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INTRODUCTION 

Th is  l i t e r a t u r e  rev iew i s  designed t o  determine t h e  c u r r e n t  

s t a t u s  o f  a p p l i e d  research d e a l i n g  w i t h  spacing, p o s i t i o n ,  i n t e n s i t y ,  

and c o l o r  o f  r e a r  l i g h t i n g  and s i g n a l i n g  lamps on motor veh i c l es .  The 

rev iew i nc l udes  exper imenta l  i n v e s t i g a t i o n s  o f  - how i n f o r m a t i o n  about 

t h e  i n t e n t i o n s  o r  ac t i ons  o f  a  d r i v e r  should  be d i sp l ayed  u t i l i z i n g  

spacing, p o s i t i o n ,  c o l o r ,  and i n t e n s i t y  o f  r e a r  lamps. S tud ies  con- 

cerned w i t h  . -  what i n f o rma t i on  should  be conveyed (e.g., B o l t ,  Beranek 

and Newman, 1968; Rockwell and T r e i  t ene r  , 1966 ; Voevodsky , 1974) 

address a  d i f f e r e n t  s e t  o f  problems and thus were beyond t h e  scope of 

t h i s  rev iew.  The p resen t  rev iew covers appl  i e d  research only--whether 

on t h e  road o r  i n  a  d r i v i n g  s i m u l a t o r .  Pu re l y  bas i c  research i s  no t  

i n c l  uded. 

The 1  i t e r a t u r e  search revea led  some 1  i m i t a t i o n s  o f  e x i s t i n g  

research.  F i r s t  , i n  some s tud ies  severa l  v a r i a b l e s  were manipu la ted 

i n  such a  way t h a t  t h e i r  e f f e c t s  were confounded. I n  o r d e r  t o  system- 

a t i c a l l y  i n v e s t i g a t e  e f f e c t s  o f  one parameter (e.g., c o l o r )  on human 

performance, t h i s  parameter must be v a r i e d  whi 1  e  o t h e r  v a r i a b l e s  

(e .g . ,  i n t e n s i t y ,  spacing, p o s i t i o n ,  s i z e ,  mode o f  ope ra t i on )  a re  kep t  

cons tan t .  I n  s t ud ies  where e f f e c t s  o f  severa l  v a r i a b l e s  a re  con- 

founded no conc lus ions  about t h e  e f f e c t  o f  any one v a r i a b l e  cou ld  be 

s a f e l y  made. Such s t u d i e s  eva lua ted  n o t  parameters b u t  complete r e a r  

l i g h t i n g  systems ( t hus  a re  va l uab le  i n  t h e i r  own r i g h t ) ,  and they  were 

so i d e n t i f i e d  i n  t h i s  rev iew.  Second, t h e  t e s t e d  range o f  a  v a r i a b l e  

was f r e q u e n t l y  r a t h e r  narrow o r  was d e f i n e d  by so few p o i n t s  ( o f t e n  

two values o n l y ) ,  as t o  make t h e  i d e n t i f i c a t i o n  o f  r e l a t i o n s h i p s  d i f f i -  

c u l t .  T h i r d ,  i n  severa l  s t ud ies  t h e  dependent v a r i a b l e  was n o t  s u f f i -  

c i e n t l y  c l e a r l y  def ined. As an example, " s u b j e c t i v e  e f f e c t i v e n e s s "  

i s  a  r a t h e r  vague express ion by i t s e l f .  Since s u b j e c t i v e  e f f e c t i v e -  

ness has severa l  p o s s i b l e  meanings (e.g. ,  b r i gh tness ,  v i s i b i l i t y ,  

c o n s p i c u i t y ) ,  d i f f e r e n t  sub jec t s  a re  l i k e l y  t o  respond t o  d i f f e r e n t  

aspects o f  "e f fec t i veness , "  w i t h  a consequent undes i rab le  inc rease  i n  



variance. 

Within the limitations stated ea r l i e r ,  an e f for t  was made t o  
include a l l  relevant work which i s  generally accessible. I t  should 
be noted that a  given investigation might be included in th is  review 
without reviewing a l l  of i t s  experiments, since on ly  those experi- 
ments dealing w i t h  spacing, position, intensi ty ,  and color are 
covered. Also, i f  the same se t  of data were encountered in several 
different reports, on ly  one report i s  reviewed here. 



TABULAR SUMMARIES 

Each summary con ta ins  t he  f o l l o w i n g  i n f o rma t i on :  

Independent v a r i a b l e :  The name o f  t h e  v a r i a b l e  (dimension, 

parameter)  which was v a r i e d  independent ly .  ( I n  t h e  case o f  confounded 

independent va r i ab l es  the  phrase " r ea r  1 i g h t i n g  systems" i s  en te red  

and t he  confounded va r i ab l es  a re  l i s t e d  i n  paren thes is .  I f ,  however, 

two o r  more systems d i f f e r e d  on one v a r i a b l e  on ly ,  an inden ted  e n t r y  

i s  made under " r e a r  l i g h t i n g  systems.") 

Range : Tested range o f  t he  independent v a r i  ab l  e .  

Dependent v a r i a b l e ( s )  : The way t he  e f f e c t s  o f  t h e  independent 

v a r i a b l e  were q u a n t i f i e d .  

Method: Main features o f  t h e  exper imenta l  set -up.  

Resu l t s :  Numerical values a re  presented i f  1) the  o r i g i n a l  

work does p rov i de  them and if 2 )  t h e  r e s u l t s  a re  n o t  t oo  complex f o r  

a summary statement.  

Recommendations : Recommendations , i f  any, o f  t h e  o r i g i n a l  

au tho r ( s )  which a re  r e l e v a n t  t o  t he  quest ions o f  opt imal  spacing, 

p o s i t i o n ,  i n t e n s i t y ,  o r  c o l o r .  

Abs t rac t ,  summary, o r  conc lus ions:  Rep r i n t  o f  e i t h e r  the  

a b s t r a c t ,  summary, o r  conc lus ions,  i f  t he  o r i g i n a l  work con ta ined  any. 





A l l e n ,  M.J., S t r i c k l a n d ,  J., and Adams, A.J. V i s i b i l i t y  o f  r ed ,  green, amber and w h i t e  s i g n a l  
l i g h t s  i n  a highway scene. American Journa l  o f  Optometry, 1967, - 44, 105-109. 

INDEPENDENT R A ~ G ~  DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Co lo r  Amber, React ion  t ime  Tes t  l i g h t  Given equal sub- 
green, superimposed j e c t i v e  b r i g h t -  
red,  on a movie o f  ness, no d i f f e r -  
w h i t e  highway ence between 

t r a f f i c ,  t i m e  c o l o r s  
s h a r i n g  task  



Attwood, D.A. Automobi le r e a r  s i g n a l  research I :  E f f e c t s  o f  s i g n a l  c o l o u r  and i n t e n s i t y ,  
ambient ill uminat ion  and d r i v e r  age on l a b o r a t o r y  performance. Techn ica l  Memo No. RSU 7713, 
T ranspo r t  Canada, 1977. 

INDEPENDENT RANGE 3EPENDENT 
VARIABLE VARIABLE METHOD RESULTS RECOMMENDATIONS 

I n t e n s i t y  125, React ion  t ime  S imula ted No d i f f e r e n c e  
( o f  a  t u r n  200 cd t o  t u r n ,  stop, s t a t i o n a r y  
s i g n a l )  and t u r n  & v e h i c l e ,  

s top  s i g n a l s ,  s t a t i o n a r y  
e r r o r s  s u b j e c t ,  

b rake  l i g h t s :  
200 cd, run-  
n i g h t  l i g h t s :  
3-6 cd, two 
c o n d i t i o n s  
o f  ambient 
i n f o r m a t i o n  

- - - -- - - - 

Colo r  Amber, React ion  t ime  S imula ted No d i  f f e r e n c e  
(o f  a  r e d  t o  t u r n ,  stop, s t a t i o n a r y  
t u r n  and t u r n  & v e h i c l e ,  
s i g n a l  ) s t op  s i g n a l s ,  s t a t i o n a r y  

e r r o r s  s u b j e c t ,  
b rake  1  i g h t s  : 
200 cd, 
runn ing  
1  i g h t s :  
3-6 cd,  two 
c o n d i t i o n s  o f  
ambient 
i l l u m i n a t i o n  

ABSTRACT 

The exper iment i n v e s t i g a t e d  t h e  a b i l i t y  o f  s u b j e c t s  t o  pe rce i ve  automobi le  r e a r - s i g n a l  
i n f o r m a t i o n .  

T h i r t y  s u b j e c t s ,  i n  two age groups, were i n s t r u c t e d  t o  respond as q u i c k l y  and a c c u r a t e l y  
as p o s s i b l e  t o  d i f f e r e n t  combinat ions o f  l i g h t s  presented on t h e  r e a r  o f  a  model automobi le .  
The combinat ions s imu la ted  normal as w e l l  as m a l f u n c t i o n  s i g n a l  c o n d i t i o n s .  Turn s i g n a l s ,  
which were e i t h e r  r e d  o r  amber, were presented a t  one o f  two l i g h t  i n t e n s i t i e s ,  each co r res -  
ponding t o  i n t e n s i t i e s  c u r r e n t l y  r e q u i r e d  on t h e  road. Se lec ted  s t i m u l i  were viewed 
sepa ra te l y  a g a i n s t  two extreme c o n d i t i o n s  o f  ambient i l l u m i n a t i o n .  I n  a d d i t i o n ,  b rake l i g h t s  
were a l t e r n a t e l y  combined w i t h  l o w - i n t e n s i t y  presence l i g h t s  under one l e n s .  

Resu l ts  i n d i c a t e d  t h a t  n e i t h e r  t h e  c o l o u r  n o r  t h e  i n t e n s i t y  o f  t u r n  s i g n a l s  a f f e c t e d  t h e  
performance o f  e i t h e r  group of  s u b j e c t s .  The performance o f  t h e  o l d e r  sub jec t s ,  though 
r o u t i n e l y  worse than the  younger g r o w  was never s i g n i f i c a n t l y  so, owing t o  l a r g e  i n t e r -  
s u b j e c t  v a r i a b i l i t y .  Performance i n  t h e  ambient i l l u m i n a t i o n  c o n d i t i o n  i n  which t h e  l i g h t - t o -  
background c o n t r a s t  was  markedly reduced was s i g n i f i c a n t l y  worse than performance i n  t he  h i g h  
c o n t r a s t  c o n d i t i o n .  

Resu l ts  a re  d iscussed i n  terms o f  t h e  p o t e n t i a l  b e n e f i t s  o f  c o l o u r  and i n t e n s i t y  as 
redundant methods o f  cod ing i n f o r m a t i o n .  



Automobi le  Manufac turers  Assoc ia t i on ,  S ta tus  r e p o r t  on t h e  Veh i c l e  L i g h t i n g  Committee Program 
t o  eva lua te  va r i ous  r e a r  l i g h t i n g  systems and s i g n a l i n g  c o l o r ,  1967. 

INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  8 systems S u b j e c t i v e  S t a t i o n a r y  The f i r s t  cho i ce  COLOR 
i n g  systems r a t i n g  of  observer ,  among t h e  systems stop: red 
(number o f  s i g n a l s  s t a t i o n a r y  c o n s i s t e d  o f  t u r n :  amber 
1  amps, t a r g e t  vehi  - h o r i z o n t a l  a r r a y ,  tail : red 
f u n c t i o n a l  c l e ,  n i g h t -  two l i g h t s  on 
sepa ra t i on ,  t i m e  and each s i d e  where INTENSITY 
~ o s i  t i o n )  dayt ime bo th  a r e  used as (minimax) 

brake l i g h t s  and 
one as a  runn ing  
1  i g h t ;  bo th  a r e  
used t o  i n d i c a t e  
t u r n s  by f l ash -  
i n g .  

s t o p :  

t u r n  : 

t a i l  : 

2501750 
(day)  
50/150 
( n i g h t )  

300/900 
( day) 
60/180 
( n i g h t )  

3/12 
- - -  

Co lo r ,  Amber, S u b j e c t i v e  N i g h t t i m e  and Complex 
i n t e n s i t y  r e d  judgments o f  dayt ime, 

( i n t e n -  acceptab le  range o f  
s i t y  minimum day- v i ew ing  d i s -  
range t ime  and tances, 
unspeci  - maximum presence o r  
f i e d )  n i g h t t i m e  absence of  a  

i n t e n s i t y  o f  g l a r e  source 
s t o p  lamp 

Co lo r  Ambe r , Necessary B r i g h t  A t  500 f e e t  t h e  
red ,  i n t e n s i t y  s u n l i g h t  candl epower 
w h i t e  f o r  a  requ i rements  a re  

g i ven  v i s i -  300 f o r  wh i t e ,  
b i l i t y  250 f o r  amber and 
d i s tance  175 f o r  red;  a t  

100 f e e t  they  a r e  
350 f o r  w h i t e  and 
300 f o r  bo th  
amber and red .  

I n t e n s i t y  Unspeci-  S u b j e c t i v e  U n s p e c i f i e d  The g r e a t e s t  num- 
f i e d  judgments b e r  of  observers  

o f  accept -  p r e f e r r e d  7.5 cd  
ab le  m i n i -  and l ower  values 
mum and as a  maximum and 
maximum 4 cd  as a  
i n t e n s i t y  minimum. 
f o r  t a i l  
l i g h t s  



Automobi le Manufac turers  Assoc ia t i on ,  1967 ( c o n t i n u e d )  

INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Co lo r  Amber, React ion  t i m e  Moving obser -  React ion  t ime  
green, t o  t u r n ,  stop, ver ,  moving (sec.  ) 
r e d  and s t o p  & t a r g e t  veh i  - Dyna- S t a t i c  

t u r n  s i g n a l s  c l e ,  s t a -  mi c  
t i  onary  
observer ,  2GR: .90 - 8 8  

2RR: .98 . 9 5  
2AR: -89 ,94 

t a r g e t  
v e h i c l e  A1 so 

2 ; ~ : 1 . 0 1  .98 
1RR: 1.10 1.04 

( F i r s t  number 
i n d i c a t e s  s i n g l e  
o r  separa te  
hous ing;  f i r s t  
l e t t e r  i n d i c a t e s  
c o l o r  of  t h e  
t a i  11 i gh t  and 
t h e  second l e t t e r  
c o l o r  o f  t he  
brake 1  i g h t .  ) 

*Green f o r  t a i l -  
l i g h t  and i n t e n -  
s i f i e d  green f o r  
t u r n  s i g n a l .  



Campbell , J .D., and Mor t imer ,  R . G .  The HSRI p a r t - t a s k  d r i v i n g  s i m u l a t o r  f o r  research i n  
v e h i c l e  r e a r  1  i g h t i n g  and r e l a t e d  s t u d i e s .  HSRI , U n i v e r s i t y  o f  Mich igan,  Report  No. 
UM-HSRI-HS-72-12, 1972. 

INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  5 systems React ion t ime  
i n g  systems t o  s top,  tu rn ,  
(number o f  s top  & t u r n ,  
1  amps, t u r n  & s top  
f u n c t i o n a l  s i g n a l s ,  
sepa ra t i on ,  a c c e l e r a t o r  
c o l o r )  r e l ease  and 

brake appl  i- 
c a t i o n  
f requenc ies  

D r i v i n g  simu- System w i t h  green Co lo r  cod ing and 
l a t o r  t a i l l i g h t s ,  amber f u n c t i o n a l  
p resen ta t i ons  t u r n  s i g n a l s  , and sepa ra t i on  

r e d  s top  s i g n a l s  
y i e l d e d  s h o r t e s t  
r e a c t i o n  t i m e  
(mean d i f f e r e n c e  
between t h e  b e s t  
and the  wors t  
system: -28 sec.) 
and most f requent  
a c c e l e r a t o r  
re leases.  Brake 
a p p l i c a t i o n  
f requenc ies  were 
t h e  same f o r  a l l  
systems. 

Co lo r  Green, React ion  t i m e  2 lamp.system, Sho r te r  r e a c t i o n  
(o f  r e d  t o  s top,  t u rn ,  b rake lamp t ime w i t h  green 
t h e  s top  & t u r n ,  always red,  tu rn /presence 
t u r n /  t u r n  & s top  d r i v i n g  simu- lamps 
pres-  s i g n a l s  1 a t o r  
ence p resen ta t i ons  
1  amp 

Color  Green, Acce le ra to r  2 lamp system, No d i f f e r e n c e  
(o f  r e d  re lease  and brake lamp 
t h e  brake a p p l i -  always red,  
t u r n /  c a t i o n  d r i v i n g  simu- 
pres - f requenc ies  l a t o r  
en ce p resen ta t i ons  
1  amp ) 

ABSTRACT 

Th is  r e p o r t  descr ibes  the  design, performance, and o p e r a t i o n  o f  a  d r i v i n g  s i m u l a t o r  f o r  
use i n  v e h i c l e  r e a r  l i g h t i n g  and r e l a t e d  s t u d i e s .  The r e s u l t s  o f  two s i m u l a t o r  v a l i d a t i o n  
s tud ies  a re  a l s o  descr ibed.  

The purpose o f  t h e  s i m u l a t i o n  was t o  rep resen t  a  s t r a i g h t ,  two- lane road w i t h  a  l e a d  
v e h i c l e  i n  t he  l ane  be ing  d r i v e n .  The t e s t  s u b j e c t  has a c c e l e r a t o r  and brake c o n t r o l s  on l y ,  
s t e e r i n g  n o t  be ing p rov ided .  Ca r - f o l l ow ing  tasks  o r  o v e r t a k i n g  w i t h o u t  pass ing can be simu- 
l a t e d ,  i n  day o r  n i g h t  d r i v i n g  condi  t i ~ n s .  Approximat ions t o  r e a r  v e h i c l e  a c c e l e r a t i o n  and 
b r a k i n g  dynamics a re  used. Sca l i ng  and c o n t r o l  o f  lamp i n t e n s i t y  and c o l o r  i s  achieved, w i t h  
f l e x i b i l i t y  i n  va ry ing  r e a r  l i g h t i n g  system d i s p l a y  and ope ra t i ona l  c h a r a c t e r i s t i c s .  Lead ca r  
speed and s i g n a l i n g  can be c o n t r o l l e d  manual ly  o r  by magnet ic tape reco rds .  The l a t t e r  
reproduces the  speed-time h i s t o r y  and s i g n a l  ac tua t i ons  f rom a  r e a l  v e h i c l e  under t he  highway 
and t r a f f i c  c o n d i t i o n s  e x i s t i n g  when the  reco rd ings  were made. A d i g i t a l  computer i n t e r f a c e  
p rov ides  system c o n t r o l ,  s to rage  of  r e a r  l i g h t i n g  systems, and r e a l  t ime data  a c q u i s i t i o n  and 
a n a l y s i s .  
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INDEPENDENT RANGE 
VARIABLE 

Rear l i g h t -  3 systems 
i n g  systems 
( c o l o r ,  
l o c a t i o n ,  
number o f  
1  amps, 
f u n c t i o n a l  
sepa ra t i on ,  
shape) 

DEPENDENT 
VARIABLE METHOD RESULTS RECOMMENDATIONS 

React ion t i m e  D r i v i n g  simu- Fas tes t  r e a c t i o n  Co lo r  coding, 
o f  v e h i c l e  l a t o r ,  n i g h t -  t ime  t o  a  complex brake l i g h t  o f  a  
c o n t r o l  move- t ime  w i t h  fog system hav ing d i f f e r e n t  c o l o r  
ments (bes ides o t h e r  f rom t h e  d i r e c -  

f e a t u r e s )  green t i o n a l  and run-  
runn ing 1  i g h t  n i n g  l i g h t s  ( r e d  

recommended f o r  
brake 1 i g h t )  

SUMMARY 

Determinat ion  o f  Approach 

When t h e  I n s t i t u t e  o f  T ranspo r ta t i on  and T r a f f i c  Eng ineer ing  f i r s t  addressed i t s e l f  t o  
t he  problem of v e h i c l e  r e a r  1  i g h t i n g ,  c e r t a i n  p r e l i m i n a r y  obse rva t i ons  were made. Rear 1  i g h t -  
i n g  was recogn ized as encompassing a  g r e a t  many i n t e r a c t i n g  v a r i a b l e s  and f a r  f rom be ing a  
separa te  component o f  t he  v e h i c l e .  I t  was, i n  f a c t ,  an i n t e g r a l  p a r t  o f  t h e  o v e r a l l  problem 
o f  v e h i c l e  l i g h t i n g  and d r i v e r  communication. I t  was a subsystem o f  a  master system, and 
shou ld  be approached as such. 

On the  b a s i s  o f  these obse rva t i ons ,  i t  was concluded t h a t  v e h i c l e  r e a r  l i g h t i n g  c r i t e r i a  
cou ld  bes t  be developed by u t i l i z i n g  systems eng inee r i ng  techn iques.  I t  was determined t h a t  
t he  development and e v a l u a t i o n  of  r e a r  l i g h t i n g  systems was n o t  a  qu i ck  t ask  t h a t  cou ld  make 
use o f  "o f f - t he -she1  f "  know-how and exper ience.  Rather,  i t  would c a l l  f o r  i n n o v a t i v e  s imula-  
t i o n  and d a t a - c o l l e c t i o n  techniques a long w i t h  p a i n s t a k i n g  development o f  system requ i rements .  

