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ABSTRACT 

A computer s i m u l a t i o n  e v a l u a t i o n  of  t h e  v i s i b i l i t y  d i s -  

t a n c e s  p rov ided  by t h r e e  h e a d l i g h t i n g  s y s t e m  i s  d e s c r i b e d .  

Two of  t h e  h e a d l i g h t i n g  systems c o n s i s t e d  o f  low, mid and h i g h  

beams, and t h e  o t h e r  of  low and h i g h  beams. A c u r r e n t l y  used  

low and h igh  beam ( t y p e  6014) sys tem was a l s o  e v a l u a t e d ,  f o r  

comparison w i t h  t1:e expe r imen ta l  beams. V i s i b i l i t y  d i s t a n c e s  

were d e r i v e d ,  b e f o r e  and a f t e r  meet ing  an opposing v e h i c l e  

w i t h  t h e  same h e a d l i g h t s  on a  s t r a i g h t  road  f o r  t a r g e t s  a t  

t h e  r i g h t  s i d e  and c e n t e r  o f  t h e  l a n e .  

Low and mid kclarns produced g r e a t e r  v i a i b i l i t : !  d i s t a n c e s  

t o  t h e  r i g h t  t a r g e t  t h a n  i n  t h e  c e n t e r  o f  t h e  l a n e ,  whereas  

h i g h  beans were mos t ly  u n a f f e c t e d  by t a r g e t  l o c a t i o n .  O v e r a l l ,  

mid beams produced abou t  1 0 %  g r e a t e r  v i s i b i l i t y  d i s t a n c e s  

t h a n  t h e  low beams. The t y p e  6014 low beam produced e q u a l  o r  

g r e a t e r  v i s i b i : j t y  t h a n  t h e  e x p e r i r e n t a l  low beams, w h i l e  i t s  

h i g h  beam was l r l t e rmed ia t e  i n  e f f e c t i v e n e s s  compared t o  t h e  o t h e r  

systems.  
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I N T R O D U C T I O N  

S ince  t h e  a c c i d e n t  r a t e  p e r  m i l e  i s  about  t h r e e  t i n e s  

h i g h e r  i n  n i g h t t i m e  t h a n  dayt ime d r i v i n g  c o n d i t i o n s ,  and because  

it i s  i n t u i t i v e l y  c l e a r  t h a t  t h e  v i s i b i l i t y  p rov ided  t o  d r i v e r s  

on roads  and highways which do n o t  have f i x e d  i l l u m i n a t i o n  i s  

less  t h a n  d e s i r a b l e  under nany c o n d i t i o n s ,  e f f o r t s  have been 

un6.er:l.a~ t o  i r p r o v e  t h e  v e h i c l e  h e a d l i ~ h t i n g  system. iW.ong t h e  

more noteworthy developments i n  v e h i c l e  h e a d i i g h t i n g ,  i n  t h e  

United S t a t e s ,  )lave been t h e  i n t r o d u c t i o n  of  t h e  s e a l e d  beam 

lamp and t h e  quad-headlazp system of f o u r  5 - 3 / 4 "  lamps. The 

most r e c e n t  change i n  v e h i c l e  h e a d l i g h t i n g  has  been t h e  

i n t r o d u c t i o n ,  d u r i n g  t h e  l a s t  two y e a r s ,  beam headlamps 

p r o v i d i n g  improved c o n t r o l  of  t h e  d i s t r i b u t i o n  of  l i g h t  by a  

change i n  t h e  f l u t i n g  and i n c r e a s e  i n  t h e  wa t t age  o f  t h e  

f i l a m e n t s  t o  p rov ide  g r e a t e r  l i g h t  i n t e z s l t i e s  f o r  t h e  low 

beam. 

Thus, whilr .  t h e r e  has  Seen a  c c n t i n ~ i n g  development i n  

v e h i c l e  h e a d l i g h t i n g  sys tems,  t h e  need f o r  p r o v i d i n g  improved 

n i g h t  d r i v i n g  v i s i b i l i t y  i s  s t i l l  a p p a r e n t  i n  o r d e r  t o  a l l o w  

t r a f f i c  t o  move s a f e l y  a t  normal highway speeds .  Most r e c e n t l y ,  

t h e  r e s u l t s  of r e s e a r c h  and development e f f o r t s  have sugges ted  

t h a t  an improvement i n  h e a d l i g h t i n g  may be  f e a s i b l e  u s i n g  

c o n v e n t i o n a l  l i g h t  s o u r c e s ,  by i n t r o d u c i n g  a  t h i r d  beam. 

