
hand or automatically, In the latter case an electric rotation measuring
device is required.. In all cases an angle measuring device can be used.
Possible methods are:

- adjustment of the goniophotometer by hand, reading of the angles from
angle scales

-~ adjustment of the goniophotometer by hand ar by motor, angle encoding by
means of a potentiometer, in which the voltage produced is a measure of
the angular position

~ use of stepping motors for which the number of pulses is a measure of
the angular position
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- use of angle encoders (pulse generators) in which the number of puises
is counted. An additional determination of the zero positinn has to be
performed

- use of absolute angle encoders, which do not require a zero adjustment.
A particular position remains encoded even if the power supply 1is
switched off. Any particular reference angle can be defined as the zero
position for specific measurements, with no loss of the absolute zero
position, which is continually accessible.

The current position usually is indicated digitally.

8.2 REQUIREMENTS

A sufficiently accurate positioning of the light source must be pos-
sible. For measuring arrangements with variable angular steps it is recom-
mended to choose an angular resolution of 0,1 °. A resolution of 0,01 ° 1is
possible.

Measures should be taken to ensure that the ‘indicated position is identical
to the actual position of the light source and is not rendered inaccurate
by the mechanical instability of the goniophotometer. This means that a
heavy construction of the mechanical parts of the goniophotometer is neces-
sary, which can influence the price of this equipment in an important man-
ner.

9. PHOTOELECTRONICS AND DATA PROCESSING

With the photoelectronics one includes the electronics for the acquisi-
tion and processing of the signal from the photometer head (usually an
operational amplifier with Feedback) with additional circuits for the digi-
tal or analog display of the luminous intensity as well as suitable
outputs, e.g., for connection to a computer or XY-recorder. Where
applicable, the power supply for a thermostatted photometer head is also
part of the photoelectronics. Circuits for auto-ranging are also a useful
feature.

AC operated lamps, especially discharge lamps, will have a certainr
modulation of the light output at a freguency of 2 times the supply
frequency. The measuring results should be unaffected by this modulation,
by means of a sufficiently long time constant in the electronies or by time
integration. However, this should not influence the measuring results as &
function of the goniophotometer speed by measuring "on the fly."

For DC powered lamps the total measuring time can therefore usually b5H-
shorter than for AC powered ones.
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ihe properties of the photometer head in conjunction with the photoelectro-
nics have to conform to the same specifications as required for illuminance

ot luminance meters |6].

The acquisition of the measured values (sets of one luminous intensity rea-
iing, two angular positions and, where applicable, a reading from an aux-
iliary detector) can be performed:

- through manual registration of the desired quantities displayed in an

analog or digital form
- by sorinting the set of measured values on a suitable printer

-~ by direct plotting of the luminous intensity distribution on an XY-re-
corder in polar or cartesian coordinates

-~ by storage in the memory of a suitable computer.

If a completely automatic measurement and acquisition of the luminous in-
tensity distribution is required, the computer to be used for the necessary
calculations and the printing of the measured values should be chosen on
the basis of the information required for the light source. This includes
orinting of the luminous intensity distributien-in the form of tables and
graphs [3]. In addition: for lamps, the printing of the luminous flux
value and of the luminous efficacy; for luminaires, the total luminous
flux of the luminaire, the light output ratio of the luminaire, distribu-
tion of the mean luminance (for the evaluation of the glare limitation);
for floodlights, the horizontal and vertical one-tenth-peak divergence
{spread) of the utilized flux, the utilization factor, etec.

10. GENERAL MEASURING CONDITIONS

10.1 OPERATING CONDITIONS

A11 lamps shonuld be operated and measured, unless otherwise agreed,
according to the conditions gpecified in the applicable TEC recommendations
and national standards. [t is essential to state whether the measurements
are made at nominal voltage, current or power. This ensures that the
results can be compared with values measured at other laboratories within

the unavoidable measuring uncertainty.

The values of the guantities to be fixed should be influenced as little as
possible by the measuring and operating facilities. Unavoidable influences
should be taken into account in the evaluation of the measurements.
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Calibration should be performed with means (lamps, measuring equipment)
calibrated directly or indirectly in comparison with internationally
recognized standards.