I t  was a l s o  determined t h a t  f u l l  c o n s i d e r a t i o n  must be g iven t o  human f a c t o r s  ( s i n c e  i t  
was a  man-machine communication system under s t u d y ) ,  and a research methodology o r i e n t e d  t o  
human response and s o e c i f i c a l l y  geared t o  v e h i c l e  r e a r  l i g h t i n g  must be developed if v a l i d  
evidence was t o  be obta ined.  The spec ia l  -purpose methodology shou ld  i n c l u d e ,  ( a )  a  techn ique 
f o r  deve lop ing system requ i rements ,  ( b )  a  means of d i s p l a y i n g  a l t e r n a t i v e  t a i l  1  i g h t  con f i gu ra -  
t i o n s  i n  t he  D r i v i n g  S imu la t i on  Labora tory ,  ( c )  an ins t rumented v e h i c l e  system f o r  f i e l d  
exper imenta t ion ,  ( d )  t h e  backup o f  e x i s t i n g  research f a c i l i t i e s  d i t h i n  ITTE. 

Ob jec t i ves  Def ined 

The p r imary  end p roduc t  ( g o a l )  o f  Phase I, t h e r e f o r e ,  was cons idered t o  be a developed 
and va l  i d a t e d  spec ia l -purpose research methodology geared s p e c i f i c a l l  y t o  v e h i c l e  r e a r  1  i g n t -  
i n g  i n v e s t i g a t i o n s ,  ~ h i c h  cou ld  be used t o  genera te  v a l i d  evidence i n  Phase I: o f  t he  p r o j e c t .  

The o b j e c t i v e s  o f  Phase I (as descr ibed i n  t h e  proposal  and t h e  c o n t r a c t )  were con- 
s i de red  t o  be the  means o f  ach iev ing  t h i s  h i g h e r - l e v e l  goa l .  And, w h i l e  i t  would be hoped 
t h a t  c e r t a i n  recornendat ions  f o r  r e a r  l i g h t i n g  con f i gu ra t i ons  would r e s u l t  f rom the Phase I 
e f f o r t ,  i t  was agreed t h a t  t h e  most impor tan t  use o f  the  data  c o l l e c t e d  would be t o  v a l i d a t e  
t he  e f f ec t i veness  of t h e  methodology. 

P ro fess iona l  -Technical  Re1 a t i o n s h i p  

The s tudy was s t r u c t u r e d  t o  proceed a long two o a r a l l e l  avenues: p r o f e s s i o n a l  
(academic),  and techn i ca l  , These two aspects were c l o s e l y  r e l a t e d ,  hav ing common o b j e c t i v e s .  
A l l  t echn i ca l  dec i s i ons  r e f l e c t e d  the  involvement and p lann ing  o f  p ro fess iona l  (academic) 
s t a f f  members. 



Case e t  a1 . , 1968 (cont inued)  

Nature  o f  Resu l ts  

An a n a l y t i c a l  techn ique f o r  deve lop ing v e h i c l e  r e a r  1 i g h t i n g  system requirements was 
formula ted.  The techn ique was u t i l i z e d  t o  generate p r e l i m i n a r y  performance requirements and 
t o  t r a n s l a t e  them i n t o  a l t e r n a t i v e  design approaches. Two cand idate  r e a r  l i g h t i n g  con f i gu ra -  
t i o n s  were then designed and f a b r i c a t e d  as s c a l e  models. 

A method o f  super imposing p rog ramed  images o f  cand idate  r e a r  1 i g h t i n g  c o n f i g u r a t i o n s  
on to  mot ion  p i c t u r e  highway scenes i n  t he  D r i v i n g  S imu la t i on  Labora tory  was developed and 
eva l  uated. 

P r e l i m i n a r y  e v a l u a t i o n  o f  t he  two cand idate  c o n f i g u r a t i o n s  was conducted, u t i  1 i  z i n g  t h e  
newly developed supe r impos i t i on  techn ique t o  p resen t  moving v e h i c l e  s i t u a t i o n s  t o  d r i v e r s  and 
compare t h e i r  responses t o  a "normal " t a i l 1  i g h t  c o n f i g u r a t i o n .  

An ins t rumented v e h i c l e  system f o r  f i e l d  exper imenta t ion  was designed, components 
acqu i red  and/or f a b r i c a t e d ,  and assembly of t h e  system conducted. 

A l i t e r a t u r e  search was conducted, and a b i b l i o g r a p h y  c o n t a i n i n g  over  f i v e  hundred 
e n t r i e s  was compi led.  To f a c i l i t a t e  u t i l i z a t i o n ,  t he  e n t r i e s  were a l s o  d i v i d e d  accord ing t o  
s u b j e c t  m a t t e r  and accord ing t o  author .  

A photomet r ic  i n v e s t i g a t i o n  was a l s o  conducted. 
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Rear l i g h t -  4 systems I d e n t i f i c a -  P i c t u r e s  o f  
i n g  systems t i o n  o f  r e a r  l i g h t i n g  
(number o f  i n  tended systems were 
1  amps, message f l a s h e d  on 
redundancy screen t o  
of  mode, s i m u l a t e  
oos i  t i o n )  unexpected 

sudden appear- 
ance of  
ano the r  veh i -  
c l e ,  s t a -  
t i o n a r y  
obse rve r  

A g a i n  of  30% o f  
c o r r e c t  responses 
by t h e  proposed 
c o n f i g u r a t i o n s  
ove r  a  convent iona l  
system w i t h  t h e  
i n t e n s i t y  r a t i o  o f  
1.5: 1 between brake 
s i g n a l  and runn ing  
s i g n a l  ; no improve- 
ment over  a  conven- 
t i o n a l  system 
w i t h  t h e  r a t i o  o f  
2 .9 : l .  

Rear l i g h t -  
i n g  systems 
(number o f  
1  amps, 
c o l o r ,  
p o s i t i o n ,  
f u n c t i o n a l  
separa- 
t i o n )  

8 systems I d e n t i  f i c a -  Co lored card-  
t i o n  o f  board  squares 
i n tended  were t laced 
message on a  w h i t e  

background t o  
rep resen t  
each con- 
f i g u r a t i o n ,  
s t a t i o n a r y  
obse rve r  

As t h e  sepa ra t i on  
o f  f u n c t i o n  i s  
increased,  t h e  
pe rcen t  o f  
messages t rans -  
mi t t e d  c o r r e c t l y  
i s  a l s o  
increased.  The 
Lazy T c o n f i g u r a -  
t i o n ,  f o r  example, 
made g r e a t e s t  use 
o f  s e p a r a t i o n  o f  
f u n c t i o n s  and 
scored a  75% g a i n  
i n  message 
accuracy ove r  t h e  
convent iona l  
c o n f i g u r a t i o n .  

Co lo r  (o f  Green, React ion  t ime F i l m  o f  No d i  f ference 
runn ing  r e d  o f  v e h i c l e  t r a f f i c  
l i g h t s )  c o n t r o l  move- scenes, 

ments s t a t i o n a r y  
observer  
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Color  Red, Candl epower Unspec i f ied  Red: ye1 1 ow: Turn s igna l s  
wh i t e ,  f o r  equal w h i t e  = 1:3:5  should be ye1 low 
ye1 1  ow e f fec t i veness  
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I n t e n s i t y  0 ,  60, Con t ras t  S t a t i o n a r y  Increase o f  t a r -  
( o f  a  300, 900 thresh01 d  o f  observer ,  get  c o n t r a s t  
g l a r e  cd  a  t a r g e t  s t a t i o n a r y  thresh01 d  w i t h  
source) g l a r e  source increase i n  

v e h i c l e ,  g l a r e  source 
s t a t i c  t a r -  i n t e n s i t y  
ge t ,  n i g h t -  
t ime 

Recommended 
candl epower: 
Brake and t u r n  = 
iOO min, 300 max; 
t a i l  = 10 min, 
30 max. 
R e s t r i c t i o n  o f  
t h e  use o f  
s ~ e c u l a r l v  re- 

I n t e n s i t y  2-1,000 De tec t i on  o f  S t a t i o n a r y  Wean i n t e n s i t y  f i e c t i n g  i u r f a c e s  
cd  f l a s h i n g  s i g -  observer ,  t h r e s h o l d  = i n  t h e  i m e d i a t e  

n a l  l i g h t  s t a t i o n a r y  13-20 cd sur round o f  t h e  
t a r g e t ,  depending on l i g h t .  
dayt ime the background 

I n t e n s i t y  Unspeci- De tec t i on  o f  S t a t i o n a r y  Range o f  i n t e n -  
f i e d  f l a s h i n g  s i g -  observer ,  s i  t y  t h resho lds :  

n a l  l i g h t  s t a t i o n a r y  7.5-17.1 cd  
t a r g e t ,  day- ( w i t h o u t  sun 
t ime,  w i t h  r e f l e c t i o n  j , 
and w i t h o u t  200-415 cd ( w i t h  
s imu la ted  sun sun r e f l e c t i o n )  
r e f  1  e c t i  on 

ABSTRACT 

F i e l d  exper iments were conducted t o  determine t h e  d i s a b i  1 i t y   lar re produced by r e a r  s i g -  
n a l  system l i g h t s  a t  n i g h t ,  t h e  dayt ime v i s i b i l i t y  o f  l i g h t s ,  and t h e  degradat ion  o f  dayt ime 
v i s i b i l i t y  caused by s p e c u l a r l y  r e f l e c t i n g  sur faces near  t h e  l i g h t s .  

A  maximum i n t e n s i t y  o f  300 candelas o f  r ed  l i g h t  i s  i n d i c a t e d  by r e s u l t s  o f  t h e  n i g h t  
t e s t s .  Daytime t e s t s  s t r o n g l y  i n d i c a t e  t h a t  specu la r l y  r e f l e c t i n g  surCaces shou ld  be pro-  
h i b i t e d  i n  t h e  immeditae surround of  s i g n a l  l i g h t s .  

I n t e g r a t i o n  o f  t h e  t e s t  r e s u l t s ,  1  i t e r a t b r e ,  da ta  on atmospher ic e f f e c t s ,  and c u r r e n t  
standards suggests t h a t  t a i l l i g h t  i n t e n s i t i e s  shou ld  be no l e s s  than 10 candelas and no more 
than 30 candelas;  b rake and t u r n  s i gna l s  should be 100 t o  300 candelas.  These suggest ions 
assume t h a t  no specu la r l y  r e f l e c t i n g  sur faces are  p e r m i t t e d  i n  the  immediate surround o f  
l i g h t .  
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P o s i t i o n  
( v e r t i c a l  
o f  b rake 
1  i g h t s  

Normal, React ion  t ime  Moving obser-  S h o r t e r  r e a c t i o n  The p resen t  r e a r  
r o o f - 1  i n e  ver ,  moving t i m e  f o r  t h e  system shou ld  be 
h e i g h t  t a r g e t  veh i -  h i g h  l o c a t i o n  augmented w i t h  a  

c l e ,  day t ime (-5-1. sec. h igh -p laced  sys- 
and n i g h t t i m e  d i f f e r e n c e )  tem i n d i c a t i n g  

a c c e l e r a t o r  
r e l e a s e  and brake 
a p p l i c a t i o n  and a  
sepa ra te  runn ing  
lamp i n d i c a t i n g  
t h e  v e h i c l e  i s  i n  
mot ion .  Green 
f o r  runn ing  l i g h t ,  
amber f o r  
a c c e l e r a t i o n  
re lease ,  and r e d  
f o r  b rake app l  i - 
c a t i o n .  

SUMMARY AND CONCLUSIONS 

Rear-end c o l l i s i o n s  a r e  t h e  most f r equen t  highway acc iden t .  I n f o r m a t i o n  a v a i l a b l e  t o  a  
f o l l o w i n g  d r i v e r  i s  1  i m i t e d  w i t h  p resen t  v e h i c u l a r  r e a r  s i g n a l  systems. T a i l l i g h t s  and 
r e f l e c t o r s  shou ld  enable t h e  f o l l o w i n g  d r i v e r  t o  d e t e c t  t h e  presence and l o c a t i o n  o f  a veh i -  
c l e  day o r  n i g h t .  Rear l i g h t i n g  shou ld  a l s o  be a  means o f  communicating what t h e  d r i v e r  o f  
t h e  l e a d  v e h i c l e  i s  do ing o r  p lans  t o  do. 

Present  systems a r e  i ncapab le  o f  t r a n s m i t t i n g  s u f f i c i e n t  i n fo rma t i on ,  e s p e c i a l l y  f rom 
o t h e r  than t h e  immedia te ly  preced ing v e h i c l e .  Exper ienced d r i v e r s  a t t emp t  t o  overcome t h i s  
d e f i c i e n c y  i n  seve ra l  ways. A t  n i g h t ,  a  d i f f u s e  glow o f  r e d  more than one c a r  ahead can be 
a  cue f o r  judgment. I n  t he  dayt ime, reduced c o n t r a s t  e l i m i n a t e s  t h i s  cue and the  f o l l o w i n g  
d r i v e r  o n l y  sees i t  by dangerously swing ing t o  one s i d e  o f  t h e  l a n e  t o  peer ahead. 

No t i ng  t h e  r e a r  o f  a p reced ing v e h i c l e  suddenly r i s e  upward can be a  cue t h a t  t h e  brakes 
have been appl  i e d .  

Other  cues t h a t  a  v e h i c l e  seve ra l  cars  ahead i s  s l ow ing  m igh t  be an i nc rease  i n  v i s u a l  
ang le ,  nar rowing o f  apparent d i s t a n c e  sepa ra t i on  between two p reced ing  v e h i c l e s ,  t h e  presence 
of s low, puf fy  exhaust  fumes i n d i c a t i n g  t h e  re lease  of  t h e  a c c e l e r a t o r ,  o r  t h e  d i p  o f  head- 
l i g h t s  a t  n i g h t .  These cues, a r e  n o t  f e l t  t o  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  f o r  high-speed, 
expressway-type d r i v i n g .  

A  s tudy  i n v o l v i n g  4 automobi les  w i t h  normal p l u s  h igh-p laced s i g n a l  l i g h t s  has shown 
t h a t  i n  a  grouped s i t u a t i o n ,  f o l l o w i n g  d r i v e r  r e a c t i o n  t ime  t o  an a c t i v a t e d  r e a r  s i g n a l  can 
be s i g n i f i c a n t l y  reduced. Th i s  r e d u c t i o n  a t  h i g h  speeds may be s u f f i c i e n t  t o  a v o i d  o r  
a t t enua te  a  rear -end c o l l  i s i o n .  

F o l l o w i n g  d r i v e r s  have been found t o  r e a c t  l e s s  f r e q u e n t l y  t o  a  brake l i g h t  than p re -  
v i o u s l y  supposed. F u r t h e r  research i s  necessary t o  f u l l y  unders tand t h i s  obse rva t i on .  

The p resen t  r e a r  s i g n a l  system i s  i n s u f f i c i e n t  f o r  modern h i g h  speed, h i g h  volume 
t r a f f i c .  I t  i s  suggested t h a t  i t  be augmented w i t h  a  h igh-p laced system i n d i c a t i n g  acce le ra -  
t o r  r e lease ,  and brake a p p l i c a t i o n .  I t  i s  f u r t h e r  suggested t h a t  t h e r e  be a  separa te  runn ing 
lamp i n d i c a t i n g  t h e  v e h i c l e  i s  i n  mot ion .  The c o l o r s  which appear most acceptab le  a r e  green 
f o r  runn ing  l i g h t ,  amber f o r  a c c e l e r a t o r  r e l e a s e ,  and r e d  f o r  b rake a p p l i c a t i o n .  The s i g n a l  
c o l o r s  and placement shou ld  be s tanda rd i zed  f o r  t h e  e n t i r e  automobi le  i n d u s t r y .  



Cros ley ,  J.K.,  and A l l e n ,  M . J .  A u x i l i a r y  l i g h t i n g  t o  improve r e a r  v i s i b i l i t y  o f  t r u c k s  and 
buses. American Jou rna l  of  Optometry,  1967, g, 311-315. 
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Spacing 3-8 '  D i s tance  a t  Moving obser -  
( h o r i z o n t a l  !which t h e  v e r ,  s t a t i o n -  
s e p a r a t i o n  t a r g e t  a r y  t a r g e t :  
o f  t a i  1  - appeared t o  plywood panel 
1  i g h t s )  be stopped s imu la t ' ng  a  

t r u c k  r e a r -  
end, w i t h  and 
w i t h o u t  f l o o d  
1  i gh ts  

N i t h  s e p a r a t i o n  E n t i r e  r e a r  o f  
of  3 '  t h e  d i s -  t r u c k s  and buses 
tance was 279'  be l i g h t e d  
(638 '  w i t h  f l o o d  
l i g h t s ) ;  w i t h  
sepa ra t i on  of 8 '  
t he  d i s t a n c e  was 
447' (638 '  w i t h  
f l o o d  l i g h t s )  

SUMMARY 

A  l i t e r a t u r e  rev iew shows t h a t  p resen t  v e h i c u l a r  l i g h t i n g  p r a c t i c e s  a r e  hazardous. Space 
p e r c e p t i o n  c r i t e r i a  i n d i c a t e  t h a t  p resen t  designs d i c t a t e  a  h i g h  a c c i d e n t  and f a t a l i t y  r a t e .  

F lood - t ype  a u x i l i a r y  l i g h t i n g  s f  t h e  r e a r  o f  a  t r u c k  was judged t o  be e a s i e r  t o  l o c a l i z e  
than o r d i n a r y  t a i  l l i g h t i n g .  

Observat ions  were made on a  s i m u l a t e d  t r u c k  rea r -end  w i t h  and w i t h o u t  f l o o d l i g h t i n g  a t  
c l o s i n g  speeds o f  20 rt.p.h. The f l o o d l i g h t e d  " t r u c k "  was judged c o r r e c t l y  t o  be stopped $when 
t h e  observer  was an average o f  638 f e e t  away, compared t o  an average o f  279 f e e t  when n o r -  
m a l l y  spaced t a i l l i g h t s  a lone were used. 

It i s  recommended t h a t  t h e  e n t i r e  r e a r  of  t r u c k s  and buses be l i g h t e d ,  thus  improv ing  t h e  
d i s t a n c e  and d i f f e r e n t i a l  speed judgments by a  f o l l o w i n g  d r i v e r .  



Domas, ?.A. A s u b j e c t i v e  e v a l u a t i o n  o f  t u r n  s i g n a l  e f f e c t i v e n e s s .  I n  P.L. Olson, C.M. 
Jorgenson, J.K. Thomas, P.A. Domas, Fac to rs  i n f l u e n c i n g  t h e  e f f e c t i v e n e s s  o f  au tomo t i ve  r e a r  
1  i g h t i n g  systems. HSRI , U n i v e r s i t y  of  Mich igan,  Repor t  No. UM-HSRI-HF-75-4, 1975. 
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I n t e n s i t y  80, 120, S u b j e c t i v e  S t a t i o n a r y  I nc rease  i n  
( o f  a  t u r n  200 cd e v a l u a t i o n  o f  obse rve r ,  e f f ec t i veness  
s i g n a l  i n  a  e f f e c t i v e n e s s  s t a t i o n a r y  w i t h  i nc rease  i n  
s i n g l e  two- def ined as t a r g e t  1  i g h t s  i n t e n s i t y  
f i l a m e n t  " a t t e n t i  on 
1  amp g e t t i n g  

ABSTRACT 

T h i s  paper i s  a  s u b j e c t i v e  assessment of t h e  e f f ec t i veness  o f  f l a s h i n g  s i g n a l s  wh ich  go 
f rom s i g n a l  i n t e n s i t y  t o  o f f  r a t h e r  than from s i g n a l  i n t e n s i t y  t o  presence i n t e n s i t y .  The 
r e s u l t s  i n d i c a t e  t h a t  t h e  former c o n f i g u r a t i o n  would be u n d e s i r a b l e  f i r s t ,  because t h e r e  
appears t o  be l i t t l e  b e n e f i t  i n  i nc reased  s i g n a l  e f f ec t i veness  by such an arrangement,  
second, i n  t h e  even t  t h a t  t h e  s i g n a l  f i l a m e n t  i s  burned ou t ,  one s i d e  o f  t h e  c a r  would be 
unmarked when t h e  t u r n  s i g n a l s  a r e  used. 



F i a t  ( C e n t r o  R i c e r c h e ) .  E v a l u a t i o n  of  some v i s u a l  s i g n a l i n g  systems f o r  v e h i c l e  s t a t e  of  
m o t i o n .  T u r i n ,  I t a l y ,  R e p o r t  No. C.E .  1555, 1976. 
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Rear 5 sys tems 
l i g h t i n g  
systems 
( c o l o r ,  
i n t e n s i t y ,  
s t e a d y /  
f l a s h i n g  
mode, 
s i z e ,  
number o f  
1  amps, 
p o s i t i o n )  

S u b j e c t i v e  
e v a l u a t i o n  o f  
"1  dminous 
e f f e c t i v e -  
ness ," 
"conveyance 
e f f e c t i v e -  
ness ," and 
" t r a n s m i t t e d  
i n f o r m a t i o n  
e f f e c t i v e -  
n e s s "  

Mov ing  t a r g e t  R e s t  sys tem:  
v e h i c l e s ,  no rma l  v e h i c l e  
mov ing  o b s e r -  l i g h t i n g  w i t h  two  
v e r s  a d d i t i o n a l  lamps,  

one f o r  i n d i -  
c a t i n g  h a r d  
b r a k i n g  ( r e d  
f l a s h i n g  lamp) 
and one f o r  i n d i -  
c a t i n g  t r a v e l  i n g  
above a  g i v e n  
speed ( s t e a d y  
g reen  lamp)  

C o l o r :  n o t  t o o  
r e 1  i a b l  e .  Loca- 
t i o n :  a  v a l i d  
means o f  d i f f e r -  
e n t i a t i o n .  
I n t e n s i t y  : n o t  
a p p r e c i a b l e  if 
t h e r e  i s  n o t  a  
r e f e r e n c e  i n t e n -  
s i t y .  