I n i t i a l l y ,  t h i s  bean was i n t e n d e d  t o  be  used t o  supplement 

t h e  low beam system on d i v i d e d  highways. S i n c e  v e h i c l e  speeds  

a r e  h i g h e s t  on such r o a d s ,  it would appea r  t o  b e  a p p r o p r i a t e  t o  

f i r s t  seek iE2rover ,en ts  i n  v i s i b i l i t y  on such r o a d s .  However, 

t h e ,  a c c i d e n t  s t a t i s t i c s  i n e i c a t e  t h a t  t h o s e  r o a i s  a l s o  p r o v i d e  

t h e  s a f e s t  d r i v i n y  c o n d i t i o n s ,  whereas t h e  two-lane,  r u r a l  roads  

?ose  a g r e a t e r  hazard  and a rr,ore d i f f i c u l t  s e e i n g  c o n d i t i o n  i n  

n i g h t  d r i v i n g .  A t t e n t i o n  i s  now b e i n g  g iven  t o  means of 

supplementing t h e  p r e s e n t l y  used low beam headlamp sys tem by a  

mid beam t h a t  could  b e  used ,  n o t  o n l y  on d i v i d e d  highways, b u t  

nfi ~ Y A T ~  l a n e  yr3eL5 25 L.-(I] 1, 



Wlien tlze l a t e r a l  s e p a r a t i o n  between opposing v e h i c l e s  i s  

s n a l l ,  a s  i s  t h e  c a s e  on two l a n e  r o a d s ,  t h e  problems a s s o c i a t e d  

w i t h  g l a r e  from v e h i c l e  headlamp s y s t e n s  become a c c u t e  i n  te rms 

of t h e  d i s a b i l i t y  g l a r e  e f f e c t  upon t h e  v i s i b i l i t y  d i s t a n c e  and 

d i s c o m f o r t  g l a r e .  To s a t i s f y  t h e s e  r equ i remen t s ,  t h e  beam must 

be  a p p r o p r i a t e l y  shaped t o  m a i n t a i n  s u f f i c i e n t l y  low g l a r e  

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

be ing  t r a v e l e d  t o  p rov ide  an i ~ p r o v e m e n t  i n  v i s i b i l i t y  d i s t a n c e .  

I n  o r d e r  t o  h e l p  t o  d e v i s e  a  methodology f o r  t h e  e v a l u a t i o n  

of  h e a d l i g h t i n g  sys tems,  such t h a t  any improvements t h a t  t h e y  

o f f e r  may become r e a d i l y  d i s c e r n a b l e ,  s t u d i e s  a t  KSRI  have 

been conducted t o  develop a  t e c h n i q u e  f o r  t h e  f i e l d  t e s t i n g  of 

headlam? s y s t t m s  (!?ortimer and Olson,  197.3),  t o  a s z e s s  t h e  r o l e  

o f  a  number of  f a c t o r s  t h a t  may c o n t r i b u t e  t o  t h e  misa l ignment  

of  headlamps (Olson and l lor t i rner ,  1 9 7 3 ) ,  3nd t o  develop  a  

v a l i d a t e d  n a t h e m a t i c a l  node l  which can  be used t o  p r e d i c t  t h e  

v i s i b i l i t y  d i s t a n c e s  a f f o r d e d  by v a r i o u s  t y p e s  and combinat ions  

of headlamp besms (hiortimer and Becker ,  1973) .  

T h i s  r e p o r t  b r i e f l y  d e s c r i b e d  t h e  f a c t o r s  c o n s i d e r e d  i n  t h e  

