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INTRODUCTION 

This document reports the resul ts  of a review of the l i t e r a tu r e  

on vehicle headlighting. The e f fo r t  was mainly concerned with the 

e f fec t  of d i f ferent  patterns and in tens i t i e s  of beams intended for  

use when meeting another vehicle (low beams, meeting beams). The 

in tent  was t o  describe, evaluate and  summarize the avail able evi- 

dence concerning the re la t ive  merits of a l ternat ive  vehicle l  ighting 

sys terns. 

At present, "a1 ternative vehicle lighting systems" means 

American versus European. As th i s  report shal l  short ly make c lea r ,  

the two systems d i f fe r  substant ia l ly ,  a n d  in ways which even a casual 

observer should notice. B u t ,  i s  one system bet ter  t h a n  the other? 

I t  i s  easy t o  find persons who think so. For example, Kyle Given, 

writing in Motor Trend in July,  1972, opens his a r t i c l e  as f o l l w s :  

"The real f a c t  i s  this. Americans are driving around w i t h  
headlights tha t  were made standard more than  30 years ago-- 
the ever popular, certainly vivacious and charming a n d  
effervescently bubbling, sealed-beam headlamp uni t ."  

Several paragraphs l a t e r  he a l so  says: 

"Europeans are  currently using bet ter  - and more powerful 
forward i llumination.. .systems ." 

In another a r t i c l e  in Road and Track (May, 1973) John Dinkel opens 

with the f 01 lowing thought: 

"Though they probably d o n ' t  k n o w  i t ,  most American drivers 
are  driving fas te r  on rural roads and  freeways a t  night 
than the i r  headlights allow them t o  drive safe ly .  I t ' s  a 
natural chain of events t h a t  has brought th i s  about so 
gradually t h a t  hardly anyone has noticed i t :  roads and 
cars have improved, so speeds are higher. B u t  U.S. head- 
l igh t s  are  s t i l l  a product of the 1940s." 

Messrs. Given and Dinkel would probably not qualify as authori- 

t i e s  in night v i s i b i l i t y  and/or headlighting, I t  i s  possible that  

they have fa1 len victim t o  the kind of thinking which says that  any- 

thing which i s  foreign, more powerful, or makes use of new technology 



i s  b e t t e r .  T h e i r  op in ions  may h e l p  t h e  s a l e s  o f  European headlamps 

i n  t h i s  coun t ry ,  b u t  shou ld  n o t  be regarded as d e f i n i t i v e .  Un fo r -  

t u n a t e l y ,  persons who do q u a l i f y  as a u t h o r i t i e s  i n  t h e  area d i sagree  

s t r o n g l y  as t o  which system i s  b e t t e r .  As a  r e s u l t  t h e r e  i s  some 

c o n f u s i o n  r e g a r d i n g  head1 i g h t i n g ,  n o t  o n l y  among t h e  eng ineers  and 

s c i e n t i s t s  who work i n  t h e  area,  b u t  among those who make and 

e n f o r c e  t h e  laws govern ing t h e  use of such equipment. 

As a  s t a r t  i n  d e a l i n g  w i t h  t h i s  s u b j e c t  i t  would be w e l l  t o  

address a  f a i r l y  obvious ques t ion ,  namely, "how d i d  such d i f f e r e n t  

systems come about i n  t h e  f i r s t  p l a c e ? "  The answer i s  found i n  t h e  

way t h e  au tomob i le  developed as a  form o f  t r a n s p o r t a t i o n  i n  t h i s  

c o u n t r y  and i n  Europe. B r i e f l y ,  t h i s  happened as f o l  lows:  

P r i o r  t o  World War I t h e  development o f  t h e  automobi le  f o l l w e d  

a  p a r a l l e l  course i n  Europe and i n  t h e  U n i t e d  S t a t e s .  However, a f t e r  

World War I t h e  automobi le  r a p i d l y  became a dominant fo rm o f  t r a n s -  

p o r t a t i o n  i n  t h e  U n i t e d  S t a t e s .  T h i s  d i d  n o t  happen i n  Europe u n t i l  

a f t e r  World War 11, A t  t h e  same t ime,  many European c i t i e s  developed 

f i x e d  l i g h t i n g  systems which p r o v i d e d  much h i g h e r  l e v e l s  o f  i l l u m i -  

n a t i o n  than  those t y p i c a l l y  found i n  t h i s  c o u n t r y .  I t  i s  a c t u a l l y  

p o s s i b l e  t o  d r i v e  a t  n i g h t  w i t h o u t  headlamps i n  some European c i t i e s .  

Indeed, t h i s  i s  t h e  law i n  some areas.  As a  r e s u l t ,  o f  t h e  c i rcum- 

stances descr ibed,  i n  t h e  i n t e r v a l  between t h e  two wars, d r i v i n g  

c o n d i t i o n s  were g e n e r a l l y  q u i t e  d i f f e r e n t  i n  t h e  U.S.  and Europe. 

For  urban d r i v i n g ,  Americans had need f o r  more p w e r f u l  1  cw beams 

because of t h e  lower  i l l u m i n a t i o n  l e v e l s .  Not  o n l y  d i d  t h e  European 

have l e s s  need f o r  headlamps t o  see w e l l  i n  c i t i e s  b u t  t h e r e  were 

more p e d e s t r i a n s  and c y c l i s t s  p r e s e n t  and i t  was though t  d e s i r a b l e  

t o  p r o t e c t  them f rm g l a r e .  When d r i v i n g  o u t s i d e  o f  c i t i e s ,  Americans 

t y p i c a l l y  encountered t r a f f i c  c o n d i t i o n s  which made a v e r y  p o w e r f u l  

h i g h  beam i m p r a c t i c a l .  The f a c t  t h a t  much h i g h  speed d r i v i n g  had t o  

be done on low beams was f u r t h e r  reason t o  make them as power fu l  as 

p o s s i b l e .  On t h e  o t h e r  hand, t h e  European, once o u t s i d e  t h e  c i t y ,  

t y p i c a l l y  found i t  p o s s i b l e  t o  d r i v e  s u b s t a n t i a l  d i s tances  w i t h o u t  



encounter ing much t r a f f i c .  Very powerful  d r i v i n g  beams were reason- 

ab le  under these condi ti ons . 
Since World War I 1  cond i t i ons  have changed g r e a t l y .  The auto- 

mobi le  has became a  dominant form o f  t r a n s p o r t a t i o n  i n  Europe and 

i n  o t h e r  p a r t s  o f  t he  wo r l d  j u s t  as i t  has i n  t h e  Un i t ed  States.  The 

European i s  now con f ron ted  w i t h  roads which a re  as crowded as those 

i n  t h i s  count ry  and can use h i gh  beams no more of ten than can t he  

American d r i v e r .  These changes have made d r i v i n g  cond i t i ons  more 

s i m i l a r  i n  t he  U.S. and Europe. There have been changes i n  t he  

l i g h t i n g  systems as we1 1, changes which have made them more a1 i ke. 

S t i l l ,  i n  bas ic  phi losophy, t he  systems d i f f e r  s u b s t a n t i a l l y .  There 

i s  probably  no t e s t  program which can be devised t o  r eso l ve  a l l  t he  

quest ions which have been r a i s e d  o r  change t he  s t r ong  op in ions which 

have been formed. Hence, t he  d i f fe rences  w i l l  p e r s i s t .  

Th is  paper w i l l  a t tempt  t o  p rov ide  i n f o rma t i on  which w i l l  enable 

t he  reader t o  becane f a m i l i a r  w i t h  t he  va r ious  problems i n  v e h i c l e  

l i g h t i n g  and t he  research evidence on the  sub jec t  which i s  most o f ten  

c i t e d .  To do t h i s  t he  f o l l o w i n g  sec t ions  w i l l  p rov ide  a  b r i e f  h i s -  

t o r y  of headlamp development, a  d e s c r i p t i o n  o f  d i f f e rences  i n  American 

and European systems, an overview o f  t he  exper imental  l i t e r a t u r e  and 

a  summary and recommendations. An annotated b i b l i og raphy  i s  inc luded  

as an Appendix. 





HISTORY OF HEADLIGHT DEVELOPMENT 

I n t r o d u c t i o n  

The h i s t o r y  o f  h e a d l i g h t  devel  opment has been t r e a t e d  i n  depth 

by a  number o f  authors  (e.g., Nelson, 1954; Moore, 1958; Roper, 1957; 

Ki lgoulr ,  1960 and Meese, 1972). A b r i e f  summary o f  t h i s  i n f o r m a t i o n  

s h a l l  be presented here f o r  purposes of h i s t o r i c a l  p e r s p e c t i v e .  

Headl i g h t i n g  i n  t h e  U n i t e d  S ta tes  

I n  t h e  e a r l i e s t  days o f  motor ing,  ca rs  t y p i c a l l y  c a r r i e d  no 

l i g h t s  a t  a l l .  When l i g h t s  were f i r s t  i n c o r p o r a t e d  on v e h i c l e s  e a r l y  

i n  t h e  cen tu ry  they  were p r i m a r i l y  f o r  marking purposes. Headl i g h t s  

f i r s t  appeared about 1906. They used ace ty lene  and, 1  i ke t h e  f i r s t  

e l e c t r i c  lamps which became a v a i l a b l e  l a t e r ,  had a  ''beam p a t t e r n "  

much l i k e  a  search l i g h t .  The n e x t  s i g n i f i c a n t  development, which 

occur red about t h e  t ime  o f  World War I, was an e f f o r t  t o  spread t h e  

1  i g h t  f rom t h e  headlamps t o  more adequate ly  i 1 lumina te  t h e  road.  

T h i s  was done by moulding pr isms i n t o  t h e  l e n s  and produced t h e  f i r s t  

"beam p a t t e r n "  t h a t  m i g h t  p r o p e r l y  be c a l l e d  such. F u r t h e r  develop- 

ments cont inued,  r e s u l t i n g  i n  s u b s t a n t i a l  improvements i n  l i g h t  

d i s t r i b u t i o n  and i n t e n s i t y .  

U n f o r t u n a t e l y ,  i n  t h i s  e ra  t h e r e  was a  p r o l i f e r a t i o n  o f  beam 

p a t t e r n s ,  lamp s i z e s  and shapes which n o t  o n l y  made h e a d l i g h t i n g  

expensive, b u t  made i t  d i f f i c u l t  t o  r e p l a c e  components when necessary. 

I n  t h e  m idd le  1930's work began toward t h e  development of what 

we know today as t h e  sea led beam, a  concept which f i r s t  was i n t r o -  

duced on 1939 model ca rs .  The sea led beam i s  probab ly  t h e  most 

s i g n i f i c a n t  s i n g l e  development t o  occur  i n  h e a d l i g h t i n g .  I t  so lved  

some s e r i o u s  problems assoc ia ted  w i t h  ag ing of t h e  lamp u n i t ,  v i r t u -  

a l  ly  gurantee ing c o n s i s t e n t ,  good q u a l i t y  head1 i g h t i n g  throughout  t h e  

l i f e  of t h e  ~ e h i c l e .  A t  t h e  same t ime ,  s t a n d a r d i z a t i o n  r e s u l t e d  i n  

an area where s t a n d a r d i z a t i o n  was g r e a t l y  needed, r e s u l t i n g  i n  h i g h  

q u a l i t y ,  r e a d i l y  a v a i l a b l e ,  low c o s t  headlamps f o r  a l l  v e h i c l e s .  



The n e x t  ma jo r  advance o c c u r r e d  i n  t h e  1955 model y e a r ,  when an 

improved sea led  beam was i n t r o d u c e d  f e a t u r i n g  a  " f o g  cap" o v e r  t h e  

f i l a m e n t  t o  reduce upward s c a t t e r  o f  l i g h t .  I n  1956, mechan1:cal 

a iming was i n t r o d u c e d  as a  f e a t u r e  on sea led  beam u n i t s .  

The fou r  headlamp system was i n t r o d u c e d  on sane models o f  1957 

ca rs .  T h i s  system reduced t h e  need f o r  compromise i n  l ens  des ign 

and f i l a m e n t  p o s i t i o n  n e c e s s i t a t e d  by u s i n g  t h e  same u n i t  t o  produce 

bo th  low and h i g h  beam. I n t e r e s t i n g l y ,  t h e  f i r s t  f o u r  headlamp sys-  

tem was demonstrated i n  t h e  m i d d l e  1930 's .  I t  was r e j e c t e d  a t  t h a t  

t i m e  f o r  a  number o f  reasons i n c l u d i n g  s t y l  i n g  c o n s i d e r a t i o n s .  

However, by t h e  m i d - f i f t i e s  t h i n g s  had changed t o  t h e  p o i n t  where 

s t y l  i s t s  were among those advoca t ing  t h e  four-head1 amp system. 

I n  1959 a  new two-headlamp system was in t roduced ,  f e a t u r i n g  a  

s i g n i f i c a n t l y  improved low beam. T h i s  low beam was e q u i v a l e n t  i n  

performance t o  t h a t  produced by t h e  four-headlamp system, a l though  

t h e  h i g h  beam c o u l d  n o t  q u i t e  match t h e  performance o f  t h e  fou r -  

headlamp system. I n  1970 f u r t h e r  improvements i n  l i g h t  o u t p u t  were 

r e a l i z e d  f o r  b o t h  t h e  two- and four-headlamp system through t h e  use 

o f  h i g h e r  f i l a m e n t  wat tages.  