A d e s c r i p t i o n  i s  g i v e n  o f  some r e a r  l u m i n o u s  c a r  s i g n a l  systems s e t  up and t e s t e d  b y  
F I A T .  The v a r i o u s  systsms d i f f e r e d  w i t h  r e g a r d  t o :  

- t h e  t y p e  o f  i n f o r m a t i o n  t o  be  t r a n s m i t t e d  t o  t h e  d r i v e r  o f  a  f o l l o w i n g  v e h i c l e  (speed,  
a c c e l e r a t i o n ,  d e c e l e r a t i o n ,  e t c . )  ; - t h e  i n f o r m a t i o n  code used  ( i . e . ,  t h e  meaning t o  be  a t t r i b u t e d  t o  t h e  luminous  p a t t e r n s  
p r o v i d e d )  ; 

- t h e  l u m i n o u s  s i g n a l l i n g  e lements  used  t o  t r a n s m i t  t h e  i n f o r m a t i o n  ( d i f f e r e n t  c o l o u r e d  
l i g h t s ,  d i f f e r e n t  c a n d l e  power,  f ; a s h i n g  1 i g h t s ,  lamp s i z e  and g e o m e t r i c  a r rangement ,  e t c . ) .  

The t e s t s  c o n s i s t e d  i n  o p e r a t i n g  a  l a r g e  number o f  c a r s  f o r  each sys tem so as t o  s i m u l a t e  
a c t u a l  t r a f f i c  c o n d i t i o n s  and i n  c o l l e c t i n g  i n f o r m a t i o n  on l u m i n o u s  d e v i c e  consp icuousness ,  
a p p r e c i a b l i l i t y  o f  t h e  i n f o r m a t i o n  t r a n s m i t t e d  and i t s  u s e f u l n e s s  f o r  s a f e t y .  

The e x p e r i m e n t a l  d a t a  c o l l e c t e d  were t h e n  a n a l y z e d  and t h e  r e q u i r e m e n t s  t o  be  met  f o r  an 
e f f i c i e n t  s i g n a l  1  i n g  sys tem d e f i n e d .  F o r  a p p l i c a t i o n  ourposes  t h e  p r e s e n t  "STOP" sys tem was 
t h e n  c o n s i d e r e d  c r i t i c a l l y  and t h e  p o s s i b i l i t y  was i n v e s t i g a t e d  o f  a  more d e f i n i t e  and 
sound approach  t o  t h e  p r o b l e m  o f  a  more e f f i c i e n t  s a f e t y - r e l a t e d  luminous  s i g n a l  system. 



Forbes ,  L.M. The b r i g h t n e s s  o f  s i g n a l  1  i g h t s .  F o r d  M o t o r  Company, R e p o r t  No. S-66-24, 1966. 
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S i z e  ( a r e a )  3-80 s q .  Luminance N i g h t t i m e ,  N i t h  i n c r e a s i n g  
i n .  l e v e l  f o r  o t h e r w i s e  s i z e ,  d i s c o m f o r t  

d i s c o m f o r t  u n s p e c i f i e d  g l a r e  o c c u r s  a t  
g l a r e  p r o g r e s s i v e l y  

l o w e r  l e v e l s  o f  
1  umi nance .  
I n  g e n e r a l ,  t h e  
r e l a t i o n  i s  
e x p r e s s e d  b y  
e q u a t i o n  

where S i s  
t h e  maximum 
c o m f o r t a b l e  
d e n s i t y  i n  
c d / f t 2  and 8 i s  
t h e  a n g u l a r  
s i z e  o f  t h e  
lamp i n  
s t e r a d i  ans 
(rneas u r e d  f rom 
t h e  o b s e r v a -  
t i o n  p o i n t ) .  

Luminance 0 .72-513  P r o b a b i l i t y  N i g h t t i m e ,  
c d l f t 2  o f  i d e n t i f y -  o t h e r w i s e  

i n g  c o r r e c t -  u n s p e c i f i e d  
l y  t h e  l u m i -  
nance l e v e l  
p r e s e n t e d  
( o u t  o f  a  s e t  
o f  5 l u m i -  
nance 
l e v e l s )  

P r o b a b i l  i t y  o f  
c o n f u s i o n  o f  
t w o  r e d  s i g n a l s  
i s  0 . 3 3  i f  t h e  
r a t i o  o f  t h e i r  
1  uminance i s  
1:s; - 0 6  i f  t h e  
r a t i o  i s  1 : 2 2 .  

CONCLUSIONS 

B a s i c  v i s u a l  f a c t s  and  t h e  r e s u l t s  o f  some s m a l l - s c a l e  l a b o r a t o r y  e x p e r i m e n t s  were 
g a t h e r e d  t o  p r o v i d e  a  " s t a t e - o f - t h e  a r t "  summary o f  p r i n c i p l e s  t h a t  u n d e r l i e  t h e  d e s i g n  o f  
s i g n a l  l i g h t s .  Use of  t h e s e  r e s u l t s  s h o u l d  r e d u c e  t h e  amount o f  f i e l d  t e s t i n g .  

Curves a r e  p r e s e n t e d  w h i c h  show how much t h e  a p p a r e n t  cand lepower  o f  a  s i g n a l  l i g h t  m u s t  
be  changed f o r  d i f f e r e n t  l e n s  s i z e s ,  t o  m a i n t a i n  a  g i v e n  l e v e l  o f  b e i n g  o b j e c t i o n a b l y  " t o o  
b r i g h t "  f o r  v i e w i n g  d i s t a n c e s  o f  25 t o  800  f e e t .  F o r  example ,  a l t h o u g h  a  6 - i n c h  d i a m e t e r  l e n s  
has an a r e a  4 t i n e s  g r e a t e r  t h a n  one o f  3  i n c h e s ,  i t  may have an a p p a r e n t  cand lepower  no more 
t h a n  50'; g r e a t e r  t h a n  t h e  3 - i n c h  l e n s ,  f o r  t h e  same amount o f  g l a r e .  

Any l i g h t  w h i c h  i s  b r i g h t  enough t o  be  d e f i n i t e l y  v i s i b l e  i n  s t r o n g  s u n l i g h t  w i l l  be  t o o  
b r i g h t  i n  d a r k  a t  v i e w i n g  d i s t a n c e s  l e s s  t h a n  a b o u t  100 f e e t .  The m a r g i n  between adequa te  
d a y t i m e  v i s i b i l i t y  and n i g n t - t i m e  g l a r e  i s  worse  f o r  l a r g e r  l e n s  a r e a s ,  b e s t  f o r  t h e  s m a l l e s t  
l e n s e s .  

Human s e n s i t i v i t y  t o  1  i g n x  i s  n o t  d i r e c t l y  p r o o o r t i o n a l  t o  c a n d l e p o w e r ,  b u t  i n c r e a s e s  
o n l y  as t h e  cube r o o t  o f  i n t e n s i t y  ( f o r  a  g i v e n  s i z e ) ;  l i g h t  power mus t  be i n c r e a s e d  a b o u t  10 
t i m e s  t o  seem t w i c e  as b r i l l i a n t  s u b j e c t i v e l y .  I t  t a k e s  as much as 20 t i m e s  more b r i g h t n e s s  
f o r  t h e  d r i v e r  t o  kno!v f o r  s u r e  t h a t  he  i s  l o o k i n g  a t  a  s t o p  l i g h t  r a t h e r  t h a n  a  t a i l l i g h t  
when he d i d  n o t  w i t n e s s  t h e  t r a n s i t i o n .  



Forbes, 1966 [ c o n t i n u e d )  

The SAE recommendations i n  J575 a r e  based on apparent  candlepower r a t h e r  than b r i g h t n e s s .  
Apparent candlepower i s  a s u i t a b l e  measure f o r  i 1 l um inan ts ,  such as head1 i g h t s  ; photornet r i  c 
b r i g h t n e s s  i s  t h e  p rope r  measure f o r  s i g n a l  l i g h t s .  And even t h a t  i s  inadequate  because i t  
does n o t  s u f f i c i e n t l y  r e l a t e  t o  human s e n s i t i v i t y .  Sbggest ions a re  con ta ined  f o r  r e v i s i o n  o f  
t h e  SAE recommendations. 



H i t z e m e y e r ,  E . G . ,  l i l d e ,  H . ,  E l l e n b e r g e r ,  0. What c o l o r  s h o u l d  r e a r  t u r n  s i g n a l s  be?  
Volkswagenwerk AG, W o l f s b u r g  (Germany) / 'Jo lkswagen o f  A v e r i c a  I n c . ,  Englewood C l i f f s ,  N . J .  
S o c i e t y  o f  A u t o m o t i v e  E n g i n e e r s ,  Passenger  c a r  m e e t i n g ,  D e t r o i t ,  M I ,  1977,  R e p o r t  No: 
SAE 770812. 
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C o l o r  ( o f  ?ed,  S u b j e c t i v e  N o t  a  con-  Ye1 l o w  j u d g e d  Y e l l o w  i s  t h e  
t u r n  ye1  1  ow e f f e c t i v e n e s s  t r o l l e d  more e f f e c t i v e  s u p e r i o r  c o l o r  
s i g n a l  ) r a t i n g s  based  e x p e r i m e n t  b u t  t h a n  r e d  f o r  r e a r  t u r q  

on p a s t  a  s u r v e y  o f  s i g n a l  lamps i f  
e x p e r i e n c e  Amer ican  o f  c o r r e c t  

s o l d i e r s  and b r i g h t n e s s  
t h e i r  f a m i l i e s  
s t a t i o n e d  i n  
Europe;  a  
q u e s t i o n n a i r e  
d e a l i n g  w i t h  
t u r n  s i g n a l  
e f f e c t i v e n e s s  
i n  d a y t i m e  as 
w e l l  as n i g h t -  
t i m e  d r i v i n g  

ABSTRACT 

Once o p t i o n a l ,  f l a s h i n g  t u r n  s i g n a l s  have become s t a n d a r d  equ ipment  on m o t o r  v e h i c l e s  
a r o u n d  t h e  d o r l d .  However, d i s t i n c t n e s s  o f  r e a r  t u r n  s i g n a l s  i s  o f t e n  l o s t  dhen combined i n  
t h e  same compartments w i t h  s t o p  lamps o f  t h e  same s i z e ,  i n t e n s i t y ,  c o l o r  and l o c a t i o n .  I n  
t h e  U . S . ,  a p roposed  s o l u t i o n  i s  p h y s i c a l l y  s e p a r a t i n g  t h e  f u n c t i o n ,  w h i l e  o t h e r  c o u n t r i e s  
e f f e c t  s e p a r a t i o n  b y  c o l o r .  The SAE i s  i n v e s t i g a t i n g  more r e a l i s t i c  r e d l y e l l o w  lamp o u t p u t s  
t h a t  w o u l d  p e r m i t  use  o f  u n i v e r s a l  lamps,  w h i l e  i n  Germany, m a n u f a c t u r e r s  have s u r v e y e d  many 
e x p e r i e n c e d  Amer ican  and Canadian d r i v e r s  so d e t e r m i n e  p r e f e r e n c e  f o r  t h e  c o l o r  o f  t h e s e  
1  amps. 



K i l g o u r ,  T.R. Some r e s u l t s  o f  coope ra t i ve  v e h i c l e  1 i g h t i n g  research.  Highway Research 
Board B u l l e t i n  2 5 5 :  N i g h t  v i s i b i  1 i t y  1960, Highway Research Board, Washington, D.C., 1960, 
pp .  92-100. 
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Co lo r  Amber, S p e c i f i e d  o n l y  S t a t i o n a r y  I n t e n s i t y  r a t i o  
red,  as "equal  observer ,  o f  1:3:5  f o r  
w h i t e  e f f e c t i v e -  s t a t i o n a r y  ' e q u a l  e f f e c t i v e -  

ness" t a r g e t  d i s -  ness" of  red ,  
p l a y ,  day- amber, and w h i t e  
t ime  s i g n a l s  



L i n d a e .  G.  Uber  d i e  S i c h t b a r k e i  t von F a h r z e u s l e u c h t e n  i m  Nebel  und d i e  D i m e n s i o n i e r u n a  e i n e r  
g e e i g n e t e n  N e b e l w a r n l e u c h t e .  [The  v i s i b i  1  i t y - o f  v e h i c l e  1  i g h t s  i n  f o g  and o p t i m a l  d imens ions  
o f  f o g  w a r n i n g  l i g h t . ]  Bosch T e c h n i s c h e  B e r i c h t e  1, H e f t  2, 1965,  
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I n t e n s i t y  2.5, 25, V i s i b i l i t y  Two l e v e l s  o f  H i g h e r  i n t e n s i t y  I n t e n s i t y  = 250 
( o f  a  250 c d  d i s t a n c e  f o g  d e n s i t y  , y i e l d e d  l o n g e r  c d  ( h i g h e r  i n t e n -  
t a i  1  background  v i s i b i l i t y d i s -  s i t y w o u l d r e s u l t  
1  amp) 1  urninance = t a n c e .  i n  d i s c o m f o r t  

700 cdlrn2, g l a r e )  
s i z e  = 78 cm 

ABSTRACT 

[ E x p e r i m e n t s  w i t h  l i g h t s  have shown t h a t  v i s i b i l i t y  d i s t a n c e  o f  l i g h t s  can  De a p p r o x i m a t e l y  
d o u b l e d  i f  t h e  l i g h t  i n t e n s i t y  i s  i n c r e a s e d  100 f o l d .  A n o t h e r  i n c r e a s e  i n  v i s i b i l i t y  d i s t a n c e  
c o u l d  be  a c h i e v e d  t h r o u g h  h i g h e r  l u m i n a n c e ,  a l t h o u g h  o n l y  up t o  a  l e v e l  where no  d i s t u r b a n c e  
due t o  g l a r e  i s  p r e s e n t  i n  a  f o g - f r e e  atmos h e r e  and n o t  t o o  n i g h  t e m p e r a t u r e s  d e v e l o p .  The B o p t i m a l  l i g h t  w o u l d  have  a  s u r f a c e  o f  15 cm and  i n t e n s i t y  o f  250 c d . ]  
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INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLE 5 METHOD RESULTS RECOMMENDATIONS 

I n t e n s i t y  UP t o  V i s i b i l i t y  N i g h t t i m e ,  i n c r e a s e  o f  v i s i -  
1 c d  d i s t a n c e s  f o r  w i t h  o r  w i t h -  b i l  i t y  d i s t a n c e s  

judgments  o f  o u t  a  g l a r e  w i t h  i n c r e a s e  i n  
a.  j u s t  v i s i -  s o u r c e ,  mov- i n t e n s i t y  

b l  e  i n g  o b s e r v e r ,  
b .  j u s t  un- s t a t i o n a r y  

m i s t a k a b l e  t a r g e t  v e h i  - 
a s a r e d  c l e  
1  i g h t  

c .  j u s t  o b v i -  
ous 

d. j u s t  
b r i l l i a n t  - 

P o s i t i o n  t l f t .  D i s t a n c e  S t a t i o n a r y  H i g h  mounted 
( v e r t i c a l )  f r o m  a  e s t i m a t i o n  o b s e r v e r ,  1  i g h t s  appear  

compar i  - s t a t i o n a r y  f u r t h e r  away 
son t a r g e t  
l i g h t  1  i g h t s  
w h i c h  was 
p1 aced  
a t  a 
h e i g h t  
o f  3 f,. 

The r e a r  l i g h t  
mus t  have  an 
i n t e n s i t y  o f  o v e r  
. 2 5  c d  t o  be  seen 
p l a i n l y  a t  400 
f e e t .  

M o u n t i n g  h e i g h t  
and  i n t e n s i t y  
s h o u l d  be  s t a n -  
d a r d i z e d .  

- -- - 

I n t e n s i t y  5 x ,  l x ,  3 i s t a n c e  S t a t i o n a r y  B r i g h t e r  

21 where  e s t i m a t i o n  o b s e r v e r ,  1 i g h t s  appear  
10 s t a t i o n a r y  n e a r e r  
x i s  t h e  t a r g e t  
i n t e n s i t y  1  i g h t s  
o f  a  com- 
p a r i s o n  
l i g h t  

SUMMARY 

The Road Research L a b o r a t o r y  has r e c e n t l y  i n v e s t i g a t e d  t h e  adequacy o f  r e a r  l i g h t s  on 
m o t o r  v e h i c l e s  and p e d a l  c y c l e s .  The r e s e a r c h  was o f  two k i n d s ,  a  s t a t i s t i c a l  e x a m i n a t i o n  o f  
r e p o r t e d  f r o n t / r e a r  c o l l i s i o n s  a t  n i g h t  and a  s t u d y  o f  t h e  v i s i b i l i t y  o f  r e a r  l i g h t s  o f  
v a r i o u s  i n t e n s i t i e s .  B o t h  i n v e s t i g a t i o n s  l e d  t o  t h e  same c o n c l u s i o n ,  t h a t  t h e  m a j o r i t y  o f  
v e h i c l e  r e a r  l i g h t s  on t h e  r o a d  t o d a y  a r e  i n a d e q u a t e .  

P a r t  o f  t h e  a c c i d e n t  a n a l y s i s  c o n s i s t e d  o f  a  c o m p a r i s o n  between t h e  r e c o r d s  o f  a c c i d e n t s  
a t  n i g h t  t o  p r e - w a r  c a r s  and p o s t - w a r  c a r s ;  t h e  l a t t e r  a r e  f i t t e d  w i t h  g r e a t l y  i m p r o v e d  r e a r  
l i g h t i n g .  The r e s u l t s  showed t h a t  a  p r e - w a r  c a r ,  when s t a t i o n a r y  on  t h e  r o a d  a t  n i g h t ,  i s  
a b o u t  s i x  t i m e s  as l i k e l y  as a  p o s t - w a r  c a r  t o  be h i t  i n  t h e  r e a r  b y  a  f o l l o w i n g  v e h i c l e .  
Rear l i g h t s  o f  co rnnerc ia l  v e h i c l e s  have  n o t  been i rnproved t o  a n y t h i n g  l i k e  t h e  same e x t e n t  as 
t h o s e  o f  p r i v a t e  c a r s  and t h e  r e c o r d s  showed l i t t l e  d i f f e r e n c e  between r i s k s  o f  f r o n t / r e a r  
a c c i d e n t s  f o r  p r e - w a r  and f o r  p o s t - w a r  commerc ia l  v e h i c l e s .  

The a n a l y s i s  showed t h a t  i n a d e q u a t e  r e a r  l i g h t s  caused  a b o u t  3600 c a s u a l t i e s  p e r  y e a r  
( a b o u t  9 p e r  c e n t  o f  a l l  n i g h t  c a s u l  t i e s ) ;  t h e  r e s u l t i n g  moneta ry  c o s t  t o  che communi ty  i s  
e s t i m a t e d  t o  be  a b o u t  ; 2  000 000 per arnurn. 

The e f f e c t s  o f  c o n d e n s a t i o n  on  t h e  w i n d s c r e e n  and g l a r e  f r o m  o p p o s i n g  headlamps on t h e  
v i s i b i l i t y  d i s t a n c e  o f  a  r e a r  l i g h t  were  s t u d i e d  and i r  was c o n c l u d e d  t h a t  g l a r e  f r o m  



Moore, 1952 ( c o n t i n u e d )  

opposing headlamps i s  p robab l y  t h e  a o s t  i m p o r t a n t  s i n g l e  f a c t o r  reduc ing  r e a r - 1  i g h t  v i s i -  
b i l i t y .  Tak ing a  bad ( b u t  n o t  t h e  w o r s t )  case, v i z . ,  a  r e a r  l i g h t  a  few f e e t  f rom t h e  
d ipped headlamp o f  a  c a r ,  i t  was found t h a t  t h e  r e a r  l i g h t  must have an i n t e n s i t y  o f  ove r  
0 .25  cande la  t o  be seen p l a i n l y  a t  400 f t .  A survey o f  t h e  i n t e n s i t y  o f  t h e  r e a r  l i g h t s  o f  
v e h i c l e s  on t h e  road  showed t h a t  t h r e e - q u a r t e r s  o f  p r i v a t e  c a r s ,  commercial v e h i c l e s ,  p u b l i c  
s e r v i c e  v e h i c l e s  and motor  c y c l e s ,  and 98 p e r  c e n t  o f  c y c l e s ,  had r e a r  l i g h t s  l e s s  b r i g h t  
than t h i s ;  80 pe r  cen t  o f  cyc les  and 60 p e r  cen t  o f  commercial v e h i c l e s  had r e a r  l i g h t s  o f  
l e s s  than one - ten th  o f  t h i s  b r i g h t n e s s .  