.development o f  t h e  mathemat ica l  model and t h e  v a r i a b l e s  t h a t  it 

t a k e s  i n t o  cul ls i -derat ion.  The use  of  t h i s  model, i n  t h e  form 

o f  a  computer s i m u l a t i o n  of a  n i g h t t i m e  mneting between two 

opposing v e h i c l e s ,  i s  demonst ra ted  by comsarison w i t h  f i e l d  

t e s t  d a t a ,  i n  orcier t o  show t h e  v a l i d i t y  of t h e  p r e d i c t i o n s  

made by t h e  model. The computer s i m u l a t i o n  was t h e n  e x e r c i s e d  

on t h r e e  headlamp systems t h a t  a r e  under c o n s i d e r a t i o n  f o r  

p o s s i b l e  irr.plementation. These systems c o n s i s t  of two t h a t  have 

t h r e e  beams ( low,  mid, h igh)  and one c o n s i s t i n g  of  low and h i g h  

beans only .  The r e s u l t s  of t h e  com2uter s i inula t ion  a r e  d e s c r i b e d  

and comparisons are nade t o  a  c o n v e n t i o n ~ l ,  7  i n c h ,  t y p e  6014 

low and h i g h  beam heaa lanp  sys tem o p e r a t e d  i n  t h e  same d r i v i n g  

c o n d i t i o n s  a s  used  f o r  t h e  e v a l u a t i o n s  of t h e  t h r e e  proposed 

syster:s. 



It is believed, that the computer simulation method holds 

considerable promise as a technique by which to determine the 

nature of improvements, in terms of visibility distance, that 

can be attained by a headlanp system; and the procedure should 

permit the development of improved conventional headlamp beams. 



1. B R I E F  DESCKIPTION OF H S R I  HEADLAMP 
PERFORMANCE COMPUTER SIMULATION 

The v i s i b i l i t y  d i s t a n c e  s i m u l a t i o n  inc ludes  t h e  road ,  two 

v e h i c l e s ,  a  t a r g e t ,  an o b s e r v e r ,  and t h e  mather ia t ica l  r e l a t i o n s  

d e s c r i b i n g  them and t h e i r  i n t e r a c t i o n s .  

The road  i s  assumed t o  be f l a t  and l e v e l  with a  c o n s t a n t  

r e f l e c t a n c e .  The two ~ ~ e h i c l e s  Rove on p a r a l l e l  p a t h s ,  w i t h  c o n s t a n t  

l a t e r a l  and v e r t i c a l  s e p a r a t i o n  d i s t a ~ c e s ,  a t  c o n s t a n t  speeds.  

The l o n g i t u d i n a l  s e p a r a t i o n  d i s t a n c e  i s  d e f i n e d  a s  t h e  indepen- 

d e n t  v a r i a b l e .  Each v e h i c l e  has  a  s p e c i f i e d  number of head- 

l i g h t s ,  up t o  f i v e ,  l o c a t e d  i n  f i x e d  p o s i t i o n s  r e l a t i v e  t o  one 

ano the r  and aimed a t  any h o r i z o n t a l ,  v e r t i x l  and r o t a t i o n a l  

ang les .  The o u t p u t  of each h e a d l i g h t  i s  desc r ibed  by a  b i v a r i a t e  

t a b l e  of i n t e n s i t y  i n  cande las  f o r  p a i r s  of h o r i z o n t a l  and 

v e r t i c a l  angle.. Each lamp may be  swi tched  o f f  o r  on twice  

a t  s p e c i f i e d  s e p a r a t i o n  d i s t a n c e s .  The h e a d l i g h t s  of t h e  ob- 

s e r v e r ' s  v e h i c l e  c o n t r i b u t e  t o  v e i l i n g  , l a r e  by r e f l e c t i n g  

l i g h t  back o f f  t h e  road ahead,  t o  accourli f o r  foreground l i g h t i n g  

and road r e f l e c t a n c e .  

The obse rve r  i s  assumed t o  have a  s i ~ 3 l e  eye l o c a t e d  a t  

an a r b i t r a r y  p o i n t  i n  t h e  main v e h i c l e .  The eye l i n e - o f - s i g h t  

t r a c k s  t h e  t a r g e t .  The eye can be i n  one ~ f  t h r e e  s t a t e s :  

" a d a p t a t i o n "  t o  i n c r e a s i n g  v e i l i n g  g l a r e ,  " r e a d a p t a t i o n "  t o  

s lowly dec reas ing  v e i l i n g  g l a r e ,  and " reccve ry"  d u r i n 9  r a p i d l y  

dec reas ing  v e i l i n g  g l a r e .  T r a n s i t i o n  fron "adap ta t ion"  t o  