Head1 i g h t i n g  i n  Europe 

The h i s  t o r y  of European head1 i g h t  deve l  opment g e n e r a l l y  para-  

l l e l s  t h a t  o f  t h e  American exper ience.  The most s i g n i f i c a n t  d i f f e r -  

ence came about  w i t h  t h e  development o f  t h e  s o - c a l l e d  Graves 

" a n t i - d a z z l e "  b u l b ,  which was pa ten ted  i n  1920. The concept  was 

adopted f o r  use i n  England and became known as t h e  Lucas-Graves sys-  

tem, i n  Germany as t h e  Osram-Bilux system and i n  H o l l  and as t h e  

P h i l i p s - D u p l o  system. 

The Graves b u l b  p rov ides  a  s imp le  and inexpens ive  way o f  g r e a t l y  

reduc ing  t h e  amount o f  1  i g h t  s c a t t e r e d  above h o r i z o n t a l  . A meta l  

s h i e l d  surrounds t h e  f r o n t ,  s i d e s  and bot tom o f  t h e  low beam f i l a m e n t ,  

p r e v e n t i n g  any l i g h t  from b e i n g  p r o j e c t e d  d i r e c t l y  f o r w a r d  o r  t o  t h e  

l ower  p o r t i o n  o f  t h e  r e f l e c t o r .  Whi le  t h i s  reduces t h e  e f f i c i e n c y  of 



t h e  lamp i n  terms o f  t o t a l  l i g h t  o u t p u t  r e l a t i v e  t o  t h e  American 

system, much o f  t h e  l i g h t  wh ich  i s  l o s t  would have been p r o j e c t e d  

above h o r i z o n t a l ,  where i t  c o u l d  cause g l a r e .  T h i s  system r e s u l t s  

i n  a  beam p a t t e r n  c h a r a c t e r i z e d  by a  ve ry  sharp  h o r i z o n t a l  c u t - o f f .  

Compared s ide -by -s ide  w i t h  an American low beam, i t  i s  s i g n i f i c a n t l y  

1  ess g l a r i n g  . 
I n  1953-54 a  number o f  l i g h t i n g  t e s t s  were c a r r i e d  o u t  under 

t h e  ausp ices  o f  t h e  CIE ( I n t e r n a t i o n  Commission on I l l u m i n a t i o n ) .  

These t e s t s  have been desc r ibed  by de Boer (1955, 1956).  As p a r t  

o f  t h i s  program comparisons were made between American and European 

l i g h t i n g  systems. The r e s u l t s  suggested t h a t  v i s i b i l i t y  d i s t a n c e s  

on t h e  l e f t  s i d e  o f  t h e  road  were comparable under most c o n d i t i o n s  

t e s t e d .  However, s i n c e  t h e  American low beam was asymmetr ical  

( i  . e m ,  i t  d i r e c t e d  t h e  most  i n t e n s e  p o r t i o n  o f  t h e  beam t o  t h e  

r i g h t ) ,  i t  produced 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  on t h e  r i g h t  s i d e  

of t h e  road,  As a  r e s u l t ,  i t  was recommended t h a t  changes be made 

t o  t h e  Graves b u l b  t o  a1 low a  g r e a t e r  amount o f  1  i g h t  t o  be p r o j e c t e d  

up t h e  r i g h t  edge o f  t h e  road.  T h i s  was accompl ished by removing a  

p o r t i o n  o f  t h e  s h i e l d  on one s i d e .  The sharp  c u t - o f f  c h a r a c t e r i s t i c  

was r e t a i n e d .  However, i n s t e a d  o f  p r e s e n t i n g  a  f l a t  t o p  s y m e t r i c a l  

appearance when p r o j e c t e d  a g a i n s t  t h e  w a l l  o r  screen,  i t  now 

appeared f l a t  on t h e  l e f t  w i t h  a  15' upward s l a n t  on t h e  r i g h t  ( see  

F i g u r e  1 ) .  Th i s  r e v i s e d  concept  then  became t h e  European s tandard .  

More r e c e n t l y  a  f u r t h e r  m o d i f i c a t i o n  has taken p lace ,  w i t h  t h e  

h i g h  i n t e n s i t y  p o r t i o n s  above h o r i z o n t a l  b e i n g  c u t  o f f  a t  + l o .  T h i s  

produces a  shape approx ima t ing  t h e  l e t t e r  "Z," i n s t e a d  o f  a  s h a l l o w  

V .  Th i s  change reduces problems w i t h  g l a r e  on curves and i n t o  t h e  

r e a r  v iew m i r r o r s  o f  v e h i c l e s  ahead. 

The n e x t  ma jo r  advance i n  European h e a d l i g h t i n g  came w i t h  t h e  

i n t r o d u c t i o n  o f  i o d i n e  (ha logen)  sources.  The f i r s t  men t i  on of 

these i n  t h e  l i t e r a t u r e  occurs i n  t h e  e a r l y  19601s,  a l t hough  t h e i r  

i n t r o d u c t i o n  d i d  n o t  come u n t i l  sanet ime l a t e r ,  



Figure 1. Photograph of Typical European Low Beam 
Projected on an Aiming Screen. 



The use o f  i o d i n e  vapor i n s i d e  a  l i g h t  bu lb  makes poss ib l e  a  

chemical r e a c t i o n  which causes vaporized tungsten t o  r edepos i t  on the  

f i l ament  i t s e l f  r a t h e r  than on t h e  g lass  envelope. Thus, t h e  problem 

of bu lb  b lackening i s  e l im ina ted .  It a l s o  makes i t  poss ib l e  t o  

generate s u b s t a n t i a l l y  more l i g h t  pe r  w a t t  and use a  sma l le r  f i l a -  

ment, which s i m p l i f i e s  t h e  problem o f  focus ing  the  beam, Because the  

f i l ament  must be run  a t  a  much h ighe r  temperature i n  order  t o  oper- 

a te  t he  chemical r e a c t i o n  j u s t  descr ibed, i t  i s  necessary t o  use a  

quar tz  envelpe on t he  bu lb .  I t  i s  f o r  t h i s  reason t h a t  such sources 

a re  termed qua r t z - i od i  ne o r  quartz-ha1 ogen. 

Subs tan t ia l  development has taken p lace  i n  the  l a s t  severa l  

years s i nce  t he  quartz-halogen concept was f i r s t  i n t roduced f o r  use 

on headlamps. E a r l i e r  vers ions cou ld  use o n l y  a  s i n g l e  f i l ament  i n  

t he  bu lb ,  making i t  app l i cab le  on l y  f o r  f o u r  headlamp systems. 

Present day vers ions i nco rpo ra te  two f i l aments ,  so t h a t  both h i gh  

and low beams can be generated from a  s i n g l e  source, making quar tz -  

halogen sources more p r a c t i c a l  f o r  use on t he  t y p i c a l  l y  smal l e r  

European veh ic les  . 





HEADLAMP DESIGN 

Bas ic  Problems 

The design o f  v e h i c l e  headlamps i s  a  ma t t e r  of t r y i n g  t o  achieve 

the  bes t  poss ib l e  r e l a t i o n s h i p  between g l a r e  and i l l u m i n a t i o n .  I t  

should be immediately obvious t h a t  these two c r i t e r i a  a re  i n  con- 

f l i c t ,  s ince  more i l l u m i n a t i o n  w i l l  r e s u l t  i n  more g l a re .  The prob- 

lem i s  more compl icated than would appear though, s ince  the  e f f e c t s  

of bo th  g l a r e  and i l l u m i n a t i o n  a r e  non l inear .  

Most persons a re  f a m i l i a r  w i t h  t h e  f a c t  t h a t  the  i l l u m i n a t i o n  

o f  a  surface va r i es  as t he  square o f  t he  d is tance  t o  the  source. 

Thus a  surface two f e e t  f r a n  a  source w i l l  be i l l u m i n a t e d  a t  one- 

f ou r t h  t he  l e v e l  o f  a  su r face  one f o o t  f rom the  same source. I f  t h e  

d is tance  were doubled again,  t o  f o u r  f e e t ,  t he  l e v e l  o f  i l l u m i n a t i o n  

would f a l l  t o  one-s ix teenth,  Thus, t o  ma in ta i n  t he  same l e v e l  o f  

i l l u m i n a t i o n  on an ob jec t  a t  tw i ce  the. d is tance  requ i res  f o u r  t imes 

t he  l i g h t  ou tpu t .  Th is  does n o t  mean t h a t  quadrup l ing headlamp ou t -  
p u t  w i l l  double seeing d is tance .  A v a r i e t y  o f  o ther  f a c t o r s  such as 

atmospheric a t t enua t i on ,  change i n  1  eve1 o f  adap ta t i  on, and changes 

i n  background c h a r a c t e r i s t i c s  have a  s i g n i f i c a n t  bear ing on the  d i s -  

tance a t  which a  d r i v e r  w i l l  be ab le  t o  see a  g iven  o b j e c t .  As a  

r e s u l t ,  seeing d is tance  under n i g h t  d r i v i n g  cond i t i ons  increases much 

more s l ow l y  than would be p red i c t ed  based on t h e  d is tance  squared 

law. The p o i n t  i s  t h a t  a d d i t i o n a l  seeing d is tance  cannot be bought 

e a s i l y ,  even when g l  are e f f e c t s  need n o t  be considered. 

But g l a r e  e f f e c t s  general l y  must be considered. ( g l a r e  reduces 

t he  a b i l i t y  t o  see, which i s  c a l l e d  d i s a b i l i t y  g l a r e ,  and can pro-  

duce sensat ions o f  d iscomfor t ,  which i s  c a l  l e d  d iscomfor t  g l a re . )  

The d i s a b l i n g  e f f e c t  o f  g l a r e  i s  a l s o  q u i t e  non l inear ,  and the  

r e l a t i o n s h i p  i s  such t h a t  smal l  amounts o f  g l a r e  produce subs tan t i a l  

seeing d is tance  losses.  Th is  i s  w e l l  i l l u s t r a t e d  i n  F igure  2, taken 

f rom Moore (1958). For example, f o r  t h e  s i t u a t i o n  g iven i n  t he  

f i gu re ,  if 20,000 cd are d i r e c t e d  toward t he  t a r g e t  and on l y  2.5% of 



F i g u r e  2 .  R e l a t i o n s h i p  between t h e  i n t e n s i t y  o f  l i g h t  d i r e c t e d  
toward a  t a r g e t  and toward an observer ' s  eyes on 
v i s i b i l i t y  d i s t a n c e .  (From Moore [I9581 ) .  



t h a t  level toward the d r ive r ' s  eyes, seeing distance wi 11 be reduced 
by 15-20%. Thus, even modest increases in lamp output in an e f fo r t  
to improve seeing distance increase the likelihood of providing dis-  
ab i l i t y  glare levels  that  may largely o r  ent i re ly  eliminate the 
hoped-f or gains . 

The curves a l so  suggest that  one can greatly increase illumina- 
t ion'  levels to  ar r ive  a t  a f l a t t e r  portion of the d i sab i l i ty  glare 
curve. Some of the studies t o  be reviewed have investigated th i s  
e f fec t .  The resu l t s  are  mixed. However, even i f  such an approach 
seemed t o  work in an experimental s e t t i ng ,  i t  takes one i n to  the 
region of discomfort g lare .  I t  i s  questionable whether the general 
public would to le ra te  such glare levels .  There are  also unanswered 
questions concerning the cumulative e f fec t  of such exposure or the 
e f fec t  of facing large numbers of cars so equipped simultaneously in 
heavy t r a f f i c ,  

In sum, headlamp design presents some hard choices. Barring a 
technical breakthrough, i t  seems unlikely t ha t  a meeting beam can be 
designed which wil l  provide adequate seeing distance under a l l  
reasonable conditions of operation. This i s  a p o i n t  which seems to  
be overlooked in the contraversy over l ighting systems. In the f ina l  
analysis neither low beam i s  adequate for  safe driving a t  freeway 
speeds, 

Differences in European and American Headlamps 

Ameri can and European headlamps di f f e r  i n terms of pho tometri cs 
( i  . e . ,  distr ibution and intensity of illumination) and construction. 

Photometrics. Until recently, American high beams were limited 
to  75,000 candelas (cd) maximum from a l l  sources combined, while 
European h i g h  beams could produce as much as 300,000 cd. The maxi- 
mum for  the American system has now been increased to 150,000 cd, 
although a t  present t h i s  applies only to  the larger rectangular units .  
The European maximum remains a t  300,000 cd as of th i s  writing. Recom- 
mendati ons have been made t o  reduce output t o  250,000 cd or l e ss ,  and 



a re  expected t o  be implemented i n  t h e  near f u t u r e .  

