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This report has been prepared by CIE Technical Committee 4.6 Road Lighting. It 
has been approved by the majority of the Technical Committee and is 
recommended for study and application. This report is not an Officially Agreed 
CIE Recommendation approved by the National Committees of the Member Countries 
of the CIE. I t  should be noted that any recommendations in this report are 
advisory and not mandatory. The latest CIE Proceedings o r  CIE-JOURNAL should 
be consulted regarding the current status of  this report and possible 
subsequent amendments. 

Ce rapport a été préparé par le Comité Technique 4.6 Eclairage des voies 
publiques. I1 a été approuvé par la majorité du Comité Technique et i l  est 
recommandé pour étude et application. Ce rapport n'est pas une Recommandation 
officielle de la CIE, approuvée par les Comités Nationaux des Pays Membres de 
la C I E .  I1 'doit être noté que toute recommandation y figurant est donnée 'a 
titre de conseil et non d'obligption. En ce qui concerne la situation présente 
de ce Rapport et d'éventuelles modifications, i l  faut consulter le plus récent 
Compte Rendu de Session ou JOURNAL de la CIE. 

Dieser Bericht wurde vom Technischen Komitee 4.6 Strassenbeleuchtung 
ausgearbeitet. Er wurde durch die Mehrheit des Technischen Komitees gebilligt 
und wird zum Studium und zur Anwendung empfohlen. Dieser Bericht ist keine 
offiziell anerkannte CIE-empfehlung, der die Nationalen Komitees der 
Mitgliedsländer der CIE zugestimmt haben.. Es sei darauf hingewiesen, dass jede 
Empfehlung in diesem Bericht als Anleitung dient und nicht verbindlich ist. 
Was den gegenwärtigen Status dieses Berichtes und mögliche Nachfolge-Ausgaben 
angeht, ziehe man die neuesten CIE-Tagu<gsberichte oder das CIE -JOURNALZU 
Rate. 
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FORWORD 

D u r i n g  i ts  m e e t i n g  i n  S e p t e m b e r ,  1 9 7 5 ,  C I E  T e c h n i c a l  
Committee TC-4.6, Road l i g h t i n g ,  accepted a request t o  a d d  a 
s t u d y  of fundamentals of t u n n e l  l i g h t i n g  t o  i t s  w o r k i n g  
pr ogr amme . 
A subcommittee was appointed t o  d r a f t  a T e c h n i c a l  Report 
wh ich  w o u l d  serve as a b a c k g r o u n d  p a p e r  f o r  i n t e r n a t i o n a l  
recommendations for t u n n e l  l i g h t i n g .  

The s u b c o m m i t t e e  submi t ted  i t s  d r a f t  of t h e  T e c h n i c a l  Report 
t o  T e c h n i c a l  Committee 4 . 6 ,  which  reviewed a n d  ed i ted  t h e  
document. ', 

Members of T e c h n i c a l  Committee TC-4.6 d u r i n g  t h e  p r e p a r a t i o n  
of t h i s  report:  

A.J. F i s h e r  
H. P r o c h a z k a  
F. Cartee1 
K.  S m o t c h e v s k i  
A. K e t v i r t i s  - 
F. B e h a l  
K. SØrensen  
P. Hauta l a  
J.V. Gaudel  
M. E c k e r t  
W. K e b s c h u l l  
A.M. Marsden 
R.W. H o l m e s  
P. Gergely 
M. Sand  
M. Bonomo 
K. Narisada 
D.A. S c h r e u d e r  
H.H. B j Ø r s e t  
A. P e r e i r a  Marques 
A. P e c z y n s k a  
G. I o n i t a  
M. Dempster 
R.S. Yates 
R. San M a r t i n  
K.O. Hedman 
W. R i e m e n s c h n e i d e r  
R .N.  Schwab 
M.A. O s t r o v s k y  
O.G. Korjagin 
D. Murugask i  
E. S i r o l a  

A u s t r a l i a ,  Chai rman 
Aus t r i a  
Belgium 
Bulgar  i a  
Canada 
C z e c h o s l o v a k i a  
Denmark 
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F r a n c e  
German Democratic R e p .  (1980-1 
Germany, F e d e r a l  R e p u b l i c  
Great B r i t a i n  ( -1981 
Great B r i t a i n  (1981-1 
Hungary 
Israel 
I t a l y  
Japan 
The N e t h e r l a n d s  
Norway, C o o r d i n a t o r  
P a r  t u g a l  
P o l a n d  
Romania 
S o u t h  Africa ( -1979)  
S o u t h  A f r i c a  (1980-1 
Spa  i n  
Sweden 
S w i t z e r l a n d  
USA 
U.S.S.R. ( -1979)  
U.S.S.R. (1981-1 
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Y u g o s l a v i a  ( 1979-1 
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Members of t h e  Subcommi t t ee  SC-3 ' T u n n e l '  d u r i n g  t h e  
p r e p a r a t i o n  of t h i s  repor t :  

A.J. F i s h e r  
J.M. D i j o n  
C. M a r v i l l e  
W. A d r i a n  
A. Ke tv i r t i s  
J. P e r r i e r  
M. E c k e r t  
R.W. Holmes 
G. B a r s a n t i  
M. .Bonorno 
K. Narisada 
D. van  den  B i j l l a a r ' d t  
W.J .M.  van Bommel 

D.A. S c h r e d u e r  
T.H. Tan 
H.H. Bjdrset  
M. Dempster 
W . R i e m e n s c h n e i d e r  
J. Wach te l  
R.N. Schwab 
E. S i r o l a  

A u s t r a l i a  
Belgium ( -19811 
B e l g i u m  (1981-1 
Canada 
Canada 
F r a n c e  
German Democratic Rep. ( 1981- ) 
Great B r i t a i n  (1982-1 
I t a l y  
I t a l y  
Japan, Chairman 
The N e t h e r l a n d s  (1975-1981)  
The N e t  h e r l a n d s ,  
S e c r e t a r y  (1981-1 
The N e t h e r l a n d s  
The N e t h e r l a n d s  
Norway 
S o u t h  Afr ica  (1975-1983)  
S w i t z e r l a n d  
U.S.A. ( -1982)  
U.S.A. (1982-1 
Y u g o s l a v i a  (1981-1 

- IV - 

COPYRIGHT International Commission on Illumination
Licensed by Information Handling Services
COPYRIGHT International Commission on Illumination
Licensed by Information Handling ServicesFull document details: CIE 61-1984

http://www.avadocuments.com/doc/cie-61-1984
http://www.avadocuments.com/doc/cie-61-1984


SUMMARY 

The purpose of this report from the CIE Technical Committee TC 4.6 is to 
provide information on the lighting requirements for drivers approaching the 
entrance o f  atunnel in daytime. The report i s  restricted to the first stretch 
of tunnels, called the threshold zone. The report firstly reviews the 
fundamental experiments on which the 1973 CIE Recommendations for Tunnel 
Lighting (as far as the threshold zone is concerned) are based. New 
investigations are described with which the original fundamental experiments 
may be applied more realistically. Results of driving experiments in a real 
tunnel under various lighting conditions are summarized. To complete the 
description of methods based on visibility two recently published methods that 
dispense with the original fundamental experiments are reported. Finally 
mention is made of an approach not directly based on visibility but on traffic 
flow. The report does not give a straightforward answer to all problems 
related to the. lighting of threshold zones of tunnels;, it gives the state of 
the art and as such it will form an important background for future tunnel 
lighting recommendations. 