10.2 AGEING

The operating parameters of lamps change over their lifetime to vary-
ing degrees. Changes are especially pronounced cover the first part of
their lifetime. In order to achieve a sufficient degree of repeatability
of measurements it is therefore necessary to age the lamps.

The duration of ageing is specified for the different types of lamps in the
applicable IEC recommendations and national standards.

10.3 BURNING POSITION

The operating position of light sources must comply with the applic-
able IEC recommendations and national standards or with the specifications
of the manufacturer and the application. The burning position must be
stated in the measuring report.

10.4 AMBIENT TEMPERATURE

The light sources should be operated during the measurement in a
draught-free room in such a way that the convection flow of the surrounding
air is not impaired. _Photometric measurements are usually performed at an
ambient temperature ‘of 25 ©C. For light sources with a strongly tempera-
ture dependent luminous flux the temperature tolerance should be * 1 ©C,
for other light sources it should be * 3°9C. If measurements are made at a
different ambient temperature this temperature has to be stated.

The luminous flux of some special lamps is measured accaording to the speci-
fications of the manufacturer if the lamp is o¢perated within a defined and
prescribed substitute luminaire.

The temperature should be measured with a thermometer with a resolution of
at least 0,1 °C. The temperature measurements should be done at a repre-
sentative spot and at about the same height as the light source.

The distance between the temperature sensor and the photometric centre of
the light source to be measured should exceed half the largest horizontal
extent of the light source by 0,5 m in the case of a goniophotometer. The
temperature sensor must be shielded from direct irradiation by the light
source to be measured.
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10.5 VIBRATION AND 5SHOCK

When switched on, most lamps should not be subjected to accelerations
exceeding 10 m/s? (4-3000 Hz) or positional changes exceeding 30 mm (up to
4 Hz). However, it is not possible to give a single set of limiting values
far all types of lamps and luminaires.

10.6 STABILIZATION PERIOD

It is the purpose of the stabilization period to achieve a stable
state of all parameters important for the measurement. During the
stabilization the same operating conditions should apply as during the
following measurement. Special attention should be paid to avoid changes
in the burning position and the specified operating parameters (e.g.,
nominal voltage, power and current). The required stabilization period
depends on the type of light source and the operating <conditions. It
should be checked by continuous monitoring of the readings. A light source
can be considered as stabilized if the corresponding readings no longer
show a trend in one direction.

Note: Some light sources remain stable for some time and then start
changing again until a new stable situation is reached.

10.7 ELECTRICAL MEASUREMENTS

10.7.1 MEASUREMENT UNCERTAINTY

Differing results of photometric measurements are often caused by
errors in the measurement or the adjustment of electrical parameters. For
current and voltage (DC and AC) the uncertainty for incandescent lamp mea-
surements should not exceed 0,1 %, while the corresponding figure for AC
current and voltage in the case of discharge lamps is 0,2 %.

Note:

For incandescent lamps an error in the voltage of 1 % causes a deviation
in the luminous flux of about 4 %. The same error in current causes an
8 % error in luminous flux.

There should be agreement as to which of the parameters to be measured
(voltage, current, power) should be kept constant and what other condi-
tions one should possibly meet.

30

Copyright International Commrission on lllurrination
Provided by IHS under license with CIE
No reproduction or networking permitted without license from IHS Not for Resale




CIE 70 47 E& 9006145 0003058 35T MM

10.7.2 POWER TYPE AND OPERATING MODE

With DC one can usually measure more accurately than with AC, since
for AC the light source as well as the electrical measuring instruments are
subject to a greater number of influencing guantities (e.g., frequency,
wave form, phase lag). Because of the sometimes strong dependence of the
photometric quantities on the electrical ones one should use supplies that
are as stable as possible.

10.7.3 WIRING

Wires, ballasts and electrical measuring instruments should be posi-
tioned and, if necessary, screened in such a way that an influence of ex-
ternal fields is avoided. If it is required for some photometric measure-
ments to determine the lamp voltage or power, the use .of a measuring lamp
holder is recommended.

