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This Technical Report has been prepared by CIE Technical Committee 1-02 of 
Division 1 Vision & Colour 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 member- 
ship and other interested parties. It should be noted, however, that the 
status of this document is advisory and not mandatory. The latest CIE 
proceedings or Journal should be consulted regarding possible subsequent 
amendments. 

Ce rapport technique a été préparé'par le Comité Technique CIE 1-02 de la 
Division 1 Vision et Couleur et a été approuvé p a r  le Conseil de la Commission 
Internationale de l'Eclairage, pour étude et application. Le document traite 
des connaissances courantes et de l'expérience dans le domaine spécifique 
indiqué de la lumiére et de l'éclairage, et il est établi' pour l'usage des 
membres de la CIE et autres groupements intéressés. I1 faut cependant noter 
que ce document est indicatif et non obligatoire. Pour connaitre d'éventuels 
amendements, consulter les plus récents comptes rendus ou le Journal de la 
CIE. 

Dieser Technische Bericht ist vom CIE-Technischen Komitee 1.02 der Division 1 
Sehen und Farbe. ausgearbeitet und vom Rat der Commission Internationale de 
1'Eclairage gebilligt worden. Das Dokument berichtet über den derzeitigen ' 

Stand von Wissen und Erfahrung in dem behandelten Gebiet von Licht und 
Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und durch andere 
Interessierte bestimmt. Es sollte jedoch beachtet werden, daß das Dokument 
eine Empfehlung und keine Vorschrift ist. Die neuesten CIE- Tagungsberichte 
oder das neueste CIE-Journal sollten im Hinblick auf mögliche spätere 
Änderungen 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 à la compilation de tous les documents 
jucqu'à la mise sous presse, ce travail ne saurait être exhaustif. 

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine 
Billigung diirch die CIE. Obgleich große Sorgfalt bei der Erstellung von 
Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde, ist 
es möglich, daß diese  nicht vollständig sind. 

@ CIE 1988 
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SUMMARY 

Spectral luminous efficiency functions based on heterochromatic brightness 

matching for point surfaces, 2' fields and 10' fields are presented. Their 

averaged functions are derived with the intention that they be used to 

evaluate the luminous efficiency for the brightness of monochromatic lights. 

These functions could be used as the basis for further work t o  evaluate light 

sources with compound spectra. 

RESUME 

On présente des fonctions d'efficacité lumineuse relative spectrale obtenues 

par égalisation hétérochrome de luminosité avec des sources ponctuelles, des 

champs de diametre 2' et des champs de diamétre 10'. Les moyennes des 

fonctions ont été déterminées afin qu'elles soient utilisées à l'évaluation de 

l'efficacité lumineuse en termes de luminosité des rayonnements monochroma- 

tiques. Elles pourraient servir de base à des travaux ultérieurs concernant 

l'évaluation de la luminosité des rayonnements complexes. 

ZUSAMMENFASSUNG 

Es werden spektrale Hellempfindlichkeitsfunktionen auf der Grundlage eines 

heterochromen Heïligkeitsabgleichs für punktartige Lichtquellen sowie fur 

2' und 10' Gesichtsfelder dargestellt. Diese aus mehreren Untersuchungen 

gemittelten Funktionen wurden aufgestellt mit dem Ziel, die Helligkeit mono- 

chromatischer Strahlung bewerten zu können. Sie sind auch die Grundlage fur 

weitere Arbeiten mit dem Ziel, die Helligkeit von zusammengesetzten 

Strahlungen zu bewerten. 
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1 INTRODUCTION AND HISTORY 

1978: CIE P u b l i c a t i o n  N o  4 1  e n t i t l e d  'Light as  a t r u e  v i s u a l  
quan t i ty :  p r i n c i p l e s  of measurement' w a s  publ i shed[  1 .I 3 .  A 
d i f f e r e n c e  was c l e a r l y  shown between t h e  luminous e f f i c i e n c y  
f u n c t i o n  of  t h e  CIE ,  V(X), and t h e  f u n c t i o n  obta ined  by t h e  
direct  he te rochromat ic  b r i g h t n e s s  matching method, t h e  
efficiencyofthelatterbeing m u c h h i g h e r t h a n t h a t o f t h e  
former a t  bo th  long and s h o r t  wavelengths when both  f u n c t i o n s  
w e r e n o r m a l i z e d a t 5 7 0  nm,The need  t o d e r i v e  a s t a n d a r d  
luminous e f f i c i e n c y  f u n c t i o n  f o r  b r i g h t n e s s  was w e l l  
recognized,  b u t  t h e  data f r o m  direct  matching exper iments  were 
r a t h e r  l i m i t e d ,  and t h e  f u n c t i o n  w a s  no t  de r ived  a t  t h a t  t i m e .  
Thus it w a s  i n 1 9 7 8  t h a t  a n  a p p e a l  w a s  made t h a t  more d a t a  b e  
collected using t h e  direct he te rochromat i c  b r i g h t n e s s  matching 
method [1.2, 1.31. 