The judgment o f  t h e  d i s t a n c e  o f  a  r e a r  l i g h t  was found t o  be g r e a t l y  a f f e c t e d  by t h e  
i n t e n s i t y  and mount ing  h e i g h t  of  t h e  l i g h t .  B r i g h t  l i g h t s  appear near :  h igh-mounted l i g h t s  
appear f u r t h e r  away. It i s  conc luded t h a t  t h e  d i s t a n c e s  o f  r e a r  l i g h t s  c o u l d  be more e a s i l y  
judged i f  t h e y  had a s tanda rd  i n t e n s i t y  and were mounted a t  a  s tanda rd  h e i g h t .  F u r t h e r  
improvement would r e s u l t  i f  t h e  two r e a r  l i g h t s  were p l a c e d  a  s tanda rd  d i s t a n c e  a p a r t  o f  2  o r  
more f e e t .  

R e l i a b i l i t y  t e s t s  were a l s o  made on p o p u l a r  makes of  c y c l e  r e a r  lamps. The lamps t e s t e d  
had a  h i g h  f a i l u r e  r a t e ,  f o r  b a t t e r y  lamps 35 pe r  1 000 n i g h t  j ou rneys ;  75 p e r  cen t  o f  t h e  
f a i l u r e s  were due t o  b u l b  f a i l u r e  o r  r u n n i n g  down o f  t h e  b a t t e r y ,  t h e  rema in ing  d e f e c t s  
be ing  c h i e f l y  f a u l t y  con tac t s  and mechanical  f a i l u r e  due t o  c o r r o s i o n .  The u n r e l i a b i l i t y  o f  
r e a r  l i g h t s  may be t h e  c h i e f  reason why c y c l i s t s  so o f t e n  f a i l  t o  obse rve r  r e a r - l i g h t  r egu la -  
t i o n s .  

Even a  poo r  r e a r  l i g h t  was found t o  be more r e a d i l y  v i s i b l e  than e i t h e r  a  r e f l e c t o r  o r  a  
w h i t e  mudguard; a  w h i t e  mudguard t o g e t h e r  w i t h  a  r e f l e c t o r  was b e t t e r  than e i t h e r  s e p a r a t e l y .  
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INDEPENDENT R A N G E  D E P E N D E N T  
VARIABLE V A R I A B L E  

YETHOD RESULTS RECOMMENDATIONS 

Spacing 34, 9 ,  Reaction time Stationary 
(vert ical  18" to turn sig- observer, 
separation nal s  stationary 
of turn target vehi - 
signals c l e ,  time 
lamps from sharing 
stop lamps) task,  day- 

time and 
nighttime 

Shortest r eac~ ion  Turn signals 
time for the should be 
highest-mounted mounted on the 
thrn signals sides of a vehi- 
(3!i1 = 1.31 c le  roughly a t  
seconds, the level of the 
18' = 1.17 d r ive r ' s  eyes. 
seconds) 

An analysis of accidents i n  Great Britain has shown that  i t  i s  important that  direction 
signals on motor vehicles should be readily seen from the front a n d  side as well as from the 
rear ,  particularly by cyclists  and motorcyclists. I n  the l ight  of this  information the rela-  
t ive merits of present-day examples 3f semaphore-arm and flashing turn signals for use o n  cars 
have been compared. 

I t  i s  concluded, over rhe wide variety o f  conditions tested,  that  a side-mounted amber 
flashing indicator ( the  "amber ea r " )  i s  the nost effective indicator. .4 rear indicator was 
found to become less effective the nearer i t  Idas to the stop l ight .  There seem to be advan- 
tages in mounting signals 3 t  drivers '  eye-level, and amber colored signals appear better  than 
red or white ones. 

The side-mounted indicator i s  l ikely to be of help to cyclists  and ~ o t o r c y c l i s t s ,  who are 
the chief victims of serious and fatal  turning-car accidents a t  road intersections in Great 
Britain. 

The importance of standardization in the choice of direction signals i s  stressed and 
recornendations are ~ a d e  re~arding the choice. 
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INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

I n t e n s i t y  2-1,000 V i s i b i l i t y  Dayt ime, f og ,  V i s i b i l i t y  d i s -  The c o n s p i c u i t y  
c d  d i s t a n c e  o t h e r w i s e  tance  i nc reases  o f  v e h i c l e s  i n  

unspec i f i ed  w i t h  i n c r e a s e  i n  =c~g would be 
i n t e n s i t y  g r e a t l y  improved 
( 2  c d : l l O  f t . ;  w i t h  r u n n i n g  
1,000 c d : 2 9 0 f t . )  l i g h t s  o f  i n t e n -  

s i t y  i n  t h e  1,000 
cd range. How- 
eve r ,  t h e  l i g h t s  
wou ld  have t o  be 
sw i t ched  o f f  when 
t h e  v e h i c l e  comes 
o u t  o f  t h e  f o g  t o  
p reven t  dazz l  i n g  
f o l l o w i n g  d r i v e r s .  

ABSTRACT 

The impor tance o f  good v i s i b i l i t y  o f  t h e  road  scene i s  d i scussed  i n  r e l a t i o n  t o  
( a )  v i s i b i l i t y  f r om t h e  d r i v e r ' s  sea t ,  and ( b )  how c l e a r l y  v e h i c l e s ,  r e a r  l i g h t s ,  and s i g -  
n a l l i n g  l i g h t s  can be seen. Suggest ions a r e  made f o r  a d d i t i o n a l  arrangements o f . l i g h t s  t o  
a s s i s t  i n  f o g  and i n  f o l l o w i n g  i n  queue c o n d i t i o n s .  Methods by wh ich d i r e c t i o n  i n d i c a t o r  
lamps c o u l d  be made more e f f i c i e n t  a r e  noted.  

It i s  concluded t h a t ,  i n  t h e  des ign  o f  a  v e h i c l e ,  t h e r e  i s  a  need t o  s tudy  t h e  c o n f l i c t s  
t h a t  a r i s e  between good v i s i  b i  1  i t y  and o t h e r  s a f e t y  f a c t o r s .  
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INDEPENDENT 
VARIABLE 

Rear l i g h t -  
i n g  systems 
(number o f  
1  amps, 
f u n c t i o n a l  
s e p a r a t i o n ,  
c o l o r )  

RANGE QEPENDENT 
VARIABLE 

METtiOD RESULTS RECOMMENDATIONS 

8 syszems React ion  t i m e  Moving obser -  System w i t h  green Best  r e a r  l i g h t -  
t o  s top ,  ve rs ,  moving t a i l  1  i g h t s ,  amber i n g  system 
t u r n ,  t u r n  & t a r g e t  v e h i -  t u r n  s i g n a l s  employs bo th  f u l l  
s t o ~ ,  s t o p  c l e ,  n i g n t -  y i e l d e d  s h o r t e s t  f u n c t i o n a l  
?I t u r n  t ime ,  t i m e  r e a c t i o n  t ime  s e p a r a t i o n  and 
s i g n a l s  s h a r i n g  task  (mean d i f f e r -  c o l o r  cod ing.  

ences becween t h e  
" b e s t "  and t h e  
"wo rs t "  system 
. 2 5 - . 4 5  sec . ) .  

Separa- 1, 2 ,  3 React ion  t i m e  Moving obser -  Systems where 
t i o n  o f  s e t  o f  t o  s top ,  t u r n ,  ve rs ,  moving t a i l 1  i g h t s ,  t u r n  
1  amps lamps t u r n  & s too ,  t a r g e t  veh i -  s i g n a l s ,  and s t o p  
by s t o p  & t u r n  c l e ,  n i g h t -  s igna:s were 
func-  s i g n a l s  t ime ,  t i m e  rep resen ted  by 
t i  on s h a r i n g  task  sepa ra te  lamps 

y i e l d e d  s h o r t -  
e s t  r e a c t i o n  
t imes .  

Separa- Amber, Reac t i on  t ime  Moving obser -  Systems where 
t i  on o f  green, t o  s top ,  t u r n ,  ve rs ,  moving t a i l l i g h t s ,  t u r n  
lamps r e d  t u r n  & s top ,  t a r g e t  veh i -  s i g n a l s  and s t o p  
by s t o p  & t d r n  c l e ,  n i g h t -  s i g n a l s  were 
c o l o r  s i g n a l s  t ime ,  t i m e  rep resen ted  by 

s h a r i n g  t a s k  d i f f e r e n t  c o l o r s  
y i e l d e d  s h o r t e s t  
r e a c t i o n  t ime .  

ABSTRACT 

The purpose o f  t h i s  s tudy  was t h e  e v a l u a t i o n  o f  p resen t  and proposed means o f  cod ing  
automobi le  r e a r  1  i g h t i n g  systems. V a r i a b l e s  cons ide red  i n  t h e  s tudy  were: number o f  lamps, 
s e p a r a t i o n  o f  lamps by f unc t i on ,  and c o l o r .  A l so  i n v e s t i g a t e d  were i n t e n s i t y  and f l a s h  r a t e  
codes c u r r e n t l y  i n  use. 

T e s t i n g  was done a t  n i g h t  w i t h  two s p e c i a l l y  equipped r e s t  v e h i c l e s .  They were d r i v e n  
bo th  on c i t y  s t r e e c s  and on a  d i v i d e d  highway t o  p r o v i d e  " c i t y "  and " c o u n t r y "  c o n d i t i o n s .  The 
l e a d  c a r ,  equipped w i t h  e i g h t  r e a r  l i g h t i n g  systems, d i s p l a y e d  t h e  t e s t  systems, one a t  a  
t ime ,  t o  two s u b j e c t s  i n  a  f o l l o w i n g  c a r .  The t e s t  s u b j e c t s  ( t h e  d r i v e r  and passenger)  i n  t h e  
second v e h i c l e  per formed a  t ime -sha r i ng  t a s k  wh ich r e q u i r e d  t h a t  they  respond t o  t u r n  and s t o p  
s i g n a l s  g i v e n  by t he  l e a d  c a r .  T h e i r  r e a c t i o n  t imes ,  t he  number of  missed s i g n a l s ,  and sub- 
j e c t i v e  r a t i n g s  were used t o  e v a l u a t e  system performanc?. ;\ t o t a l  o f  66 male and female 
s u b j e c t s  were used. 

Resu l t s  o f  t h e  s tudy  i n d i c a t e  t h a t  t h e  r e a r  l i g h t i n g  system concept p r e s e n t l y  i n  use p ro -  
v ided the  poo res t  performance o f  a l l  systems t e s t e d .  Exoer imenta l  systems show t h a t  t h e  
a rousa l  p r o p e r t y  o f  s i g n a l s  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number of  lamps used. Sepa ra t i on  
o f  lamps by f u n c t i o n  and c o l o r  cod ing  o f  s i g n a l s  were a l s o  shown t o  be f a c t o r s  s i g n i f i c a n t l y  
a f f e c t i n g  system performance. 

The most e f f e c t i v e  systems were those i n  which t a i l l i g h t s ,  t u r n  s i g n a l s ,  and s top  s i g -  
n a l s  were represented by separa te  lamos. The f i n d i n g s  i ~ d i c a t e  t h a t  t h e  l i g h t  cod ing  tech -  
n iques rep resen ted  by t h e  exper imenta l  systems (and n o t  c u r r e n t l y  employed i n  r e a r  l i g h t i n g  
systems! can l e a d  t o  s i g n i f i c a n t  ga ins  i n  d r i v e r  performance. 
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Rear l i g h t -  
i n g  systems 
( c o l o r ,  
same o r  
sepa ra te  
hous ings 
f o r  t u r n 1  
S ~ O D )  

RANGE DEPENDENT 
VARIABLE 

METHOD RESULTS 

Amber, Reac t i on  t i m e  S t a t i o n a r y  S h o r t e s t  r e a c t i o n  
green- t o  s top ,  t u r n ,  obse rve r ,  t i m e  f o r  a  system 

b lue ,  and t u r n  & s t a t i o n a r y  hav ing  green-b l  ue 
r e d  s t o p  s i g n a l s  t a r g e t  v e h i -  f o r  presence and 

c l e , n i g h t -  r e d f o r s t o p &  
t i m e ,  t ime  t u r n  i n  two 
s h a r i n g  sepa ra te  housings . 
t a s k  

Co lo r  Amber, Reac t i on  t i m e  S t a t i o n a r y  Reac t i on  t i m e  
green- t o  f l a s h i n g  obse rve r ,  i n  seconds : 

b l u e ,  t u r n s i g n a l s  s t a t i o n a r y  (no rma ls /d i ch ro -  
r e d  t a r q e t  mats)  : 

v e h i c l e ,  
day t ime ,  Red: 1.1/1.48 
t i m e  sha r -  Green- 

i n g  t a s k ,  b l u e :  1.3512.23 

luminar ice = Amber: 1.3611.78 

C o l o r  Amber, Recogn i t i on  Moving obser -  Recogn i t i on  d i s -  
green- d i s t a n c e  ve r ,  s t a -  tance i n  f e e t  

b l u e ,  t i o n a r y  (no rma ls /d i ch ro -  
r e d  t a r g e t  v e h i -  ma ts ) :  

'le' Red: 300011570 1  umi nance = 
26 f t - L .  Green- 

b l u e :  272011420 
Amber: 250011270 

Co lo r  Green- Candlepower Fog, n i g h t -  Zed of  equal  
b l  ue , f o r  equal  t ime,  cand l  epower 

r e d  b r i g h t n e s s  s t a t i o n a r y  appeared b r i g h t e r  
w i t h  w h i t e  obse rve r ,  than green-b l  ue. 

s t a t i o n a r y  
t a r g e t s  

RECOMMENDATIONS 

S igna l  i n g  con- 
f i g u r a t i o n  u s i n g  
green-b lue t a i  1  - 
l i g h t s  w i t h  r e d  
s top -  t u r n  
separa ted f rom t h e  
t a i l 1  i g h t s  i s  t h e  
most e f f e c t i v e  
system. I n  a  s i n -  
g l e  c o l o r  system 
t h e  lamps shou ld  
be separa ted a  
minimum d i s t a n c e  
o f  6 inches edge- 
to-edge t o  be 
i d e n t i f i e d  as 
sepa ra te  1  i g h t s  
a t  400 f e e t .  

- ---- 

Spacing 4,  6 ,  8"  Pe rcep t i on  
( h o r i -  (edge t o  o f  one o r  
zon ta l  edge) two l i g h t s  
s e p a r a t i o n  
be tween 
t a i l  and 
s i g n a l  
1  amps ) 

N i g h t t i m e ,  Bes t  performance 
o the rw ise  w i t h  w i d e s t  separa- 
u n s p e c i f i e d  t i o n ;  a t  400'  a  

s e p a r a t i o n  of  6  
inches r e q u i r e d  
t o  assure  90% 
p r o b a b i l i t y  t h a t  
t h e  lamps were seen 
as non-over1 apping 

ABSTRACT 

As p a r t  of  a program of resea rch  i n  v e h i c l e  l i g h t i n g  and s i g n a l i n g  systems, exper iments  
were conducted t o  determine t h e  d e t e c t a b i l i t y  o f  va r i ous  s t o p  and t u r n  s i g n a l s .  ;he a p p l i c a -  
b i l i t y  o f  t h e  f o l l o w i n g  cod ing  dimensions was exp lo red :  ( 1 )  i n t e n s i t y ,  ( 2 )  f l ash ,  ( 3 )  number, 
( 4 )  c o l o r .  The c o n d i t i o n s  i n v e s t i g a t e d  were c l e a r  n i g h t t i m e ,  s imu la ted  n i g h t t i m e  coun t r y  and 
c i t y  d r i v i n g ,  b r i g h t  s u n l i g h t  and s i m u l a t e d  wa te r  f og .  C o l o r - b l i n d  s u b j e c t s  were 'nc luded i n  
some o f  t h e  t e s t s .  



Mor t imer ,  1969 ( c o n t i n u e d )  

I n  t h e  e v a l u a t i o n  o f  e i g h t  r e a r  s i g n a l i n g  systems, u s i n g  a  t ime-shared t a s k  t o  measure 
r e a c t i o n  t i m e  t o  s t o p  and t u r n  s i g n a l s ,  t h e  d e t e c t a b i l i t y  of t h e  s i g n a l s  o f  seve ra l  e x p e r i -  
menta l  systems was found t o  be b e t t e r  ( s h o r t e r  r e c o g n i t i o n  t i m e )  than t h a t  o f  t h e  c u r r e n t  sys-  
tem. Improvements r e s u l t e d  from t h e  s e p a r a t i o n  of  t h e  s t o p - t u r n  l i g h t s  from t h e  t a i l l i g h t s .  
The r e c o g n i t i o n  d i s t a n c e  f o r  r e d  t a i l l i g h t s  was g r e a t e r  than f o r  e i t h e r  green-b lue o r  amber 
w i t h  and w i t h o u t  g l a r e .  A s l i g h t l y  h i g h e r  i n t e n s i t y  i s  r e q u i r e d  f o r  g reen-b lue f o r  equal  
r e c o g n i t i o n  w i t h  r e d  i n  fog,  b u t  i n t e n s i t y  had a  much g r e a t e r  e f f e c t  than c o l o r .  Red was 
found t o  be mcre e f f e c t i v e  as a  s i g n a l  than e i t h e r  amoer o r  green-b lue i n  b r i g h t  s u n l i g h t .  

The r e a r  l i g n t i n g  and s i g n a l i n g  c o n f i g u r a t i o n  u s i n g  green-b lue t a i l l i g h t s  ~ i t h  r e d  s top -  
t u r n  l i g h t s  s e ~ a r a t e d  f rom t h e  t a i l l i g h t s  was found t o  have t h e  s h o r t e s t  d e t e c t i o n  t i m e  and 
m igh t  t h e r e f o r e  be cons idered t h e  most e f f e c t i v e  system. However, some improvement i n  detec-  
t i o n  t i m e  was a l s o  observed w i t h  t h e  a l l - r e d  system i n  wh ich  t h e  t a i l l i g h t s  a r e  separa ted f rom 
t h e  s t o p - t u r n  l i g h t s  as compared t o  t h e  p resen t  system. 

No r e a l  d r l v i n g  c i rcumstances were i n c l u d e d  i n  t h e  research work n o r  were any cons ide ra -  
t i o n s  made r e g a r d i n g  c o m p a t i b i l i t y  w i t h  e x i s t i n g  systems. 



Mortimer, R . G .  Automotive rear 1 ighting a n d  signaling research. HSRI , University of 
Michigan, 9eport No. HuF-5, 1970. 

INDEPENDENT DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Rear l ign t -  5  systems Reaction t ine  Moving obser- System with 
ing systems to turn,  stop, ver, moving green-blue t a i l -  
(number of turn & s top,  ta rget  vehi- l i g h t s ,  amoer 
1 amps , and stop & c l e ,  night- turn signals 
color ,  turn signals time and red stop 
in tens i ty)  signals yieldeo 

shortest  reac- 
tion time 

Color Green- Reaction time Moving obser- Shorter reaction 
(of blue, to turn ,  stop, ver,  moving time with green 
the red turn & stoo,  target  vehi - turnlpresence 
turn/ and stop & c l e ,  1 amp 
pres - turn signals nighttime 
ence 
1 amp 

inten- 35, 91 cd Reaction time 2 lamp sys- The high signal 
s i t y  to turn,  stop, tem, turn/ in tens i ty  resul- 
(of turn & s top,  presence ted in shorter  
the and stop & r a t i o :  13:1, reaction time 
turn turn signals moving obser- than the iow sig- 
sig- ver, moving nal in tens i ty .  
nal ) ta rget  vehi- 

c l e ,  nighttime 

Separation of 
1 amps by function 
and color. 
Presence 1 amps 
should be green- 
bl ue, turn 1 amps 
amber, and stop 
1 amps red. 

Color Amber, Intensity Stationary Intensity rat ios : 
greetl- resulting observer, Green :Red :Amber: 
blue,  in "ade- stat ionary White = 

red, quate t a rge t s ,  
white brightness bright 0.96:1:2.68:5.61 

for  a  stop daytime (color normals) 

s  i gnal 0.73:1:2.48:L.94 
(color blinds; 

Color Amber, Intensity Stationary Intensity Ratios: 
green- resulting observer, Green: Red:Amber: 
blue, in uncom- stat ionary White = 

red, fortable t a rge t s ,  
white brightness nighttime 0.64:1:1.78:2.55 

(color normals) 

Two intensity sys- 
tem, sseci f ic  
recommendation re- 
garding daytime and 
nighttime minimum 
and maximum inten- 
s i t y  values as a 
function of the 
lamp area. 

0.42:1:.65:1.17 
(color blind) 



Mor t imer ,  1970 ( c o n t i n u e d )  

INDEPENDENT RANGE DEPENDENT 
'VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Spacing 3 . 2 5 ,  6" Displacement N i g h t t i m e  
( v e r t i c a l  t h r e s h o l d ;  s i m u l a t i o n ,  
o r  h o r i  - s u b j e c t i v e  s t a t i o n a r y  
z o n t a l  e v a l u a t i o n  obse rve r ,  
separa- of  e f f e c -  moving 
t i o n )  t i v e n e s s  i n  t a r g e t  

g i v i n g  head- 
way change 
i n f o r m a t i o n  

U i d e r  sepa ra t i ons  
r e s u l t e d  i n  
l ower  d i s p l a c e -  
ment t h r e s h o l d s  
and h i g h e r  sub- 
j e c t i v e  e f i e c -  
t i v e n e s s .  
V e r t i c a l  separa- 
t i o n s  r e s u l t e d  
i n  l ower  d i s -  
p lacement t h r e s -  
h c l d s  and h i g h e r  
s u b j e c t i v e  
e f f e c t i v e n e s s .  