Note:

A measuring lamp holder has four contacts, two for the current supply
(IL) and two separate ones for the measurement of the lamp voltage
(UL) directly at the lamp socket. A four electrode lamp holder
reduces the voltage measuring error to zero, because no measurable
current flows through the measuring contacts, when wusing a high
impedance digital voltmeter.

10.7.4 EXECUTION OF THE ELECTRICAL MEASUREMENTS [22]

When measuring with current, volt or power meters, the voltmeter or
the voltage path of the power meter should be connected between light
source and current meter (or current path). The measuring current (power)
of the instruments themselves must be taken into account (see also in-
structions in the applicable IEC recommendations). The capacity of the
circuit may influence the results, especially if higher frequencies occur
as for instance in low pressure sodium vapour lamps. Grounding errors can
also substantially influence the measuring results.

For accurate AC measurements on discharge lamps, instruments should
be of the "true rms" type to cope with harmonics. When measuring high
freguency operated discharge lamps special methods and instruments are
required [23].

10.7.5 MEASURING CIRCUIT

In the case of discharge lamps IEC recommendations specify the cir-
cuilts for the light sources to be measured.
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10.8 BALLASTS

Measurements on discharge lamps are usually made with reference bal-
lasts. If other ballasts are used (e.q., for measurements on luminaires),
the ballast used should be noted in the measuring protocol.

10.9 SUPPLY VOLTAGE

Measurements on incandescent lamps should preferably be performed with
a DC supply because of the higher accuracy of the electrical measurements.
Measurements on discharge lamps generally have to be performed with an AC

supply.

The supply voltage during ageing should be stable to within 0,5 %, during
the actual measurement to within 0,1 % and for calibrations with incandes-
cent lamps as standards to within 0,02 %.

The frequency should differ at most by 0,1 % from the -one for which the
ballast is designed.

The total harmonic content of the AC supply voltage should not exceed 3 %.
For the operation of high pressure lamps with a high proportion of reactive
power the power supply should be chosen in such a way that the required re-
active power can be met.

The total harmonic content is defined as the root-mean-square (r.m.s.)
summation of the individual harmonic. components, using the fundamental as
100 %.

Note: This implies that the source of supply should have a sufficiently
low impedance compared with the ballast impedance and care should be
taken that this applies under all conditions of measurement.

10.10 EXECUTION OF .THE MEASUREMENTS

For the measurement the photometric centre of the light source
should be positioned at the point of intersection of the axes of rotation.

The result of the measurement should not be influenced by the movement of
the light source.

Note:

For measurements on fluorescent lamps the velocity of rotation should
not exceed 3 revolutions per minute, to avoid influencing the result
through the draught caused by the rotation.
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Stray light on the photometer head should be reduced by the use of baf-
fles, which should not cause vignetting in the beam path.

Before starting the measurements the light source should be burned in
long enough to attain thermal equilibrium. All electrical and photo-
metric instruments should be switched on long enough before the start of
the measurements for their warm-up period to be exceeded at the start of
the measurement [6]. '

11. CORRECTION OF MEASUREMENT RESULTS

If the light source is operated during the measurement with a voltage
differing from the nominal voltage, if the ambient temperature differs from
the specified one, or if the light source is measured in a position differ-
ing from the prescribed one, the results should be corrected if possible.

A correction of the results due to a voltage differing from the nominal one
is possible if the relationship between the luminous flux of the lamp and
the voltage is known. Results obtained with a different ambient tempera-
ture can be corrected to a certain extent. For lamps with a temperature
dependent luminous flux, results can be corrected for a different ambient
temperature if the relationship between luminous flux and ambient tempera-
ture is known. In the case of luminaires the temperature differential be-
tween luminaire and ambient must be known as well.

A correction due to a different burning position is possible for incandes-
cent and fluorescent lamps by means of additional measurements with an aux-
iliary detector (see section 5.4).

12. PRESENTATION OF RESULTS

The results should be presented in a suitably chosen system of planes
in cartesian or polar coordinates and in tabular form. It is also advise-
able to convert the results to those for the nominal luminous flux (if
known) of the lamp used in the measurement. The nominal luminous flux
should be stated.

