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C.1.E.  TECHNICAL COMMITPEE REPORT 

NOTE PRELIMINAIRE 

Ce rapport a été.prépar8 pa t  le C0mité.Technique CIE 1.5. 11 a été 
approuvé par la majorité du Comité, dans lequel sont repcbscntés la 
plupart des Pays Membres de la CIE t il cet recommandé pour 1'Ctude 

et l'application. Ce rapport n'est pas une Reconneandation Officielle 
de la CIE approuvée par les Comités Nationaux des Pays Membres. I1 
doit &re not4 que toute recomaandation y figurant est donnée à titre 

de conseil et non d'obligation. 

This report has been prepared by CIE Technical Conmiittee 1.5. It re- 
presents the majority approved opinion of the Committee on which are 

represented most Member Countries of CIE and is recommended for study 
and application. T h i s  report i s  not an Officially Agreed CIE Recommen- 
dation approved by the National Committees of the Member Countries. It 
should be noted that any recommendations in this report are advisory and 
not mandatory. 

VORBEMERKUNG 

Dieser Bericht wurde vom Technischen CIE Komitee 1.5. ausgearbeitet. Er 

entspricht der Mehrheit der Meinungen des Komitees, in dem die meisten 

Mitglieäslllnder der CIE vertreten sind. Es wird empfohlen praktische 

Erfahrungen &unit zu samal&. Er ist keine Offiziell Anerkannte CIE - 
Empfehlung, die von den Nationalen Komitees der Mitgliedsländer anerkannt 

wurde. Es muss darauf hingewiesen werden, dass alle Empfehlungen dieses 
Berichts nur als Anleitung dienen und nicht verbindlich sind. 
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SUMMARY 

Calculations for Interior Lighting : Basic Method 
This report presents a method which can serve as a basis for interior lighting design 
calculations. The method does not rely on standard light distributions for luminaires, is not 
restricted to regular arrangements of luminaires, and can be used in situations where the interior 
is a rectangular parallelepiped, the task plane can be regarded as one of the room surfaces, the 
room suifaces reflect uniformly and according to Lambert‘s law, the direct flux on the task plane 
does not vary significantly when the luminaires are rotated about their vertical axis. See also CIE 
Publication 52, Calculations for Interior Lighting: Applied Method. 

RESUME 

Calculs en éclairage intérieur: Méthode de base 
Le présent rapport est consacré à l’exposé d’une méthode qui sert de base A des méthodes 
appliquées. L‘emploi de cette méthode n’est pas limité à des luminaires de répartition lumineuse 
normalisée, ni A des implantations régulières de luminaires. Les limites du domaine d’application 
sont: le local est supposé réduit à un parallélépipède; le plan utile est supposé matérialisé par 
une paroi qui sera comptée comme une des parois du local; les parois réfléchissent suivant la loi 
de Lambert et ont des facteurs de réflexion uniformes; le flux direct sur le plan utile ne varie pas 
d’une façon significative suivant la direction des luminaires dans le plan horizontal. Voir 
également la publication CIE 52, Calculations for Interior Lighting: Applied Method. 

ZUSAMMENFASSUNG 

Berechnungsverfahren für Innenbeleuchtung: Basismethode 
Der vorliegende Bericht stellt eine Methode vor, die als Basis fiir Methoden in der Praxis dienen 
kann. Sie beschränkt sich nicht auf standardisierte Lichtstärkeverteilungen und regelmäßige 
Leuchtenanordnung. Die Voraussetzungen für die Anwendung der Basismethode sind die 
folgenden: der Raum wird vereinfacht gedacht als ein rechteckiges Parallelepiped; die 
Nutzebene wird als eine Raumbegrenzungsfläche angenommen; die Raumbegrenzungsflächen 
reff ektieren nach dem Lambertschen Gesetz und mit gleichmäf3igen Reflexionsgraden; der 
Direktlichtstrom auf der Nutzebene ist nicht wesentlich verschieden für Quer- und 
Längsaufhängung. Siehe auch Publikation CIE 52, Calculations for Interior Lighting: Applied 
Method. 
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CRLCULATIONS M R  INTERIOR LIGHTING 

BASIC METHOD 

1. In t roduct ion  

This  report presents  a basic method which does not  r e l y  on standard 
l i g h t  d i s t r i b u t i o n s  for luminaires and is not  restricted t o  regular  ar- 
rangements of  luminaires. 

The method is called a "basic method" because it serves a s  a basis for 
appl ied  methods. Another report is envisaged with standardised data t o  be 
used f o r  applied methods. 