RESUME 
Le but de ce rapport du Comité Technique TC 4.6 de la CIE est de fournir des 
renseignements sur les besoins en éclairage des conducteurs approchant , de 
jour, l'entrée d'un tunnel. Le rapport est limité à la première zone des 
tunnels, appelée zone de seuil. Le. rapport revient tout d'abord sur 
1 'expérience fondamentales ayant servi de base aux recommandations CIE 1973 
pour l'éclairage des tunnels (dans lb mesure où la zone de seuil est 
concernée). De nouvel 1 es invest i gat ions , avec 1 esquel 1 es 1 es expériences 
fondamentales originales peuvent être appliquées de façon plus réaliste, sont 
décrites. Des résultats d'expériences de conduite dans un tunnel réel sous des 
conditions photométriques variées sont résumés. Pour compléter la description 
des méthodes basées sur la visibilité, deux méthodes publiées récemment et 
n'utilisant pas les expériences fondamentales originales sont rapportées. 
Enfin, i l  est fait mention d'une approche non directement basée sur la 
visibilité mais sur le trafic. Le rapport n'apporte pas une réponse directe 2 
tous les probl'mes concernant l'éclairage des zones de seuil des tunnels, i l  
donne l'état de l'art et ainsi i l  constituera une base important pour les 
futures recommandations sur 1 'éclairage des tunnels. 

ZUSAMMENFASSUNG 

Dieser Bericht wurde im technischen Komitee CIE TC 4.6 ausgearbeitet. Er 
informiert Über die Beleuchtungsanforderungen eines Kraftfahrers, der sich am 
Tage einer Tunneleinfahrt nähert. Der Bericht beschränkt sich a u f  den ersten 
Teil des Tunnels, die sogenannte Einsichtstrecke. 
Dieser Bericht überprüft erstmalig die grundlegenden Untersuchungen, auf denen 
die CIE-Empfehlungen für Tunnelbeleuchtung (1973) basieren (im Bereich der 
Einsichtstrecke). Es werden neue Untersuchungen beschrieben, mit denen die 
früheren Basisuntersuchungen realistischer angewendet werden können. 
Die Ergebnisse von Fahrversuchen in bestehenden Tunneln unter verschiedenen 
Beleuchtungsbedingungen sind zusarnmengef a9t. Um die Beschreibung der Methoden 
zu vervollständigen, die auf der Sichtbarkeit basieren, sind 2 kürzlich 
veröffentlichte Verfahren aufgenommen worden, die die früheren Original- 
arbeiten ers et zen könnt en. 
Schließlich wird ein ansatz erwähnt, der nicht direkt von der Sichtbarkeit, 
sondern vom VerkehrsfluR ausgeht. Der Bericht enthält keine einfachen 
Antworten auf alle Probleme, die bei der Beleuchtung der Einsichtstrecken von 
Tunneln auftreten, er schildert vielmehr den derzeitigen technischen Stand und 
bildet einen wichtigen Hintergrund für die zukünftigen Empfehlungen zur 
Tunnel beleuchtung. 
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SCOPE 

T h i s  r e p o r t  is  c o n c e r n e d  o n l y  w i t h  t h e  matters d i r e c t l y  
related t o  t h e  f u n d a m e n t a l s  of t h e  l u m i n a n c e  t o  be provided 
i n  t h e  t h r e s h o l d  z o n e ,  t h e  f irst  p a r t  of t h e  e n t r a n c e  z o n e ,  
of t ra f f ic  t u n n e l s .  

I t  does n o t  cover other i m p o r t a n t  matters c o n c e r n i n g  t u n n e l  
l i g h t i n g ,  s u c h  as f u n d a m e n t a l s  of t h e  l i g h t i n g  of other  
par t s  of t u n n e l s ,  i n c l u d i n g  t h e  t r a n s i t i o n  z o n e  ( t h e  s e c o n d  
p a r t  of t h e  e n t r a n c e  z o n e ) ,  d e s i g n  p r o c e d u r e s ,  c a l c u l a t i o n  
methods,' l i g h t i n g  e q u i p m e n t ,  l i g h t i n g  c o n t r o l ,  m a i n t e n a n c e  
wh ich  wou ld  be dea l t  w i t h  i n  r ecommenda t ions  a n d  o t h e r  
s p e c i f i c a t i o n s .  

T a k i n g  i n t o  a c c o u n t  t h e  fac t  t h a t  t h e  r e q u i r e m e n t s  fo r  t h e  
l i g h t i n g  i n  t h e  threshold zone vary a c c o r d i n g  t o  many 
fac tors ,  n o t  o n l y  v i s u a l  c o n d i t i o n s  o f  d r i v e r s ,  b u t  a l so  
w e a t h e r  c o n d i t i o n s ,  road a n d  t r a f f i c  c o n d i t i o n s ,  d r i v i n g  
c u s t o m s ,  c o n s t r u c t i o n  and p e r f o r m a n c e  of cars, etc. ,  t h i s  
report  does n o t  i n t e n d  t o  examine  a n d / o r  a n a l y s e  t h e  mat ters  
w i t h  a n  a c c u r a c y  beyond e n g i n e e r i n g  n e c e s s i t y ,  e v e n  t h o u g h  
it i s  of i m p o r t a n c e  from a p h y s i o l o g i c a l  a n d / o r  t h e o r e t i c a l  
view p o i n t .  The report w i l l  form a b a c k g r o u n d  t o  f u t u r e  
Recommendat ions fo r  T u n n e l  L i g h t i n g .  

A number of specific terms a n d  symbols h a s  been  i n t r o d u c e d  
a n d  u s e d  i n  t h e  report a n d  t h e i r  d e f i n i t i o n  w i l l  be f o u n d  i n  
t h e  Appendix a t t a c h e d  t o  t h e  report. 
O t h e r  terminology is u s u a l l y  i n  a c c o r d a n c e  w i t h  t h e  
I n t e r n a t i o n a l  L i g h t i n g  V o c a b u l a r y  (CIE 1970 1 . 
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INTRODUCTION 

I n  o r d e r  t o  e n a b l e  a d r i v e r  a p p r o a c h i n g  t h e  e n t r a n c e  o f  a 
t u n n e l  i n  d a y t i m e  t o  perceive v i s u a l  i n f o r m a t i o n  i n  t h e  
r e l a t i v e l y  d a r k  t u n n e l  a t  a s u f f i c i e n t  distance a h e a d  t o  
c o n t i n u e  safe d r i v i n g ,  a n  a p p r o p r i a t e  l u m i n a n c e  h a s  t o  be 
provided i n  t h e  t h r e s h o l d  zone  of t h e  t u n n e l .  

The t h r e s h o l d  zone  is d e f i n e d  as t h e  f i r s t  s t r e t ch  o f  t h e  
t u n n e l  a n d  it is t h a t  l e n g t h  o f  b r i g h t  background  w h i c h  
e n a b l e s  objects i n  t h e  t u n n e l  t o  be p e r c e i v e d  by a n  
a p p r o a c h i n g  d r i v e r ,  a t  a d i s t a n c e  e q u a l  t o  a p p r o x i m a t e l y  t h e  
s a f e  s t o p p i n g  d i s t a n c e  f r o m  t h e  t u n n e l  facade. The s a f e  
s t o p p i n g  d i s t a n c e  h a s  a s t r o n g  d e p e n d e n c e  on t h e  speed o f  
t r a f f i c  ( C I E  1980). 