" r e a d a p t a t i o n "  occur s  a t  t h e  p o i n t  of maximum v e i l i n g  g l a r e ,  

and passage frcm " r e a d a p t a t i o n "  t o  "recovery" occurs  :;hen t h e  

v e i l i n g  g l a r e  c a l c u l a t e i i  from t h e  cjlare v s h i c l t  beans beg ins  

t o  f a l l  o f f  more r a p i d l y  than t h a t  c a l c u l z t e d  from t h e  " recovery"  

equa t ion .  During " r e a d a p t a t i o n , "  t h e  "recovery" equa t ion  cor.putes 

v e i l i n g  g l a r e  a s  e x p o n e n t i a l l y  decaying  from the  va lue  a t  t h e  

p rev ious  p o i n t  a t  a  f i x e d  r a t e ,  t h e  va lue  of which i s  a l s o  



dependent  on t h e  p r e v i o u s  v a l u e  of  v e i l i n g  g l a r e .  During 

" recovery"  t h e  parameters  a r e  c o n s t a n t .  

There i s  an o b s e r v e r  r e l a t i o n  among i n t e n s i t y  needed t o  

s e e  t h e  t a r g e t ,  t a r g e t  d i s t a n c e ,  and g l a r e  i n t e n s i t y .  I t  i s  

assumed t h a t  t a r g e t  i n t e n s i t y  i s  an i n c r e a s i n g  e x p o n e n t i a l  i n  

t a r g e t  d i s t a n c e  w i t h  c o e f f i c i e n t s  t h a t  a r e  f u n c t i o n s  of  g l a r e .  

These c o e f f i c i e n t s  appear  t o  be  w e l l  d e s c r i b e d  by a sympto t i c  

e x p o n e n t i a l  e q u a t i o n s  i n  g l a r e  i n t e n s i t y .  The t a r g e t  i s  l o c a t e d  

a t  a f i x e d  l a t e r a l  and v e r t i c a l  d i s t a n c e  from t h e  eye ,  w i t h  a  

c o n s t a n t  r e f l e c t a n c e .  

F r y ' s  e q u a t i o n  computes v e i l i n g  g l a r e  from g l a r e  i n t e n s i t y ,  

d i s t a n c e  of g l a r e  source  from e y e ,  and g l a r e  a n g l e  between eye  

l i n e - o f - s i g h t  and l i n e  connec t ing  eye  t o  g l a r e  source .  The p a t h  

o f  t h e  t a r g e t  t h raugh  t h e  main v e h i c l e  bea'n p a t t e r n s  i s  found 

i n  terms of t h e  v a l u e s  of h o r i z o n t a l  a c i  v x t i c a l  a n g l e s  a t  

s p e c i f i e d  v a l u e s  of  t h e  dependent  v a r i a b l e  ( v i s i b i l i t y  d i s t a n c e )  

and t h e  i n t e r p c l s t e d  i n t e n s i t y  v a l u e s  x s  s t o r e d  f o r  l a t e r  u s e  

i n  t h e  program. h r e c t a n g u l a r  l i n e a r  i n t e r p o l a t i o n  on t h e  l o g  

of t h e  i n t e n s i t y  of t h e  beam p a t t e r n  i s  used h e r e .  The same 

t h i n g  i s  done f o r  t h e  p a t h  of t h e  eye  t h r o a g h  t h e  g l a r e  v e h i c l e  

beam p a t t e r n s  us ing  t h e  s e p a r a t i o n  d i s t a n c e ,  t o  d e r i v e  t h e  

i n t e n s i t i e s  d i r e c t e d  a t  t h e  o b s e r v e r s  eye  p o i n t  from t h e  

opposing v e h i c l e ' s  headlamps. The v e i l i n g  g l a r e  e f f e c t  produce2 

by t h e  forecjround i l l u m i n a t i o n  and road  r e f l e c t a n c e ,  f o r  one 

combinat ion of l a t e r a l  and v e r t i c a l  t a r g e t  l o c a t i o n  and beam 

p a t t e r n s ,  i s  inc luded  f o r  d i s t a n c e s  of 25-200 f e e t  ahead o f  t h e  

o b s e r v e r ' s  c a r ,  w i t h  c o e f f i c i e n t s  found by p r o c e s s i n g  t h e  o u t p u t  

of a s e p a r a t e  program. 

S i n c e  t h e  s y s t e n  of e q u a t i o n s  d e r i v e d  from a l l  t h i s  i s  

much t o o  conplex t o  be e x p l i c i t l y  s o l v e d  f o r  v i s i b i l i t y  d i s t a n c e  

i n  terms of s e 2 a r a t i o n  d i s t a n c e ,  a  convergence procedure  i s  



used to find the largest target distance at which the intensity 

directed at the target is just equal to the intensity needed 

to see the target. 