Minimum separa- 
t i o n ,  measured 
edge-to-edge, 
shou ld  be 5 
inches between 
s t o p  and presence 
lamps and 3 . 5  
inches between 
t u r n  s i g n a l  and 
presence lamps o r  
t u r n  s i g n a l  and 
s t o p  lamps. 

Rear l i g h t -  6 s t u -  Displacement N i g h t t i m e  Compl ex 
i n g  systems d i e s ,  th resh01 d; s i m u l a t i o n ,  
(presence seve ra l  s u ~ j e c t i v e  s t a t i o n a r y  
l i g h t  systems e v a l u a t i o n  obse rve r ,  
a r r a y s  ~ i t h  each o f  e f fec-  moving 
v a r y i n g  t i  veness i n  t a r g e t  
s i z e ,  g i v i n g  head- 
c o l o r ,  way change 
spac ing,  i n f o r m a t i o n  
l o c a t i o n ,  
number of  
1  amps ) 

Rear l i g h t -  4 systems 
i n g  systems 
(presence 
l i g h t  
a r rays  w i t h  
v a r y i n g  
number o f  
1  amps, 
l o c a t i o n )  

D isp lacement  Moving obser -  Four-1 amp a r r a y  
t h r e s h o l d ;  v e r ,  moviqg r e s u l t e d  i n  t h e  
s u b j e c t i v e  t a r g e t  l o w e s t  d i sp lace -  
e v a l u a t i o n  v e h i c l e  ment th resh01 d  
o f  e f f e c -  and t h e  h i g h e s t  
t i v e n e s s  i n  s u b j e c t i v e  
g i v i n g  head- e f f e c t i v e n e s s .  
way change 
i n f o r m a t i o n  

ABSTRACT 

A rev iew  o f  p rev ious  NHSB v e h i c l e  r e a r  l i g h t i n g  s t u d i e s  was c a r r i e d  o u t ,  and a  research 
program was planned. Exper iments were conducted i n  t h e  1  a b o r a t o r y  , by s i m u l a t i o n ,  by ou tdoo r  
s t a t i c  t e s t s ,  and i n  dynav ic  s t u d i e s  on p u b l i c  hicjhways. Exper iments concerned w i t h  t h e  cod ing  
o f  s i g n a l  l i g h t s  showed t h a t  s e p a r a t i o n  o f  lamps by f u n c t i o n  and c o l o r  were e f f e c t i v e  t ech -  
n iques.  I t  was recommended t h a t  presence lamps shou ld  be green-b lue,  t u r n  lamps amber, and 
s top  lamps red.  An a n a l y t i c a l  c a r - f o l l o w i n g  s i m u l a t i o n  showed t h a t  use of  such a  system shou ld  
reduce rea r -end  c o l l i s i o n s .  There was a  n e g l i g i b l e  e f f e c t  upon response t o  r e a r  s i g n a l s  o f  low 
doses o f  a l c o h o l .  I t  was found t h a t  r e a r  t u r n  s i g n a l s  shou ld  be augmented by f o rwa rd  mounted, 
amber repea te r  s i g n a l s .  Inprovements i n  d r i v e r  s e n s i t i v i t y  t o  c l o s u r e  w i t h  another  v e h i c l e  a t  
n i g h t  were ob ta ined  i n  s i m u l a t i o n  and f i e l d  s t u d i e s  by an a r r a y  o f  f ou r  presence lamps, two 
mounted h i g h  and two c o n v e n t i o n a l l y .  S igna l s  shou ld  n o t  be g i v e n  on each r e l e a s e  of  t h e  
a c c e l e r a t o r  n o r  can such s i g n a l s  re1 i a b l y  p r e d i c t  subsequent a p p l i c a t i o n  o f  t h e  brakes.  I n t e n -  
s i  t i e s  needed f o r  s i d e  t u r n  s i g n a l s ,  r e a r  t u r n  aqd s top  s i g n a l s  were e x p e r i m e n t a l l y  d e r i v e d .  
N i g h t  i n t e n s i t y  shou ld  be l ower  t han  day i n t e n s i t y .  I n  i n t e n s i t y  o v e r r i d e  s w i t c h  shou ld  be 
p rov ided  t o  a l l o w  day s i g n a l  i n t e n s i t i e s  t o  be ob ta ined  t o  poo r  a tmospher ic  c o n d i t i o n s ,  and t o  
r a i s e  presence l i g h t  i n t e n s i t y  t o  n i g h t  s i g n a l  l e v e l s .  



Mort imer ,  R.G., Hoffman, E.R., P o s k o c i l ,  A . ,  Jorgeson, C.M., Olson, P.L., and Moore, C.D. 
S tud ies  o f  au tomobi le  and t r u c k  r e a r  l i g h t i n g  and s i g n a l i n g  systems. HSRI, The U n i v e r s i t y  o f  
Mich igan,  Report  No. UM-HSRI-HF-74-25, 1974. 

INDEPENDENT RANGE DEPENDENT 
'VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  
i n g  systems 
(number o f  
l amps, 
c o l o r ,  
f u n c t i o n a l  
separa- 
t i o n ,  
spac ing , 
p o s i t i o n )  

24 sys- I d e n t i f i c a t i o n  F i l m  segments For  most of  t h e  Novel s i g n a l i n g  
t ems o f  t h e  mean- of  s i m u l a t e d  l i g h t i n g  systems d i s p l a y s  can be 

i n g  o f  t h e  c a r  and t r u c k  t e s t e d ,  s u b j e c t s  expected t o  be 
s i g n a l  r e a r  1  i g h t i n g  cou ld  re1  i a b l y  r e a d i l y  i d e n t i -  

systems, i n t e r p r e t  un ique f i e d  by d r i v e r s  
n i g h t t i m e  s i g n a l s  a f t e r  w i t h  l i t t l e  
s i m u l a t i o n  b r i e f  t r a i n i n g .  i n t r o d u c t o r y  

t r a i n i n g  needed. 

ABSTRACT 

T h i s  r e p o r t  c o n s i s t s  o f  4 s t u d i e s  r e l a t e d  t o  v e h i c l e  r e a r  l i g h t i n g  problems: 

Acc iden t  Data Ana l ys i s  
I n t e r p r e t a t i o n  o f  S igna l s  [ a b s t r a c t  below] 
Responses o f  Naive D r i v e r s  t o  Presence and Stop S igna l s  o f  

Exper imenta l  Rear L i g h t i n g  C o n f i g u r a t i o n s  
Pe rcep t i on  o f  R e l a t i v e  V e l o c i t y  

INTERPRETATION OF SIGNALS 

Th i s  was a  l a b o r a t o r y  i n v e s t i g a t i o n ,  t h e  purpose o f  wh ich  was t o  determine whether nayve 
d r i v e r s  c o u l d  r e l i a b l y  i n t e r p r e t  t h e  meaning of un ique s i g n a l s  as presented by va r i ous  t r u c k  
and automot ive  r e a r  l i g h t i n g  systems. 

The r e s u l t s  i n d i c a t e  t h a t ,  f o r  most o f  t h e  l i g h t i n g  systems t e s t e d ,  sub jec t s  cou ld  
r e l i a b l y  i n t e r p r e t  unique s i g n a l s  a f t e r  b r i e f  t r i a n i n g .  Such e r r o r s  as were made were n o t  
l i k e l y  t o  i nc rease  r i s k .  



M o r t i m e r ,  R.G., Moore,  C.D., J r . ,  Jorgeson,  C.M., and Thomas, J.K. Passenger c a r  and t r u c k  
s i g n a l i n g  and m a r k i n g  r e s e a r c h :  I. R e g u l a t i o n s ,  i n t e n s i t y  r e q u i r e m e n t s  and  c o l o r  f i l t e r  
c h a r a c t e r i s t i c s .  HSRI , U n i v e r s i t y  o f  M i c h i g a n ,  R e p o r t  No. UM-HSRI-HF-73-18, 1973. 

INDEPENDENT DEPENDENT 
VARIABLE VARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  
i n g  systems 
(number o f  
1  amps, 
f u n c t i o n a l  
s e p a r a t i o n ,  
c o l o r ,  
i n t e n s i t y ,  
s p a c i n g )  

28 systems P e r c e n t  of  S t a t i o n a r y  Complex 
s i g n a l s  o b s e r v e r ,  
i d e n t i f i e d  s t a t i o n a r y  
c o r r e c t l y  t a r g e t s ,  
( t u r n ,  d a y t i m e  
s t o p ,  t u r n  

s t o p )  9, 
S u b j e ~ t l v e  
b r i g h t n e s s ,  
s u b j e c t i v e  
e f f e c -  
t i v e n e s s ,  
d a y t i m e ,  
n i g h t t i m e  

D e t a i l e d  i n t e n -  
s i  t y  recommenda- 
t i o n s  f o r  v a r i o u s  
systems,  e .g . ,  
f o r  a  3 lamp sys -  
tem ( p r e s e n c e -  
g reen ,  s t o p - r e d ,  
tu rn -amber )  t h e  
recommended 
c a n d e l a  v a l u e s  a r e  
as f o l l o w s :  

N i g h t  Day 
(minimax) ( m i n )  

Pres -  
ence 4/15 

C o l o r  Amber, P e r c e n t  o f  S t a t i o n a r y  Worse i d e n t i -  S t o p  801190 300 
( o f  r e d  s i g n a l s  o b s e r v e r ,  f i c a t i o n  w i t h  T u r n  801320 425 
t h e  i d e n t i f i e d  s t a t i o n a r y  amber t u r n  
t u r n  c o r r e c t l y  ' La rge ts ,  s i g n a l s ;  worse  
s i g -  ( t u r n ,  d a y t i m e  i d e n t i f i c a t i o n  
n a l s ;  s t o o ,  t u r n  w i t h  2 "  separa -  
s t o p  & s t o p )  t i o n ;  amber 
s i g -  s i g n a l s  needed 
n a l  h i g h e r  i n t e n -  
a lways s i t y  t o  r e a c h  
r e d ) ,  a  g i v e n  l e v e l  
spa- 2 ,  8 "  of  pe r fo rmance  
c i n g  (edge t o  
( v e r -  edge) 
t i c a l  
s e p a r b  
t i o n  
o f  
t u r n  
and 
b r a k e  
l i g h t s ) ,  
i n t e n -  8 0 ,  185,  
s i  t y  425, 

1000 c d  



Mort i rner e t  a l . ,  1973 ( c o n t i n u e d )  

INDEPENDENT RANGE DEPENDENT 
VARIABLE V A R I A B L E  

METHOD RESULTS RECOMMENDATIONS 

C o l o r  Amber, S u b j e c t i v e  S t a t i o n a r y  The system w i t h  
( o f  r e a  r a t i n g s  of  obse rve r ,  r e d  t u r n  s i g n a l  
t h e  e f f e c t i v e n e s s  s t a t i o n a r y  was judged more 
t u r n  t a r g e t s ,  e f f e c t i v e  t han  
s i g -  dayt ime the  system w i t h  
n a l  ; y e l l o w  t u r n  s i g -  
s t o p  n a l ;  systems w i t h  
s i g -  w i d e r  s e p a r a t i o n  
n a l  were judged more 
always e f f e c t i v e  ( b u t  
r e d ) ,  n o t  s i g n i f i c a n t l y  
spac- 2 ,  8"  s o ) .  
i ng (edge t o  
( v e r -  edge) 
t i c a l  
separa- 
t i o n  
o f  
t u r n  
and 
brake 
l i g h t s )  

Co lo r  Amber, S u b j e c t i v e  S t a t i o n a r y  Red t u r n  s i g n a l s  
(o f  r e d  b r i g h t n e s s  observer ,  r e q u i r e d  1 ower 
t h e  r a t i n g  s t a t i o n a r y  i n t e n s i t i e s  f o r  
t u r n  ( inadequate ,  t a r g e t s ,  e q u i v a l e n t  
s i g -  excess i ve )  dayt ime r a t i n g s  than d i d  
n a l  ; amber t u r n  s i g -  
s top  nal  s  ; s e ~ a r a t i o n  
s i g -  g e n e r a l l y  had no 
n a l  e f f e c t  on r a t i n g s .  
always 
r e d ) ,  
spac- 2, 8 "  
i ng (edge t o  
( v e r -  edge) 
t i c a l  
separa- 
t i o n  
o f  
t u r n  
and 
brake 
l i g h t s ) ,  
i n t e n -  80, 185, 
s i t y  425, 

1000 cd 



Mort imer  e t  a l . ,  1973 ( con t i nued )  

ABSTRACT 

Th is  r e p o r t  descr ibes  some o f  t h e  s t u d i e s  conducted i n  a  program o f  research i n  automobi le  
and t r u c k  mark ing and s i g n a l i n g .  4 d e t a i l e d  s u m a r y  o f  c u r r e n t  U.S.  v e h i c l e  mark ing and 
s i g n a l i n g  1  i g h t i n g  s tandards  was orepared, and compared w i t h  t h e  v a i n  f e a t u r e s  o f  f o r e i g n  veh i -  
c l e  mark ing and s i g n a l i n g  s tandards .  These rev iews suggested a  number o f  t o p i c s  t h a t  wa r ran t  
f u r t h e r  c o n s i d e r a t i o n  such as a r e a - i n t e n s i t y  r e l a t i o n s h i p s  of  s top  and t u r n  lamps, t h e  hazard  
warning ( four -way f l a s h i n g )  s i g n a l  be ing  rendered i n o p e r a t i v e  if the  brake pedal i s  depressed, 
reduced pho tome t r i c  and l o c a t i o n  requ i rements  o f  r e a r  t u r n  s i g n a l s  on t r a c t o r s ,  t r a c t o r  
c learance lamps i n d i c a t i n g  cab w i d t h  r a t h e r  than t h e  w i d t h  of  t he  v e h i c l e ,  t h e  adop t i on  o f  s i d e  
t u r n  s i g n a l  lamps, w h i t e  f o r  f r o n t  p a r k i n g  lamps, use of ye1 low f o r  r e a r  t u r n  s i g n a l  lamps, 
e t c .  

A rev iew of t h e  e f f ec t i veness  of  sepa ra t i on  of  r e a r  mark ing and s i g n a l  lamps by t h e i r  
f unc t i ons ,  suppor ts  t h i s  genera l  concept.  

As a  p r e l i m i n a r y  t o  s t u d i e s  t o  determine t h e  i n t e n s i t y  requ i rements  o f  s i g n a l  lamps, an 
a n a l y s i s  showed t h a t  s i g n a l s  shou ld  become i d e n t i f i a b l e  a t  d is tances up t o  2000 f e e t .  The 
f i n d i n g s  o f  t h e  s tudy o f  s i g n a l  i n t e n s i t y  requirements ~ h o w e d  t h a t  these a r e  a f f e c t e d  by the  
sys tem's  c o n f i g u r a t i o n .  C o n f l i c t s  between t h e  i n t e n s i t i e s  needed f o r  adequate i d e n t i f i c a t i o n  
o f  a  s i g n a l  and those caus ing d i scomfo r t  g l a r e  can be reso l ved  w i t h  d u a l - i n t e n s i t y  lamps f o r  
systems us ing  sepa ra t i on  of  f u n c t i o n .  F lash ing  lamps caused l e s s  d i scomfo r t  g l a r e  than steady- 
b u r i n g  lamps o f  t h e  same i n t e n s i t y .  Recommendations f o r  t h e  i n t e n s i t i e s  o f  lamps o f  r e a r  s i g -  
na l  systems were made. 

The f i n a l  s tudy i n  t h i s  r e p o r t  was a  l a b o r a t o r y  e v a l u t i o n  o f  c o l o r  d i s c r i m i n a t i o n  and 
i d e n t i f i c a t i o n  by normal and d i ch roma t i c  observers ,  on t h e  bas i s  o f  which p r e l i m i n a r y  recom- 
mendations f o r  c h r o m a t i c i t y  coo rd ina tes  o f  r ed ,  ye1 low and green-b l  ue lamp f i l t e r s  were 
de r i ved .  



Mortimer, R.G., and Sturgis ,  S.P. Evaluations of automobile rear l ighting and signaling 
systems in driving simulator and road t e s t s .  HSRI, University of Nichigan, Report No. 
UM-HSRI-HF-74-24, 1974. 

INDEPENDENT R A ~ G E  D E P E N D E N T  
VARIABLE 'IARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l igh t -  7 systems Reaction time 
ing systems to s top,  turn ,  
(number of stop & turn ,  
1 amps, and turn & 
functional stop s ignals ,  
separation, vehicle fo l -  
color)  lowing mea- 

sures,  car 
control 
ac t iv i ty  , 
subjective 
effectiveness 

Driving simu- Simulated car- 
l a t o r  presen- performance 
t a t ion ,  unaffected by 
daytime and the rear l ight -  
nighttime ing systems, 

shortest  reac- 
tion time and 
favorable sub- 
jective ratings 
for  a system 
with added 
accelerator 
position sig- 
nal 

Rear l i gh t -  2 systems 
ing systems (a single 
(number of pair of 
1 amps, lamps vs. 
color,  color 
functional coded/ 
separation) function- 

a l ly  
separated 
sys tem 
having 
three 
pairs of 
1 amps ) 

Reaction time Moving obser- 
to s top,  turn,  ver ,  moving 
stop & turn,  target  vehi- 
and turn & c l e ,  night- 
stop s ignals ,  time 
error  f re-  
quency , 
missed sig- 
nals fre-  
quency 

No differences 
in reaction times 
exept for 1 onger 
reaction time to 
stop 4 turn signal 
fo r  the system 
with a single 
pair of lamps ; 
no differences 
between the two 
systems on er ror  
and missed signal 
frequencies 

ABSTRACT 

Simulator studies were made to evaluate a number of conventional and experimental vehi- 
c le  rear l ighting systems. In normal car-following conditions a number of experimental rear 
1 ighting systems, using functionally separated signal lamps or color coding provided bet ter  
performance in signal ident i f ica t ion.  Some of the results  were confirmed in a road t e s t .  
There were no s table  differences in car-following performance measures between systems in the 
simulator. 

Analyses of rear-end coll ision reports were used to structure groups of scenes which were 
implemented in the simulator. In th i s  t e s t ,  which included these unusual (pre-crash) car- 
following maneuvers, there were no s table  differences in performance of drivers a t t r ibutable  
to various rear l ighting systems, including a High Deceleration Signal (HDS)  and an Acceler- 
a tor  Position Signal ( A P S ) .  There were s igni f icant  differences in performance due to the t e s t  
conditions of re1 ative velocity and acceleration,  and inoperative stop signal lamps. 
Unobtrusive measurements of drivers on the road showed that  they released the accelerator 
when the car with the APS coasted on rhei r  f i r s t  exposure, b u t  not in a second exposure. A 
subjective evaluation t e s t  of APS found favorable ratings of i t ,  b u t  an increase of acceler- 
a tor  pedal release frequency by the driver of the following car.  

I t  was concluded that  simulated car-following performance was unaffected by the rear 
l ighting systems. The APS provided no benefits in car-following in normal or unusual condi- 
t ions ,  while following driver behavior showed a potential ly undesirable character is t ic  in 
increased accelerator releases.  No benefits were found for the HDS in these t e s t s ,  b u t  no 
undesirable aspects of the signal were evident. 

The findings are discussed in the context o f  previous studies.  



Olson, P.L. The e f f e c t  of r e a r  1  i g h t i n g  c o n f i g u r a t i o n  on v e h i c l e  t r a f f i c  f l o w  c h a r a c t e r i s t i c s  
I n  P.L. Olson, C.M. Jorgeson, S . P .  S t u r g i s ,  J.K. Thomas, and P.A .  Domas. Fac to rs  i n f l u e n c i n g  
t h e  e f f e c t i v e n e s s  o f  au tomobi le  r e a r  l i g h t i n g  systems. HSRI , U n i v e r s i t y  o f  M ich igan .  
Repor t  Plo. UM-HSRI-HF-75-4, 1975. 

INDEPENDENT RANGE DEPENDENT 
VARIABLE 'VARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  3 systems React ion  t i m e  Moving ohser -  System w i t h  f unc -  Redundancy, 
i n g  systems t o  s i g n a l s ,  ve r ,  moving t i o n a l  separa- s e p a r a t i o n  o f  
(number o f  v e h i c l e  con- t a r g e t  veh i -  t i o n / c o l o r  cod ing  f u n c t i o n ,  h igh -  
1  amps, t r o l  measures c l e ,  n i g h t -  y i e l d e d  g e n e r a l l y  mounted s i g n a l  
f u n c t i o n a l  (headway, t i m e ,  2 c a r  t h e  s h o r t e s t  1  amps 
sepa ra t i on ,  r e l a t i v e  p l a t o o n  r e a c t i o n  t ime .  
p o s i t i o n )  speed) No s i g n i f i c a n t  

d i f f e r e n c e s  were 
assoc ia ted  w i t h  
any o f  t h e  c a r  
f o l l o w i n g  mea- 
sures as a  f unc -  
t i o n  of r e a r  
l i g h t i n g  systems. 