The 1 9 7 3  C I E  R e c o r n e n d a t i o n s  f o r  Tunne l  L i g h t i n g  are, as fa r  
as t h e  l i g h t i n g  l e v e l  r e q u i r e d  i n  t h e  t h r e s h o l d  z o n e  is 
c o n c e r n e d ,  b a s e d  m a i n l y  on model t u n n e l  e x p e r i m e n t s  carried 
o u t  i n  t h e  e a r l y  s ixt ies  by S c h r e u d e r .  These  e x p e r i m e n t s ,  
based on t h e  d e t e c t i o n  p r o b a b i l i t y  of  s m a l l  o b j e c t s ,  w e r e  
d o n e  w i t h  a u n i f o r m  l u m i n a n c e  s u r r o u n d i n g  t h e  t u n n e l  
e n t r a n c e ,  I n  t h e  p r e s e n t  report t h e  v a l i d i t y  o f  t h e s e  
e x p e r i m e n t s  is r e c o n f i r m e d  ( C h a p t e r  1). For p r a c t i c a l  
t u n n e l -  l i g h t i n g  d e s i g n  p u r p o s e s ,  however ,  it is n e c e s s a r y  
t o  compare  t h e  a c t u a l  non-un i fo rm l u m i n a n c e  d i s t r i b u t i o n  of 
t u n n e l  s u r r o u n d s  w i t h  t h e  u n i f o r m  l u m i n a n c e  as u s e d  i n  t h e  
model e x p e r i m e n t s .  From p r a c t i c a l  e x p e r i e n c e  it h a s  become 
clear t h a t  t h e  1 9 7 3  Recommendat ions do n o t  g i v e  a 
s a t i s f a c t o r y  answer  t o  t h e  q u e s t i o n  of how t o  do t h i s  
c o m p a r i s o n .  As a r e s u l t  too much w e i g h t  is  o f t e n  g i v e n  t o  
t h e  l u m i n a n c e  of t h e  r o a d  s u r f a c e  i n  f r o n t  of  a t u n n e l  a n d  
sometimes leads t o  n e e d l e s s l y  h i g h  v a l u e s  i n  t h e  t h r e s h o l d  
z o n e .  

A n o t h e r  p o i n t  t h a t  h a s  come up  s i n c e  t h e  p u b l i c a t i o n  of t h e  
1 9 7 3  Recommendat ions i s  c o n n e c t e d  w i t h  t h e  fac t  t h a t  t h e  
r e l a t i v e l y  d a r k  t u n n e l  e n t r a n c e  a n d  i t s  s u r . r o u n d s  occupy  a n  
i n c r e a s i n g l y  l a r g e r  p a r t  of an  a p p r o a c h i n g  d r i v e r l s  f i e l d  o f  
v iew.  As a c o n s e q u e n c e  of  t h i s ,  t h e  s ta te  of  a d a p t a t i o n  of 
t h e  d r i v e r ' s  e y e s  decreases. I n  t h e  pas t  it w a s  assumed 
t h a t  t h e  p r e v i o u s  ' l i g h t  h i s t o r y '  of an  a p p r o a c h i n g  d r i v e r  
p l a y e d  a d o m i n a n t  role i n  d e t e r m i n i n g  t h e  a d a p t a t i o n  s t a t e  
o f  h i s  e y e s ,  I n  t h e  1 9 7 3  Recommendat ions ,  t h e r e f o r e ,  t h e  
t h r e s h o l d  zone  l u m i n a n c e  r e q u i r e d  is d e t e r m i n e d  on t h e  b a s i s  
o f  t h e  s i t u a t i o n s  e x p e r i e n c e d  by car-drivers a t  t h r e e  
d i s t a n c e s  i n  f r o n t  o f  t h e  t u n n e l  e n t r a n c e .  I n  t h e  p r e s e n t  
Report, t a k i n g  i n t o  a c c o u n t  n e u r o p h y s i o l o g i c a l  s t u d i e s ,  it 
is p o i n t e d  o u t  t h a t  a d r i v e r ' s  l i g h t  h i s t o r y  is less 
i m p o r t a n t  t h a n  had  p r e v i o u s l y  been t h o u g h t .  A s  a 
c o n s e q u e n c e  it i s  p r o p o s e d  i n  t h e  r e p o r t  t h a t  t h e  l u m i n a n c e  
r e q u i r e d  i n  t h e  b e g i n n i n g  of t h e  t h r e s h o l d  z o n e ,  be 
d e t e r m i n e d  on t h e  basis of t h e  s i t u a t i o n  e x p e r i e n c e d  by a 
d r i v e r  a t  t h e  ' s a f e  s t o p p i n g  d i s t a n c e '  i n  f r o n t  o f  t h e  
t u n n e l  ( S e c t i o n  3.5). T h i s  d i s t a n c e  i s ,  of c o u r s e ,  
d e p e n d e n t  upon t h e  s p e e d  o f  a p p r o a c h .  
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I n  C h a p t e r  3 of t h e  report  a me thod  (Narisada et .al .1 is 
d e s c r i b e d  fo r  d e t e r m i n i n g  a l u m i n a n c e  va lue  for non-un i fo rm 
t u n n e l  s u r r o u n d s  t h a t  is e q u i v a l e n t  t o  t h e  l u m i n a n c e  of t h e  
u n i f o r m  s u r r o u n d s  of S c h r e u d e r ' s  m o d e l  ( t h i s  v a l u e  is called 
" t h e  e q u i v a l e n t  l u m i n a n c e  of t h e  u n i f o r m  f i e l d ,  plll'). 
A r m e d  w i t h  t h i s  e q u i v a l e n c e  it is possible t o  u s e  t h e  
r e s u l t s  of  S c h r e u d e r ' s  o r i g i n a l  e x p e r i m e n t s  t o  a r r i v e  a t  t h e  
t h r e s h o l d  zone  l u m i n a n c e  r e q u i r e d  for a c t u a l  t u n n e l s .  The 
e q u i v a l e n t  v a l u e  c a n  be o b t a i n e d  f r o m  t h e  e q u i v a l e n t  v e i l i n g  
l u m i n a n c e ,  L s e q ,  r e s u l t i n g  from t h e  non-uni form t u n n e l  
s u r r o u n d s ,  t o g e t h e r  w i t h  t h e  l u m i n a n c e  o f  t h e  road s u r f a c e  
i n  f r o n t  of t h e  t u n n e l .  From m e a s u r e m e n t s  i n v o l v i n g  v a r i o u s  
e x i s t i n g  t u n n e l s  i t  is c o n c l u d e d  t h a t  t h e  e q u i v a l e n t  va lue  
c a n  be ' a p p r o x i m a t e d ,  w i t h  a s u f f i c i e n t  degree of a c c u r a c y  
f o r  p rac t ica l  p u r p o s e s , .  from t h e  s t r a i g h t f o r w a r d  average 
l u m i a n c e  v a l u e  i n  a 20 degrees c o n e ,  centred on t h e  
d i r e c t i o n  of view ( t h i s  v a l u e  is called " t h e  l u m i n a n c e  i n  
t h e  access z o n e ,  Lo1') m u l t i p l i e d  w i t h  a factor of 1 .5 .  

A d r i a n  r e c e n t l y  s u g g e s t e d  a method t h a t  d i s p e n s e s  w i t h  t h e  
o r i g i n a l  e x p e r i m e n t s  of S c h r e u d e r .  W i t h  t h i s  me thod  
( reported on i n  C h a p t e r  7 )  t h e  t h r e s h o l d  z o n e  l u m i n a n c e  
r e q u i r e d  is o b t a i n e d  direct  f r o m  a knowledge  of t h e  
e q u i v a l e n t  v e i l i n g  l u m i n a n c e ,  Lseq ,  r e s u l t i n g  f rom t h e  
non-un i fo rm t u n n e l  s u r r o u n d s .  For  t h i s  purpose A d r i a n  makes 
u s e  of g e n e r a l  l a b o r a t o r y  r e s e a r c h  on contrast t h r e s h o l d s  o f  
t h e  human e y e .  