2. VALIDATION OF THE MODEL 

The o u t p u t  of t h e  computer s i m u l a t i o n  i s  i n  t h e  form o f  

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

d i s t a n c e  between t h e  o b s e r v e r ' s  v e h i c l e  and a n  opposing v e h i c l e  

equipped w i t h  t h e  sane ,  o r  o t h e r ,  headlamps. The v a l i d i t y  of 

t h e  codel can be a s s e s s e d  by comparing i t s  p r e d i c t i o n s  w i t h  

t h e  mean v i s i b i l i t y  d i s t a n c e s  o b t a i n e d  by a  sample of  d r i v e r s ,  

aged 1 8 - 6 0 !  i n  f i e l d  t e s t s .  These t e s t s  used a  s p e c i f i c  type  

of t a r g e t  r e q u i r i n g  a cho ice  response  from t h e  o b s e r v e r s ,  i n  

which they  had t o  i d e n t i f y  t h e  o r i e n t a t i o n  of a square  f i g u r e  

i n  t h e  t a r g e t  wi th  r e f e r e n c e  ( l e f t  o r  r i g h t )  t o  a  h o r i z o n t a l  

l i n e ,  both  of t h e  same r e f l e c t a n c e .  

F igure  1 shcws comparisons between t h e  computer s i m u l a t i o n  

and f i e l d  t e s t  f o r  t h e  c a s e  of a t a r g e t  l c c a t e d  a t  t h e  r i g h t  

edge of t h e  r o a d ,  f o r  low and h i g h  beaml ~ ~ e e t i n g s ,  w i t h  b o t h  

v e h i c l e s  equipped w i t h  7" d i a m e t e r ,  60i4 lamps. T a r g e t  l o c a t i o n ,  

l a t e r a l  v e h i c l e  s e p a r a t i o n ,  road r e f l e c t a l l c e ,  headlamp mounting 

l o c a t i o n s ,  e t c .  osed i n  t h e  s i m u l a t i o n  a r c  t h e  same a s  f o r  t h e  

f i e l d  t e s t .  The f i e l d  t e s t  d a t a  a r e  f o r  t a r g e t  r e f l e c t a n c e s  of 

1 2 %  and 2 6 % ,  whi le  t h e  s i m u l a t i o n  used 1 0 %  and 2 6 % .  For b o t h  

beams and t a r g e t  r e f l e c t a n c e s  a  r e s p e c t a b l e  d e g r e e  of f i t  betweer 

s i m u l a t i o n  and f i e l d  t e s t  r e s u l t s  a r e  ob ta ined .  
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3. COMPUTER SII4ULATION RESULTS FOR 6014 LOW AND 
H I G H  BEAfjlS FOR COMPARISON WITH SYSTEf4S C, D AND E 

The r e s u l t s  of model p r e d i c t i o n  f o r  t h e  6 0 1 4  low and h i g h  

beams, f o r  t a r g e t s  of 10% and 54% r e f l e c t a n c e ,  u s i n g  t h e  same 

geomet r i c ,  road  r e f l e c t a n c e  and d r i v e r  eye  p o s i t i o n  c o n d i t i o n s  

a s  used i n  t h e  e v a l u a t i o n s  of t h e  proposed systems C ,  D and 

E ,  t o  be desc r ibe '3 ,  a r e  shown i n  F i g u r e s  2 and 3 .  I n  F i g u r e  2 

t h e  t a r g e t  i s  p o s i t i o n e d  a t  t h e  r i g h t  edge of  t h e  road ,  and i n  

F i g u r e  3 it i s  i n  t h e  c e n t e r  of  t h e  road  l a n e  on t h e  p r o j e c t i o n  

of  t h e  long  a x i s  3f t h e  v e h i c l e .  These r e s u l t s  can  be compared 

w i t h  t h o s e  f o r  systems C ,  D and E t o  show t h e  r e l a t i v e  performance 

o f  a  system p r e s e n - t l y  i n  use .  