The candela f i gu res  mentioned above a re  maxima which, t o  t h e  

bes t  o f  t h i s  w r i t e r ' s  knowledge, a re  n o t  achieved by any u n i t s  

a v a i l a b l e  today. High beams having an lou tpu t  o f  150,000 cd w i l l  

p robably  be a v a i l a b l e  i n  American made u n i t s  w i t h i n  t h e  nex t  few 

years .  I f  so, they w i l l  s t i l l  be l e s s  power fu l  than many European 

u n i t s ,  a1 though t h e  d i f f e r e n c e  w i l l  be s u b s t a n t i a l l y  reduced. 

However, i n  t he  op in i on  o f  t he  present  author ,  150,000 cd w i l l  p ro-  

v i d e  adequate sa fe  s topp ing  d is tance  f o r  a1 1  d r i v i n g  cond i t i ons  and 

1  egal speeds ( o r  i 11 egal speeds, f o r  t h a t  m a t t e r ) .  

For t he  American m o t o r i s t ,  a t  present  and f o r  t he  near f u t u r e ,  

sw i t ch i ng  t o  European lamps i s  t he  o n l y  way t o  achieve an immediate 

and dramat ic improvement i n  h i gh  beam i n t e n s i t y .  The increase i n  

seeing d is tance  i s  s i g n i f i c a n t  as we1 1. When they can be used, 

such headlamps a re  a  no t i ceab le  improvement over c u r r e n t  American 

h i gh  beams. 

European and American low beams d i f f e r  p r i m a r i l y  i n  terms o f  

l i g h t  d i s t r i b u t i o n .  I n  general ,  European lamps p r o j e c t  s u b s t a n t i a l l y  

l e s s  l i g h t  above the  h o r i z o n t a l  on t he  l e f t  s i d e  o f  t he  road and p ro -  

v i d e  h i ghe r  l e v e l s  o f  foreground i l l u m i n a t i o n .  I f  a  European low 

beam i s  p r o j e c t e d  on a  w a l l ,  a  very  abrup t  t r a n s i t i o n  w i l l  be noted 

from areas o f  h i gh  t o  low i l l u m i n a t i o n ,  as was shown i n  t he  photo- 

graph i n  F igure  1. Under t h e  same cond i t i ons ,  an American law beam 

w i l l  show a  d i s t i n c t  ova l  "ho t  spo t "  w i t h  a  more gradual  shading t o  

areas o f  low i n t e n s i t y .  Because t h e  l a t i t u d e  o f  f i l m  i s  so much 

l ess  than t h a t  o f  the  human eye, t h i s  e f f e c t  i s  ve ry  d i f f i c u l t  t o  

capture pho tog raph i ca l l y  . 
Photometr ic spec i f i ca t i ons  e x i s t  f o r  both low beam systems and 

a re  reproduced i n  Tables 1 and 2  ( f rom SAE J570c and UN agreement 

E/ECE/324, E/ECE/TRANS/505, Rev. l /Add, 19, March, 1971). D i  r e c t  

comparisons a re  made d i f f i c u l t  by t h e  f a c t  t h a t  d i f f e r e n t  p o i n t s  

a re  measured and d i f f e r e n t  photometr ic  terms used. Table 3 i s  a  



TABLE 1. Photometr ic  S p e c i f i c a t i o n s  f o r  U.S. Sealed Beams. 
(From SAE J570c) 

/ Upper Beam (One 7 i n  (178 mm) U n i t )  I Lower Beam (one 7 i n  (178 mm) U n i t )  I 

a Maximum candela a t  any t e s t  p o i n t  s h a l l  n o t  exceed 75,000. 
b From t h e  norma l l y  exposed su r face  o f  t h e  l e n s .  
E A t o l e r a n c e  o f  rt_ 114 deg ' i n  l o c a t i o n  may be a l l o w d  f o r  a t  any t e s t  p o i n t .  

Tes t  Pn in ts ,  
degC 

2U-V 
1U-3R and 3L 1 H-V 

i H-3R and 3L 
' H-6R and 6L 

l:;!Rds:d9:2L 
1-1/2D-V 

I 1/1/2D-9R and 9L 
' 2-1/2D-V ! 2-1/2D-12R and 12L 

Test  P o i n t s ,  
degC 

10U t o  90ub 
1U-1-1/2L t o  L 
1/2U-1-1/2L t o  L 
1/2D-1-1/2L t o  L 
1-1/2U-1R t o  R 

1/2U-1R t o  3R 
1/2D-1-1/2R 
ID-6L 
1-1/2D-2R 

j 4D-V 1 5 , 0 0 0  -- 

cd ,a 
ma x 

- - 
- - 
- - 

- - 
I -- 

- - 
- - 

- - 
- - 
- - 
-- 

1 
I Upper Beam (One Type 1 and One Type 2) o r  
I 
I 

(One Type 1A and One Type 2A) 

cd  3 

ma x 

125 
700 

1,000 
2,500 
1,400 

2,700 

- - 20,000 

- - 

c d  9 

m i  n 

1,000 
2,000 

20,000 

10,000 
3.250 
1,500 

750 

' 5,000 
1,500 
2,500 

750 

a The Combined maximum candela a t  any t e s t  p o i n t  s h a l l  n o t  exceed 75,000. 
b From t h e  norma l l y  exposed su r face  o f  t h e  lens.  

A t o l e r a n c e  of t 114 deg i n  l o c a t i o n  may be a l l  owed f o r  a t  any t e s t  p o i n t .  

15 

Test  Poi n t s  , 
degC 

1 

1 2U-V 
/ 1U-3R and 3L 
I H-V 

I 
Lower Beam 

(One Type 2 o r  2A Upper) . 

cd  3 

m i  n 

- - 
- - 
- - 

-- 1 - - 

-- ! 8 ,0001  
750 

15,000 

1 -1 /2D-9Land9R - - 
2D-15L and 15R I -- 4D-4R , 12,500 

I 

Test  P o i n t s ,  
degC 

IOU-90ub 
1U-1-1/2L t o  L 
1/2U-1-1/2L t o  L 
1/2D-1-1/2L t o  L 
1-1/2U-1R t o  R 

1/2U-1R t o  3R 
1/2D-1-1/2R 
ID-6L 
1-1/2D-2R 

1-1/2D-9L and 9R 
2D-15L and 15R 
4D-4R 

750 , 
700 I - - 

cd , 
max 

125 
700 

1,000 
2,500 
1,400 

2,700 
20,000 - - 

- - 
- - 
- - 

12,500 

I 

Type 1 o r  1A Type 2 o r  2A 

cd  ,a 
max 

- - 
- - 

60,000 

H-3R and 3L I -- 
H-6R and 6L I _ _  

/ H-9R and 9L 1 _ _  
i H-12R and 12L 

- - 

1-1/2D-V - - 
1 1-112-9R and 9L - - 
i 2-1120-V - - 
I 2-1/2D-12R and 12L ' - - 

cd,, 
max 

cd, 
min  

750 
3,000 

18,000 

12,000 
' 3,000 

2,000 
750 

3,000 
1,250 
1,500 

600 

- - 
- - 
- - 
- - 

- - 
- - 
- - 

1 -- 

cd , 
m i  n 

I 4D-V 5,000 

3,000 
2,000 
1,000 

' 750 

2,000 
750 

1,000 
400 

-- I 2,500 -- 

_ _  , 750 - - 
15,000 

' 2,000 
7,000 



TfiBLE 2. Photometr ic  S p e c i f i c a t i o n s  f o r  European Head1 amps. 

T/ E50 R and E50 L a r e  t h e  ill uminat ions a c t u a l l y  measured. 

Required 
i 1 l u m i n a t i  on 

i n  l u x  

P o i n t  on measur ing screen 
Head l igh ts  f o r  I Head l igh ts  f o r  

P o i n t  B 50 L 
" 75 R 
" 75 L 
" 50 L 
" 50 R 
" 50 V 
" 25 L 
" 25 R 

(From Agreement Concerning t h e  Adopt ion of  Un i form Cond i t i ons  o f  
Approval and Rec iproca l  Recogn i t i on  o f  Approval f rom Motor V e h i c l e  
Equipment and P a r t s .  Addendum 19: Regu la t i on  No. 20 t o  be annexed 
t o  t h e  agreement. Uni form p r o v i s i o n s  concern ing t h e  approva l  o f  
motor  v e h i c l e  head1 i g h t s  e m i t t i n g  an asymmetr ical  pass ing beam o r  a  
d r i v i n g  beam o r  b o t h  and equipped w i t h  ha1 ogen headlamps (H4 lamps) 
and o f  t h e  lamps themselves. March 1, 1971 . )  

r i g h t - h a n d  t r a f f i c  l e f t - h a n d  t r a f f i c  

Any p o i n t  i n  zone I11 < 0.7 
Any p o i n t  i n  zone I V  > 3 
Any p o i n t  i n  zone I 2 x (E50 o r  E50 L )  7 

P o i n t  B 50 R 
" 75 L 
" 75 R 
" 50 R 
" 50 L 
" 50 V 
" 25 R 
" 25 L 

< 0.4 
> 12 
< 12 
< 15 
> 12 
> 6 
> 2  
> 2  



TABLE 3. Comparison o f  Photometr ic  S p e c i f i c a t i o n s  f o r  American 
and European Low Beams. 

U n i t s  shown a r e  candelas ( c d ) .  

! 

i 

Uni t e d  S ta tes  European 
t 

P o s i t i o n  

112 D 1 1 1 2  R 

1 U 1 112 L 

112 U 1 112 L 

1 112 D G L & R 

1 1/2 D 2R 

P o s i t i o n  

.57 D 1.15 R 

Zone 111 

1.72' D 9.08 L & R 

.86 D 1.72' R 

I n t e n s i t y  

20 K Max. 8 K Min.  

0.7 K Max. 

1 K Max. 

9.75 K Min .  

15 K Min.  

I n t e n s i t y  

7.5 K Min. 

0.438 Max. 

1.25 Min .  

7.5 Min.  



comparison, u s i n g  t h e  same p h o t o m e t r i c  u n i t s ,  o f  a  number o f  p o i n t s  

i n  t h e  two systems which a r e  f a i r l y  c l o s e  t o g e t h e r .  The d i f f e r e n c e s  

i n  l i g h t  p r o j e c t e d  above t h e  h o r i z o n t a l  and c l o s e  t o  t h e  c a r  shou ld  

be e v i d e n t .  

Another way of v i s u a l i z i n g  t h e  lamps i s  by means o f  s o - c a l l e d  

i socande la  diagrams. Two such diagrams a r e  reproduced i n  F i g u r e  3.  

These a r e  taken  from a  r e p o r t  by H a r r i s o n  (1976)  and a r e  p resen ted  

h e r e  as reasonab ly  t y p i c a l  r e p r e s e n t a t i o n s .  The ma jo r  d i f f e r e n c e  i s  

t h a t  t h e  European lamp p laces  h i g h e r  i n t e n s i t i e s  c l o s e r  t o  t h e  H - V  

a x i s  (0' h o r i z o n t a l l y  and v e r t i c a l l y )  i n  t h e  l ower  r i g h t  quadrant  

and lower  i n t e n s i t i e s  j u s t  above and t o  t h e  l e f t  o f  H-V i n  t h e  upper 

l e f t  quadrant .  T h i s  shou ld  r e s u l t  i n  more i l l u m i n a t i o n  i n  c r i t i c a l  

areas and l e s s  g l a r e  i n  t h e  eyes of  oncoming d r i v e r s .  If t h i s  r e l a -  

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

shou ld  be s u p e r i o r  t o  t h e  American beam. However, t h e  r e l a t i o n s h i p  

o b v i o u s l y  cannot  be ma in ta ined  under a l l  d r i v i n g  c o n d i t i o n s  and a  

key argument concerns t h e  e x t e n t  t o  wh ich  t h i s  v a r i a b i l i t y  degrades 

sys tern performance. 

C o n s t r u c t i o n .  S ince  1939 American headlamps have been made as 

sea led  u n i t s .  That  i s ,  t h e  l i g h t  source,  r e f l e c t o r  and l e n s  elements 

a r e  fused  i n t o  one p iece .  European headlamps a r e  made as separa te  

u n i t s  w i t h  t h e  l e n s  and r e f l e c t o r  g l u e d  t o g e t h e r ,  b u t  t h e  l i g h t  

source removable. There a r e  s i g n i f i c a n t  advantages a s s o c i a t e d  w i t h  

each approach. 

One o f  t h e  main advantages o f  t h e  sea led  beam approach o r i g i -  

n a l l y  was t h a t  i t  min im ized  t h e  e f f e c t  o f  b u l b  b lacken ing .  I n  a  

conven t iona l  t ungs ten  b u l b  m a t e r i a l  vapor i zed  f rom t h e  f i l a m e n t  

r e d e p o s i t s  on t h e  n e a r e s t  c o o l e r  s u r f  ace, g e n e r a l l y  t h e  b u l b  enve- 

l o p e .  I n  a  t y p i c a l  au tomot ive  b u l b ,  where t h e  envelope i s  q u i t e  s m a l l ,  

t h e  r e s u l t  i s  a  pronounced da rken ing  o f  t h e  b u l b  o v e r  t ime,  caus ing a  

drop i n  l i g h t  o u t p u t .  Because o f  t h e  much g r e a t e r  su r face  a r e a  i n  a  

sea led  beam, t h i s  e f f e c t  i s  n e g l i g i b l e .  Fo r  European headlamps t h e  

problem con t inued  u n t i l  t h e  i n t r o d u c t i o n  o f  t h e  halogen b u l b .  