Both  A d r i a n ' s  me thod  a n d  t h e  method fol lowing from c o m b i n i n g  
Narisada's a n d  S c h r e u d e r ' s  work ,  e n a b l e  t h e  d e t e r m i n a t i o n  of 
t h e  t h r e s h o l d  zone  l u m i n a n c e  o n c e  t h e  v i s u a l  t a s k  ( i n  t h i s  
case t h e  d e t e c t i o n  of objects) is d e f i n e d  i n  terms of 
c r i t i c a l  cont ras t ,  o b s e r v a t i o n  t i m e  a n d  s i z e  of object.  
C h a p t e r  2 d i s c u s s e s  t h e  v i s u a l  t a s k  for  a car-driver when 
a p p r o a c h i n g  a t u u n e l .  However, t h e  d e l i b e r a t i o n s  of C h a p t e r  
2 do n o t  lead t o  a f i r m  g e n e r a l  c o n c l u s i o n  as r e g a r d s  t h e  
c r i t i ca l  v i s u a l  t a s k .  I n  f ac t  it is  p o i n t e d  o u t  t h a t  t h e  
c r i t i ca l  v i s u a l  t a s k  ( a n d  t h u s  i n  t u r n  t h e  l i g h t i n g  l e v e l  
r e q u i r e d )  is a l so  d e p e n d e n t  upon t h e  t y p e  of l i g h t i n g  s y s t e m  
i n  u s e  ( C h a p t e r  2.3). However, f o r  ident ica l  c r i t i ca l  
c o n t r a s t s  a n d  o b s e r v a t i o n  times and s imi l a r - s i zed  o b j e c t s ,  
t h e  l i g h t i n g  l e v e l  r e q u i r e d  i n  t h e  t h r e s h o l d  z o n e  as 
o b t a i n e d  u s i n g  t h e  A d r i a n  me thod  is d i f f e r e n t  t o  t h a t  
o b t a i n e d  by t h e  Nar i s a d a - S c h r e u d e r  method.  A l t h o u g h  some 
possible r e a s o n s  for  t h i s  d i s c r e p a n c y  are i n d i c a t e d  i n  t h e  
report ,  it is s t i l l  t h e  s u b j e c t  of d i s c u s s i o n  i n  TC-4.6. I t  
is ,  i m p o r t a n t  t o  e m p h a s i z e ,  however ,  t h a t  b o t h  me thods  are - based on a same parameter ( t h e  e q u i v a l e n t  v e i l i n g  l u m i n a n c e )  
t o  t a k e  t h e  non-un i fo rm t u n n e l  s u r r o u n d s  i n t o  a c c o u n t .  Very 
r e c e n t l y  p u b l i s h e d  work of Monie e t . a l .  a l s o  makes u s e  of 
t h i s  parameter. T h i s  work is  b a s e d  on an  e q u i v a l e n c e  of 
v i s i b i l i t y  i n  t h e  t h r e s h o l d  z o n e  a n d  a t  t h e  e n d  of a 
h y p o t h e t i c a l  l o n g  t u n n e l  w h e r e  a d r i v e r  is p e r f e c t l y  adapted 
( a n a l o g o u s  t o  an  open  road d u r i n g  n i g h t ) .  S i n c e  t h i s  work 
is n o t  d i r e c t l y  b a s e d  on t h e  d e t e c t i o n  p o s s i b i l i t y  o f  a 
d e f i n e d  tes t  o b j e c t ,  a d i r e c t  c o m p a r i s o n  w i t h  t h e  r e s u l t s  o f  
t h e  p r e v i o u s l y  m e n t i o n e d  me thods  is  n o t  possible ( C h a p t e r  
7). 
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C h a p t e r  4 describes t h e  r e s u l t s  of d r i v i n g  e x p e r i m e n t s ,  
b a s e d  on d e t e c t i o n  of o b j e c t s  u n d e r  d i f f e r e n t  l i g h t i n g  
c o n d i t i o n s ,  i n  an  a c t u a l  t u n n e l  (Bonorno). I t  appears t h a t  
o n e  h a s  t o  t a k e  i n t o  a c c o u n t ,  as fa r  as t h e  d e t e c t i o n  of 
objects  i s  c o n c e r n e d ,  n o t  o n l y  t h e  f a c t o r s  m e n t i o n e d  s o  f a r  
b u t  a l so  t h e  e f f e c t  of t h e  atmospheric h a z e  ( a n d  l i g h t  
scattering i n  car w i n d - s c r e e n s ) .  I t  a l so  f o l l o w s  t h a t  a t  
lower speeds, t h e  l i g h t i n g  r e q u i r e m e n t s  are l e s s  s t r i n g e n t .  
The l a t te r  c o n c l u s i o n  a lso f o l l o w s  f r o m  t h e  above-ment ioned  
s t u d y  o f  Monie e t .a l .  

The d e t e c t i o n  of small  objects s h o u l d  n o t  f o r m  t h e  so le  
basis f o r  t u n n e l  l i g h t i n g  r ecommenda t ions .  For example  
d r i v e r s  s h o u l d  a l so  f e e l  c o n f i d e n t  enough t o  a p p r o a c h  a n d  
e n t e r  a t u n n e l  w i t h o u t  s l o w i n g  down too  much. The r e p o r t  
g i v e s  i n f o r m a t i o n  on t h i s  a s p e c t  by d e s c r i b i n g  a s t u d y  
(Gallagher e t  a l .  1 i n  w h i c h  t h e  d e c e l e r a t i o n  b e h a v i o u r  of 
motorists a p p r o a c h i n g  road t u n n e l s  w a s  m e a s u r e d  u n d e r  
d i f f e r e n t  c o n d i t i o n s  of l i g h t i n g  ( C h a p t e r  6). 

I n  c o n c l u s i o n ,  a l t h o u g h  t h e  p r e s e n t  report does n o t  g i v e  a 
s t r a i g h t f o r w a r d  a n s w e r  t o  a l l  p r o b l e m s  related t o  t h e  
l i g h t i n g  of t h e  t h r e s h o l d  z o n e s  of t u n n e l s ,  it is f e l t  t h a t  
it w i l l  form an  i n d i s p e n s a b l e  background  f o r  f u t u r e  t u n n e l  
l i g h t i n g  r ecommenda t ions .  

I n  t h i s  report, v a r i o u s  d i f f e r e n t  c o n c e p t s  of l u m i n a n c e  a n d  
t i m e  are u s e d .  I n  o r d e r  t o  a v o i d  possible c o n f u s i o n ,  t h e  
symbols t o  be employed are summar i sed  i n  an a p p e n d i x  t o  t h i s  
r e p o r t .  I t  m u s t  be n o t e d ,  however ,  t h a t  symbol s  i n  t h e  
a p p e n d i x  are v a l i d  o n l y  f o r  t h i s  T e c h n i c a l  Report. 
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Figure 1. R e l a t i o n s h i p  b e t w e e n  t h e  luminance of the standard 
f i e l d  (L1) and t h e  l uminance  in t h e  t u n n e l  (L2). 
The luminance contrast of t h e  o b j e c t  (Cl is t a k e n  a s  
a parameter  (Schreuder 1 9 6 4  1. 
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C h a p t e r  1: RELIABILITY OF THE FUNDAMENTAL EXPERIMENTS 