1979: Experimental  c o n d i t i o n s  f o r  t h e  d a t a  c o l l e c t i o n  were set 
up as follows: S t i m u l u s  s i z e  of p o i n t  sources ,  2O and loo arc  
of v i s u a l  angle ;  Photopic  i l l u m i n a n c e  level i n  t5e range of 50 

t o  500 t d ;  Observers '  age  between 18  and 50 y e a r s  old.  Some 
t o l e r a n c e s  were allowed so t h a t  as  much d a t a  as  p o s s i b l e  could  
be u t i l i z e d  i n  t h e  a n a l y s i s .  As a r e s u l t  of c a r e f u l  i n s p e c t i o n  
of t h e  d a t a  adopted i n  t h e  1978 r e p o r t ,  t h a t  of 1 2  o u t  of 31 
obse rve r s  were abandoned fo r  v a r i o u s  reasons ,  such a s  
d u p l i c a t i o n  of  t h e  same obse rve r s ,  i n s u f f i c i e n t  d a t a  p o i n t s  
w i t h  r ega rd  t o  t h e  wavelength,  etc. The d a t a  of 1 9  observers 
were f i n a l l y  adopted and t h e  r e v i s e d  v e r s i o n  of t h e  1978 r e p o r t  
was prepared. 

1981: A s a  r e s u l t  o f t h i s  w o r k a  b r i g h t n e s s  luminous  
e f f i c i e n c y  f u n c t i o n  for a 2O f i e l d  based on 1 9  obse rve r s  was 
achieved 

1983: 
t o  t h e  prev ious  r epor t .  T h e  number of obse rve r s  had increased 

The d a t a  f o r  p o i n t  sources, 2O and loo fields were added 

. from 19 t o  37 for  the 2O f ie ld .  C o r r e c t i o n  f a c t o r s  t o  d e r i v e  
Vb,lo(x) from Vb,2(X) w e r e  p resented .  However, it  was 
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important to determine experimentally the difference between 
'b,2( 1) and Vb,lo(X) rather than assume the macular pigment 
was the sole cause of this difference. To meet this point it 
was decided to collect more data, particularly for the l o o  

field, The Vb oint(A) was reported to be the same as C I E  

V( A )  function with Judd's modification, 
tP 

1985: Further newly obtained data for 2O and l o o  fields was 
included in a final report based on 6 observers for point 
sources, 6 3  observers fo r  the Z0 field, and 76 observers €or 
the loo field. 

2 PRINCIPLE OF THE HETEROCHROMATIC BRIGHTNESS MATCHING 

Whether the field size is small or large, there must be 
two visual fields, one for a reference stimulus and the other 
for a test stimulus of defined wavelength. When the field size 
is large a bipartite field maybeused, but when it is very 
small, such as a point source, two separated fields are usually 
employed, Normally the radiance of the test stimulus is varied 
and its brightness is made equal tothat of the reference 
stimulus. The luminous efficiency of the stimulus is 
proportional to the reciprocal of the radiance at the match 
condition. 

The use of a fixationpoint at the time of measurement is 
optional. An observer can easily view the stimulus foveally 
even when it appears without the fixation point. The luminous 
efficiency is not  affected by the observer scanning over the 
field, or fixating at the central portion of the field, unless 
an intense fixation is made. Such an intense fixation induces 
a decaying of the field and the luminous efficiency may change, 
particularly in the case of point sources. 

With using a 10° field and short wavelength light the 
observer normally sees a darker spot at the center ofthe 
visual field because of the macular pigment. The observer 
should be instructed to neglect the spot and evaluate the 
brightness in a parafoveal area. 
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3 EXPERIMENTAL CONDITIONS 

Some of the experimental conditions are listed in Tables 
3.1, 3.2, and 3 . 3  for point sources, 2O and loo fields, 
respectively, Most of the researchers presented the stimuli to 
their observers continuously, but some used a flash, typically 
of one second duration. 

4 TERMINOLOGY 

The notation vb(x) is used to represent the  spectral 
luminous efficiency function based upon brightness matching for 
monochromatic light. Thus the function for point sources is 
denoted by vJb,point (A); for the 2O field by Vb,Z(h); and for 
the I O o  field by Vb,lo(h)- 

It must be clearly recognized that the functions cannot be 
applied to light sources with compound spectra in order to 
obtain their luminous efficiencies for brightness, as is done 
by the CIE V(X) function, because of the failure of additivity 
for different spectra. 

5 RESULTS 

5.1 Point sources 

It is difficult to define how small a stimulus should be 
to be called a point source: this needs to be defined 
quantitatively in the future. In this report it is defined as 
a source presenting almost no perceptual area to the observer. 
Only a small amount of data are available that satisfy this 
condition as is shown in Table 3.1 C5.1, 5-21. The results are 
summarized in Table 5.1, values being given in logarithmic 
units. The data in the columns 2 and 3 are simply averaged, 
disregarding the number of observers, to give 'the average data 
in column 4. These average data are plotted in Fig. 5.1 as  

open circles, together with the Judd modified V ( A )  function 
as a solid line. 

This figure shows that the spectral  luminous efficiency 
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