Figure 3. Typical Isocandela Plots for U.S. and European Low Beams. 
(From Harrison [I9761 ) . 



Another c o n s i d e r a b l e  advantage f o r  t h e  sea led  beam i s  t h e  e l i -  

m i n a t i o n  o f  d e t e r i o r a t i o n  due t o  d i r t  and m o i s t u r e  e n t e r i n g  t h e  

headlamp u n i t .  Whi le  t h i s  problem has been reduced over t h e  yea rs  

i n  European u n i t s ,  i t  has n o t  been e l i m i n a t e d .  The reason i s  t h a t  

such lamps "breathe, "  d r i v i n g  a i r  o u t  as they  hea t  up and drawing 

a i r  ( a l o n g  w i t h  d i r t  and m o i s t u r e )  back i n  aga in  as they  coo l  o f f .  

Contaminants i n s i d e  t h e  u n i t  and d e t e r i o r a t i o n  o f  t h e  r e f l e c t o r  

r e s u l t  i n  reduced o v e r a l l  o u t p u t  and d i s t o r t i o n s  o f  t h e  beam p a t t e r n .  

If a  p e r i o d i c  mo to r  v e h i c l e  i n s p e c t i o n  ( P M V I )  program e x i s t s ,  measure- 

ments o f  lamp o u t p u t  can be made w i t h o u t  g r e a t  d i f f i c u l t y ,  a1 though 

f a i l u r e s  may be a t t r i b u t a b l e  t o  e l e c t r i c a l  problems r e s u l t i n g  i n  low 

v o l t a g e  r a t h e r  than  lamp d e t e r i o r a t i o n .  Determin ing when a  beam 

p a t t e r n  has changed t o  t h e  p o i n t  where t h e  lamp shou ld  be changed i s  

a  much more d i f f i c u l t  problem. I n  t h e  o p i n i o n  o f  t h e  p r e s e n t  au tho r ,  

t h e r e  i s  no b a s i s  p r e s e n t l y  f o r  d e c i d i n g  t h e  p o i n t  a t  wh ich  a  beam 

p a t t e r n  has changed enough t o  w a r r a n t  r e j e c t i o n .  There i s  c e r t a i n l y  

no way of measur ing t h e  change o b j e c t i v e l y .  

I f  rep lacement  o f  a  d e t e r i o r a t i n g  lamp i s  l e f t  t o  t h e  judgment 

o f  t h e  owner, i t  can be a n t i c i p a t e d  t h a t  a  l a r g e  v a r i a n c e  i n  head- 

lamp c o n d i t i o n s  w i l l  r e s u l t .  I n  p a r t  t h i s  i s  a t t r i b u t a b l e  t o  eco- 

nomics and t h e  common human tendency t o  p r o c r a s t i n a t e .  However, i t  

shou ld  be no ted  t h a t  such d e t e r i o r a t i o n  i s  gradua l  and t h e  change 

must be judged on an abso lu te  b a s i s .  Under these c o n d i t i o n s ,  i t  i s  

v e r y  d i f f i c u l t  f o r  t h e  average person t o  d e t e c t  a  change i n  t h e  

qua1 i ty  o f  v i s i  b i  1 i ty  p r o v i d e d  by headlamps. There fo re ,  s u b s t a n t i a l  

d e t e r i o r a t i o n  and s i g n i f i c a n t  l o s s  o f  v i s i b i l i t y  i s  t o  be expected 

b e f o r e  even v e r y  c o n s c i e n t i o u s  m o t o r i s t s  w i l l  r e p l a c e  t h e  a f f e c t e d  

u n i t s  . 
The beam p a t t e r n  o f  a  sea led  u n i t  changes w i t h  use as w e l l ,  

a l t hough  documentat ion o f  t h i s  e f f e c t  i s  scanty  (F inch ,  e t  a1 . , 1969).  

However, t h e  p a t t e r n  i s  r e s t o r e d  when t h e  u n i t  i s  rep1 aced. Replac- 

i n g  t h e  b u l b  i n  a  composi te u n i t  w i l l  n o t  r e s t o r e  a  p a t t e r n  which has 



been a l t e r e d  by i n t e r n a l  c o r r o s i o n ,  e t c .  

The use o f  sea led beams a l s o  make i t  p o s s i b l e  t o  aim t h e  lamps 

mechan ica l l y .  As w i l l  have been c l e a r  f rom t h e  i socande la  diagrams 

presented e a r l i e r ,  accu ra te  a iming i s  v e r y  i m p o r t a n t  i f  maximum per -  

formance i s  t o  be r e a l i z e d .  However, accu ra te  a iming i s  d i f f i c u l t ,  

even under i d e a l  c o n d i t i o n s ,  when done v i s u a l l y  (see, e.g. ,  Olson 

and Mor t imer  , 1973) .  Mechanical  a imers a r e  s imp le ,  inexpens ive ,  

e a s i l y  s to red ,  and more accu ra te  than  any o t h e r  a iming techn ique 

c u r r e n t l y  a v a i l  ab le  f o r  f i e l d  use. 

Composite u n i t s ,  such as European headlamps, cannot  be aimed 

mechanical l y  a t  t h e  p resen t  t ime .  T h e o r e t i c a l l y  , v i s u a l  a iming can 

be more p r e c i s e  w i t h  a  European beam p a t t e r n  because o f  t h e  sharp 

c u t - o f f  c h a r a c t e r i s t i c .  On t h e  o t h e r  hand, American s e r v i c e  person- 

n e l  a r e  l e s s  l i k e l y  t o  know how t o  a im such lamps. There a r e  no 

data  t o  i n d i c a t e  t h e  q u a l i t y  of  aim a c t u a l l y  achieved w i t h  European 

beam p a t t e r n s  . 
There a r e  advantages assoc ia ted  w i t h  t h e  composi te concept  as 

w e l l .  A  c h i e f  advantage ( i n  t h e  eyes o f  many peop le)  i s  t h a t  i t  

makes i t  unnecessary t o  th row away a  p e r f e c t l y  good l e n s - r e f l e c t o r  

u n i t  j u s t  because a  f i l a m e n t  has burned o u t .  T h i s  a l l e g e d  advantage 

i s  t h e  s u b j e c t  o f  some debate. The q u e s t i o n  i s  whether,  by t h e  t i m e  

t h e  f i r s t  burn-out  occurs,  s u f f i c i e n t  i n t e r n a l  d e t e r i o r a t i o n  has 

occu r red  t o  make i t  d e s i r a b l e  t o  r e p l a c e  t h e  whole u n i t .  Even i f  

t h i s  i s  n o t  t h e  case, t h e r e  remains a  q u e s t i o n  as t o  whether i t  i s  

w ise  t o  a l l o w  m o t o r i s t s  t o  use headlamps which w i l l  d e t e r i o r a t e  over  

t ime ,  thus p l a c i n g  an a d d i t i o n a l  burden on P M V I  personnel  o r  v e h i c l e  

owners t o  make r a t h e r  d i f f i c u l t  judgments. 

It i s  g e n e r a l l y  much e a s i e r  t o  rep1 ace t h e  b u l b  i n  a  composi te 

u n i t  t han  t o  r e p l a c e  a  sea led beam. A lso ,  because t h e  bu lbs  f o r  com- 

p o s i t e  u n i t s  a r e  sma l l ,  i t  i s  e a s i e r  f o r  a  m o t o r i s t  t o  c a r r y  a spare 

i n  t h e  c a r .  These two p o i n t s  may mean t h a t  t h e r e  would be fewer 

i ns tances  o f  "one eyed" ca rs  on t h e  roads if composite headlamps were 



used. On t h e  o t h e r  hand, t h e  quar tz -ha logen sources used i n  modern 

European lamps have a  s h o r t e r  l i f e  than  U.S. sea led  beams. So, t h e r e  

w i l l  be more bu rn  o u t s  p e r  u n i t  t ime ,  which would tend  t o  work 

a g a i n s t  t h e  advantages 1  i s t e d .  

A composi te lamp i s  more l i k e l y  t o  con t inue  f u n c t i o n i n g  i f  t h e  

l e n s  shou ld  be broken.  Obv ious ly ,  a sea led  beam would bu rn  o u t  

immedia te ly  under such c o n d i t i o n s .  There i s  a  c l e a r  advantage i n  

hav ing  a  lamp c o n t i n u e  t o  f u n c t i o n  shou ld  t h e  l ens  s u f f e r  damage 

w h i l e  d r i v i n g  a t  n i g h t .  However, t h e  u n i t  w i l l  d e t e r i o r a t e  ve ry  

r a p i d l y  a f t e r  such an event  and shou ld  be rep laced .  T h i s  aga in  

r a i s e s  t h e  problem o f  judgment r e f e r r e d  t o  e a r l i e r .  The f a c t  t h a t  a  

lamp w i l l  c o n t i n u e  t o  ope ra te  a f t e r  hav ing  been damaged i s  seen as a  

d isadvantage by some persons. T h e i r  argument i s  t h a t ,  i f  t h e  lamp 

d o e s n ' t  work a t  a l l  i t  w i l l  be rep laced ,  thus a v o i d i n g  t h e  problem 

of d e t e r i o r a t i o n .  

It i s  sometimes argued t h a t  sea led  beams can be r e p l a c e d  w i t h o u t  

reairn ing.  T h i s  i s  n o t  n e c e s s a r i l y  t r u e .  

There a r e  two approaches t o  e s t a b l i s h i n g  t h e  r e l a t i o n s h i p  

between t h e  beam p a t t e r n  and a im ing  p lane  on a  sea led beam. These 

a r e  : 

1. The f i l a m e n t  p o s i t i o n  i s  a d j u s t e d  t o  cause t h e  beam t o  

cor respond t o  t h e  a iming pads moulded on t h e  l ens  s u r f a c e .  

2, The a iming pads a r e  ground t o  d e f i n e  t h e  p roper  a iming 

p lane  as a  l a s t  s t e p  i n  t h e  manufac tur ing  process.  

If one i s  r e p l a c i n g  a  u n i t  manufactured i n  t h e  f i r s t  way w i t h  

another  i d e n t i c a l  u n i t ,  then t h e  need f o r  reairn ing i s  m in ima l ,  i f  

t h e  o r i g i n a l  was c o r r e c t l y  aimed. I f  a  u n i t  manufactured i n  t h e  

second way i s  i n v o l v e d  as t h e  rep laced  and/or replacement u n i t ,  

rea im ing  i s  p o s s i b l y  necessary.  Reaiming shou ld  be c a r r i e d  o u t  each 

t i m e  a b u l b  i s  rep laced  i n  a composi te u n i t .  



RESEARCH IN HEADLIGHTING AND NIGHT VISIBILITY 

I n t r o d u c t i o n  

H e a d l i g h t i n g  research  has been c a r r i e d  o u t  i n  a  v a r i e t y  o f  ways. 

Much developmental  work ,  f o r  example, has been done s imp ly  by b u i l d -  

i n g  exper imen ta l  1  amps, mount ing  them on automobi les  and d r i v i n g  w i t h  

them t o  e v a l u a t e  s u b j e c t i v e l y  t h e  v i s i b i l i t y  and g l a r e  a f fo rded.  

Some work has been done r e 1  a t i v e l y  r e c e n t l y  by means o f  computer 

model ing .  However, t h e  b u l k  o f  t h e  p u b l i s h e d  work i n  t h e  f i e l d  and, 

t h e r e f o r e ,  t h e  b u l k  o f  t h e  work wh ich  w i l l  be r e f e r r e d  t o  i n  t h i s  

r e p o r t ,  c o n s i s t s  o f  see ing d i s t a n c e  s t u d i e s .  

I n  one sense h e a d l i g h t i n g  research  seems a  s imp le  i s s u e .  S ince  

head1 i g h t s  a r e  des igned t o  i 1  lum ina te  t h e  environment th rough  which 

t h e  au tomob i le  w i l l  be t r a v e l i n g ,  i t  seems a  f a i r l y  s t r a i g h t f o r w a r d  

m a t t e r  t o  p l a c e  t a r g e t  o b j e c t s  on o r  near  t h e  roadway and measure t h e  

d i s t a n c e  a t  wh ich  they  can be d e t e c t e d  by exper imen ta l  s u b j e c t s .  

V a r i a t i o n s  o f  t h i s  approach have been used by a  number o f  i n v e s t i g a -  

t o r s .  A w ide v a r i e t y  o f  t a r g e t  o b j e c t s  have been employed. 

G e n e r a l l y ,  t h e  t a s k  has been t o  d e t e c t  t h e  t a r g e t  o b j e c t  b u t  some- 

t imes  t h e  t a s k  i s  t o  determine something about  i t ,  such as i t s  o r i e n -  

t a t i o n .  E i t h e r  approach y i e l d s  o b j e c t i v e  da ta  wh ich  can be v e r y  

h e l p f u l  as a  means o f  e v a l u a t i n g  headlamp performance.  