L ;lire 2 .  C " : D I ! ~ U ~ L I  s i m u l  a t i o n  p r e d i c t e d  v i s i b i  lity dis tan: :cs  for 6 0 1 4  l o w  anti h i g h  hc . , lms .  
'J1<:rc*et 'it- r i g h t  edqe of lane, 100, and 5 4 8  r e f l c c t a n c c s .  ( O t i i e r  c o n d i t i o n s  the 
t lrc :;ar, c: C I S  f o r  c . vc l l un t i ons  of systcr:ls C ,  I) and G .  ) 



.ri 0 52 
z 

.d ; 3  C' 
s o u  

.T- I- LC 
UI h 
.d . n 
7 0 

C Q 
a a o  
a 4 
C1 c'l 
uuccr: 

-A  0 0 
"3 -4 
O k c ,  
k Q r j  
Lc, 3 

C 4 
G ' 3 -  
0 u 5 
-4 0 
4J ccr: 
ro .A Li 

C 
2 .iJ I- 
2 "ui 

a n  L: .: 
r O L 7  - 



4. DESCRIPTION OF SYSTEMS C, D AND E AiiD OTHER 
VARIABLES ENTERING COMPUTER SIMULATION 

The three headlighting systems C, D and E are described in 

terms of iso-candela diagrams in Dockst 69-19, Notice 3 (Federal 

Register, Vol. 37, #206, October 25, 1972, pp.22801-22812). 

The systems consist of combinations of four basic beams, for 

each of which the minimum and maximum proposed iso-candela 

values are shown in Figures 4-11. 

BEAN DESCRIPTION 

System C, Four Lamps. 

Low beam: two type 3 on low beam 

Mid beam: two type 3 on low bean + m e  type 4 on left side* 

High beam: two type 3 on high beam, + type 4 on left side + 
type 5 on right side 

All beans are used at 100% of indicated minimum and maximum 

values. 

System D, '1c:o Lamps. 

Low beam: two type 3 on low beam 

High beam: two type 3 on high beam, 

Minimun iso-candela valirr.,s 100% of type 3 ,  

Maximum iso-candela values 115% of type 3 

Svstem E. Two Lams. 

Low beam: two type 3 on low beam 

Minimum iso-candela values: left lamp 80% of 

type 3, right lamp 100% of type 3 

Xaxirr.um iso-candela valu~s: left and right 

lamps at 100% of type 3 

Mid beam: ieft lamp type 4, riqht lamp type 3 

Minimum iso-candela values: left lamp 80% of 

type 4 ,  right lamp 100% of type 3 

Maximum iso-candela values: left lamp 100% of 

type 4, right lamp 100% of type 3 

*As seen fron driver's position. 



Figure 4. Type 3 headlamp low Ssam, minimum 
candela lines. 

Figure 5. Type 3 headlamp low beam, maximum 
candela lines. 



Figure 6. Type 3 headlamp high beam, minimum 
candela lines. 

Fiqure 7. Type 3 headlamp high beam, maximum 
candela lines. 



Figure 8. Type 4 headlamp middle beam, minimum 
candela lines. 

Figure 9 .  Type 4 headlamp middle beam, maximum 
candela lines. 



Figure 10. Type 5 headlamp high beam, minimum 
candela lines. 
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Figure 11. Type 5 headlamp high beam, maximum 
candela lines. 



High bean: left lamp type 4, right lamp type 5 

Minimum iso-candela values: left lamp 80% of 

type 4, right lamp 100% of type 5 

Maximum iso-candela values: left lamp 100% of 

type 4, right lamp 100% of type 5 

VALUES OF OTHER VARIABLES. The lamp mounting locations 

were taken from a 1972 Ford custom, four door sedan, and are 

shown in Figure 12. Lamp vertical height was 27 inches to centers, 

and the observer's eye height was 46 inches, The right side 

target was 89 inches to the right of the eye point and the center 

target was 17 inches to the right of the eye point. The left- 

most headlamp of the op~osing car was 98 inches to the left of 

the eye point, tc simulate a meeting with the vehicles centered 

in lanes 12 feet wide. 

The road reflectance was taken as iO% and considered con- 

stant at all angles of incidence of the light from the headlamps 

of the observer's car. In the two-lamp systems, D and E, the 

outermost lamp locations were used. 



Longi tudina l  d i s . ~ a n c e  of eye p o i n t  t o  t h e  l a t e r a l  p l ane  of t h e  
headlamp was 36 ' hches .  

F igure  1 2 .  Lanp mounting and t a r g e t  l o c a t i o n s  w i t h  r e s p e c t  t o  
o b s e r v e r ' s  eye p o i n t .  