Rear l i g h t -  3 systems React ion  t i m e  Yov ing obser -  System w i t h  func-  
i n g  systems t o  s i g n a l s ,  v e r ,  moving t i o n a l  separa- 
(number o f  v e h i c l e  con- t a r g e t  veh i -  t i o n / c o l o r  cod ing  
1 a m ~ s  , t r o l  measures c l e ,  n i g h t -  y i e l d e d  g e n e r a l l y  
f u n c t i o n a l  (headway, t i m e ,  3 c a r  t h e  s h o r t e s t  
separa t ion ,  r e l a t i v e  p l a t o o n  r e a c t i o n  t i m e .  
p o s i t i o n )  speed ) No s i g n i f i c a n t  

d i f f e r e n c e s  were 
assoc ia ted  ~i t h  
any o f  t he  c a r  
f o l l o w i n g  mea- 
sures as a  func- 
t i o n  o f  r e a r  
1  i g h t i n g  systems. 

Rear l i g h t -  
i n g  systems 
(number o f  
1  amps , 
f u n c t i o n a l  
sepa ra t i on ,  
p o s i t i o n )  

2 systems Reac t i on  t i m e  
t o  s i g n a l s ,  
v e h i c l e  con- 
t r o l  measures 
(headway, 
r e l a t i v e  
speed) 

Moving obser -  System hav ing  two 
ve r ,  moving a d d i t i o n a l  h i g h  
t a r g e t  veh i -  mounted b r a k e / t u r n  
c l e ,  dayt ime, s i g n a l s  ( i n  add i -  
3 c a r  p l a t o o n  t i o n  t o  a  s i n g l e  

p a i r  o f  s t o p / t u r n /  
presence 1 amps) 
y i e l d e d  s h o r t e s t  
r e a c t i o n  t ime .  No 
s i g n i f i c a n t  d i f f e r -  
ences were assoc ia ted  
w i t h  any o f  t h e  c a r  
f o l l o w i n g  measures 
as a  f u n c t i o n  of  
r e a r  l i g h t i n g  sys- 
tems . 



Olson, 1975 ( c o n t i n u e d )  

ABSTRACT 

T h i s  i s  a  r e p o r t  o f  an i n v e s t i g a t i o n  of  t h e  e f f e c t s  o f  d i f f e r e n t  r e a r  l i g h t i n g  and 
s i g n a l i n g  c o n f i g u r a t i o n s  on measures f e l t  t o  be i m p o r t a n t  i n  d e t e r m i n i n g  t r a f f i c  f l o w  charac- 
t e r i s t i c s .  Three s t u d i e s  a r e  r e p o r t e d :  two were conducted d u r i n g  t h e  n i g h t  and one d u r i n g  
t h e  day. The two n i g h t t i m e  s t u d i e s  employed t h r e e  d i f f e r e n t  r e a r  1 i g h t i n g  c o n f i g u r a t i o n s .  
The f i r s t  s tudy  was c a r r i e d  o u t  w i t h  a  two-car  p l a t o o n  and t h e  second w i t h  a  t h ree -ca r  p l a t o o n .  
The o n l y  s i g n i f i c a n t  d i f f e r e n c e s  were i n  r e a c t i o n  t i m e  measures. A c o n f i g u r a t i o n  hav ing  
s e p a r a t i o n  o f  f u n c t i o n  and c o l o r  cod ing  produced s h o r t e r  r e a c t i o n  t imes than  t h e  o t h e r  sys-  
tems t e s t e d .  

The dayt ime s tudy  was conducted p r i m a r i l y  t o  i n v e s t i g a t e  t h e  va lue  o f  h igh-mounted s i g n a l  
lamps. It was found t h a t  t h e  high-mounted s i g n a l  lamps s i g n i f i c a n t l y  sho r tened  r e a c t i o n  t imes 
i n  mu1 t i p l e  c a r - f o l  l o w i n g  s i t u a t i o n s .  



Parke r ,  J.F. ,  J r . ,  G i l b e r t ,  R . R . ,  and D i l l o n ,  R.F. Ef fec t iveness o f  t h r e e  v i s u a l  cues i n  t h e  
d e t e c t i o n  o f  r a t e  o f  c l o s u r e  a t  n i g h t .  Bio-Technology, I n c . ,  Repor t  No. 64-1,  1964. 

INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLE 

METHOD RESULTS RECOMMENDATIONS 

I n t e n s i t y  880- D i s tance  a t  Moving obser-  E a r l  i e s t  de tec-  
( o f  t a i l  5440 f t - L .  wh ich  detec-  ver ,  moving t i o n  w i t h  most 
1  amps ) t i o n  o f  c l o -  o r  s t a t i o n a r y  i n t e n s e  l i g h t  

su re  was t a r g e t  veh i -  
made c l e ,  n i g h t -  

t ime 

Spacing 30-60" D i s tance  a t  Moving obser -  E a r l i e s t  de tec-  
( h o r i -  ( c e n t e r  which de tec -  v e r ,  moving t i o n  w i t h  
zon ta l  t o  t i o n  o f  c l o -  o r  s t a t i o n a r y  w i d e s t  separa- 
separa- c e n t e r )  sure  was made t a r g e t  v e h i -  t i o n  
t i o n  o f  c l e ,  n i g h t -  
t a i  1  t i m e  
1  amps) 

SUMMARY AND CONCLUSIONS 

T h i s  s tudy  was concerned w i t h  an e v a l u a t i o n  o f  t h e  v i s u a l  cues used by a  d r i v e r  a t  n i g h t  
as he dec ides he i s  o v e r t a k i n g  t h e  v e h i c l e  i n  f r o n t  o f  him. Based on a  r a t i o n a l  examinat ion  
o f  t h i s  d r i v i n g  s i t u a t i o n ,  t h r e e  cues were s e l e c t e d  f o r  s tudy .  These were: 

1. Change i n  apparent area ( s i z e )  o f  t a i l l i g h t  su r faces .  

2 .  Change i n  apparent  b r i g h t n e s s  o f  t a i l l  i g h t  su r faces .  

3. Change i n  v i s u a l  ang le  subtended by t a i l l i g h t s .  

The b a s i c  paradigm o f  t h i s  s tudy  was one i n  wh ich ,  f o r  any g i ven  expe r imen ta l  t r i a l ,  two 
of  t hese  v a r i a b l e s  were man ipu la ted  so as t o  m a i n t a i n  an apparent  constancy d u r i n g  an approach 
run .  The t h i r d  v a r i a b l e ,  o r  v i s u a l  cue, was t h e  one on which an " o v e r t a k i n g "  d e c i s i o n  had t o  
be based. Resu l t s  ob ta ined  under these i s o l a t e d  cue c o n d i t i o n s  were compared w i t h  a  c o n t r o l  
c o n d i t i o n  i n  wh ich  t h e  t a i l l  i g h t s  were n o t  man ipu la ted  and appeared as normal t a i l l  i g h t s .  

The e f f e c t i v e n e s s  o f  each cue was t e s t e d  as t h r e e  l e v e l s  o f  cue i n t e n s i t y .  For each cue 
c o n d i t i o n ,  approach runs were made a t  20,  30, 40 m i l e s  p e r  hour .  

The f o l l o w i n g  conc lus ions  a r e  drawn from t h e  da ta  o f  t h i s  s tudy :  

1. The c o n t r o l  c o n d i t i o n ,  i n  wh ich  normal t a i l l i g h t s  were used, i s  s i g n i f i c a n t l y  super-  
i o r  t o  t h e  o p e r a t i o n  o f  any s i n g l e  cue. A  r a t e  o f  c l o s u r e  c o u l d  be de tec ted  much sooner under 
these c o n d i t i o n s .  

2 .  The v i s u a l  ang le  cue and t h e  b r i g h t n e s s  cue each a r e  s u p e r i o r  t o  t h e  area cue. There 
i s  some i n d i c a t i o n  t h a t  v i s u a l  ang le  i s  s u p e r i o r  t o  b r i g h t n e s s  b u t  t h i s  cannot be demonstrated 
s t a t i s t i c a l l y .  

3. Leve l  o f  v i s u a l  ang le  and l e v e l  o f  b r i g h t n e s s  were found t o  be s i g n i f i c a n t .  Level  of  
a rea was no t .  W i t h i n  t h e  l i m i t s  o f  t h e  l e v e l s  t e s t e d  i n  t h i s  s tudy ,  t he  a b i l i t y  o f  a  d r i v e r  
t o  d e t e c t  a  r a t e  of  c l o s u r e  i s  i n f l u e n c e d  by how f a r  a p a r t  t h e  t a i l l i g h t s  a r e  and how b r i g h t  
they  a r e  b u t  n o t  by how l a r g e  t h e y  a re .  

4. Approach speed does n o t  i n f l u e n c e  t h e  e f f e c t i v e n e s s  o f  any o f  t h e  cue c o n d i t i o n s  o r  
o f  t h e  c o n t r o l  c o n d i t i o n s .  

5 .  S e n s i t i v i t y  t o  change i n  t h e  v i s u a l  ang le  cue appears t o  conform t o  t h e  Weber psycho- 
p h y s i c a l  f u n c t i o n .  However, t h e  s i z e  o f  t h e  cons tan t  o f  p r o p o r t i o n a l i t y  i s  found t o  be l a r g e r  
under t h e  dynamic c o n d i t i o n s  o f  t h i s  s tudy ,  i n  wh ich  a  comparison must be nade through a  
p e r i o d  o f  t i m e ,  than t y p i c a l l y  i s  found f o r  r e a c t i o n s  t o  s t i m u l u s  changes when the  comparison 
i s  immediate. 



Pos t ,  D.V. Performance requ i rements  f o r  t u r n  and hazard  wa rn ing  s i g n a l s .  HSRI, U n i v e r s i t y  
o f  Mich igan,  Repor t  No. UM-HSRI-HF-75-5, 1975. 

INDEPENDENT RA~GE DEPENDENT 
VARIABLE VARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  3 systems Reac t i on  t i m e  
i n g  systems t o  a  t u r n  
(number o f  s i g n a l  , 
1  amps, hazard  s i g -  
f u n c t i o n a l  n a l  , t u r n  
s e p a r a t i o n ,  s i g n a l  p re -  
c o l o r )  ceded by a  

b rake  s i g n a l ,  
f requency o f  
missed s i g -  
n a l  s  

S t a t i o n a r y  
obse rve r ,  
s t a t i o n a r y  
t a r g e t  
v e h i c l e ,  t ime  
s h a r i n g  task ,  
n i g h t t i m e  and 
dayt ime 

S h o r t e s t  r e a c t i o n  F u n c t i o n a l  separa- 
t i m e  (mean = 1.28 t i o n ,  s i n c e  i t  
sec. )  a n d f e w e s t  a l l o w s m o r e l a t i -  
missed s i g n a l s  tude i n  t h e  
f o r  a  system w i t h  s e l e c t i o n  of  f l a s h  
3 p a i r s  o f  c o l o r  r a t e s  and f l a s h e r  
coded and func -  s t a r t e r  modes 
t i o n a l l y  separ -  
a t e d  lamps 

Co lo r  Red, 
(o f  ye1 low 
t u r n  ( o f  
s i g -  equal  
n a l )  b r i g h t -  

ness b u t  
unequal 
i n t e n -  
s i t y :  
y e l l o w  = 
275 cd, 
r e d  = 
110 cd)  

Reac t i on  t i m e  
t o  a  t u r n  s i g -  
n a l ,  hazard  
s i g n a l ,  t u r n  
s i g n a l  p re -  
ceded by a  
b rake  s i g n a l ,  
f requency of  
missed s i g -  
n a l  s  

S t a t i o n a r y  
obse rve r ,  
s t a t i o n a r y  
t a r g e t  veh i  - 
c l e ,  t i m e  
s h a r i n g  t a s k ,  
n i g h t t i m e  and 
dayt ime 

System w i t h  
y e l l o w  t u r n  s i g -  
n a l  y i e l d e d  
s h o r t e r  r e a c t i o n  
t i m e  (1 .28 vs.  
1.42 jet.) and 
fewer  missed 
s i  n a l s  (37 vs.  
434. 

ABSTRACT 

Turn and hazard  warn ing s i g n a l s  were eva lua ted  t o  determine a p p r o p r i a t e  f l a s h e r  des ign 
parameters .  F lash  r a t e ,  du t y  c y c l e ,  s t a r t  mode, c o l o r ,  and r e a r  1  i g h t i n g  system c o n f i g u r a t i o n  
were eva lua ted  o b j e c t i v e l y  i n  bo th  day and n i g h t  c o n d i t i o n s .  A  s u b j e c t i v e  e v a l u a t i o n  o f  f l a s h  
r a t e  and du ty  c y c l e  was a l s o  conducted. The r e l a t i o n s h i p s  between f l a s h  r a t e ,  du t y  c y c l e ,  
nominal  vo l t age ,  maximum l i g h t  o u t p u t ,  and l i g h t  c o n t r a s t  r a t i o  d u r i n g  v o l t a g e  on and o f f  
phases, were exp lo red .  Recommendations were made as t o  areas o f  t u r n  s i g n a l  and/or  f l a s h e r  
s p e c i f i c a t i o n  t b a t  shou ld  be i n c l u d e d  i n  t h e  FMVSS 108 Standard.  Recommendations were a1 so 
made r e g a r d i n g  p o t e n t i a l  changes i n  parameters i n c l u d e d  i n  t h e  c u r r e n t  s tandard .  F u r t h e r  
resea rch  was recommended t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  schoo l  bus " l o a d i n g "  lamps and o f  
s t r o b e  lamps, t h e  f l a s h e r  and s i g n a l  problems caused by add ing campers and t r a i l e r s  t o  auto-  
mo t i ve  v e h i c l e s ,  and t h e  e f f e c t i v e n e s s  and p o t e n t i a l  problems a s s o c i a t e d  w i t h  d e c e l e r a t i o n  
s i g n a l s .  

Gene ra l i zed  r e s u l t s  a r e  con ta ined  i n  t h e  summary o f  t h i s  r e p o r t .  
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I n t e n s i t y  1,000, a.  D i s tance  Moving obser -  The b r i g h t e r  S t a n d a r d i z a t i o n  
(o f  t a i l  4,000 a t  wh ich  v e r ,  moving t a i l 1  i g h t  o f  t a i l l i g h t s  
1  amps ) f t - L  d e t e c t i o n  o f  o r  s t a t i o n a r y  r e s u l t e d  i n :  w i t h  l a r g e ,  b r i g h t  

c l o s u r e  was t a i l l i g h t  a.  l o n g e r  l i g h t s  a t  a  
made d i s p l a y ,  d e t e c t i o n  s e p a r a t i o n  i n  t he  
b. Peak n i g h t t i m e  d i s tances  o r d e r  o f  60 
magnitude o f  b. s m a l l e r  peak inches 
d e c e l e r a t i o n  d e c e l e r a t i o n  
f o r c e  f o r c e  
developed 
d u r i n g  a  s t o p  
a f t e r  de tec -  
t i o n  o f  
c l o s u r e  

Spacing 15-50" a. D i s tance  Moving obser -  The w i d e s t  
( h o r i -  a t  wh ich  v e r ,  moving s e p a r a t i o n  o f  
zon t a  1  d e t e c t i o n  of  o r  s t a t i o n a r y  t a i l l i g h t  
s e p a r a t i o n  c l o s u r e  was t a i l l i g h t  r e s u l t e d  i n :  
o f  t a i l  made d i s p l a y ,  a.  l o n g e s t  
1  amps ) b .  Peak n i g h t t i m e  d e t e c t i o n  

magnitude o f  d i s tances  
d e c e l e r a t i o n  b .  s m a l l e s t  peak 
f o r c e  d e c e l e r a t i o n  
developed f o r c e  
d u r i n g  a  s t o p  
a f t e r  de tec -  
t i o n  o f  
c l o s u r e  

CONCLUSIONS 

The o b j e c t i v e  o f  t h i s  s tudy  was t o  examine c e r t a i n  i tems o f  v i s u a l  i n f o r m a t i o n  a v a i l a b l e  
from t h e  v e h i c l e  t a i l l i g h t  system and t h e  manner i n  which t h i s  i n f o r m a t i o n  m igh t  be used by a  
d r i v e r  as a  b a s i s  f o r  s p e c i f i c  v e h i c u l a r  c o n t r o l  a c t i o n s .  I n  t h i s  i n v e s t i g a t i o n  p a r t i c u l a r  
a t t e n t i o n  was g i ven  t o  t h e  angu la r  v e l o c i t y  cue p rov ided  by t h e  i nc rease  i n  t h e  v i s u a l  ang le  
subtended by t h e  two t a i l l i g h t s  as a  d r i v e r  approaches these l i g h t s .  

Based on t h e  da ta  of t h i s  s t u d y ,  t h e  f o l l o w i n g  conc lus ions  a r e  drawn: 

1. There i s  ev idence o f  a  f u n c t i o n a l  r e l a t i o n s h i p  between t h e  angu la r  v e l o c i t y  cue and 
t h e  d i s t a n c e  a t  which d e c e l e r a t i o n  beg ins .  However, t h e  angu la r  v e l o c i t y  i n f o r m a t i o n  used by 
a  d r i v e r  i s  we ighted i n  terms o f  t h e  speed a t  which he i s  t r a v e l i n g .  Thus, i f  a  d r i v e r  knows 
he i s  t r a v e l i n g  a t  40 mph, he seems t o  i n i t i a t e  b r a k i n g  on t h e  b a s i s  o f  a  s m a l l e r  angu la r  
v e l o c i t y  cue than i f  he i s  t r a v e l i n g  a t  20 mph. I n  s h o r t ,  a  d r i v e r  appears t o  use bo th  angu- 
l a r  v e l o c i t y  i n f o r m a t i o n  and v e h i c l e  v e l o c i t y  i n f o r m a t i o n  i n  making t h e  d e c i s i o n  t o  s t o p .  

2 .  A l though t h e r e  i s  d e f i n i t e  ev idence t h a t  t h e  angu la r  v e l o c i t y  cue i s  i m p o r t a n t ,  t h e r e  
a l s o  a r e  i n d i c a t i o n s  t h a t  o t h e r  cues p r o v i d e  i m p o r t a n t  pe rcep tua l  i n fo rma t i on .  I n  f a c t ,  i n d i -  
v i d u a l s  appa ren t l y  ope ra te  i n  accordance w i t h  t h e  e n t i r e t y  o f  t h e  v i s u a l  env i ronment  around 
them r a t h e r  t han  on t h e  b a s i s  o f  s p e c i f i c  and i s o l a t e d  cues. A  s e t  o f  "expec tanc ies "  i s  
l ea rned  concern ing t h e  manner i n  which t h i s ' v i s u a l  w o r l d  behaves. Thus, when approach ing a  
v e h i c l e  a t  n i g h t ,  i f  t h e  angu la r  v e l o c i t y  cue p rov ided  by t h e  t a i l l i g h t  i s  d i s t o r t e d  o r  
man ipu la ted  i n  any way, a  d r i v e r  seems t o  change h i s  system o f  "we igh ts "  and t o  r e l y  more 
h e a v i l y  on t h e  remain ing cue complex, i . e . ,  t h e  apparent  i nc rease  i n  b r i g h t n e s s  and s i z e  o f  
t h e  t a i l l i g h t s .  Yowever, i f  t h e  d i s t o r t i o n  i s  severe ,  as i n  changing from a  60- inch t o  a  



R e i l  l e y  e t  a i  . , 1965 ( con t i nued )  

15- inch t a i l l i g h t  s e p a r a t i o n ,  t h e  rema in ing  cues a r e  n o t  adequate t o  overcome t h i s  d i s t o r t i o n  
and a  d r i v e r  w i l l  be " l u r e d  i n "  so t h a t  d e c e l e r a t i o n  s t a r t s  a t  a  p o i n t  even c l o s e r  t o  t h e  l e a d  
v e h i c l e  t han  would be t h e  case i f  3 s i n g l e  t a i l l i g h t  were used. 

3 .  In t h i s  s tudy ,  s u b j e c t s  were i n s t r u c t e d  t o  "ma in ta in  a  cons tan t  speed u n t i l  you can 
determine t h a t  t h e  v e h i c l e  i n  f r o n t  i s  stopped; then b r i n g  y o u r  c a r  t o  a  s t o p  a t  a  s a f e  d i s -  
t a n c e . "  Under these i n s t r u c t i o n s ,  wh ich  d i d  n o t  a l l o w  c o a s t i n g  d u r i n g  the  p e r i o d  o f  i n d e t e r -  
rninancy, peak d e c e l e r a t i o n  f o r ce  averages v a r i e d  from 0.19 g  t o  0 .42  g,  depending on the  
c o n f i g u r a t i o n  o f  t h e  t a i l l i g n t  d i s p l a y  and approach speed used. There was no i n d i c a t i o n  t h a t  
t h e  magnitude o f  t h e  d e c e l e r a t i o n  f o r c e  was gu ided by t h e  angu la r  a c c e l e r a t i o n  cue e x i s i t i n g  
a t  t h e  moment o f  b rake a p p l i c a t i o n .  