For measurements on luminaires which can be provided with different lamps
of the same geometry (dimensions and position of the emitting area), it is
recommended to refer the luminous intensity to a luminous flux of the lamps
to be fitted in the luminaire of 1000 1m [2,3,4].
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13. MECHANICAL ADJUSTMENT

15.1 GONIOPHOTOMETER WITH FACILITY FOR TURNING THE LIGHT SOURCE

For goniophotometers of this type the axes of rotation must be perpen-
dicular and must have a point of intersection. It must be ensured that the
horizontal and vertical axes really correspond to the directions in ques-
tion. This requirement should be checked with a high precision level with

an uncertainty of not more than 0,01 ©.

At the point of intersection of the axes a mirror with a good optical sur-
face finish and 5 mm diameter is put in the position of the light source in
the plane through the light centre of the light source, which has a normal
in the direction of the optical axis of the goniophotometer (line between
the point of intersection of the axes and the centre of the measuring area
of the photometer head).

The point of intersection of the axes and the centre ofthe measuring area
are then adjusted to the same height by means of a hose level. A stable
laser is positioned in such a way that the centre of its emitting area cor-
responds to the centre of the acceptance area of the (removed) photometer
head. Its beam is directed at the centre of the optical mirror on the
turning device for the light source.

The turning device for the light source is adjusted in such a way that the
laser beam is reflected back exactly onto itself. This can be checked with
a white, diffusely reflecting area around the laser emitting area and the
visible position on it of the reflected laser beam. Then the procedure is
as follows:

- Goniophotometer types 1 and 2

If the mirror is turned around the vertical axis (it is now also verti-
cal for type 2 .goniophotometers) the reflected laser beam should hit the
walls of the photometer room on a hocrizontal line. If the beam hits the
wall to the side of the point of intersection of the axes of the turning
device for the light source and at the height of the centre of the emit-
ting area of the laser (to be checked with hose level) when the vertical
axis is turned by about 45 ° in either direction, the vertical axis is
set correctly.

When rotating the device for turning the light source by 45 ° in either
direction around the horizontal axis the reflected laser beam incident
on the floor or the ceiling should coincide with the vertical line
tEhrough the point of intersection of the axes.
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- Goniophotometer type 3

For this type of goniophotometer the orientation of the vertical axis is
checked in the same way as for types 1 and 2. The position of the hori-
zontal axis is checked by turning the mirror around the horizontal
axis. In that case the position of the reflected laser beam in the
plane of the measuring area of the photometer head should not change.

13.2 GONIOPHOTOMETER WITH MOVING PHOTOMETER HEAD

In order to check the orientation of the vertical axis of the turning
device for the light source, the photometer head is moved to the lowest
position (y = 0). A laser is mounted in place of the light source, with
its beam directed at the centre of the (covered) acceptance area of the
photometer head. If the laser is turned around the vertical axis the posi-
tion of the beam in the plane of the acceptance area should not change.

For checking the position of the horizontal axis.a thick white string with
a weight at the bottom is fixed to the vertical axis. If a laser is put in
the place of the photometer head and its beam hits the string, then the
horizontal axis is located where the beam remains at the same spot on the
string when the horizontal axis is turned.

13.3 GONIOPHOTOMETER WITH ROTATING MIRROR

In order to check the adjustment of the goniophotometer with a rotat-
ing mirror a measuring shaft is inserted in the receptacle for the light
source, which contains the vertical axis and which has a diameter of a few
millimeters at the point of intersection of the axes (location of the
photometric centre). The position of the photometric centre is marked on
it., The photometer head is replaced by a laser, with its beam after re-
flection from the mirror being directed at the photometric centre for any
mirror position, By means of an aperture placed near the mirror the
diameter of the laser beam should be restricted to less than 10 mm. When
turning the mirror the laser beam should hit the photometric centre
independent of the mirror position. '

14. CALIBRATION

Goniophctometers can be calibrated by means of a luminous intensity
standard lamp. Alternatively, the illuminance meter (luminance integra-
tor) is calibrated and the distance between the point of intersection of
the axes and the acceptance area is measured. For goniophotometers with
rotating mirror the first method includes the properties of the mirror.
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14,17 LUMINQUS INTENSITY STANDARD

The luminous intensity standard lamp is mounted with its photometric
centre at the point of intersection of the axes in the prescribed burning
position in such a way that the luminous Iintensity is measured in the
direction for which the lamp 1is calibrated. From this follows the
relationship between luminous intensity and reading.