1.1. E x p e r i m e n t s  a n d  t h e  r e s u l t s  

I n  t h e  e x p e r i m e n t s  carried o u t  by S c h r e u d e r  ( 1 9 6 4 1 ,  on wh ich  
t h e  1 9 7 3  C I E  Recommendat ions for Tunne l  L i g h t i n g  are based, 
a n  observer sa t  i n  f r o n t  of a ( u n i f o r m )  f i e l d  o f  l u m i n a n c e  
( L l )  described a l r e a d y  i n  t h i s  paper. The o b s e r v e r ' s  e y e s  
were f u l l y  adapted t o  t h e  l u m i n a n c e  of t h e  s t a n d a r d  f i e l d  
before observat ions began .  
I n  t h e  c e n t r e  of t h e  s t a n d a r d  f i e l d  a s q u a r e  o p e n i n g  of 1 
degree x 1 degree was provided w i t h  a m e c h a n i c a l  s h u t t e r .  
When t h e  s h u t t e r  w a s  closed, its l u m i n a n c e  w a s  a lso L1. 
A f t e r  t h e  p r e - a d a p t a t i o n  t o  t h e  l u m i n a n c e  L1, t h e  s h u t t e r  
was o p e n e d  for 0 .1  s e c o n d  a n d  r e v e a l e d  a s m a l l  f i e l d  (1 
degree x 1 degree) of l u m i n a n c e  L2 t o g e t h e r  w i t h  a n  ob jec t ,  
7 '  x 7 '  i n  s i z e ,  w i t h  a l u m i n a n c e  c o n t r a s t  C a g a i n s t  t h e  
s m a l l  f i e l d  of l u m i n a n c e  L2. 
The observer was a s k e d  t o  s ta te  w h e t h e r  h e  c o u l d  perceive 
t h e  object or n o t .  The p r o c e d u r e  w a s  r e p e a t e d  f o r  e a c h  
va lue  of C ,  a n d  for a number of v a l u e s  of L1 a n d  L2. The 
r e s u l t s  of t h e  e x p e r i m e n t s  t h u s  o b t a i n e d  are shown i n  F i g u r e  
1, as r e l a t i o n s h i p s  be tween  t h e  l u m i n a n c e  o f  t h e  s t a n d a r d  
f i e l d  ( L 1 )  and t h e  l u m i n a n c e  o f  t h e  background  (L2) a g a i n s t  
w h i c h  t h e  object is j u s t  t o  be perceived. 
I n  t h e  f i g u r e ,  t h e  l u m i n a n c e  c o n t r a s t  (Cl of t h e  object :C = 
1 0 0  x (L2 - L3)/L2 ( % ) ,  is t a k e n  as a parameter (L3: t h e  
l u m i n a n c e  of t h e  object t o  be p e r c e i v e d ) .  

I t  w a s  found t h a t ,  i n  order t o  e n a b l e  t h e  o b s e r v e r  t o  
perceive t h e  ob jec t  d u r i n g  i t s  p r e s e n t a t i o n ,  t h e  l u m i n a n c e  
t o  be provided i n  t h e  t u n n e l  (L2) as t h e  background  of t h e  
object mus t  be h i g h e r  t h a n  t h e  v a l u e  of k x L1, and t h a t  t h e  
v a l u e  of k is r o u g h l y  c o n s t a n t  over a w i d e  r a n g e  of L1 
be tween  100 cd/m2 a n d  5 O00 cd/m2. 
The va lue  of k varies according t o  t h e  s i z e  of t h e  ob jec t  t o  
be perceived, t h e  d u r a t i o n  of t h e  object ' s  p r e s e n t a t i o n ,  t h e  
l u m i n a n c e  contrast (Cl of t h e  object a n d  t h e  p robab i l i t y  of 
p e r c e p t i o n  (Pl. As a mat ter  of f a c t ,  however ,  a t  lower a n d  
h i g h e r  levels o f  L1, k is  n e c e s s a r i l y  h i g h e r  f o r  a g i v e n  
l u m i n a n c e  c o n t r a s t  (Cl. T h i s  s u g g e s t s  a p h y s i o l o g i c a l  
e f f e c t  r a t h e r  t h a n  e x p e r i m e n t a l  s c a t t e r i n g .  The s u b j e c t  
w i l l  be f u r t h e r  d i s c u s s e d  i n  TC-4.6 i n  t h e  f u t u r e .  

Narisada a n d  Yosh imura  ( 1 9 7 4 )  have  carried o u t  s imilar  
i n v e s t i g a t i o n s  i n  t h e i r  l a b o r a t o r y  u n d e r  s i m i  lar v i s u a l  
c o n d i t i o n s  for  a s imi la r  v i s u a l  t a s k  of C = 27.6  ( % l .  I n  
F i g u r e  2,  t h e i r  r e s u l t s  are compared  w i t h  t h o s e  of S c h r e u d e r  
a n d  i t  c a n  be s e e n  t h a t  b o t h  r e s u l t s  agree w i t h  e a c h  o t h e r  
w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  a c c u r a c y .  

I n  a d d i t i o n ,  S c h r e u d e r  ( 1 9 7 1 )  compared h i s  own d a t a  w i t h  t h e  
r e s u l t s  of t h e  experiments by Nakamichi  a n d  Narisada (1967) 
(See S e c t i o n  3.2). As shown i n  F i g u r e  3 ,  Nakamichi  e t  a l , ' s  
r e s u l t s  g i v e  t h e  r e l a t i o n  be tween  t h e  background  l u m i n a n c e  
( L 2 ) ,  n e c e s s a r y  t o  p e r c e i v e  t h e  ob jec t ,  a n d  t h e  t i m e  ( t 3 )  
elapsed f r o m  t h e  moment a t  w h i c h  t h e  o b s e r v e r  s ta r ted  t o  f i x  
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F i g u r e  3. Compar ison  of t h e  r e s u l t s  by Nakamich i -Nar i sada -  
Yoshikawa and  by S c h r e u d e r .  
The c u r v e  o b t a i n e d  by Nakamichi-Narisada-Yoshikawa 
is e x t r a p o l a t e d  t o  t3 = O s e c o n d .  
S c h r e u d e r ' s  r e s u l t  u n d e r  t h e  s imi la r  v i s u a l  c o n d i t i o n s  
is g i v e n  as a black t r i a n g l e .  

h i s  v i s u a l  a t t e n t i o n  on t h e  t u n n e l  mouth.  I n  t h e i r  
e x p e r i m e n t s ,  t h e  s i z e  of t h e  t u n n e l  mouth as it  w a s  s e e n  a t  
a d i s t a n c e  of 1 5 0  metres f r o m  t h e  p o r t a l  was g r a d u a l l y  
i n c r e a s e d  as t i m e  elapsed, t o  s i m u l a t e  t h e  d r i v e r ' s  
perspective d u r i n g  a p p r o a c h  a t  c o n s t a n t  speed of a b o u t  70 
km/h. 
S c h r e u d e r  e x t r a p o l a t e d  Nakamichi  e t  a l ' s  c u r v e  as in F i g u r e  
3 toward t h e  d i r e c t i o n  of s h o r t e r  t i m e  ( t 3 ) .  By c o m p a r i n g  
h i s  data  o b t a i n e d  a t  t 3 , =  O sec. w i t h  t h e  i n t e r s e c t i n g  p o i n t  
of t h e  e x t r a p o l a t e d  c u r v e  by Nakamichi  e t  a l  a t  t 3  = O sec., 
S c h r e u d e r  s ta ted  t h a t  h i s  d a t a  f o r  L1 smaller t h a n  a b o u t  
2000 cd/m2 agree f a i r l y  w e l l  w i t h  t h e  r e s u l t s  of t h e  
e x p e r i m e n t s  by Nakamich i  a n d  Narisada ( 1 9 6 7 ) .  
S c h r e u d e r  ( 1 9 6 4 )  a l s o  showed good  a g r e e m e n t  be tween t h e  
r e s u l t s  of t h e  l a b o r a t o r y  S e t - u p  a n d  of a dynamic  scale 
mode 1. 
F u r t h e r ,  his r e s u l t s  agree a g a i n  f o r  L1 smaller t h a n  a b o u t  
2000 cd/m2 well w i t h  t h o s e  by Mader a n d  Fuchs  ( 1 9 6 6 )  who 
g a v e  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

L2 = k L1 w i t h  k = c o n s t a n t .  
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1 . 2 .  Possible  i n f l u e n c e  of t h e  s i z e  a n d  t h e  p r e s e n t a t i o n  
t i m e  of t he  s i m u l a t e d  t u n n e l  mouth: 

I n  t h e  f u n d a m e n t a l  e x p e r i m e n t s ,  a s i m u l a t e d  t u n n e l  mouth ,  
s q u a r e  i n  shape, (1 d e g r e e  x 1 degree) w a s  provided a n d  i t  
w a s  p r e s e n t e d  for o n l y  0 . 1  s e c o n d  ( s i m u l t a n e o u s l y  w i t h  t h e  
p r e s e n t a t i o n  of t h e  s q u a r e  ob jec t  i n  t h e  s i m u l a t e d  t u n n e l )  
i n  t h e  c e n t r e  of a u n i f o r m  s c r e e n .  