5. COMPUTER SIFlULATION EVALUATIONS OF SYSTEMS C, D AND E 

Photogra$nic enlargements of the iso-candela beam diagrams 

(Figures 4-11) were used to digitize the intensities found at 

half degree vertical and horizontal increments. The values 

shown in Tables A.1-A.8 (Appendix A) were obtained. The values 

were put on cards and stored in the HSRI LBM-1800 computer. 

The para~eter values described in the previous section were 

used to make simulation runs for each sysLem operating in each 

of its beams. Since system C has three beams, system D has two 

beams and system E has three beams, a total of eight beams are 

involved. Each beam was run in minimum and in maximum iso-candela 

conditions an6 visibility distarces for tile target at the ricjht 

side and in the center of the lane were o~tained. This entailed 

a total of 32 rur:s. In each case the opposing vehicle was equipped 

with the same 1a:aps as the observer's car. 

RESULTS 

An overview of Tables 1 and 2 shows that the low and mid 

beams produce greater visibility distance; for the right side 

target than the center target. The his11 '~eams are only slightly 

would be expected, because affected by the target locations. T>:- 

the low and mid beams are assymetrical, placing the greatest in- 

tensities in the right lower quadrant, wh?reas high beams are 

relatively sy~metrical and uniform around the central portion 

of the bean. 

When the sane beams are run at the maximum candela values 

and compared to visibility distances obtained for the minimum 

candela values, the maximum visibility distances increase (column 

2, Tables 1  an^ 2), but the ninimun visibility distances are 

~enerally lo13;er (column 4, Tables 1 and 2\particularly for high beams. 

The sane columns in the Tables also show that the low beams 

provice 1~9:er r.:axinun visibility distances than mid or high beams. 

This is to be expected since the ~a;.:ir.un visibility distances are 



TABLE 1. i.laxir:~n and I4ininurn T:isi .Sil i ty D i s t a n c e s  O b t a i n e d  f o r  
E a c h  Beam i n  )!in. a n d  Eax. I s o - c a n d e l a  C o n d i t i o n s .  
X i g h t  S i d e ,  1 0 %  Reflectance, T a r g e t .  

R a t i o :  
Max V i s  D i s t  
)Gin V i s  D i s t  

( 5 )  

1 . 0 7  

1 . 1 3  

1 . 0 6  

1 . 1 2  

1 . 4 4  

1 . 7 9  

1 . 0 7  

1.13 

1 . 5 9  

1 . 8 3  

1 . 0 7  

1 . 1 3  

1 . 0 6  

1 . 0 9  

1 . 2 5  

1 . 5 2  

1 . 1 2  

2 . 0 5  

Nax. V i s .  
D i s t .  
R a t i o :  
Bean X - v 
Lo;; l , i ln  

Beam X 

( 2 )  

1 . 0 0  

1 . 0 4  

1 . 1 0  

1 . 1 3  

1 . 2 2  

1 . 3 2  

1 . 0 0  

1 . 0 4  

1 . 0 0  

1 . 2 2  

1 . 0 0  

1 . 0 5  

. 9 9  

1 . 1 3  

Min.  
V i s .  
D i s t  

( f e e t )  

( 3 )  

227  

2 2 2  

252  

244  

2 0 4  

1 7 9  

2 2 7  

222  

1 5 3  

.:62 
I 

224  

222  

2 2 3  

1 2 4 7  

Beam 

S y s t e m  C Low Min 

Max 

Mid Piin 

Max 

H i g h  Min 

Max 

S y s t e m  D Low &Iin  

i4ax 

Hi93  f l i n  

!dax 

S y s t e m  E Low ~ q i n  

Max 

Mid Min 

Max 

'Min. v i s .  
D i s t .  
R a t i o :  
Beam X 
Low Min 

Beam X 

( 4 )  

1 . 0 0  

. 9 8  

1.11 

1 . 0 7  

. 9 0  

. 7 9  

1 . 0 0  

. 9 8  

. 6 7  

. 7 1  

1 . 0 0  

. 99  

1 . 0 0  

1 . 1 0  

Max. 
V i s .  
D i s t  

( f e e t )  

(1) 

2  42 

2 5 1  

267  

274  

295  

320  

242  

2 5 1  

2 4 3  

2  96 

239  

2 5 1  

2 3 7  

2 7 0  

H i g h  Min 

Max 

6014  Low 

H i g h  

2 8 3  

3 0 9  

267  

306  

1 . 0 1  

. 9 1  

1 . 0 0  

. 6 2  

1 . 1 8  

1 . 2 9  

1 . 0 0  

1 . 1 5  

227  

2 0 3  

237  

1 4 9  



TABLE 2. I!axinum and Minimum V i s i b i l i t y  Distances f o r  Each Beam 
i n  14in. and Nax, Iso-candela Condit ions.  En te r ,  10% 

Reflectance,  Target .  