4 .  A l l  da ta  i n d i c a t e  t h a t  t h e  v i s u a l  i n f o r m a t i o n  a v a i l a b l e  t o  a  d r i v e r  i s  used i n  a  
h i g h l y  sys tema t i c  manner i n  e f f e c t i n g  c o n t r o l  a c t i o n s .  I t  i s  d i f f i c u l t ,  however, t o  d e r i v e  
s imp le  f u n c t i o n a l  r e l a t i o n s h i p s  d e s c r i b i n g  t h i s  use because o f  t h e  a d a p t a b i l i t y  o f  t h e  d r i v e r .  
He appears t o  a d j u s t  t h e  w e i g h t i n g  g i ven  t o  any s p e c i f i c  i tern i n  accordance w i t h  t he  o v e r a l l  
s i t u a t i o n  i n  wh ich  he i s  o p e r a t i n g .  

5. These data  show t h a t  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t a i l l i g h t  systems have a  s i g n i f i c a n t  
e f f e c t  on b r a k i n g  b e h a v i o r .  A  system w i t h  l a r g e ,  b r i g h t  l i g h t s  s e t  a t  a maximum sepa ra t i on  
(60 i nches )  produces a  c o n s i s t e n t l y  b e t t e r  b r a k i n g  response than any o t h e r  system hav ing  one 
o r  more o f  these c h a r a c t e r i s t i c s  degraded. 
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l o r  Amber, C l o s i n g  r a t e ,  Moving obser -  No d i f f e r e n c e s  
green, t h e  f o l l o w i n g  v e r ,  moving 
r e d  d i s t a n c e  ( t h e  t a r g e t  

d i s t a n c e  a t  v e h i c l e  
wh ich  t h e  sub- 
j e c t  d i s -  
con t i nued  h i s  
o v e r t a k i n g  
course)  

SUMMARY 

The Systems Research Group compared f o u r  t a i l  1 i g h t  systems w i t h  t h e  conven t i ona l  t a i l  1  i g h t  
system. These systems were des igned t o  p resen t  i n f o r m a t i o n  t o  t h e  f o l l o w i n g  d r i v e r .  The sys- 
tems were a l s o  e v o l u t i o n a r y  i n  t h a t  t h e  more advanced a  system was, t h e  more i n f o r m a t i o n  i t  
p resen ted  ( i  .e., f rom a  pedal  i n f o r m a t i o n  system t o  a  more s o p h i s t i c a t e d  system i n c o r p o r a t i n g  
headway and r e l a t i v e  v e l o c i t y  i n f o r m a t i o n ) .  The systems t e s t e d  were: 

1. T r i - l i g h t ,  wh ich  p resen ts  pedal  i n f o r m a t i o n ;  r e d  f o r  b rake,  amber f o r  no peda l ,  and 
green f o r  gas w i t h  t h e  b rake  o v e r r i d i n g  t h e  o t h e r  c o n d i t i o n s .  Th i s  system has been 
t e s t e d  by t h e  Systems Research Group and possesses seve ra l  advantages among which i s  
reduced response t ime  i n  1 ead-car c o a s t i n g  maneuvers. 

2 .  A c c e l e r a t i o n  system, wh ich  p resen ts  green f o r  a c c e l e r a t i o n ,  amber f o r  m i l d  dece lera-  
t i o n ,  and r e d  f o r  r a p i d  d e c e l e r a t i o n .  Two l e v e l s  o f  t h i s  system were t e s t e d :  a  
s e n s i t i v e  system and a  moderate ly  s e n s i t i v e  system).  

3 .  Advanced (H-RV) , which i n c o r p o r a t e d  headway, r e l a t i v e  v e l o c i t y  and v e l o c i t y  of  t he  
f o l l o w i n g  c a r .  Th i s  system p resen ted  headway and r e l a t i v e  v e l o c i t y  i n f o r m a t i o n  as 
a  f u n c t i o n  o f  t h e  t a i l l i g h t i n g .  

4 .  Fus ion system, based on t h e  f u s i o n  o f  l i g h t s  a t  va r i ous  d i s t a n c e s .  The system i s  
based on t h e  f a c t  t h a t  a t  a  d i s t a n c e  two d i s t i n c t  l i g h t s  appear t o  be one. By 
d e s i g n i n g  t h e  system p r o p e r l y ,  a  d r i v e r  can determine h i s  p o s i t i o n  when f o l l o w i n g  a  
l e a d  v e h i c l e  a t  a  p o i n t  where h i s  l i g h t s  appear t o  b lend  t o g e t h e r .  Of course,  t h i s  
need n o t  be i d e n t i c a l  f o r  eve ry  d r i v e r  b u t  each d r i v e r  w i l l  be a b l e  t o  l e a r n  h i s  own 
f u s i o n  p o i n t s  and be a b l e  t o  determine where h i s  l o c a t i o n  w i t h  r e s p e c t  t o  ano the r  
v e h i c l e  i n  a  b e t t e r  manner t han  he can w i t h  t h e  p resen t  system. 

Each o f  t h e  above systems was compared a g a i n s t  t h e  conven t i ona l  system u s i n g  va r i ous  
measures o f  performance. Examinat ion  of  F igu res  6 - (1, 2,  3 ,  & 4 )  show t h a t  t h e  H-RV system 
i s  s u p e r i o r  t o  a l l  o t h e r s  t e s t e d  i n  terms of headway va r i ance  and mean r e l a t i v e  v e l o c i t y .  Th i s  
r e s u l t s  f rom t h e  p r e s e n t a t i o n  o f  i n f o r m a t i o n  t o  t h e  d r i v e r  n o t  a v a i l a b l e  t o  t he  d r i v e r  i n  t h e  
o t h e r  systems (e.g. ,  H & RV). I n  a d d i t i o n ,  s i n c e  d r i v i n g  i s  o f t e n  viewed as a  s k i l l e d  motor  
performance task  and i t  i s  w e l l  known t h a t  more s t a b l e  performance i s  ob ta ined  f rom smal l  
ampl i t u d e ,  h i g h  frequencey c o n t r o l  movements t han  l ow  f requency,  l a r g e  ampl i tude  c o n t r o l  rnove- 
ments; t h e  H-RV system by des ign  c a l l s  f o r  f r e q u e n t  c o r r e c t i o n  i n  c a r - f o l l o w i n g  performance. 
The r e s u l t s  were ob ta ined  even though t h e  d r i v e r s  were g i v e n  no t r a i n i n g  f o r  a  nove l  system o f  
t h i s  k i n d .  

Upon c o n s i d e r a t i o n  o f  o t h e r  systems (e .g . ,  T r i - 1  i g h t ,  s e n s i t i v e  a c c e l e r a t i o n  and acce le ra -  
t i o n )  a l l  i n  genera l  p roved t o  be s u p e r i o r  t o  t h e  conven t i ona l  system p a r t i c u l a r l y  i n  terms of  
p r o v i d i n g  advanced i n f o r m a t i o n  f o r  l ead -ca r  maneuver changes. Th i s  i s  r e f l e c t e d  i n  t h e  Gas 
Pedal Response Times d u r i n g  a  c o a s t i n g  maneuver. 
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I n t e n s i t y  1: 1 -1  :21.6 a. Reac t i on  Moving t a r g e t  Rap id  decrease o f  
r a t i o  ( o f  t i m e  o f  gas v e h i c l e ,  a l l  r e a c t i o n  t imes 
runn ing  pedal  r e l e a s e  moving sub- measured as t h e  
l i g h t  t o  t o  t h e  onse t  j e c t ,  n i g h t -  r a t i o  i nc reased  t o  
b rake  o f  b rake  t i m e  1:5.3.  No f u r t h e r  
l i g h t )  1  i g h t s  s i g n i f i c a n t  

b.  Reac t i on  decrease i n  reac-  
t i m e  o f  t i o n  t i m e  i f  t h e  
b rake  pedal  r a t i o  i s  i nc reased  
dep ress ion  t o  1:21.6. 
t o  t h e  onse t  
o f  b rake 
l i g h t s  
c .  Reac t i on  
t i m e  o f  gas 
pedal  
depress i o n  
t o  t h e  onse t  
of  r u n n i n g  
l i g h t s  

I n t e n s i t y  1: 1-1 :21.6 Percent  con- Moving t a r g e t  Rapid decrease as 
r a t i o  ( o f  f u s i o n  o f  v e h i c l e ,  t h e  r a t i o  
runn ing  b rake  l i g h t  moving sub- i nc reased  t o  
l i g h t  t o  f o r  a  runn ing  j e c t ,  n i g h t -  1 :5 .3 .  No f u r t h e r  
b rake  1  i g h t  t i m e  s i g n i f i c a n t  de- 
l i g h t )  c rease w i t h  i n -  

c rease i n  t h e  
i n t e n s i t y  r a t i o .  

Because o f  t h e  
sharp  drop i n  pe r -  
formance below 1:5 
i n t e n s i t y  r a t i o s  
f o r  t h e  conven- 
t i o n a l  system, 
t h e r e  i s  a  need 
t o  conduct  a  
s tudy  o f  a c t u a l  
i n t e n s i t y  r a t i o s  
found i n  use 
today and t h e  
e f f e c t  b rough t  
about  by d i r t y  
t a i l l i g h t  l enses .  

Rear l i g h t -  Red 
i n g s y s -  b rake  
tems 1  i g h t  and 
( c o l o r ,  amber 
number of  r u n n i n g  
1  amps ) l i g h t ,  

conven- 
t i o n a l  
one t a i l  - 
l i g h t  
system 

---- 

Reac t i on  t i m e  Moving t a r g e t  No r e a c t i o n  t i m e  
as above, v e h i c l e ,  improvement o f  
con fus ion  moving sub- red-amber system 
e r r o r s  as j e c t ,  n i g h t -  over  t h e  conven- 
above t i m e  t i o n a l  system 

w i t h  1:5.3 i n t e n -  
s i t y  r a t i o ;  
improved i d e n t i f i  
c a t i o n  w i t h  t h e  
red-amber system. 

Co lo r  Amber, D i s tance  Yov ing obser -  50 th  amber and 
( o f  b l u e -  e s t i m a t i o n  ve r ,  moving b l  ue-green run-  
runn ing  green,  t a r g e t  veh i -  n i n g  l i g h t s  make 
l i g h t s )  r e d  c l e  t h e  c a r  appear 

c l o s e r  t han  i t  
appears w i t h  r e d  
runn ing  l i g h t s .  



Rockwel l ,  T.M., and Sa f fo rd ,  R.R. An e v a l u a t i o n  of  au tomot ive  r e a r  s i g n a l  system c h a r a c t e r -  
i s t i c s  i n  n i g h t  d r i v i n g .  Ohio S t a t e  U n i v e r s i t y ,  Systems Research Group, Columbus, Ohio, 1968. 

INDEPENDENT RANGE DEPENDENT 
VARIABLE VARIABLES 

METHOD RESULTS RECOMMENDATIONS 

Rear l i g h t -  3 systems Var ious v e h i -  Moving obser -  Double lamp sys- 
i n g  systems c l e  c o n t r o l  v e r ,  moving tem w i t h  c o l o r  
(number of v a r i a b l e s  t a r g e t  veh i -  change y i e l d e d  
1  amps, c l e ,  n i g h t -  f a s t e s t  gas 
c o l o r ,  t i m e  pedal  depres- 
f u n c t i o n a l  s i o n  
sepa ra t i on )  (% 1.3 vs.  . 9  

sec. f o r  a  con- 
v e n t i o n a l  sys- 
tem hav ing  one 
p a i r  o f  1  amps) ; 
t h e  conven- 
t i o n a l  system 
r e s u l  t e d  i n  t h e  
l a r g e s t  number 
o f  i d e n t i f i c a -  
t i o n  e r r o r s  o f  
b rake  vs.  r unn ing  
l i g h t ;  o t h e r  c a r  
c o n t r o l  v a r i a b l e s  
d i d  n o t  d i f f e r -  
e n t i a t e  between 
t h e  systems. 

Co lo r  Amber, D i s tance  S t a t i o n a r y  Red appeared 
b l  ue , e s t i m a t i o n  obse rve r ,  f u r t h e s t  away, 
b lue -  moving t a r -  b l u e  and b lue -  

green, 9 e t  v e h i c l e  green appeared 
green, opening o r  c l o s e s t .  
r ed ,  c l o s i n g  
( o f  equal  headway) and 
i n t e n s i -  s t a t i o n a r y  
t ~ )  comparison 

v e h i c l e  

I n t e n s i t y  "H igh"  D i s tance  S t a t i o n a r y  No d i f f e r e n c e  
(b rake  e s t i m a t i o n  obse rve r ,  
1  i g h t  moving t a r -  
i n t e n -  t e t  v e h i c l e  
s i t y ) ,  (open ing o r  
" l ow"  c l o s i n g  
runn ing  headway) and 
l i g h t  s t a t i o n a r y  
i n t e n -  comparison 
s i t y  v e h i c l e  

P o s i t i o n  High D is tance  S t a t i o n a r y  L i g h t s  i n  t h e  
( v e r t i -  (574") ,  e s t i m a t i o n  obse rve r ,  h i g h  l o c a t i o n  
c a l  ) 1  ow moving t a r g e t  appeared c l o s e r  

( 2 9 " )  v e h i c l e  than i n  t h e  low 
(open ing o r  l o c a t i o n .  
c1 os i ng 
headway) and 
s t a t i o n a r y  
comparison 
v e h i c l e  



Rockwel l  e t  a l . ,  1968 ( c o n t i n u e d )  
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C o l o r  Amber, Headway Moving obser -  No d i f f e r e n c e s  
b l u e ,  changes v e r ,  moving 
b l  ue- i n  an t a r g e t  veh i  - 

green,  ove r -  c l e ,  
g reen,  t a k i n g  n i g h t t i m e  
r e d  s i  t u a -  

t i o n  

P o s i t i o n  H igh 
( v e r t i -  ( 5 7 % " )  , 
c a l  ) l ow 

( 2 9 " )  

CONCLUSIONS 

Phase I and Phase I 1  o f  t h i s  resea rch  have shown t h a t  d r i v i n g  performance of  a  f o l l o w i n g  
c a r  d r i v e r  i n  terms o f  improved response t imes  and decreased e r r o r s  i n  judgment o f  t a i l l i g h t  
mode can be r e a l i z e d  by s u b s t i t u t i n g  a  "Double Red" o r  a  "Co lo r  Change" system f o r  t h e  con- 
v e n t i o n a l  system. D i f f e r e n c e s  between c o l o r s ,  p o s i t i o n s ,  and placements were found t o  be non- 
s i g n i f i c a n t  w i t h  respec t  t o  t h e  c r i t e r i a  o f  Phases I and 11. 

Phase I11 r e s u l t s  i n d i c a t e d  t h a t  t h e  c o l o r  and placement do have a  s i g n i f i c a n t  e f f e c t  on 
d i s t a n c e  e s t i m a t i o n .  These r e s u l t s  i n d i c a t e  t h a t  b lue-green o r  b l u e  l i g h t s  and l i g h t s  a t  t he  
o u t e r  edges o f  t h e  v e h i c l e  a r e  b e s t  w i t h  r e s p e c t  t o  t h e  c r i t e r i a  o f  d i s t a n c e  e s t i m a t i o n  s i n c e  
these make t h e  v e h i c l e  appear c l o s e r .  

The da ta  ob ta ined  f rom t h e  f i e l d  s tudy  o f  v e h i c l e  t a i l l i g h t s  i n d i c a t e  t h a t  some method 
shou ld  be e s t a b l i s h e d  t h a t  would i n s u r e  t h a t  inadequate  t a i l 1  i g h t  systems c o u l d  be de tec ted  
and c o r r e c t e d .  

As can be seen from these r e s u l t s  a lmost  any change f rom t h e  c u r r e n t  Convent iona l  System 
r e s u l t s  i n  an improvement. The r e s u l t s  do n o t ,  however, p o i n t  t o  an optimum system. It 
cannot be s t a t e d  t h a t  t h e  o p t i m i z i n g  o f  a  s i n g l e  aspect  o f  a  system h o l d i n g  a l l  e l s e  cons tan t  
w i l l  r e s u l t  i n  a  b e t t e r  system. For  example, t h e  d e t e c t a b i l i t y  o f  t h e  c u r r e n t  Ccnvent iona l  
System c o u l d  be improved by i n c r e a s i n g  t h e  i n t e n s i t y  o f  t h e  s i g n a l  one hundred f o l d .  If t h i s  
was done, f u r t h e r  i nc reases  i n  i n t e n s i t y  f o r  purposes of s i g n a l i n g ,  b r a k i n g ,  o r  t u r n i n g  would 
very  l i k e l y  s u f f e r .  T h i s  p o i n t s  o u t  t h e  f a c t  t h a t  i f  an a l t e r n a t e  t o  t h e  c u r r e n t  system i s  
t o  be found, a l l  aspects of system f u n c t i o n s  w i l l  have t o  be cons idered.  

The e x t e n t  t o  wh ich  t h e  resea rch  r e s u l t s  wh ich  a r e  presented i n  t h i s  paper can be 
g e n e r a l i z e d  t o  d i f f e r e n t  d r i v i n g  s i t u a t i o n s  cannot  be s t a t e d  a b s o l u t e l y .  The f a c t  t h a t  a l l  of  
t h e  research r e p o r t e d  i n  t h i s  paper was conducted i n  " r e a l "  au tomobi les  and on a c t u a l  highways 
tends t o  make t h e  r e s u l t s  more r e a d i l y  accep tab le  than i f  they  had been c o l l e c t e d  i n  t h e  
l a b o r a t o r y .  I t  i s  a l s o  f e l t  t h a t  t h e  d i f f e r e n c e s  i n  t h e  s i g n a l  systems t h a t  were t e s t e d  were 
t o  a  c e r t a i n  e x t e n t  marked by t h e  f a c t  t h a t  s u b j e c t s  i n  t h e  exper iment  were a l e r t  t o  what was 
expected o f  them. La rge r  d i f f e rences  betwcen systems m igh t  be expected i f  n a i v e  s u b j e c t s ,  o r  
a  group of s u b j e c t s  w i t h  a  w i d e r  spectrum o f  c a p a b i l i t y ,  were p resen ted  w i t h  t h e  a l t e r n a t i v e  
systems. 

I n  summary, t h e  research t h a t  has been p resen ted  i n  t h i s  r e p o r t  has shown :hat changes i n  
t h e  " i n f o r m a t i o n a l  c o n t e n t "  and changes i n  t h e  methods of  p r e s e n t a t i o n  o f  t h e  i n f o r m a t i o n  
con ta ined  i n  t h e  c u r r e n t  t a i l l i g h t  system r e s u l t s  i n  improvements. Research e f f o r t s  shou ld  be 
made t o  e x p l o r e  t h e  aspects o f  au tomot ive  r e a r - s i g n a l  systems n o t  covered by t h i s  and o t h e r  
resea rch .  



Transpor t  and Road 2esearch l a b o r a t o r y ,  Crawthorne (Eng land) .  T ranspo r t  and Road Research, 
Annual Report ,  1974. London: HMSO, 1975. 
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Rear l i g h t -  
i n g  systems 
( c o l o r ,  
i n t e n s i t y  
and mode 
o f  opera- 
t i o n )  
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VARIABLE 

High Sub jec t i ve  
i n t e n s i t y  c o n s p i c u i t y  
( con t i nu -  
a l l y  on) 
r e d  r e a r  
f og  lamps 
vs. f l a s h -  
i n g  amber 
1 amps 

METHOD RESULTS RECOMMENDATIONS 

Daytime and High i n t e n s i t y  High i n t e n s i t y  
n i g h t t i m e  r e d  r e a r  f og  r e d  r e a r  f og  
a r t i f i c i a l  lamps were s i g -  lamps hav ing 
fogs , n i f i c a n t l y  more i n t e n s i t i e s  
dynamic and e f f e c t i v e  than between 150 and 
s t a t i c  t e s t s  f l a s h i n g  amber 300 cd 

lamps i n  
i n c r e a s i n g  con- 
s p i c u i  t y  . 



Transpo r t  and Road Research Labo ra to ry ,  Crawthorne (Eng land) ,  T ranspo r t  and Road Research, 
Annual Repor t ,  1975. London: HMSO, 1976. 

INDEPENDENT RANGE DEPENDENT 
V A R I A B L E  V A R I A B L E  

METHOD RESULTS REC3MMENDATIONS 

Spacing 0, 5 ,  
(separa-  15, cm 
t i o n  o f  
b rake 
l i g h t s  and 
h i g h  i n -  
t e n s i t y  
r e a r  f o g  
l i g h t s )  

Percent  Unspec i f i ed  554 of b rake 
missed b rake  1  i g h t  onsets were 
s i g n a l s  missed w i t h  0 

sepa ra t i on ,  11'; 
w i t h  5 cm 
sepa ra t i on ,  and 
4% w i t h  15 cm 
sepa ra t i on .  