U n f o r t u n a t e l y ,  t h e  problem o f  e v a l u a t i n g  headlamp performance 

i s  n o t  as s i m p l e  as i t  m i g h t  appear a t  f i r s t .  There a r e  s e v e r a l  

d i f f i c u l t i e s .  One o f  t h e  ma jo r  problems concerns t h e  w ide v a r i e t y  

of r e a l - w o r l d  c o n d i t i o n s  under wh ich  v e h i c l e s  a r e  d r i v e n  a t  n i g h t .  

For  example, most see ing d i s t a n c e  s t u d i e s  have been c a r r i e d  o u t  on 

f l a t ,  s t r a i g h t  roads.  T h i s  r a i s e s  a  q u e s t i o n  concern ing  t h e i r  r e l e -  

vance t o  t h e  h i l l y ,  cu rvy  and sometimes bumpy roads ove r  which much 

d r i v i n g  i s  done. There a r e  a  number o f  o t h e r  c o n d i t i o n s  which have 

r a r e l y  been s t u d i e d  o t h e r  than  i n  an i d e a l i z e d  s t a t e ,  

A second problem concerns t h e  way i n  which t h e  r e s u l t s  a r e  

we ighted t o  a r r i v e  a t  beam p a t t e r n  d e c i s i o n s ,  Fo r  example, see ing 



d i s t a n c e  s t u d i e s  do n o t  answer ques t i ons  concern ing t h e  impor tance 

o f  be ing  a b l e  t o  see c e r t a i n  p o r t i o n s  of t h e  road  i n  o r d e r  t o  p e r -  

form t h e  b a s i c  c o n t r o l  t a s k .  The d r i v e r  needs much more i n f o r m a t i o n  

i n  o r d e r  t o  be a b l e  t o  success fu l  l y  opera te  t h e  c a r  than  j u s t  knowing 

whether t h e r e  a r e  o b j e c t s  i n  o r  near  t h e  pa th .  I n  t h e  f i n a l  a n a l y s i s ,  

much d a t a  a r e  r e q u i r e d  t o  a r r i v e  a t  a  d e c i s i o n  r e g a r d i n g  t h e  optimum 

beam p a t t e r n ,  and o n l y  some o f  t h i s  i n f o r m a t i o n  i s  s u p p l i e d  by t h e  

see ing  d i s t a n c e  s tudy  approach. 

F i n a l  l y ,  t h e r e  a r e  problems w i t h  t h e  research  i t s e l f  i n  many 

cases. There a r e  a  g r e a t  number o f  v a r i a b l e s  which can i n f l u e n c e  

t h e  a c t u a l  d i s t a n c e  a t  wh ich  a  t a r g e t  i s  seen. Many i n v e s t i g a t o r s  

have been casua l  about  some o f  these v a r i a b l e s .  Fo r  example, say ing  

t h a t  s tandard  h e r i c a n  low beams were used t e l l s  t h e  reader  l e s s  than  

would be d e s i r a b l e  about  t h e  source o f  i l l u m i n a t i o n ,  s i n c e  t h e r e  a r e  

s i g n i f i c a n t  v a r i a t i o n s  f rom lamp t o  lamp i n  t h e  p r o d u c t i o n  process.  

Fac to rs  such as headlamp aim and v o l t a g e  c o n t r o l  have sometimes been 

i g n o r e d  o r  g i v e n  l e s s  a t t e n t i o n  than a p p r o p r i a t e .  The t y p e  of t a r -  

g e t  employed, i t s  p o s i t i o n  on t h e  road,  t h e  s u b j e c t  i n s t r u c t i o n s ,  t h e  

v i s u a l  c h a r a c t e r i s t i c s  o f  t h e  s u b j e c t s ,  whether t h e  t e s t  i s  conducted 

s t a t i c a l l y  o r  dynamica l l y ,  a r e  a l l  s i g n i f i c a n t  v a r i a b l e s  which,  

when summed t o g e t h e r ,  p o s s i b l y  account  f o r  some of  t h e  s u b s t a n t i a l  

d i f f e r e n c e s  r e p o r t e d ,  

The r e s u l t  of a l l  o f  t h i s  i s  t h a t ,  a l t hough  a  g r e a t  deal  o f  

e f f o r t  has gone i n t o  h e a d l i g h t i n g  research,  r e l a t i v e l y  l i t t l e  i n  

terms o f  d e f i n i t i v e  r e s u l t s  can be shown. Th is  does n o t  mean t h a t  

t h e  work r e p o r t e d  i s  w i t h o u t  va lue .  It does mean t h a t  ca re  must be 

e x e r c i s e d  i n  drawing conc lus ions  on t h e  r e l a t i v e  mer i  t s  o f  v a r i o u s  

beam p a t t e r n s  based on t h e  t e s t  d a t a  a v a i l a b l e .  
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T h i s  s e c t i o n  w i l l  r ev iew  t h e  v a r i o u s  i n v e s t i g a t i o n s  which have 

been concerned w i t h  beam p a t t e r n  development i n  t h i s  c o u n t r y  and i n  

Europe. S i x t e e n  d i f f e r e n t  s t u d i e s  were though t  i m p o r t a n t  enough t o  

be i n c l u d e d .  These a r e  p resen ted  i n  capsu le  f o r m  i n  Tab le  4 .  As 

can be seen f r o m  a  r e v i e w  o f  t h e  t a b l e ,  a  v a r i e t y  of methods, v a r i -  

ab les  and r e s u l t s  c h a r a c t e r i z e  these i n v e s t i g a t i o n s .  

A  compar ison between U .S .  and European headl  i g h t i n g  systems was 

t h e  p r i m a r y  purpose o f  some o f  t h e  s t u d i e s  t o  be covered,  a1 though 

genera l  l y  i t  was n o t .  When d i s c u s s i n g  t h e  1  a t t e r  i n v e s t i g a t i o n s  , 
t h i s  r e v i e w  w i l l  f ocus  on t h e  data  r e l e v a n t  t o  t h e  t o p i c  o f  i n t e r e s t  

i n  t h i s  r e p o r t .  

One o f  t h e  most s i g n i f i c a n t  o f  t h e  e a r l y  r e p o r t s  comparing 

American and European beam p a t t e r n s  i s  t h a t  of H a r r i s  ( 1 9 5 4 ) .  He 

summarizes a  g r e a t  dea l  o f  i n f o r m a t i o n  about  h e a d l i g h t i n g  i n  t h e  

e r a  immed ia te l y  a f t e r  Wor ld War 11. The paper c o n t a i n s  a  r e p o r t  of 

an i n v e s t i g a t i o n  c a r r i e d  o u t  a t  t h e  Road Research L a b o r a t o r y  com- 

p a r i n g  American, B r i t i s h ,  and two types  o f  European headl  i g h t s .  

The t e s t s  H a r r i s  desc r i bes  were semi-dynamic i n  t h a t  t h e  expe r imen ta l  

v e h i c l e  was moving b u t  t h e  g l a r e  source  was n o t .  A s i n g l e  t a r g e t  was 

employed, wh ich  was p l a c e d  10 f e e t  beh ind  t h e  g l a r e  lamps and 10 f e e t  

t o  t h e  l e f t  ( r e c a l l  t h i s  t e s t  was done i n  Grea t  B r i t a i n ,  where t h e  

r u l e  o f  l e f t  a p p l i e s ) ,  The t a r g e t  i n  t h i s  i n s t a n c e  was an o b j e c t  

1.5 f e e t  h i g h  w i t h  a  r e f l e c t i v e  f a c t o r  o f  7%. The t a r g e t  p o s i t i o n  

was s e l e c t e d  t o  be t h e  most  d i f f i c u l t  t o  see. Hence t h e  see ing  d i s -  

tances measured were minimums. The r e s u l t s  from these t e s t s  were 

used t o  gene ra te  curves  showing t h e  t r a d e - o f f  between g l a r e  and 

v i s i b i l i t y  d i s t a n c e  f o r  t h e  s p e c i f i e d  t a r g e t  o b j e c t .  These curves  

were used t o  c a l c u l a t e  minimum see ing  d i s t a n c e s  f o r  t h e  fou r  beams 

o f  i n t e r e s t .  The c a l c u l a t e d  see ing  d i s t a n c e s  a r e  reproduced i n  

Tab le  5 .  





I 
I TABLE 4. Summary o f  S tud ies  Comparing American and European H e a d l i g h t i n g  Systems. 

Faul  kner  & 1967 
Older  ! 

RESULTS 
YEAR 

PUBLISHED 
I 1 H a r r i s  

I 
I 
I 
I 
/ Kazenmaier 

u .s. sea l  ed-beams . 
Method s i m i l a r  t o  H a r r i s  
(1954) b u t  t a r g e t  presented 
a d e t e c t i o n  and i d e n t i f i c a -  
t i o n  t ask .  

METHOD 

European beam produced b e t t e r  d e t e c t i o n  
d i s tances ,  e s p e c i a l l y  w i t h  t a r g e t  ve ry  
c l o s e  t o  g l a r e  source. Recognt ion d i s -  
tances g r e a t e r  f o r  B r i t i s h  beam when 
t a r g e t  was p o s i t i o n e d  i n  f r o n t  o f  g l a r e  
source b u t  g r e a t e r  f o r  European beam 
w i t h  t a r g e t  p o s i t i o n s  beh ind g l a r e  
source. 

1954 

1956 

Rumar 

Sub jec t s  moving, s t a t i c  g l  a re  
source, s i n g l e  7% t a r g e t  

I I 
I 

I road.  
I 

I I 

L i t t l e  d i f f e r e n c e  between U.S. and 
European beams when p r o p e r l y  aimed. 

B russe l s  ." F u l l y  dynamic 
t e s t s ,  va r i ous  t a r g e t s .  

Mathematical  a n a l y s i s  based 
on symmetr ica l  European beam 
and B r i t i s h  s tanda rd  low 
beam. 

Compared U.S. 2 and 4 lamp 

I Jehu 

Compared tungs ten  and qua r t z -  
halogen European lamps and 
s t a t i c  g l a r e  source w i t h  sub- 
j e c t s  moving. Small 4% 

C h r i s t i e  & 1 1970 
Moore 

l e f t  and poo re r  v i s i b i l i t y  t o  r i g h t  
compared t o  U.S. beam. Led t o  m o d i f i -  
c a t i o n  t o  European beam. 

Resu l t s  depend on t a r g e t  o b j e c t  and 
v iew ing  c o n d i t i o n s .  Jehu f e e l s  B r i t i s h  
beam i s  b e t t e r  due t o  s u p e r i o r  near 

8 s i d e  performance. 

Seeing d i s tances  t o  t a r g e t s  on r i g h t  

1957 

Quartz-halogen b e t t e r  under a l l  cond i -  
t i ons tes ted .  

D iscuss ion paper. I Argue t h a t  European quar tz -ha logen i s  
b e t t e r  system, if good aiming can be 1 i n su red .  

p o s i t i o n e d  beh ind g l a r e  i European beams more a f fec ted by 
source. Used symmetr ica l  I misaim. 
European beams. 

Repor t  o f  "Working Group ; European beam gave b e t t e r  v i s i b i l i t y  t o  

about t h e  same f o r  t h e  3 systems. 1 
European system 30-50% b e t t e r  f o r  1 
t a r g e t s  on l e f t .  

Asymmetr ical  p a t t e r n  b e t t e r .  H igher  
t a r g e t  r e f l e c t i v i t y  gave 1 onger v i s i -  

I 

I L indae 1 1962 

I 
I systems w i t h  European 
' asymmetr ical  system. 

r e f l e c t i v e  t a r g e t s  a t  edge o f  1 

I 

/ Johansson, 1 1963 
e t  a l .  

1 t o t a l  d r i v i n g  environment.  / s eve ra l  systems tes ted .  

G r a f  & Krebs 1 1976 1 Used eve f i x a t i o n s  t o  mea- I No d i f f e rences  i n  d e t e c t i o n  d i s t a n c e  

i 
Compared symmetr ical  and 
asymmetr ical  European beams 

su re  d i t e c t i o n  d i s t a n c e  t o  i f o r  any o f  t h e  beams t e s t e d  
t a r g e t s  wh ich  had been 
s e l e c t e d  t o  appear normal t o  1 
t h e  road environment.  Tested I 
seve ra l  l i g h t i n g  systems. I 

Ex tens i ve  t e s t  program u s i n g  j U.S. and European low beams 
moving veh i c l es ,  v a r i e t y  o f  I l a r .  European h i g h  beam b e t t e r  under 
t a r g e t s  and l i g h t i n g  systems. no g l a r e  c o n d i t i o n s .  

Used s t a t i c  g l a r e  source, : European h i g h  beam b e t t e r  under no 
moving s u b j e c t  ca r .  Sub- g l a r e  c o n d i t i o n s .  U.S. low 30-40% 

H u l l ,  e t  a l .  / 1971 

b i l i t y  d i s tance .  High beams gave , 

Rumar, e t  a l .  

us ing  moving g l a r e  c a r  and 

1973 

Ohlon & 
Zacche r i n i  

Mor t imer  & 
Olson 

s t a t i o n a r y  s u b j e c t s .  l o n g e r  v i s i b i l i t y  d i s tances  than low 
beams i n  meet ing  s i t u a t i o n s .  