The method can be used i n  s i t u a t i o n s  where : 

a. the i n t e r i o r  is a rectangular  para l le lep iped  i 

b. the working p lane  can be assumed to  be materialized by a sur face ,  t h a t  
w i l l  be counted as one of the room surfaces  ; 

c. the room surfaces reflect  uniformly and according to  L-ambert's l a w ,  
w i t h  r e f l e c t a n c e s  Ri of the c e i l i n g ,  R2 of t h e  f r i e z e  (defined as those parts 
of vertical surfaces which l i e  between the c e i l i n g  and t h e  plane of the l*i- 
n a i r e s ) ,  R 3  of the w a l l s  (defined as those parts of v e r t i c a l  surfaces which 
l i e  between the plane of t h e  luminaires  and t h e  working plane) and R4 of the 
working p lane  (s), and 

d. t he  direct f lux  on t h e  working p lane  does n o t  vary s i g n i f i c a n t l y  i f  t h e  
luminaires  are ro t a t ed  about t he i r  vertical a x i s  (*d. 

2 .  D i r e c t  f l u x  on the working plane P4 

I n  o rde r  to determine the d i r e c t  flux on the working plane, it is assumed 
t h a t  t h e  f l u x  emit ted by the luminaires i n  a cone having as i ts  a x i s  the 
( v e r t i c a l )  &x i s  of the luminaires, can be represented as a function of t h e  s o l i d  
angle of t h a t  cone, by a polynomial of the 4 t h  degree without a cons tan t  term. 

The c o e f f i c i e n t s  of the polynomial per ta in ing  to  a p a r t i c u l a r  luminaire are 
chosen to give  exac t  agreement with t h e  a c t u a l  cumulative zonal fluxes for the 
four zones of total solid angle II /2 ,  , 3 n /2, 2 n (+u). I n  t h e  proposed 

~-~ __ 
(*)The International Lighting Vocabulary gives  t h e  symbol p for the re f lec tance .  

asymmetry, a spec ia l  method of ca l cu la t ion  must be applied. Such a method 
w i l l  be given i n  another report .  
The In t e rna t iona l  Lighting Vocabulary g ives  a ä e f i n i t i o n  of a symmetrical 
luminaire which is s l i g h t l y  d i f f e r e n t  : 
"Lighting f i t t i n g  with a symmetrical luminous in t ens i ty  d is t r ibu t ion" .  

41, 4 ; 6 0 ,  O i 75, 5 ; 90, O degrees. 

(x5dThis is t h e  case f o r  most f luorescent  luminaires. I n  the  case of obvious 

(*xx)The l i m i t i n g  half-angle values f o r  these four  zones are : 

. ._ 
Previous page 

is blank 
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m e t h o d ,  these four zonal fluxes FC1, FC2, FC3 and FC4 (iL) character ize  
the doisnward l i g h t  d i s t r i b u t i o n ,  F being the total l i g h t  output of the 
luminaire (upward and downward)  . 

I n  these conditions . the f lux (fu) received on a r ec t ang le  from a symme- 
t r ical  pointsource located v e r t i c a l l y  above a corner of the rectangle ,  is 
a l i n e a r  funct ion of the fluxes,  FC1, FC2, FC3, FC4. 

The weighting f a c t o r s  al, GM2, GM3, mi4 (u) are themselves functions 
of the r a t i o s  X/H and Y/R of each of the sides of t h e  rectangle  t o  the sus- 
pension height  H (fig. i ) .  These factors multiplied by loo0 a r e  given i n  
tables 1.1 - 1.6. 

Example : If X 5 2,25 m, Y = 3 , 3 0  m and €I = 1 , s  m : 
X/H .+ 1 , s  and Y / ñ  = 2,2.  
From table 1.4 follows : 

These values a r e  given i n  thousandths, so that 
ûM1 = -12 : GM2 = 218 i GM3 = 47 ; GM4 = -4. 

f u  = ( -12 FCl + 218 FC2 + 47 FC3 - 4 FC4 ) / loo0 

By applying the operations äescribed above four t i m e s ,  one can obtain,  
for a given i n s t a l l a t i o n  i n  the room, the direct flux (Fu) received on t h e  
working plane from a given l u n a i r e .  

Pu 0 CGMl.FC1 + CcM2.FC2 + CW.FC3 +CGM4.FC4 

Example : For a room (-*I with A = 3 m, B = 4,s m and X = 185 m 
a c e i l i n g  mounteã luminaire is located at a distance 
X = 2,25 m from the long wall and at a distance 
Y = 3 ,30  m froin the s h o r t  w a l l .  The pairs  (x /ñ i Y / ü )  *a* 
t o  be considered f o r  the  four rectangles  are 8 

. 

(1,5 ; 2121, ( 0 , s  1 2,218 (0,8 8 1,s) t ( 0 , s  8 018) .  

Consulting tables 1.4, 1.2. 1.2 and 1 . 1  : 

(*I FC : cumulated flux 
(-1 GM : geometric mul t ip l i e r  

kk*I “A is assumed to be the smaller and B the  longer side. 
(***il I n  view of t h e  arrangement of Tables 1.1 - 1.6 t h e  p a i r s  are given 

with the smallest value as the first. 

-. . .. . .  