Under  a c t u a l  t r a f f i c  s i t u a t i o n s  d u r i n g  approach, however, 
t h e  t u n n e l  mouth is s e e n  n o t  m o m e n t a r i l y  b u t  t h r o u g h o u t  t h e  
approach i n  t h e  d r i v e r ' s  f i e l d  of view a n d  i t s  a p p a r e n t  s i z e  
i n c r e a s e s  g r a d u a l l y  as h e  gets closer t o  it. 

I f  one  compares these s i t u a t i o n s  w i t h  t h e  manner  w i t h  wh ich  
t h e  s i m u l a t e d  t u n n e l  mouth was p r e s e n t e d  t o  t h e  o b s e r v e r  i n  
t h e  e x p e r i m e n t s ,  a q u e s t i o n  may arise w h e t h e r  t h e  v i s u a l  
c o n d i t i o n s  o f  t h e  d r i v e r  u n d e r  a c t u a l  t r a f f i c  s i t u a t i o n s  
d u r i n g  approach w e r e  a p p r o p r i a t e l y  r e p r e s e n t e d  i n  t h e  
e x p e r i m e n t s .  I n  t h i s  c o n n e c t i o n ,  t a k i n g  t h e  d e r i v a t i o n  
p r o c e d u r e  of t h e  l u m i n a n c e  i n  t h e  t h r e s h o l d  zone  ( t o  be 
d e s c r i b e d  later i n  t h i s  r epor t )  i n t o  a c c o u n t ,  t h e  f u n c t i o n  
of t h e  e x p e r i m e n t s  m u s t  be u n d e r s t o o d  correctly. 

It m u s t  a lso be u n d e r s t o o d  t h a t ,  i n  relation t o  t h e  
d e r i v a t i o n  p r o c e d u r e  t h e  b a s i c  a i m  of t h e  e x p e r i m e n t s  is NOT 
n e c e s s a r i l y  t o  r e p r o d u c e  v i s u a l  c o n d i t i o n s  u n d e r  a c t u a l  
t r a f f i c  s i t u a t i o n s  d u r i n g  a p p r o a c h  b u t  t o  provide v i s u a l  
c o n d i t i o n s  for t h e  o b s e r v e r ' s  e y e s  u n d e r  w h i c h  t h e i r  
a d a p t a t i o n  c a n  be r e p r e s e n t e d  by t h e  l u m i n a n c e  of t h e  
u n i f o r m  s c r e e n  (at t h e  centre of which  t h e  s i m u l a t e d  t u n n e l  
mouth  was p r e s e n t e d )  w i t h  a n  e n g i n e e r i n g  a c c u r a c y .  
Answers  for  t h e  above q u e s t i o n  w i l l  t h e r e f o r e  be g i v e n  later 
i n  t h i s  report i n  S e c t i o n  3.5. 

To a c h i e v e  t h e  a i m ,  t h e  e x p e r i m e n t s  were t o  be  c o n d u c t e d  i n  
s u c h  a manner  t h a t ;  

- as t h e  b a c k g r o u n d  of t h e  object t o  be perceived, a 
l u m i n a n c e  (L2) which w a s  much lower t h a n  t h e  l u m i n a n c e  
t o  which t h e  o b s e r v e r ' s  eyes were pre-adapted ( = t h e  
l u m i n a n c e  of t h e  u n i f o r m  ' s t a n d a r d  s c r e e n ' ,  L1) c o u l d  
be provided i n  t h e  s i m u l a t e d  t u n n e l  mouth ,  

- t h e  s ta te  of adaptation of t h e  o b s e r v e r ' s  e y e s  d u r i n g  
o b s e r v a t i o n  w a s  t o  be as s t ab le  as poss ib le  a n d  w a s  n o t  
i n f l u e n c e d  by t h e  p r e s e n t a t i o n  of t h e  much lower 
l u m i n a n c e  and of t h e  o b j e c t  i n  t h e  s i m u l a t e d  t u n n e l .  

For t h i s  r e a s o n ,  t h e  c o m b i n a t i o n . o f  a v e r y  small  s i z e d  
t u n n e l  mouth a n d  i t s  momentary p r e s e n t a t i o n  was c h o s e n  i n  
t h e  e x p e r i m e n t s .  

As a c o n s e q u e n c e ,  r e l a t i o n s h i p s  be tween  t h e  l u m i n a n c e  o f  t h e  
u n i f o r m  s c r e e n  (= s t a n d a r d  f i e l d ,  L1) a n d  t h e  l u m i n a n c e  of 
t h e  object b a c k g r o u n d  (=  t h e  l u m i n a n c e  i n  t h e  s i m u l a t e d  
t u n n e l  mouth,  L2), as  shown i n  F i g u r e  1, were c o n s t r u c t e d ,  
k e e p i n g  t h e  i n f l u e n c e  of t h e  t u n n e l  mouth a t  a n e g l i g i b l e  
l eve l  . 
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1.3 .  C o n c l u s i o n s  

Based on t h e  c o m p a r i s o n s  above, it c a n  be c o n c l u d e d  t h a t  t h e  
e x p e r i m e n t a l  basis of t h e  1973 C I E  r ecommenda t ions  is 
r e l i a b l e  as far  as t h e  e x p e r i m e n t a l  c o n d i t i o n s  a p p l i e d  are 
c o n c e r n e d ,  p r o v i d e d  t h a t  t h e  v i s u a l  t a s k  t o  be p e r f o r m e d  by 
t h e  a p p r o a c h i n g  d r i v e r  is r e a l i s t i c a l l y  r e p r e s e n t e d  i n  t h e  
e x p e r i m e n t s .  In t h e  f o l l o w i n g ,  t h e r e f o r e ,  t h e  
a p p r o p r i a t e n e s s  of t h e  v i s u a l  t a s k  r e p r e s e n t e d  i n  t h e  
f undamen ta ï  e x p e r i m e n t s  w i l l  be examined .  
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Chapter 2: APPROPRIATENESS O F  THE VISUAL TASK OF THE DRIVER 
REPRESENTED I N  THE FUNDAMENTAL EXPERIMENTS 

I n  order t o  r e p r e s e n t  t h e  most c r i t i c a l  v i s u a l  t a s k  wh ich  
c a n  p o s s i b l y  o c c u r  i n  a c t u a l  d r i v i n g ,  i n  t h e  f u n d a m e n t a l  
e x p e r i m e n t s  by S c h r e u d e r  (19641 ,  a s q u a r e  ob jec t  w i t h  a n  
a n g u l a r  s i z e  of 7 '  x 7 '  w a s  u s e d  and p r e s e n t e d  t o  t h e  
o b s e r v e r  i n  t h e  s i m u l a t e d  t u n n e l  o f  s i z e  1 d e g r e e  x 1 d e g r e e  
for  o n l y  0 . 1  s e c o n d .  

The s i z e  of  t h e  o b j e c t  w a s  t a k e n  t o  r e p r e s e n t  an o b s t a c l e  of 
0.2m x 0.2m located on t h e  road s u r f a c e  1 0 0  metres a h e a d .  
The s i z e  of 0.2m c o r r e s p o n d s  r o u g h l y  t o  t h e  l eas t  c l e a r a n c e  
between t h e  road s u r f a c e  a n d  t h e  body s t r u c t u r e s  of n o r m a l  
cars. T h i s  object is u s e d  t o  d e s c r i b e  t h e  v i s u a l  t a s k .  
However t h i s  o b j e c t  s h o u l d  n o t  n e c e s s a r i l y  be i d e n t i c a l  t o  
t h e  c r i t i c a l l y  d a n g e r o u s  o b s t a c l e  for r o a d  t r a f f i c .  