Fosber ry  & 1 1963 Method same as H a r r i s  (1954).  Resu l t s  f o r  a l l  t e s t  c o n d i t i o n s  v e r y  
I Moore I Compared B r i t i s h  beam w i t h  s i m i l a r .  

asymmetr ical  European beam. 

j e c t s  de tec ted  dark  t a r g e t s  / b e t t e r  on s t r a i g h t  roads w i t h o u t  g l a r e  

pared U.S. and European h i g h  curved roads t h e  systems per formed 

I 
I a t  r i g h t  edge o f  road.  Com- I b u t  s l i g h t l y  poo re r  f a c i n g  g l a r e .  On , 

and low systems on s t r a i g h t  a l l  ke except  on sharp  l e f t  curves where : 
and curved roads.  U.S. beam was b e t t e r .  

1972 Mathematical  ana l ys i s  o f  I Resu l t s  i n d i c a t e  t h a t  reason f o r  d i f -  
Rumar, e t  a l . ,  (1973) data.  1 f e rences r e p o r t e d  by Rumar a r i s e  f rom 

/ l i g h t  p r o j e c t e d  j u s t  below h o r i z o n t a l .  

1974 Dynamic f i e l d  t e s t s  us ing  L i t t l e  d i f f e r e n c e  between European and 1 
i d e n t i f i c a t i o n  t a r g e t s ,  1 U.S. systems under a l l  t e s t  c o n d i t i o n s .  

Roper 

I 

Var ious  beams, t a r ~ e t  r e f  l e c -  

Bhise,  e t  a l .  

1965 

I 

Both sub jec t s  and g l a r e  
source moving. Targets  
were 16n square,  7% r e f l e c -  
t i v i  t y .  Compared European 

Seeing d i s t a n c e  d i f f e r e n c e s  were minor ,  
amounting t o  10% more f o r  t h e  U.S. 
system under no g l a r e  c o n d i t i o n s .  Per-  
formance t h e  same under maximum g l a r e  1 

ouar tz -ha loaen and s tandard  c o n d i t i o n s  . ! 





TABLE 5. C a l c u l  a t e d  Minimum See ing  D i s t a n c e s  
f o r  V a r i o u s  Lamps (From H a r r i s  [ 1 9 5 4 ] ) .  

I B r i t i s h  j 158 132 I 8  2 I 

i a m p  
I 

i I I 
I 

1 Amer ican  I 149 122 , 8 2 ! , 
I I 

! 

! 
I Reduced See ing  D i s t a n c e  _; values due 

0 
C o r r e c t  -0.5 t o  ~ n i s a i m  j 

I / European B* ' 150 116 , 7 7 I 

a1 i gnmen t m i s a i m  e r  c e n t )  j 
I ( P_ 
I I 

/ European A* 1 I 

145 109 1 7 5 I 
L I___j 

*These were  b o t h  s y m e t r i c a l  beam p a t t e r n s  w h i c h  d i f f e r e d  
s l i g h t l y  i n  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s .  

These d a t a  i n d i c a t e  t h a t ,  f o r  t h e  c o n d i t i o n s  s p e c i f i e d ,  t h e  t h r e e  

t y p e s  o f  lamp d i f f e r  r e l a t i v e l y  l i t t l e ,  when p r o p e r l y  aimed. The 

Amer ican  and B r i t i s h  beams, w h i c h  a r e  g e n e r a l l y  s i m i l a r ,  d i f f e r  

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

The European beams, w i t h  t h e i r  s h a r p e r  c u t o f f ,  a r e  more a f f e c t e d  by  

m i sa im .  

One o f  t h e  mos t  e x t e n s i v e  e a r l y  head l  i g h t i n g  r e s e a r c h  e f f o r t s  

was t h a t  c a r r i e d  o u t  b y  t h e  "Work ing  Group B r u s s e l s ,  1952."  The 

i n t e n t  was t o  a r r i v e  a t  a  g e n e r a l  l y  a c c e p t a b l e  and imp roved  head l  i g h t  

beam p a t t e r n .  The p rogram p r o v e d  t o  be so  e x t e n s i v e  t h a t  i t s  comple-  

t i o n  was d i s t r i b u t e d  among t h e  n a t i o n a l  canmi t t e e s  o f  Germany, Eng land ,  

F rance ,  The N e t h e r l a n d s ,  and  t h e  U n i t e d  S t a t e s .  F o r  purposes  o f  t h i s  

s u r v e y  t h e  mos t  s i g n i f i c a n t  r e s u l t s  a r e  summarized i n  F i g u r e s  4 and 

5, wh i ch  have been adap ted  f r o m  Kazenmaier  ( 1956 ) .  These c u r v e s  show 

v i s i b i l i t y  d i s t a n c e s  measured f o r  t h e  s y m m e t r i c a l  European beam i n  

use a t  t h a t  t i m e  m e e t i n g  a  s i m i l a r  beam, as w e l l  as f o r  an Amer ican 

s e a l e d  beam m e e t i n g  a  s i m i l a r  beam. I t  w i l l  be n o t e d  t h a t  t h e  

European beam a f f o r d e d  s i g n i f i c a n t l y  g r e a t e r  v i s i b i l  i t y  down t h e  

l e f t  s i d e  o f  t h e  r o a d .  The two beams were s i m i l a r  f o r  o b j e c t s  i n  

t h e  c e n t e r  o f  t h e  r o a d .  However,  t h e  Amer ican  beam p r o v i d e d  s i g n i -  

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



F i g u r e  4. V i s i b i l i t y  D is tances Measured t o  Ta rge ts  P laced  
on L e f t ,  M i d d l e  and R i g h t  o f  t h e  Road f o r  
European Lamps Meet ing  European Lamps. 
(From Kazenmaier [I9561 ) . 
( F i g u r e  shows see ing  d i s t a n c e  [ S i c h t w e i  t e ]  b e f o r e  
and a f t e r  t h e  meet ing  p o i n t  [ Jdea l  e r  Begegnungspun k t ]  
f o r  t a r g e t s  on t h e  l e f t  [ l i n k s ] ,  m i d d l e  [ M i t t e ] ,  and 
r i g h t  [ r e c h t s ]  o f  t h e  t e s t  v e h i c l e . )  A l so  shown a r e  
r e s u l t s  f o r  t a r g e t s  seen i n  s i l h o u e t t e  [ s i l  houet tensehen] . 



F i g u r e  5 .  V i  s i  b i  1  i t y  Dis tances Measured t o  Ta rge ts  P laced 
on L e f t ,  M i d d l e  and R i g h t  o f  t h e  Road f o r  
American Lamps Meet ing American Lamps. 
(From Kazenmaier [ I 9561  ) . 
( F i g u r e  shows see ing  d i s t a n c e  I S i  ch twe i  t e l  b e f o r e  
and a f t e r  t h e  mee t ing  p o i n t  [ Jdea l  e r  Begegnungspunkt] 
f o r  t a r g e t s  on t h e  l e f t  [ l i n k s ] ,  m i d d l e  [ M i t t e ] ,  and 
r i g h t  [ r e c h t s ]  o f  t h e  t e s t  v e h i c l e . )  Also shown a r e  
r e s u l t s  f o r  t a r g e t s  seen i n  s i  1 h o u e t t e  [ s i l  houettensehen] . 



One q u e s t i o n  which t h e  e f f o r t s  o f  t h i s  commission c o u l d  n o t  

r e s o l v e  was t h a t  o f  i l l u m i n a t i o n  d i r e c t e d  i n t o  t h e  upper l e f t  quadrant  

of t h e  beam p a t t e r n .  Obv ious ly ,  t h i s  i s  t h e  area which p rov ides  d i s a -  

b i l  i ty  and d i scomfo r t  g l a r e  f o r  t h e  oncoming m o t o r i s t .  European 

s c i e n t i s t s  f e l t  then,  as t h e y  do now, t h a t  g l a r e  must  be min imized,  

where t h e  h e r i c a n s  f e l t  h i g h e r  g l a r e  l e v e l s  were accep tab le .  As a  

r e s u l t ,  t h e  Europeans dec ided t o  s t a y  w i t h  t h e  s h i e l d e d  f i l a m e n t  con- 

c e p t  b u t  sought  a  means which  would a l l o w  g r e a t e r  i l l u m i n a t i o n  t o  be 

d i b r e c t e d  down t h e  r i g h t  s i d e  o f  t h e  road .  T h i s  m o d i f i c a t i o n  has been 

d e s c r i b e d  by de Boer (1956) .  The s o l u t i o n  was t o  remove p a r t  of t h e  

f i l a m e n t  s h i e l d  on one s i d e  so t h a t  h i g h  i n t e n s i t y  i l l u m i n a t i o n  was 

d i r e c t e d  above t h e  h o r i z o n t a l  down t h e  r i g h t  s i d e  o f  t h e  road .  T h i s  

produced t h e  beam p a t t e r n  i l l u s t r a t e d  i n  F i g u r e  1. Because of  t h e  

change i n  t h e  f i l a m e n t  s h i e l d ,  i t  was necessary t o  modi fy t h e  l e n s  

somewhat. A t  t h e  same t i m e  t h e  b u l b  mount ing was redes igned t o  

i n s u r e  g r e a t e r  accuracy i n  f i l a m e n t  p o s i t i o n .  The r e s u l t  o f  t h i s  

program was an improved European beam p a t t e r n  wh ich  was, i n  t h e  

o p i n i o n  o f  European eng ineers ,  capable o f  equal1 i n g  t h e  v i s i  b i  1  i t y  

d i s t a n c e  a f f o r d e d  by t h e  American sea led  beam t o  a l l  areas o f  t h e  

road  e n v i  ronment . 

I n  t h e  e a r l y  1950 's  s c i e n t i s t s  a t  t h e  Road Research Labora to ry  

i n  Grea t  B r i t a i n  developed a  computa t iona l  t echn ique  f o r  de te rm in ing  

headlamp see ing  d i s t a n c e s  based on beam i n t e n s i t y  and g l a r e .  T h i s  

has been used i n  a  number o f  a p p l i c a t i o n s .  One o f  t h e  most i n t e r -  

e s t i n g  s t u d i e s ,  f rom t h e  p o i n t  o f  v iew o f  t h i s  rev iew ,  i n v o l v e d  a  

comparison o f  European and B r i t i s h  headlamps on curved roads (Jehu, 

1 9 5 7 ) .  The r e s u l t s  o f  some o f  t h e  c a l c u l a t i o n s  p r o v i d e d  by Jehu a r e  

shown i n  Tab le  6. Note t h a t  t h e  European lamps a r e  o f  t h e  o l d e r  

symmet r i ca l  t ype .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show no c l e a r  advantage t o  

e i t h e r  system, s i n c e  t h e  v i s i b i l i t y  a f f o r d e d  depends on t h e  d i s t a n c e  

between t h e  t a r g e t  o b j e c t  and t h e  g l a r e  source,  and whether t h e  t a r -  

g e t  i s  on t h e  r i g h t  o r  l e f t  s i d e  o f  t h e  road.  However, Jehu f e l t  



TABLE 6. Compar ison o f  C a l c u l a t e d  See ing  D i s t a n c e s  f o r  B r i t i s h  
and European Headlamps. (F rom Jehu [I9571 ) . 

I See ing  d i s t a n c e s  w i t h  t h e  F o l -  
I 1  ow ing  o p p o s i  n p  beams : . --- P 

1 
I D i s t a n c e  
I O b j e c t  be tween o b j e c t  Doub le  Lamps Doub le  Lamps 

*- - -- -- -.+- - - ---- 
1 p o s i t i o n  and g l a r e  s o u r c e  Modern B r i  t i  s  h  European 
I 

v e r s u s  v e r s u s  

1 Modern B r i t i s h  European 
-- -- ( f t . )  - (ft---.- 1 f t L  
I 

1 N e a r s i d e  + 150 

I O b j e c t  + 100 
i + 50 

' O b j e c t  i n  
i c e n t r e  o f  

r o a d  

' O f f s i d e  
o b j e c t  



t h a t  t h e  advantage l a y  w i t h  t h e  B r i t i s h  system, wh ich  was a lmos t  

always b e t t e r  t han  t h e  European i n  r e v e a l i n g  t h e  i m p o r t a n t  near -  

s i d e  o b j e c t .  ( F o r  Americans, "near  s i d e "  corresponds t o  t h e  r i g h t  

s i d e  o f  t h e  road . )  Reca l l  however, t h a t  t h i s  t e s t  i n v o l v e d  t h e  

e a r l i e r  symmetr ica l  European beam. The r e s u l t s  p robab ly  would have 

been more s i m i l a r  were an asymmetr ical  European beam used i n s t e a d .  