14,2 CALIBRATED TLLUMINANCE METER

The illuminance meter is calibrated on a photometric bench and the
distance between the point of intersection of the axes and the measuring
area is measured. Ffrom these data it is possible to calculate the luminous
intensity according to the photometric distance law., For a photometer head
with luminance integration no distance measurement is required if it has
been established that the reading is independent of the distance.

14.3 RELATIVE MEASUREMENTS

For the measurement of the relative luminous intensity distribution
[2,3,4] no special calibration is required., The linearity of the photo-
meter must be insured.

15. ERROR SOURCES AND MEASUREMENT ACCURACY

15.1 MECHANICAL ARRANGEMENT

The following mechanical- defects can cause measuring errors:
- linsufficient mechanical stability
- horizontal and vertical axis do not intersect
- the two axes are not perpendicular to each other

- with goniophotometers with rotating mirror, the optical axis of mirror
and the rotating axis of turntable do not coincide

- vibration of moveable parts during rotation
- wrong positioning of the photometer head

- uneven rotation due to vibrations or lack of balancing.
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15.2 ANGLE MEASUREMENTS AND ANGULAR STEP SIZE

The accuracy of luminous intensity measurements depends to a large ex-
tent on the measurement uncertainty for angle measurements and the angular
step size. The measurement uncertainty depends essentially on the kind of
angle encoder used. Information about this aspect should be obtained from
the manufacturers. For a known luminous intensity distribution the mea-
surement uncertainty in the luminous intensity caused by this aspect can be
calculated.

If the goniophotometer is not stopped at each angular position (angles x,y)
to perform a measurement, each measured value will be the mean over an
angular interval that depends on the measuring time and the speed of rota-
tion of the moveable parts. Factors influencing the resulting measurement
uncertainty are:

- mechanical uncertainties with angle measurements

- angular uncertainties during the integration time, especially for AC po-
wered light sources

- the time interval required for one sample
- the time interval between two'successive angle steps.

15.3 INFLUENCE OF ROTATING MIRROR OR PHOTOMETER HEAD FOR LUMINANCE
INTEGRATION

The mirror used in goniophotometers with rotating mirrors deviates in
its properties from an ideal mirror. Measuring errors caused by the mirror
can have the following causes:

- deviation of the mirror surface from a plane and the change of this de-
viation during rotation

- local changes of the reflectance of the mirror

- light scattering on the mirror surface due to diffuse reflection, damag-
ed mirror surface or dust

- polarization of the light to be measured at the mirror surface
- wavelength dependence of the reflectance of the mirror surface

- insufficient plane parallelity of the substrate glass for rear coated
mirrors (lens effects).
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A polarization error caused by the mirror [24] can sometimes be eliminated
by means of an analyser placed in front of the photometer head, which moves
with the mirror. The error caused by the light scattered from a clean ro-
tating mirror is difficult to eliminate. However, for a large measuring
distance and a good mirror it is usually negligible.

The error due to the deviation of the mirror surface from a plane (surface
roughness) cannot be eliminated. It can be made negligible by careful se-
lection of the mirror.

It is possible to eliminate the error caused by the selective spectral re-
flection of the mirror surface by fitting the relative spectral response of
the photometer head plus the mirror to the V() function.

For photometer heads with luminance integration, errors can be caused by:
~ non-constant spatial response
- insufficient size of the acceptance area

-~ linsufficient distance between light source and acceptance area, causing
some parts of the light source to be missed

- too large a measuring-field angle, causing the condition of the limiting
photometric distance to be violated.

15.4 STRAY LIGHT

Stray light can .invalidate the result of measurements of luminous
intensity distributions. Therefore it is recommended to use baffles be-
tween the light source and the acceptance area of the photometer head that
limit the incidence of stray light but do not cause vignetting in the beam
path.