The d u r a t i o n  of t h e  o b j e c t ' s  p r e s e n t a t i o n  of 0 . 1  s e c o n d  w a s  
c h o s e n  s o  as t o  m a i n t a i n  a s table  s t a t e  of v i sua l  a d a p t a t i o n  
d u r i n g  t h e  o b s e r v a t i o n s  ( a s  m e n t i o n e d  i n  1 . 2 ) .  The s i z e  of 
t h e  s i m u l a t e d  t u n n e l  w a s  1 degree x 1 degree, j u s t  b e c a u s e  
of t h e  s t ab le  s t a t e  of adaptation. The d u r a t i o n  a lso w a s  
c h o s e n  t o  s i m u l a t e  t h e  n o r m a l  v i s u a l  b e h a v i o u r  u n d e r t a k e n  by 
t h e  d r i v e r  u n d e r  a c t u a l  dynamic d r i v i n g  c o n d i t i o n s  when h e  
does n o t  know w h e r e  t h e  obstacle(s1 t o  be perceived w i l l  
appear. 

F i n a l l y ,  i n  order t o  d e r i v e  t h e  l u m i n a n c e  v a l u e  ( L 2 )  
recommended i n  t h e  t h r e s h o l d  zone  i n  t h e  1 9 7 3  C I E  
r ecommenda t ions ,  a v a l u e  for t h e  l u m i n a n c e  c o n t r a s t  (Cl of 
20% was chosen ,  ( I t  m u s t  be n o t e d  t h a t  t h e  a i m  was t o  select 
a n  object t o  r e p r e s e n t  t h e  c r i t i ca l  aspects o f  t h e  v i s u a l  
t a s k ,  a n d  n o t  n e c e s s a r i l y  t h e  most d a n g e r o u s  obstacle on t h e  
road. ) 

F u r t h e r ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  g e n e r a l  t e n d e n c y  of 
r e g r e s s i o n  c u r v e s  for o b s e r v a t i o n  r e s u l t s ,  t h a t  t h e  
l u m i n a n c e  v a l u e s  n e c e s s a r y  t o  perceive t h e  o b j e c t  s t a r t  t o  
i n c r e a s e  s t e e p l y  f o r  a small  i n c r e a s e  of p r o b a b i l i t y  o f  
p e r c e p t i o n  i n  t h e  r e g i o n  w h e r e  t h e  p r o b a b i l i t y  exceeds a b o u t  
80%, a p r o b a b i l i t y  o f  p e r c e p t i o n  of 75% was c h o s e n  f o r  
d e t e r m i n i n g  data p o i n t s  from e x p e r i m e n t a l  r e s u l t s .  

I n  t h i s  s e c t i o n ,  each of t h e  p a r a m e t e r s - - t h e  s i z e  of t h e  
o b j e c t ,  t h e  d u r a t i o n  of t h e  ob jec t  p r e s e n t a t i o n ,  t h e  
l u m i n a n c e  c o n t r a s t  of t h e  object a n d  t h e  p r o b a b i l i t y  of 

. p e r c e p t i o n - - w i l l  be d i s c u s s e d  i n  some d e t a i l .  
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2.1, The s i z e  of t h e  object: 

a )  I n f l u e n c e  of t h e  s i z e  o f  the  object on t h e  l u m i n a n c e  
t o  be  recommended: 

U s i n g  a similar e x p e r i m e n t a l  set up m e n t i o n e d ,  S c h r e u d e r  
( 1 9 6 4 )  h a s  i n v e s t i g a t e d  t h e  i n f l u e n c e  of t h e  a p p a r e n t  object 
s i z e ,  e m p l o y i n g  a s q u a r e  object  of l u m i n a n c e  c o n t r a s t  (Cl 
between a b o u t  1 0 %  a n d  90%, w i t h  a n  a n g u l a r  s i z e  be tween 7' x 
7 '  a n d  2 8 '  x 2 8 '  u n d e r  v a r i o u s  c o n d i t i o n s  of  l u m i n a n c e  of 
t h e  s t a n d a r d  f i e l d  ( L l ) .  

The curve shown a t  t h e  top of F i g u r e  4 w a s  c o n s t r u c t e d  f r o m  
h i s  r e s u l t s  for t h e  o b j e c t  o f  C=30%. (The  a b s o l u t e  v a l u e s  
i n d i c a t e d  by t h e  c u r v e ,  however ,  c a n n o t  be a p p l i e d  for 
p r a c t i c a l  p u r p o s e s ,  b e c a u s e  t h e  e x p e r i m e n t s  d i d  n o t  
necessarily r e p r e s e n t  v i s u a l  c o n d i t i o n s  d u r i n g  d r i v i n g .  1 

Based on t h e  e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  by B l a c k w e l l  
(1946), fo r  t h e  c o n d i t i o n s  of L1=L2,  A d r i a n  ( 1 9 6 9 )  d e r i v e d  a 
f o r m u l a  wh ich  gives t h e  r e l a t i o n s h i p  b e t w e e n  t h e  l u m i n a n c e  
d i f f e r e n c e  t h r e s h o l d  ( A L ) ,  t h e  a n g u l a r  s i z e  of t h e  object  
t o  be p e r c e i v e d  ( a ), a n d  t h e  l u m i n a n c e  of t h e  object 
b a c k g r o u n d  ( L 2  = L1) , 
U s i n g  t h i s  f o r m u l a ,  t h e  r e l a t i o n s h i p  between t h e  a n g u l a r  
s i z e  of t h e  object ( a )  a n d  t h e  minimum l u m i n a n c e  of t h e  
b a c k g r o u n d  ( L 2 )  w h i c h  allows p e r c e p t i o n  of t h e  o b j e c t  w a s  
c o n s t r u c t e d  a n d  shown a t  t h e  bottom of F i g u r e  4 f o r  an  
object w i t h  a l u m i n a n c e  c o n t r a s t  o f  30% as  ar1 example .  

I n  F i g u r e  4, t h e  r e s u l t s  o b t a i n e d  by S c h r e u d e r  a n d  t h o s e  by 
B l a c k w e l l - A d r i a n  a p p e a r  n o t  t o  a g r e e  w i t h  e a c h  o t h e r .  As 
w i l l  b e  d i s c u s s e d  l a te r  i n  t h i s  report ,  however ,  t h i s  is 
d u e ,  m a i n l y ,  t o  t h e  f a c t  t h a t  e n t i r e l y  d i f f e r e n t  
e x p e r i m e n t a l  c o n d i t i o n s  w e r e  a p p l i e d  i n  t h e  t w o  
i n v e s t i g a t i o n s .  

Us ing  a dynamic t u n n e l  l i g h t i n g  model d e s c r i b e d  a l r e a d y  by 
Narisada a n d  Yoshikawa ( 1 9 7 4 1 ,  a n d  by Narisada, I n o u e  a n d  
Bjorset (1977 1 ,  Nar isada c o n d u c t e d  a series of  e x p e r i m e n t a l  
o b s e r v a t i o n s  on t h e  a d a p t a t i o n  e f f e c t  o f  t h e  d r i v e r ' s  e y e s  
a f t e r  e n t e r i n g  t h e  t u n n e l  i n  d a y t i m e  ( r e p o r t e d  by T a n a b e ,  
Hatayama e t  a ï . ,  1977 1 .  