U n i v e r s i t y  o f  C a l i f o r n i a  a t  B e r k e l y .  f lo tor  v e h i c l e  r e a r  1  i g h t i n g  and s i g n a l i n g ,  F i n a l  Repor t ,  
Prepared by t h e  V e h i c l e  Technology F a c i l i t y ,  I n s t i t u t e  o f  T r a n s p o r t a t i o n  and T r a f f i c  
Eng inee r i ng ,  Richmond F i e l d  S t a t i o n ,  C o n t r a c t  FH-11-6553, N a t i o n a l  Highway S a f e t y  Bureau, 1968. 
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I n t e n s i t y ,  0.5-890 S u b j e c t i v e  S i n g l e  r e d  As t h e  area o f  a  D e t a i l e d  d e s c r i p -  
cd, v i s i b i l i t y  f l a s h i n g  lamp f l a s h i n g  lamp i s  t i o n  of  a 

s i z e  2,  5 ,  7 "  r a t i n g  ( t u r n  s i g n a l  ), i nc reased ,  t h e  recommended r e a r  
( d i  ame- moving obser -  i n t e n s i t y  must s i g n a l  system. 
t e r )  ve r ,  moving a l s o  be i nc reased  (One of  t h e  

t a r g e t  veh i -  f o r  t h e  lamp t o  recommendations: 
c l e ,  n i g h t -  r e c e i v e  t h e  same i n t e n s i t y  r a t i o  
t i m e  and s u b j e c t i v e  v i s i -  f o r  n i g h t ,  day 
dayt ime b i l  i t y  r a t i n g .  and f o g  cond i -  

The 7 i n c h  lamp t i o n s  = 1 :4 :16)  
r e q u i r e s  app rox i  - 
ma te l y  200 cp t o  
r e c e i v e  t h e  mean 
p r e f e r e n c e  l e v e l  , 
t h e  2 i n c h  lamp 
app rox ima te l y  
100 cp. 

I n t e n s i t y  4-77 cd S u b j e c t i v e  Two r e d  Mean p r e f e r r e d  
v i s i b i l i t y  s teady burn-  i n t e n s i t y :  
r a t i n g  j n g  2" lamps n i g h t t i m e :  7 cd 

( t a i l  1  i g h f s )  day t ime :  52 c d  
moving obser -  
v e r ,  moving 
t a r g e t  v e h i -  
c l e ,  n i g h t -  
t i m e  and 
dayt ime 

I n t e n s i t y  4,  8  cd  S u b j e c t i v e  
( n i g h t ) ,  v i s i b i l i t y  
40, 80 r a t i n g  
cd  (day)  

spac ing 3.5,  7 "  
( c e n t e r  
t o  
c e n t e r )  

Two s teady 
b u r n i n g  
a r r a y s  o f  3  
r e d  lamps 
each, moving 
obse rve r ,  
moving t a r g e t  
v e h i c l e ,  
n i g h t t i m e  and 
dayt ime 

3.5" spac ing  was 
p r e f e r r e d  d u r i n g  
t h e  day; no p re f -  
erence d u r i n g  t h e  
n i g h t .  As obser -  
v a t i o n  d i s t a n c e  i s  
i nc reased ,  t h e  
spac ing has l e s s  
e f f e c t  and t h e  
i n t e n s i t y  becomes 
an i m p o r t a n t  
f a c t o r .  

ABSTRACT 

A genera l  i n v e s t i g a t i o n  i n t o  t h e  s u b j e c t  o f  m o t o r - v e h i c l e  r e a r  l i g h t i n g  was under taken 
t o  determine what avenues would most l i k e l y  l e a d  t o  t h e  es tab l i shmen t  o f  s p e c i f i c a t i a n s  f o r  an 
improved r e a r  l i g h t i n g  system. The work o f  t h e  i n v e s t i g a t i o n  i n c l u d e s  bo th  a n a l y t i c  and 
expe r imen ta l  approaches, and a l s o  draws h e a v i l y  on e x p e r t  judgment as d e r i v e d  f rom t h e  pub- 
1  i shed  1  i t e r a t u r e  on t h e  s u b j e c t  and f rom d i r e c t  consu l  t a t i o n  w i t h  i n d i v i d u a l s  exper ienced i n  
t h e  s u b j e c t  f i e l d .  

The problems assoc ia ted  w i t h  v e h i c l e  r e a r  l i g h t i n g  a r e  ana lyzed and d iscussed i n  terms of 
t he  f u n c t i o n a l  and p h y s i c a l  f a c t o r s  i n v o l v e d ,  and t h e  requ i rements  o f  a  r e a r  l i g h t i n g  system 
a re  l i s t e d .  



U n i v e r s i t y  o f  C a l i f o r n i a  a t  B e r k e l y ,  1968 ( .cont inued)  

The r e s u l t s  o f  a  survey o f  e x i s t i n g  r e a r  lamps a r e  p resen ted  t o  show t h e  d i s t r i b u t i o n  
and t r e n d  i n  beam i n t e n s i t i e s  and luminous areas ove r  t h e  yea rs  1965 through 1967. A com- 
p u t e r  s i m u l a t i o n  model based on an a d a p t i v e  m a t r i x  i s  desc r i bed  and shown as be ing  f e a s i b l e  
and o f f e r i n g  a  number of impo r tan t  advantages f o r  t h e  e v a l u a t i o n  o f  r e a r  l i g h t i n g  and o t h e r  
parameters of i n t e r e s t  i n  a d r i v e r - v e h i c l e  system. I n i t i a l  r e s u l t s  f rom a number o f  sub- 
j e c t i v e  t e s t s  w i t h  s p e c i a l l y  i ns t rumen ted  v e h i c l e s  a re  r e p o r t e d  and a  number o f  t e s t  v a r i -  
ab les  found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  s u b j e c t i v e  e v a l u a t i o n s  o f  r e a r  lamps a r e  
1  i s t e d .  S a l i e n t  f i n d i n g s  from p r e v i o u s l y  performed s u b j e c t i v e  t e s t s  on summation o f  l u m i -  
nous areas,  a d a p t a t i o n  luminance and v i s i b i l i t y  o f  l i g h t  sources i n  fog a r e  a l s o  g i ven .  A 
procedure i s  desc r i bed  f o r  t ne  semi -automat ic  d e t e r m i n a t i o n  o f  " e f f e c t i v e  p r o j e c t e d  
luminous area"  o f  r e a r  lamps. On t h e  b a s i s  of  p resen t  knowledge, some t e n t a t i v e  proposa ls  
a re  made f o r  an improved r e a r  l i g h t i n g  system toge the r  w i t h  suggest ions  f o r  f u r t h e r  work 
needed t o  e s t a b l i s h  t h e  d e t a i l e d  s p e c i f i c a t i o n s  f o r  such a system. A s e l e c t e d  b i b l i o g r a p h y  
l i s t i n g  p u b l i s h e d  works on t h e  s u b j e c t  i s  a l s o  i nc luded .  



Wal lner ,  F .  Zum E i n f l u s s  k o n s t r u k t i v e r  Massnahmen am Fahrzeug a u f  das F o l g e v e r h a l t e n  
e i n z e l n e r  Fahrzeuge und a u f  das dynamische Verha l  t e n  von Fahrzeugkolonnen. [The e f f e c t  o f  
s t r u c t u r a l  m o d i f i c a t i o n  o f  t h e  v e h i c l e  on the  f o l l o w i n g  behav io r  o f  i n d i v i d u a l  v e h i c l e s  and 
on t h e  dynamic b e h a v i o r  o f  v e h i c l e  p l a t o o n s . ]  St rassenverkehrs technik ,  1969, 13, 177-184. 
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Rear l i g h t -  Two l e v e l  Number o f  D r i v i n g  Fewer "c rashes"  
i n g  systems b r a k i n g  "crashes ," s i m u l a t o r  w i t h  t h e  new sys-  
( i n t e n s i t y ,  ( d e c e l -  f o l l o w i n g  tem; no d i f f e r -  
mode o f  l e r a t i o n )  d i s t a n c e  ence i n  f o l l o w i n g  
o p e r a t i o n )  s i g n a l  d i s t a n c e  

vs . 
conven- 
t i o n a l  
system 



A SYNTHESIS OF EXPERIMENTAL FINDINGS 

I .  SPACING 

A .  Separation of left-side lamps from right-side lamps. 

The reviewed studies indicate t h a t  the widest tested separation 

(5-8 ' )  resulted in:  longest distance a t  which detection of closure 

was made (Parker e t  a1 . , 1964; Reilley e t  a1 . , 1965), longest 

distance a t  which the  target appeared t o  be stopped (Crosley and  

Allen, 1967), and  smallest peak deceleration force (Reilley e t  a1 . ,  
1965). 

B. Separation of lamps on the same vehicle side. 

1. Vertical separation. Mortimer (1970) found the widest 

tested separation (6") t o  result  in lowest displacement threshol d a n d  

highest subjective effectiveness rating. However, in a l a te r  study 

by Mortimer and  his co-workers (Mortimer e t  a l . ,  1973), different 

separations of brake and  turn signals (2 ,  8" )  did not  yield different 

subjective effectiveness nor different subjective brightness ratings. 

On the other h a n d ,  wider separation resul ted in better identification 

of signals. Moore e t  a1 . (1958) found t h a t  within the range tested 

(3%-8"), the widest separation of brake and  turn signals resulted in 

shortest reaction time t o  turn signals. 

The only results favoring narrow separation came from the 

University of California (1968). In this  study subjects gave higher 

subjective v is ib i l i ty  ratings t o  narrower spacing (3.5 vs. 7 " )  in the 

daytime condition while there were no differences in the nighttime 

condition. 

2 .  Horizontal separation. The studies in th is  review dealing 

with horizontal spacing (Mortimer, 1969; Mortimer, 1970; Transport 

and  Road Research, 1976) a11 report that the widest separation led t o  
best performance. The dependent variables used were perception of  
one vs. two 1 ights (Mortimer, 1969), displacement threshol d and 



subjective effectiveness (Mortimer, 1970), and percent missed signals 

(Transport and Road Research Laboratory, 1976). 

Overall, the results suggest t h a t  within the 1 imi ts tested, 

widest spacing ( b o t h  of lamps on different sides and of lamps on the 

same side) i s  generally best. 

11. POSITION 

There i s  a scarcity of systematic investigations regarding 

effects of position of rear l ights on dr iver 's  performance. The 

present review includes three such studies (Crosley, 1966; Moore, 

1952; Rockwell and  Safford, 1968), a l l  dealing with the question 

of optimal mounting height. However, some studies concerned primar- 

i l y  with the effect  of spacing (e.g . , Moore e t  a1 . , 1958) are a1 so 

re1 evant here. 

Crosley (1966) found shorter reaction times t o  brake 1 ights 

which were mounted a t  roof-line height as opposed t o  l ights in a 

normal position. Rockwell and Safford (1968) report no difference 

in headway changes ( in  an overtaking s i tuat ion)  between conditions 

with high (574") and low (29") mounted l ights .  However, the i r  results 

indicate t h a t  the high mounted l ights  appeared closer than the low 

mounted l ights .  I n  contradiction t o  the l a t e r  finding, Moore (1952) 

reports t h a t  a high-mounted l ight  (48") appeared further away than a 
1 ow-mounted 1 ight ( 2 4 " ) .  

As fa r  as specific recommendations are concerned, 01 son (1975) 

suggests hi gh-mounted signal lamps and  Crosl ey (1966) argues for  

hi gh-mounted auxi 1 i ary brake 1 amps. Simi 1 arly , Moore e t  a1 . (1958) 

recommends turn signals t o  be mounted a t  dr iver 's  eye-level . On the 

other h a n d ,  Cole e t  a1 . (1977) are concerned abou t  the increased 

occurrence of glare from 1 ights mounted a t  eye-level . Consequently, 

they recommend t h a t  a1 1 rear lamps be mounted rather low (400-800 m m ) .  



Finally,  Mortimer (1970) recommends the following mounting heights : 

( a )  t a i l  lamps a t  15-25", supplemented by additional t a i l  lamps 

located as high as possible,  ( b )  stop lamps a t  15-30", a n d  ( c )  turn 

signal lamps a t  a height not below that  of the low-mounted t a i l  lamps. 

111. INTENSITY 

A .  Absolute level of lamp intensi ty .  

Several s tudies report that  increased in tensi ty  led t o  be t t e r  

detectabil  i t y  of 1 ights  whether measured by v i s i b i l i t y  distance 

(Lindae, 1965; Moore, 1952; Moore a n d  Smith, 1966) or number of obser- 

vers detecting a flashing signal (Cook, 1969). Furthermore, the 

highest in tens i t i e s  tested resulted in most e f f i c i en t  detection of 

closure (Parker e t  a1 . , 1964; Reil ley e t  a1 . , 1965), f a s t e s t  i n i t i a -  

t ion of car  control movements (Rockwell and Safford, 1966) and lowest 

peak deceleration force magnitude (Reil ley e t  a l . ,  1965). I n  terms 

of subjective evaluation, higher in tensi ty  i s  reported t o  have higher 

at tention-gett ing value (Domas, 1975). 

There i s  contradictory evidence on the e f fec t  of the in tensi ty  

of 1 ights on t h e i r  apparent distance. Moore (1952) found t h a t  more 

intense signals appeared nearer ,  while' Rockwell a n d  Safford (1968) 

report no e f fec t  of in tensi ty  on perceived distance. 

B .  Intensity differences among d i f fe ren t  rear  lamps. 

Attwood (1977) found no e f fec t  of changing the turn signal inten- 

s i t y  from 125 t o  200 cd (keeping other rear  lamps unchanged) on reac- 

t ion time t o  d i f ferent  rear s ignals .  Mortimer's r esu l t s  (1970) indicate 

the difference in reaction time t o  be rather small (0.05 s ec . )  between 

systems with turn signal in tensi ty  of 35 cd a n d  91 cd, respectively. 

On the other hand, increased in tensi ty  differences among lamps were 

found t o  r esu l t  in more veridical ident i f ica t ion of d i f fe ren t  signals 

(Forbes, 1966; Mortimer, e t  a1 . , 1972; Rockwell and  Safford, 1966). 

A report by Fiat  argues, however, t h a t  l igh t  in tensi ty  changes 



"cannot be a p p r e c i a t e d  i f  the previous  i n t e n s i t y  was no t  known ( F i a t ,  

1976, p. 1 3 ) . "  

In g e n e r a l ,  t h u s ,  high i n t e n s i t y  o f  r e a r  1 i g h t  s i g n a l s  coupled 

with a high r a t i o  of s i g n a l  t o  t a i l  lamp i n t e n s i t i e s  i s  d e s i r a b l e .  

However, high i n t e n s i t y  l e v e l s  r e s u l t  i n  d iscomfor t  g l a r e  (Forbes ,  

1966; Lindae,  1965; Univers i ty  of C a l i f o r n i a ,  1968) and d i s a b i l i t y  

g l a r e  (Cook, 1969) .. Since  t h e  problem of  g l a r e  occurs  p r i m a r i l y  a t  

1 ow ambient 1 eve1 s , some r e s e a r c h e r s  recommend dual i n t e n s i t y  sys  tems 
( e . g . ,  Automobile Manufacturers A s s o c i a t i o n ,  1967; Mortimer, 1970) 

w i t h  the h igher  l e v e l  f o r  daytime use, o r  even t r i p l e  i n t e n s i t y  sys -  

tems ( e . g . ,  Univers i ty  o f  C a l i f o r n i a ,  1968) wi th  t h e  h i g h e s t  l e v e l  

f o r  fog c o n d i t i o n s  . 
The optimal i n t e n s i t y  values  vary with changes in  o t h e r  para-  

meters, such a s  c o l o r  ( e . g . ,  Mortimer e t  a l . ,  1973) and s i z e  of the 

lamps ( e . g . ,  Forbes ,  1966; Mortimer, 1970) .  With t h i s  qua1 i f i c a t i o n  

i n  mind, the fo l lowing  a r e  some s p e c i f i c  recommendations f o r  optimal 

candlepower l e v e l  s : 

T a i l  lamp: 3/12 (Automobi 1 e Manufacturers A s s o c i a t i o n ,  1967) 
(min/max) 4/15 (Mortimer e t  a l . ,  1973) 

10130 (Cook, 1969; P r o j e c t o r  e t  a1 . , 1973) 
.25/-  (Moore, 1952) 

2/20 (Cole e t  a l . ,  1977) 

Stop 1 amps : 2501750 day,  501150 n i g h t  (Automobile Manufacturers 
(min/max) A s s o c i a t i o n ,  1967) 

3001- day,  801320 n i g h t  (Mortimer e t  a l . ,  1973) 
1001300 (Cook, 1969; P r o j e c t o r  e t  a1 . , 1969) 

200 (Cole e t  a1 . , 1977 

Turn si  g- 300/900 day,  60/180 n i g h t  (Automobi 1 e Manufacturers 
nal lamps: A s s o c i a t i o n ,  1967) 

(minimax) 4251- day,  801320 n i g h t  (Mortimer e t  a l . ,  1973) 
1001300 (Cook, 1969; P r o j e c t o r  e t  a l . ,  1969) 

600 (Cole e t  a1 . , 1 9 7 7 ) ~  

ly2Mort imer  e t  a l .  (1973) provide recommendations f o r  va r ious  
systems ; t h e s e  p a r t i c u l a r  recommendations a r e  f o r  a system with  green 
t a i l  lamp, red s t o p  lamp, and amber turn s i g n a l  lamp. 

 or a system with  ye1 low t u r n  s i g n a l  lamp. 
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IV.  COLOR^ 

Reaction time differences as a function of color of rear lamps 

were obtained by Campbell and Mortimer (1972), Mortimer (1969), and  

Mortimer (1970). Mortimer's results  (1969) show that red color led 

to  fas te r  reaction time than ei ther  green-blue or amber of equal lu- 

minance. On the other hand Campbell and Mortimer (1972) and Mortimer 

(1970) report that a system with green-bl ue ta i  l / turn lamps yielded 

shorter reaction times t o  various signals than a system with red 

ta i l / tu rn  lamps. Finally, Allen e t  a l .  (1967), testing amber, green, 

red, and  white 1 ights ,  and Attwood (1977), testing amber and  red turn 

signals,  were unable t o  find any effect  of color on reaction time. 

Studies investigating the delay of car control movements 

(Campbell a n d  Mortimer, 1972; Case e t  a1 . , 1969) report no d i f fe r -  

ences due t o  the color of rear l ights .  Similarly, no effect  of 

color was obtained using the following measures : accelerator re- 

lease and brake appl ication frequencies (Campbell and Mortimer, 

1972), closing rate and  fol lowing distance (Rockwell a n d  Banasi k, 

1968), and  headway changes in overtaking si tuation (Rockwell and 

Safford, 1968). 

Different colors are reported to require different levels of 

intensity for equivalent ratings of brightness, visi bi 1 i  ty ,  a n d  

effectiveness. The following are color orderings in terms of 

increasing intensity requirements : 

Brightness : green, red, amber, white (Mortimer, 1970) 
red, amber (Mortimer e t  a l . ,  1973) 

Visibi l i ty :  red, amber, white (Automobile Manufacturers 
Association, 1967) 

Effectiveness : red, ye1 low, white (Committee on Motor Vehicle 
Lighting , 1964) 

red, amber, white (Kilgour, 1960) 
red, amber (Mortimer e t  a l . ,  1973) 

4 ~ h e  terms "yellow" and  "amber" are generally used interchange- 
ably. 



In addition, a red 1 ight has a longer recognition distance than  
either a green-blue or amber l ight (Mortimer, 1969) and red turn sig- 

nals result  in more vertical identification of various rear signals 

than amber turn signals (Mortimer e t  a l . ,  1973). Finally, a red 

l ight  i s  reported t o  be perceived as being further away t h a n  e i ther  

an amber, blue, blue-green, or green 1 ight (Rockwell and Safford, 

1966; Rockwell and Safford, 1968). 

Most of the research on color as a parameter of rear 1 ighting 

system i s  in the context of choosing the optima1 color for turn sig- 

nal and for t a i l  lamp. Increasingly more researchers prefer amber 

(ye1 low) over red for turn signal 1 amps (e  . g .  , Automobile Manu- 

facturers Association, 1967; Committee on Motor Vehicle Lighting, 

1964; Campbell and Mortimer, 1972; Mortimer, 1970; Moore e t  a l . ,  

1958). I n  regard t o  the color of ta i  1 1 amps, general consensus i s  

for red ( b u t  see Campbell a n d  Mortimer, 1972 and  Mortimer, 1970 for 

examples of d a t a  supporting green t a i l  lamps). 

The question of the optimal color for t a i l  a n d  turn signal lamps 

i s  related t o  a more general issue of the desirabili ty of color cod- 

ing of rear signals. Several investigators recommend color coding 

(e.g. , Case e t  a1 . , 1968; Campbell a n d  Mortimer, 1972; Mortimer, 1968; 

Mortimer, 1970). However, a strong case against color coding i s  made 

by Projector and  Cook (1972) who argue that " ( a )  some anticipated 

d i f f icu l t ies  have n o t  been studied adequately and  ( b )  known advan- 

tages are outweighed by the known disadvantages combined with dis- 

advantages suspected b u t  n o t  yet adequately investigated ( p  . 141). " 



CONCLUDING COMMENTS 

This review deals exclusively with applied research. I t  i s  

clear that applied research data have higher face validity than basic 

research data due t o  the more real i s t i c  conditions of the experimental 
set-up. However, as evidenced by the present review, several areas 
of interest  have been rather scarcely investigated and research in 

other areas yields contradictory findings. Therefore, i t  i s  suggested 

that ,  until additional applied data are available, benefits would be 
derived from a review of basic research dealing with effects of spac- 

ing, position, intensity,  and color on human performance. The 
already available basic data are likely t o  f i l l  some of the void as 
well as reconcile some o f  the contradictory findings of applied 

research. 
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