I . .  - .  .I.. . . 
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X/H Y/n GM 1 GM2 GM3 GM4 

1.5 2 . 2  -12 218 47 -4 
0.5 2 . 2  189 -4 36 -6 
0.8 1.5 147 117 -13 2 
0.5 0.8 267 - 78 -31 -5 - - , -  - 

C ûMln591 Z GM2=253 L GM3= 101 Z GM4=13 
from which follows : 
Fu = (591FC1 + 253FC2 + 101FC3 - 13FC4) / IO00 

The direct  f l u  F4 is t h e  sum of the f luxes  thus obtained for each 
luminaire of t h e  i n s t a l l a t i o n .  

3. I n t e r f l e c t i o n s  

The i n t e r f l e c t i o n s  are  ca lcu la ted  assuming t h a t  the total i l luminance ' 

(direct  i l luminance increased by ref lectc? illuminance) is d i s t r i b u t e d  
uniformly r e spec t ive ly  on the wholc ec i l jng- f r ieze ,  on t h e  w a l l s  and on 
the working plane.  

O 

In  these conditions and f o r  t h e  usual dimensions of i n t e r i o r s  thennitual-  
r e f l ec t ions  only depend i n  practice on the r e l a t ionsh ip  of the  suspension 
fac tor  J of t h e  luminaires  and the  room index K defined by ( f ig .  2) : 

H2 A x B  
J =  K -  

ß2 + i13 83 (A + B) 

A and B being the sides of the room, 113 the äistance between the p lane  of . 
t he  luminaires  and t\e working plane, ana R2 the height  of t h e  f r i e z e  
(distance between the c e i l i n g  and the p lane  of t h e  luminaires) .  ' 

4. ca lcu la t ion  of Il luminances 

I f  (NM) is  the number of luminaires i n  the  room, 
F is the total  light ou tpu t  of a luminaire  

FC4 is t h e  downward flux o f  one luminaire,  
F4 is  the flux which is d i r e c t l y  inc ident  on the  

A and B are the sides of the room. 

(upward and downward), 

working plane from a l l  the luminaires  and 

The mean i l luminances El on the c e i l i n g ,  E3 on t he  walls and E4 on the 
working plane are ca lcu la ted  by means of t h e  following l i n e a r  func t ions  of 
F, FC4, F4 : 

E1 RM11. (NM).F/AB + RM12. (NM).FC4/AB + RM13.F4/AB 
E3 * RM31. (NM).F/AB + RM32, (NM).FCQ/AB + RM33.F4/AB 
E4 = RM41. (NM) .F/AB + RM42. (NM) .FC4/AB + RM43.F4/AB 
The weighting factors Rü (e) are given in tables fI.l to 11-24 (u) 

k ) R M  : f n t e r f l e c t i o n s  
(&Tables 11.1 to  11.12, f o r  J = O i i n  first column number 873 

means RI = 0 , B  R3 = 0,7  R4 = 0,3 
Tables 11.13 to 11.24, for J = 1/3 ; i n  first column number 8873 
mean& R1 = 0,8  R2 = 0,0 R3 * 0,7 R4 = 0,3 

. . .  -. . 
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Example : fo r  J = O ; K - 0 , 6  and ~ 1 ,  ~ 3 ,  R4 = 873 
consul t ing table 11.1 first l i n e  (LI 

RMl1 = 1,255 RM12 = -0,889 RM13 = -0,189 
RM31 = 0,418 RM32 = 0,222 RM33 = -0,465 
RM41 = 0,473 RM42 -0,064 RM43 - 0,719 

i f  A and B are i n  metres, i l luminances are i n  lux. 

5. Calculat ion of i n s t a l l a t i o n  f luxes  

If E1 is the mean il luminance on the ceiling and frieze, 
E3 is t he  mean il luminance on the w a l l s ,  
E4 
AB is the  area of t h e  working plane,  
(NM1.F is the total  f l u x ,  
(NM1.FC4 is the f lux  i n  the lower hemisphere and 
F4 is the  f l u x  e m i t t e d  d i r e c t l y  by the i n s t a l l a t i o n  to the working 

plane, 

is the mean illinninance on the working plane,  

The latter three q u a n t i t i e s  are ca lcu la ted  by means of the following l i nea r  
expressions : 

(NM).F/AB = MR11.El + MR13.E3 + MR14.E4 
(NM).FCQ/Aß = MR21.El + MR23.E3 + MR24.E4 
F4/AB 5 MR31.El + MR33.E3 + MR34.E4 

The coe f f i c i en t s  MR are given i n  Tables 111.1 - 111.24. 
Example : f o r  J - O ; K = 0,6 and Ri, Ri, R4 - 873 (**I 

the fol lowing coe f f i c i en t s  are read a t  the first l i n e  of Tab le  
111.1 : 

MRl1 = 0,200 MR13 = 1,ûW MR14 = 0,700 
MR2 1 =-O, 800 MR23 = 1,523 MU24 f 0,776 
MR31 =-0,202 MR33 t-0,523 MR34 3: 1,ooO 

(i) The tabula ted  values are i n  1/1Oûû 
(*e) The same notat ion is used as  i n  Tables 11.1 - 11.24. 

. . .. 
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