I n  t h e  e x p e r i m e n t s ,  t h e  o b s e r v e r ' s  e y e s  w e r e  p r e - a d a p t e d  t o  
a c o n s t a n t  l u m i n a n c e  by f o c u s i n g  h i s  v i s u a l  a t t e n t i o n  onto a 
l a r g e  u n i f o r m  s c r e e n  w i t h  a l u m i n a n c e  of 4 O00 cd/m2 located 
on t h e  l e f t - h a n d  'hard s h o u l d e r '  o f  t h e  access road i n  f r o n t  
o f  t h e  observer a t  t h e  s t a r t i n g  p o i n t  of t h e  s i m u l a t e d  
d r i v i n g .  
A f t e r  s u f f i c i e n t  p r e - a d a p t a t i o n ,  a t o n e  s i g n a l  w a s  s e n t  t o  
t h e  observer so as t o  t u r n  h i s  g a z e  from t h e  u n i f o r m  s c r e e n  
t o  t h e  access road, as i n  a c t u a l  d r i v i n g ,  a n d  t h e n  (by 
moving t h e  road) t h e  seated o b s e r v e r  s tar ted t o  ' d r ive  i n t o '  
t h e  s i m u l a t e d  t u n n e l  a t  an  a p p a r e n t  s p e e d  of be tween 40 a n d  
80  km/h. 

I n  accordance w i t h  t h e  p r e p a r e d  e x p e r i m e n t a l  p r o c e d u r e ,  i n  
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Figure 4. Comparison .of data by Schreuder with those by 
Blackwell-Adrian. 
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t h e  model t u n n e l ,  o n e  o f  s e v e n  s teps  o f  t h e  l u m i n a n c e  
be tween  0 . 1 1  a n d  10 .0  cd/m2 w a s  p r o v i d e d  i n  a random order, 
u n i f o r m l y  on t h e  road s u r f a c e  over i t s  f u l l  l e n g t h .  

The o b j e c t s  t o  be observed w h i c h  were p r o v i d e d  i n  t h e  moving  
road were s q u a r e  i n  s h a p e ,  h a v i n g  an  a n g u l a r  s i z e  o f  1 2 . 9 ,  
6 . 9  a n d  4.7 m i n u t e s .  The l u m i n a n c e  c o n t r a s t  of t h e  ob jec t  
w a s  3 0 % .  They were p r e s e n t e d  m o m e n t a r i l y ,  for  0 .2  s e c o n d ,  
a t  c o n s t a n t  i n t e r v a l s  of 3 . 0  s e c o n d s  d u r i n g  t h e  s i m u l a t e d  
d r i v i n g  from i t s  b e g i n n i n g .  The r e s p o n s e s  o f  t h e  observer 
t o  t h e  p r e s e n t a t i o n  of t h e  ob jec ts  were recorded on punch  
tape,  a u t o m a t i c a l l y  a n d  s u c c e s s i v e l y ,  w i t h  r e f e r e n c e  t o  t h e  
moment when t h e  o b j e c t s  were p r e s e n t e d  a n d  o b s e r v e d .  

B a s e d  on t h e  r e s u l t s  of t h e  o b s e r v a t i o n s  recorded, t h e  
p r o b a b i l i t y  of p e r c e p t i o n  w a s  c a l c u l a t e d  a t  e v e r y  p o i n t  w i t h  
i n t e r v a l s  of 3.0 s e c o n d s .  
As a r e s u l t ,  it w a s  f o u n d  t h a t  t h e  p r o b a b i l i t y  i n c r e a s e d  
g r a d u a l l y  as t h e  t i m e  elapsed from t h e  moment when t h e  
observer e n t e r e d  t h e  t u n n e l  fo r  e a c h  s e t  of  e x p e r i m e n t a l  
c o n d i t i o n s ,  composed of c o m b i n a t i o n s  of l u m i n a n c e  i n  t h e  
t u n n e l ,  s i z e  of t h e  ob jec t  a n d  d r i v i n g  speed; a n d  t h a t  t h e  
p r o b a b i l i t y  w a s  n o t  i n f l u e n c e d  so  much by t h e  d r i v i n g  speed 
as by t h e  l u m i n a n c e  a n d  t h e  s i z e  of t h e  ob jec t .  

F i n a l l y ,  t h e  t i m e  e l a p s e d  a t  w h i c h  t h e  p r o b a b i l i t y  r e a c h e d  a 
value of 90% was  p i c k e d  o u t  f o r  e a c h  l u m i n a n c e  provided f o r  
e a c h  s i z e  of t h e  object.  C o n s e q u e n t l y ,  r e l a t i o n s h i p  be tween  
t h e  l u m i n a n c e  i n  t h e  t u n n e l  t o  e n s u r e  a p r o b a b i l i t y  of 90% 
a n d  t h e  t i m e  elapsed from t h e  moment a t  w h i c h  t h e  observer 
e n t e r e d  t h e  t u n n e l  w a s  drawn f o r  e a c h  s i z e  of t h e  object a n d  
shown i n  F i g u r e  5 as  t h r e e  c u r v e s .  

I n  t h e  f o l l o w i n g ,  t h e  data  shown i n  F i g u r e  5 w i l l  be 
compared w i t h  t h a t  of S c h r e u d e r  a n d  of A d r  i a n - B l a c k w e l l .  

I t  i s  se l f  e v i d e n t  t h a t  i t  is n o t  appropriate  t o  compare 
s u c h  data  f o r  a s h o r t  elapsed t i m e  ( t 2 )  on a log-log scale 
as i n  F i g u r e  5. 
I n  F i g u r e  6,  t h e  data  is r e - p l o t t e d  on a semi - log  scale. I n  
t h e  f i g u r e ,  t h e  e n d s  of t h e  t h r e e  c u r v e s  and t h e  data p o i n t s  
by S c h r e u d e r  ( 1 9 6 4 )  t a k e n  from t h e  c u r v e  a t  t h e  top of 
F i g u r e  4 c a n  be c o n n e c t e d  by smooth  c u r v e s  as shown by 
d o t t e d  l i n e s  i n  t h e  f i g u r e .  T h i s  i m p l i e s  t h a t  t h e  data  
o b t a i n e d  by S c h r e u d e r  a n d  by Narisada (reported by Tanabe  e t  
a l . )  h a v e  a s i m i l a r  t e n d e n c y  w i t h  a f a i r  a g r e e m e n t .  

From t h e  r e s u l t s  shown i n  F i g u r e  5 ,  t h e  r e l a t i o n s h i p  be tween  
t h e  a n g u l a r  s i z e  o f  t h e  ob jec t  a n d  t h e  n e c e s s a r y  l u m i n a n c e  
i n  t h e  t u n n e l  (L2) as  shown i n  F i g u r e  7 w a s  c o n s t r u c t e d .  
The t i m e  e l a p s e d  ( t 2 )  w a s  t h e  p a r a m e t e r .  
I n  t h e  f i g u r e ,  t h e  r e s u l t s  o b t a i n e d  by S c h r e u d e r  a n d  by 
Blackwel l -Adr  i a n ,  corrected for t h e  same e x p e r i m e n t a l  
c o n d i t i o n s ,  are shown a g a i n  f o r  c o m p a r i s o n .  
(The  a b s o l u t e  l u m i n a n c e  v a l u e s  given i n  F i g u r e  7 c a n n o t  be 
t a k e n  as a basis of t h e  l u m i n a n c e  v a l u e  t o  be recommended 
f o r  t h e  i n t e r i o r  zone  o f  t h e  t u n n e l ,  b e c a u s e  t h e  ' v i s u a l  
c o n d i t i o n s  I r e p r o d u c e d  i n  t h e  dynamic t u n n e l  l i g h t i n g  model  
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' F i g u r e  5 .  R e l a t i o n s h i p  between t h e  time e l a p s e d  from t h e  
moment when t h e  o b s e r v e r  ' e n t e r e d '  t h e  t u n n e l  (t2) 
and t h e  luminance  i n  t h e  t i m n e ì  (LS) to perceive 
abjects w i t h  v a r i o u s  a n g u l a r  s i z e s  ( P r e a d a p t a t i o n  
luminance  = 4 O00 cd/m2). 
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Figure 7 .  Comparison of data by Narisada-Tanabe e t  a l . ,  
Schreuder  and Blackwell-Adr ian. 
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