Min. V i s .  
D i s t .  
Ratio:  
Eeam X 
Low Min 

Beam X 

(4 1 

1.00 

.97 

1.10 

1.06 

.94 

.77 

1.00 

.97 

.73 

.73 

1.00 

.97 

.98 

1.09 

1.11 

.92 

1.00 

.62 

Min. 
V i s .  
Dist 

( f e e t )  

(3) 

181 

175 

199 

192 

1'71 

1.1 0 

181 

175 

133 

i33 

180 

17 5 

177 

196 

199 

165 

197 

124 

Ratio:  
Max V i s  D i s t  
Nin V i s  D i s t  

(5) 

1.09 

1.18 

1.12 

1.19 

1.71 

2.29 

1.09 

1. lG 

1.87 

2.26 

1.09 

1.18 

1.09 

1.14 

1.38 

1.84 

1.20 

2.52 

Max. V i s  
D i s t .  
Rat io:  
Beam X 
Low Min 

Bean X 

(2) 

1.00 

1.04 

1.12 

1.16 

1.48 

1.62 

1.00 

1.04 

1.26 

1.52 

1.00 

1.05 

.98 

1.15 

1.40 

1.55 

1.00 

1.32 

Beam 

System C Low %in 

I>'_ ax 

Mid Piin 

Piax 

High iIin 

blax 

System D Low Min 

Max 

High blin 

Max 

SystemE Low IIin 

Plax 

M i  Ilin 

Yax 

High !din 

i lax 

6014 Low 

High 

Max. 
Vis. 
D i s t  

( f e e t )  

(1) 

198 

206 

222 

230 

293 

321 

198 

206 

249 

301 

196 

206 

193 

225 

275 

304 

236 

312 



obtained after the meeting point when the effect of glare from 

the opposing car's headlamp had been largely removed. 

By comparison, the ratios in column 4 in the Tables show 

that high beans generally produced lower minimum visibility dis- 

tances, during the meeting than low beams. For the same comparison, 

the mid beams usually produced greater minimum visibility distances, 

since rncst ratios are ~reater t!;a.rl for the low beans. 

Taking both the maximum and minimum .risibility distances 

into consideration shows that, for the straight, level, two- 

lane road case that was simulated, the mid beams should be used 

throughout the meeting. It should be noted that effects due to 

disconfort glare are not considered in this evaluation. 

In general, those beams that have relatively large maximum 
visibility distanze: Rinimum visibility 6.istance ratios are 

causing the dccrenent in visibility due to disability glare, and 

probably discomfort glare would be experienced by the drivers. 

In this an~lysis the mi2 beams ~r?i.::ced an increment in 

visibility of about 10% compared to low b ~ a m s  for either target 

location. High beams produced an incremert of about 5 5 %  and 

25% in maximum visibility distances, fcr the center and right 

side targets, respectively, compared beams. 

Of the three systems, system C appeaAmed to offer the greatest 

benefit in visibility distance. 

For comparison with the proposed bean.s, the low and high 

beans of the conventional 6014 lamp were run under the same con- 

ditions as the other Seams. The 6014 low bean provided greater 

inaxi:.r\urn and greater minimum visibility than any of the other low 

beams, at about com?arable glare levels as the low beam type 3 

in maxinun iso-candela conditions. The 6G14 high bean produced 

similar maximum visibility as high beams of systems D and E ,  

but lower than C; and lower minimum visibility than systems C, 

D an6 S .  It should be noted that the 6014 lanip used in these 

evaluations is not necessarily r ? p 1 - ~ . = , ~ ? n t . a t i  VP of thi-r; trl72~ nf  



larnp. (The photometric grids of the 6014 low and hich beams are 

shown in Appendix B.) 

The trends of visibility during the meeting and after the 

meeting for each beam of each system in maximum and minimum iso- 

candela conditions, for right and center targets, are shown in 

Figures 13-18. The individual plots of each beam in each condition 

are shown in Appendix C. 
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