L indae (1962) has r e p o r t e d  t h e  r e s u l t s  o f  t e s t s  comparing 

U.S .  two- and four - lamp sea led  beam systems w i t h  t h e  European 

asymmetr ical  system. These r e s u l t s  a r e  summarized i n  two f i g u r e s  

taken  f rom h i s  r e p o r t .  F i g u r e  6 shows t h e  r e s u l t s  f o r  t a r g e t s  on 

t h e  r i g h t  hand s i d e  o f  t h e  road.  The d i f f e r e n c e s  between t h e  two 

systems appear m in ima l .  F i g u r e  7 shows t h e  r e s u l t s  f o r  t a r g e t s  

p laced  on t h e  l e f t  s i d e  o f  t h e  road.  I n  t h i s  i n s t a n c e  t h e r e  i s  a  

s u b s t a n t i a l  d i f f e r e n c e ,  w i t h  t h e  European system p roduc ing  about  a  

30% 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  under no g l a r e  c o n d i t i o n s  and 

more than  a  50% improvement under g l a r e  c o n d i t i o n s .  

The s tudy  desc r ibed  by L indae i s  one o f  t h e  few which r e p o r t s  

s u b s t a n t i a l  d i f f e r e n c e s  i n  see ing  d i s t a n c e  comparing U . S .  and 

European systems. I n s u f f i c i e n t  i n f o r m a t i o n  i s  p r o v i d e d  by t h e  a u t h o r  

t o  make i t  p o s s i b l e  t o  determine why t h e  observed d i f f e r e n c e s  came 

about .  

The Psycho log ica l  group a t  Uppsala i n  Sweden have r e p o r t e d  

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

The f i r s t  comprehensive i n v e s t i g a t i o n  o f  d i f f e r e n t  types o f  head- 

l i g h t i n g  t o  come f rom t h a t  group was r e p o r t e d  by Johansson e t  a l .  

i n  1963. 

F i v e  s t u d i e s  were c a r r i e d  o u t .  They i n c l u d e d  comparisons 

between h i g h  and 1  ow beams, symmetri  ca 1  and asymmetr ical  head1 amps, 

and d i f f e r e n t  t a r g e t  r e f 1  e c t i v i  t i e s .  The i n v e s t i g a t o r s  used a  semi - 
dynamic techn ique  which was d i f f e r e n t  f rom t h a t  u s u a l l y  employed. 

The c r i t e r i o n  was t h e  d i s t a n c e  t o  a  t a r g e t  a t  t h e  moment i t  

c o u l d  no l o n g e r  be seen by t h e  s u b j e c t s .  The au tho rs  argue t h a t  



F i g u r e  6 .  Seeing D is tances P rov ided  by European 
and American Head1 i g h t  Systems for  Targets  
on t h e  R i g h t  S ide  of t h e  Road. 
(From Lindae [I9621 ) 



F i g u r e  7. Seeing Dis tances P rov ided  by European 
and American Head1 i g h t  Systems f o r  Ta rge ts  
on t h e  L e f t  S ide  o f  t h e  Road. 
(From L i  ndae [I9621 ) 



t h i s  i s  a  b e t t e r  way o f  assess ing  v i s i b i l i t y  d i s t a n c e  than  t r y i n g  

t o  measure t h e  f i r s t  moment t h a t  a  t a r g e t  can be d e t e c t e d .  The 

s u b j e c t s  were sea ted  i n  a  motor  v e h i c l e  wh ich  was s t a t i c  t h roughou t  

t h e  s t u d y .  A g l a r e  c a r  was p o s i t i o n e d  ahead o f  them on t h e  road .  

The s u b j e c t s  were asked t o  i n d i c a t e  t h e  f u r t h e s t  t a r g e t s  t h a t  c o u l d  

be d i s c e r n e d  w i t h o u t  t h e  h e a d l i g h t s  o f  t h e  g a l r e  v e h i c l e  b e i n g  on. 

The g l a r e  v e h i c l e  h e a d l i g h t s  were then  s w i t c h e d  on and a  new s e t  of 

measures were taken .  The g l a r e  v e h i c l e  t hen  a c c e l e r a t e d  and drove 

toward  t h e  s u b j e c t  v e h i c l e ,  t h e  s u b j e c t s  b e i n g  r e q u i r e d  t o  i n d i c a t e  

t h e  most  d i s t a n t  t a r g e t  wh ich  t h e y  c o u l d  d i s c e r n  as t h e  g l a r e  v e h i -  

c l  e  approached. 

The t e c h n i q u e  employed by Johansson e t  a l .  cor responds t o  what  

p s y c h o l o g i s t s  c a l l  a  "descend ing f o r m a t "  when s t u d y i n g  human 

b e h a v i o r .  The t y p i c a l  approach t o  head1 i g h t i n g  exper iments  uses 

what  i s  c a l l e d  an "ascend ing f o r m a t . "  The r a t i o n a l e  f o r  u s i n g  a  

descending f o r m a t  i s  t h a t  v a r i a n c e  a s s o c i a t e d  w i t h  t h e  " s u r p r i s e "  

appearance o f  a  t a r g e t  i s  m in im ized .  T h i s  makes i t  e a s i e r  t o  d i s -  

t i n g u i s h  between v a r i o u s  t e s t  c o n d i t i o n s .  The p r e s e n t  a u t h o r  i s  

d o u b t f u l  t h a t  t h i s  i s  a  v a l i d  argument. The ma jo r  v a r i a n c e  i n  a 

s t u d y  o f  t h i s  t y p e  i s  a s s o c i a t e d  w i t h  t h e  l e v e l  of conf idence a t  

wh ich  a  s u b j e c t  w i l l  respond.  T h i s  p rob lem i s  no d i f f e r e n t  f o r  

descending than  f o r  ascend ing f o r m a t .  F u r t h e r ,  t h e  use o f  a  descend- 

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

wh ich  make i t  more d i f f i c u l t  t o  compare these  r e s u l t s  w i t h  o t h e r s .  

C e r t a i n  r e s u l t s  o f  t h e  Johansson e t  a l .  s tudy  would have been 

expected.  F o r  example, d e t e c t i o n  d i s t a n c e s  i n c r e a s e d  as t a r g e t  

r e f l e c t i v i t y  i nc reased .  I t  was a l s o  found  t h a t  v i s i b i l i t y  f o r  

o b j e c t s  on t h e  nea r  s i d e  o f  t h e  r o a d  ( r i g h t  s i d e  i n  U . S . )  were 

g r e a t e r  w i t h  an asymmetr ica l  t h a n  w i t h  a  symmetr ica l  1  ow beam. 

R e s u l t s  conce rn ing  v i s i  b i  1  i t y  w i t h  h i g h  beams were somewhat s u r -  

p r i s i n g .  These da ta  i n d i c a t e  t h a t  h i g h  beams versus  h i g h  beams 

gave l o n g e r  v i s i b i l i t y  d i s t a n c e s  th roughou t  t h e  mee t ing  s i t u a t i o n  

than  d i d  low beams mee t ing  low beams. The measured v i s i b i l i t y  



d i s t a n c e s  f o r  low beams were about  25 meters  maximum, 20 meters  m i n i -  

mum. F o r  t h e  h i g h  beams, v i s i b i l i t y  d i s t a n c e s  v a r i e d  f rom about  55 

meters  maximum t o  about  25 meters  minimum. These r e s u l t s  d i f f e r  from 

those  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  and may be a t t r i b u t a b l e  t o  t h e  

d i f f e r e n t  method01 ogy employed. 

Tests  compar ing t h e  B r i t i s h  head1 i g h t i n g  system commonly used 

i n  t h e  e a r l y  1960 's  w i t h  t h e  asymmetr ica l  European system of t h e  same 

e r a  have been r e p o r t e d  by Fosber ry  and Moore (1963) .  The r e s u l t s  were 

ga the red  u s i n g  semi-dynamic t e s t s  s i m i l a r  t o  those used by H a r r i s  

(1954),  d e s c r i b e d  e a r l i e r .  The t a r g e t  was a board  18 inches  h i g h ,  

h a v i n g  7% r e f l e c t i v i t y .  Seeing d i s t a n c e s  f o r  o b j e c t s  on t h e  near  s i d e  

( r i g h t  s i d e  f o r  U.S. use) were q u i t e  s i m i l a r  f o r  a l l  u n i t s  t e s t e d .  

The see ing  d i s t a n c e s  t o  o b j e c t s  i n  t h e  c e n t e r  o f  t h e  r o a d  were q u i t e  

comparable as w e l l .  The a u t h o r s  n o t e :  " w i t h  such v e r y  d i f f e r e n t  

beams, i t  i s  indeed s u r p r i s i n g  t h a t ,  i n  terms o f  see ing  d i s t a n c e s ,  

d i f f e r e n c e s  a r e  o n l y  marg ina l  . " 
One o f  t h e  f i r s t  t e s t s  of  v i s i b i l i t y  d i s t a n c e  p r o v i d e d  by 

q u a r t z  ha logen European lamps compared t o  American s e a l e d  beams has 

been r e p o r t e d  by Roper and Meese (1965) .  These t e s t s  were conducted 

u s i n g  two v e h i c l e s ,  b o t h  of  wh ich  were i n  mo t ion  a t  speeds a f  40 mph. 

Ta rge ts  c o n s i s t e d  of 16" squares hav ing  7% r e f l e c t i v i t y  s e t  on t h e  

r i g h t  s i d e  o f  t h e  road.  Sub jec ts  were i n s t r u c t e d  t o  i n d i c a t e  when 

they  had d e t e c t e d  t h e  presence o f  a  t a r g e t  by  push ing a  b u t t o n .  

F i g u r e  8 shows t h e  r e s u l t s  o f  t h i s  t e s t .  R e l a t i v e l y  l i t t l e  d i f f e r -  

ence was found between t h e  two systems, perhaps 10% a t  maximum. 

However, t h e  U.S. lamp was c o n s i s t e n t l y  b e t t e r  t han  t h e  European 

excep t  a t  t h e  maximum g l a r e  p o i n t .  

I n  a  s t u d y  o f  t h e  i n t e r a c t i o n  o f  headlamps and f i x e d  l i g h t i n g ,  

Fau l  kne r  and O l d e r  (1967) i n v e s t i g a t e d  v a r i o u s  1  i g h t i n g  c o n d i t i o n s  

i n c l u d i n g  B r i t i s h  and European s t y l e  l o w  beams. The au tho rs  do n o t  

s p e c i f y  whether c o n v e n t i  onal  t ungs ten  o r  q u a r t z  ha1 ogen sources were 

used i n  t h e i r  European lamps. I t  i s  c l e a r  t h a t  t h e  asymmetr ical  

European p a t t e r n  was employed. The t a r g e t  used i n  t h i s  s tudy  was 



DISTANCE BETWEEN APPROACHING CARS DISTANCE BEYONC: 
, , F E E T , ,  MEETING POINT 

NO A T T E N T I O N  F A C T O R  A P P L I E D  

F i g u r e  8 .  See ing  D i s t a n c e s  t o  T a r g e t s  on  t h e  R i g h t  S i d e  
o f  t h e  Road P r o v i d e d  by Amer ican  and European 
Low Beams. (From Roper and Meese [I9651 ) 

600 

t 500 
W 
W 
ii 

400 

u 
z 
4 
!- 300 
5 
n 

; 200 - 
W 
W " 100 

O' 

I 
- 

I I I I 
I I 

I !  
I ' - 

I_ ---- + -~- 

I 1 

I I 
- 

I 

a 000 C P  [u 5 )  
I--+----,- 

1 Q U A R T Z  - IODINE (EUROP 

i h :  
- -  

I ~ 

-+ 

2400 2000 1600 1200 80c 160 0 400 800 1200 1600 

I 
I I 

I 
I 



unusual .  I t  was f o u r  f e e t  h igh ,  r e c t a n g u l a r  i n  shape and had on t h e  

t o p  a  c i r c u l a r  p o r t i o n  w i t h  a  p r o j e c t i o n  on one s i d e .  The p r o j e c t i o n  

c o u l d  be moved t o  v a r i o u s  p o s i t i o n s .  The t a s k  g i v e n  t h e  s u b j e c t s  was 

two- fo ld .  F i r s t  t hey  had t o  d e t e c t  t h e  presence of t h e  t a r g e t  i t s e l f ,  

and second 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  o f  t h e  p r o j e c t i o n .  

The r e s u l t s  a r e  r e p o r t e d  i n  terms of d e t e c t i o n  and i d e n t i f i c a t i o n  

d i s tances .  The t a r g e t  c o u l d  be p l a c e d  i n  any o f  s i x  p o s i t i o n s ,  

r a n g i n g  f r o m  400 f e e t  i n  f r o n t  o f  t h e  g l a r e  source t o  abou t  300 f e e t  

beh ind  i t .  A l l  runs  were made f a c i n g  i d e n t i c a l  headlamps. 

The r e s u l t s  i n d i c a t e  t h a t  t h e  European beam produced genera l  l y  

g r e a t e r  d e t e c t i o n  d i s tances  than  d i d  t h e  B r i t i s h  low beam. These 

d i f f e r e n c e s  were g r e a t e s t  when t h e  t a r g e t  was p o s i t i o n e d  j u s t  i n  

f r o n t  of and j u s t  beh ind t h e  g l a r e  v e h i c l e .  