It is possible to determine the proportion of the stray light by placing a
screen of the smallest possible dimension, that eliminates the direct
incidence of light from the light source on the acceptance area, approxi-
mately halfway between the light source and the photometer head. The
measurement of the luminous intensity distribution should be repeated with
this screen in place. The measured signal is then due to the incidence of
stray light and this amount should be subtracted from the measurement made
without the screen. (See also [25]).
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15.5 RELATIVE SPECTRAL RESPONSIVITY

The relative spectral responsivity of the photometer head used should
be fitted very accurately to the spectral luminous efficiency V(A) of the
human eye for photopic vision [1,6,7]. If the light source to be measured
has the same spectral distribution as the calibration standard the quality
of the V(A) fit is not important. This can be the case, for example, in
relative measurements. For a goniophotometer with rotating micror the V(A)
fit of the photometer head should be made in conjunction with the mirror.
For photometer heads for luminance integration one should pay attention to
the fact that the relative spectral response may change due to dirt (even
if it is non-selective) if a cavity is used for integration. The measure-
ment of the relative spectral response for these photometer heads is always
possible for the detector used but not generally for the complete photo-
meter head.

15.6 ILLUMINANCE AND LUMINANCE METER

The photometer head with the attached photoelectronics determines
the measurement accuracy to a large. extent. Specifications and error
limits for the measurement accuracy ‘have been compiled in CIE publications

[1,6].

15.7 DATA PROCESSING

For the acquisition and processing of the measurement data the errors
with the digital signals will usually be negligible. If the data are ac-
quired in an analog way errors due to the instruments used should be taken
into account.

15.8 LIMITING PHOTOMETRIC DISTANCE

Errors depending on the luminous intensity distribution can be caused
by too small a distance between the light source and the photometer head.
Examples of error calculations are given in the literature [9,10].

15.9 OPERATING CONDITIONS

Frrors can be caused by operating conditions deviating from prescribed

conditions. They are:

- positioning of the photometric centre in a position deviating from the
point of intersection of the two axes
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- deviation of the orientation of the light source from the prescribed
burning position. This influence can be corrected for only very inaccu-
rately in the case of goniophotometers with a device for turning the

light source

- start of the measurements before the end of the burn-in period or the

warm-up period

- inaccurate adjustment and measurement of the operating voltage of the

light source
- deviation of the mains frequency from the prescribed frequency
- wvarying contact resistance of the slip rings

- non-permissible harmonics content of the supply voltage

- deviation of the ambient temperature from the prescribed value
- temporal instability of the light source to be measured

- draught by means of ventilation equipment or too fast movement of the
light source

- screening of parts of the light source by mechanical parts of the
goniophotometer or by baffles in the light path.

15.10 PHOTOMETRIC STANDARD

The photometric data of the standard used in the calibration are
subject to a measurement uncertainty. The value of the uncertainty of the
standard should be taken from the calibration certificate and should be
stated when giving ‘error limits for the measurements. Additional errors
are possible through the inaccurate setting of the electrical operating
conditions for the photometric standard during calibration.

16. CHARACTERIZATION OF GONIOPHOTOMETERS

16.1 MECHANICAL ARRANGEMENTS

In order to characterize the mechanical details of a goniophotometer
the following data should be supplied:

- type of goniophotometer
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- geometrical dimensicns
- permissible total weight of the light source
- permissible maximum dimensions of the light source

- angular interval over which the luminous intensity can be measured with-
out screening by parts of the instrument

- measuring distance between light source and photometer head.
For goniophotometers with rotating mirrors:
- data on the quality of the mirror.

16.2 ANGLE ENCODING

In order to characterize the instruments used for angle encoding the
following information is required:

- type of angle encoding

- resolution

~ type of zero encoding

-~ possible deviations between the measured and the true angles.

16.3 PHOTOMETER HEAD

The properties of the photometer head should be stated in accordance
with the relevant CIE recommendations.[6]. For photometer heads with lumi-
nance integration the data according to section 3.2 should be added.

16.4 PHOTOELECTRONICS AND DATA PROCESSING

In order to characterize the photoelectronics and data processing the
information in accordance with the relevant CIE publications [1,6] should
be supplied. In addition the following should be stated:

- the integration interval for the illuminance integration.
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