The r e c o g n i t i o n  d i s t a n c e  d a t a  a r e  d i f f e r e n t .  I n  t h e  f i r s t  

p l a c e ,  t h e  r e c o g n i t i o n  d i s t a n c e s  a r e  about  o n e - f i f t h  as l o n g  as t h e  

d e t e c t i o n  d i s t a n c e s .  I t  was a l s o  found t h a t  t h e  r e c o g n i t i o n  d i s -  

tances were s u b s t a n t i a l l y  g r e a t e r  f o r  t h e  B r i t i s h  1  ow beam when t h e  

t a r g e t  was p o s i t i o n e d  i n  f r o n t  o f  t h e  g l a r e  v e h i c l e  and somewhat 

g r e a t e r  f o r  t h e  European low beam when t h e  t a r g e t  was p o s i t i o n e d  

beh ind t h e  g l a r e  v e h i c l e .  

The s tudy  by Faul  kner  and O lde r  r a i s e s  an i n t e r e s t i n g  q u e s t i o n  

abou t  t h e  c r i t e r i a  employed i n  h e a d l i g h t i n g  s t u d i e s .  As was no ted  

e a r l i e r ,  d e t e c t i o n  d i s t a n c e  i s  t h e  usua l  way i n  wh ich  h e a d l i g h t  p e r -  

formance i s  measured. However, s i m p l y  d e t e c t i n g  an o b j e c t  may n o t  be 

enough. I t  i s  a l s o  necessary  f o r  t h e  d r i v e r  t o  i d e n t i f y  an o b j e c t  

s u f f i c i e n t l y  w e l l  t o  determine whether i t  c o n s t i t u t e s  a  prob lem o r  

o r  n o t .  The e x t e n t  t o  wh ich  t h i s  i d e n t i f i c a t i o n - d e c i s i o n  process can 

be s i m u l a t e d  i n  an a r t i f i c i a l  exper iment  i s  q u e s t i o n a b l e .  I t  remains 

one o f  t h e  un reso lved  (and l a r g e l y  unexp lored)  i ssues  i n  head1 i g h t i n g  

research .  

The f i r s t  exper imen ta l  comparison between conven t iona l  t ungs ten  

and q u a r t z  halogen European beams was r e p o r t e d  by Rumar (1970).  T h i s  



s t u d y  was c a r r i e d  o u t  u s i n g  a  semi-dynamic procedure .  A s t a t i c  g l a r e  

c a r  was employed, w i t h  t h e  s u b j e c t s  b e i n g  d r i v e n  down a  two- lane road  

toward  t h e  g l a r e  c a r .  A t a r g e t  d e t e c t i o n  c r i t e r i o n  was used. The 

s u b j e c t s  were r e q u i r e d  t o  p ress  a  b u t t o n  when they  d e t e c t e d  r e l a t i v e l y  

s m a l l ,  4% r e f l e c t a n c e  t a r g e t s  p l a c e d  a l o n g  t h e  r i g h t  edge of t h e  road .  

The r e s u l t s  i n d i c a t e d  t h a t  t h e  new ha logen lamps on h i g h  beam p r o -  

duced about  a 25'; improvement i n  v i s i  b i  1  i t y  d i s t a n c e .  When meet ing  

o t h e r  c a r s  w i t h  low beams t h e  ha logen lamp was s t i l l  s u p e r i o r  t o  t h e  

c o n v e n t i o n a l  t u n g s t e n  lamp. 

I n  a  gene ra l  a r t i c l e  conce rn ing  problems o f  n i g h t  v i s i b i l i t y ,  

C h r i s t i e  and Moore (1970) make r e f e r e n c e  t o  exper iments  c a r r i e d  o u t  

a t  t h e  Road Research L a b o r a t o r y  i n  Grea t  B r i t a i n  compar ing t h e  r e l a -  

t i v e  m e r i t s  o f  European and B r i t i s h  s t y l e  low beams. I n  an apparen t  

r e f e r e n c e  t o  t h e  work o f  F a u l  kner  and Ol der  ment ioned e a r l i e r  , 
C h r i s t i e  and Moore c l a i m  t h a t  t h e  European q u a r t z  ha logen headlamp 

i s  t o  be p r e f e r r e d  f o r  a l l  c o n d i t i o n s  o f  roadway l i g h t i n g ,  12 good 

a im ing  can be i n s u r e d .  T h i s  i s  an i m p o r t a n t  i f .  The au tho rs  recog-  

n i z e  t h a t  t h e r e  a r e  s u b s t a n t i a l  d i f f i c u l t i e s  i n  m a i n t a i n i n g  headlamp 

a im under a l l  d r i v i n g  c o n d i t i o n s .  The paper  goes on t o  d i scuss  v a r i -  

ous ways o f  i m p r o v i n g  h e a d l i g h t  aim, i n c l u d i n g  dev i ces  wh ich  compen- 

s a t e  a u t o m a t i c a l l y  f o r  changes i n  v e h i c l e  a t t i t u d e .  

The Southwest  Research I n s t i t u t e  has conducted a  number o f  

head1 i g h t i n g  s t u d i e s .  T h e i r  purpose was t o  measure t h e  performance 

o f  p r e s e n t  day 1  i g h t i n g  sys tems and recommend improvements. T h i s  work 

has been summarized by H u l l  , e t  a1 . (1971) .  Among t h e  systems i n v e s t i -  

ga ted  were American s e a l e d  beams and European q u a r t z  ha logen u n i t s .  

The c o n d i t i o n s  under wh ich  t h e  t e s t s  were conducted c o n s i s t e d  o f  t w o  

c a r s  on a  s t r a i g h t ,  f l a t  road  w i t h  b o t h  expe r imen ta l  and g l a r e  c a r s  

i n  m o t i o n .  The r e s u l t s ,  f o r  a  7% r e f l e c t a n c e ,  p e d e s t r i a n  s i z e  t a r g e t  

s e t  on t h e  r i g h t  edge o f  t h e  road ,  a r e  summarized i n  Tab le  7 .  

The h i g h  beam comparisons a r e  n o t  s u r p r i s i n g ,  g i v e n  t h e  f a c t  

t h a t  t h e r e  i s  a  s u b s t a n t i a l  i n t e n s i t y  d i f f e r e n c e  between t h e  two systems. 



TABLE 7 .  Visibi l i ty  Distances Measured fo r  Two Headlamp Systems 
Based on Tests Carried O u t  a t  Southwest Research In s t i t u t e .  
(From Hull, e t  a1 . [I9711 ) 

Distances are in f e e t .  

Test 
Conditions 

Facing Glare 
Car with 
Identical Lamps 

Unopposed 

Low Beams 
I 

High Beams 

U.S. 

362 

434 

I 

U.S. 

328 

811 

European 

356 

417 

European 

428 

1,023 



The comparison between t h e  l ow  beams i n d i c a t e s  t h a t ,  f o r  t h e  c o n d i -  

t i ons t e s t e d ,  see i  ng d i s t a n c e  d i f f e r e n c e s  a r e  mi n o r .  

One o f  t h e  most i n t e r e s t i n g  r e p o r t s  i n  r e c e n t  yea rs  comparing 

American and European h e a d l i g h t i n g  i s  by Rumar, e t  a l .  ( 1973 ) .  T h i s  

was a  semi-dynamic s i m u l a t i o n  i n  wh ich  t h e  s u b j e c t s  rode i n  a  c a r  

wh ich  was d r i v e n  toward  a  s t a t i o n a r y  g l a r e  v e h i c l e  p o s i t i o n e d  i n  t h e  

c e n t e r  o f  t h e  l e f t  l a n e .  The d i s t a n c e  a t  which t h e  s u b j e c t s  c o u l d  

d e t e c t  d a r k  o b s t a c l e s  p l a c e d  a1 ong t h e  r i g h t  edge o f  t h e  road  was 

measured. For  n o - g l a r e  s i t u a t i o n s  , t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  

European h i g h  beam p r o v i d e d  app rox ima te l y  1 5 9 o r e  v i s i  b i  1  i t y  d i s -  

t ance  t o  t h e  t e s t  o b j e c t  on s t r a i g h t  roads ,  w h i l e  on sharp  c ruves  

d i f f e r e n c e s  between t h e  European and American h i g h  beams a r e  n e g l i -  

g i b l e .  For  low beams, t h e  r e s u l t s  i n d i c a t e  t h a t  on s t r a i g h t  roads 

t h e  American low beam p r o v i d e d  s u b s t a n t i a l l y  g r e a t e r  g l a r e  and, as a  

consequence, somewhat l e s s  see ing  d i s t a n c e  (abou t  10%) than  t h e  

European beam. I t  was a l s o  found t h a t  t h e  American low beam p r o -  

v i d e d  an even g r e a t e r  percentage i n c r e a s e  i n  v i s i b i l i t y  as t a r g e t  

r e f l e c t i v i t y  was i nc reased .  On cu rved  roads t h e  two low beam sys-  

tems gave r o u g h l y  t h e  same performance,  excep t  f o r  sharp  curves t o  

t h e  l e f t ,  where t h e  American low beam p r o v i d e d  somewhat b e t t e r  

v i s i b i l i t y .  

T h i s  r e p o r t ,  coming f r o m  an o r g a n i z a t i o n  wh ich  has done much 

c a r e f u l  work on h e a d l i g h t i n g  over  a  p e r i o d  o f  y e a r s ,  and from a  

c o u n t r y  (Sweden) wh ich  uses t h e  European system, has added some 

f u e l  t o  t h e  c o n t r o v e r s y  conce rn ing  European and American beam 

p a t t e r n s .  The r e s u l t s  seem t o  i n d i c a t e  a  s u b s t a n t i a l  s u p e r i o r i t y  

f o r  t h e  American low beam. I n  t h i s  r e s p e c t ,  t h e  r e s u l t s  d i f f e r  f rom 

a l l  o t h e r  r e p o r t s  comparing European and American h e a d l i g h t i n g  w i t h  

wh ich  t h i s  a u t h o r  i s  f a m i l i a r .  Given t h i s  f a c t ,  i t  i s  a p p r o p r i a t e  

t o  wonder why, under t e s t  c o n d i t i o n s  wh ich  a r e  s i m i l a r  t o  t hose  used 

by o t h e r s  and wh ich  appear q u i t e  reasonab le ,  t h e  European lamp shou ld  

l o o k  so i n f e r i o r  t o  t h e  American lamp. 

U n l i k e  some i n v e s t i g a t o r s ,  t h e  Uppsala group c a r e f u l l y  



photometered t h e  lamps t h a t  were used i n  t h e i r  t e s t s  and p u b l i s h e d  

some o f  t h e  r e s u l t s  i n  t h e i r  r e p o r t .  F igu res  9 and 10 shows t h e  

i socande la  diagrams f o r  one each o f  t h e  European and American low  

beams used i n  t h e  t e s t s .  It becomes immedia te ly  apparen t  t h a t  t h e r e  

were l a r g e  d i f f e r e n c e s  i n  t h e  o u t p u t  o f  these lamps i n  t h e  a rea  i n  

wh ich  t h e  t a r g e t  o b j e c t s  wou ld  l i k e l y  be encountered.  F o r  some 

reason t h e  European lamps s e l e c t e d  ( a t  l e a s t  t h e  one which  i s  p r e -  

sen ted  i n  t h e  f i g u r e )  had an o u t p u t  c l o s e  t o  t h e  minimum p r e s c r i b e d ,  

w h i l e  t h e  American u n i t  shown had s p e c i f i c a t i o n s  wh ich  were a t  o r  

exceeded t h e  maximum a1 1  owed under SAE r e g u l  a t i  ons . Addi ti onal  l y  , 
f o r  some reason,  t h e  maximum i n t e n s i t y  p o i n t  of  t h e  European u n i t  

0 
was o r i e n t e d  more t h a n  3' t o  t h e  r i g h t  i n s t e a d  o f  between 1-2  , as 

i n d i c a t e d  i n  t h e  s p e c i f i c a t i o n s .  The maximum i n t e n s i t y  p o i n t  of  t h e  

American u n i t  was a l s o  aimed somewhat down and t o  t h e  r i g h t  r e l a t i v e  

t o  t h e  s p e c i f i c a t i o n s ,  b u t  t h e  h i g h  i n t e n s i t y  zone was l e a s t  near  

t h e  edge o f  t h e  roadway. 

Assuming t h e  second lamp i n  each p a i r  was a p p r o x i m a t e l y  t h e  same 

as t h e  one f o r  wh ich  i socande la  diagrams a r e  p r o v i d e d ,  i t  i s  q u e s t i o n -  

a b l e  whether  t h e  t e s t  d e s c r i b e d  by Rumar e t  a l .  can be t r u l y  

c h a r a c t e r i z e d  as a  compar ison o f  American versus European beam 

p a t t e r n s .  I t  was more a  compar ison o f  d i f f e r e n t  beam i n t e n s i t i e s .  

Ohlon and Z a c c h e r i n i  (1972) have r e p o r t e d  a  f o l l o w - u p  o f  t h e  

Rumar e t  a1 . paper j u s t  desc r ibed .  They per formed a  mathemat ica l  

a n a l y s i s  of t h e  see ing  d i s t a n c e  d a t a  i n  an e f f o r t  t o  de te rm ine  why 

t h e  observed d i f f e r e n c e s  came about .  The au tho rs  accompl ished t h i s  

by a n a l y z i n g  t h e  il l u m i n a t i o n  d i r e c t e d  down t h e  r o a d  a t  v a r i o u s  

h e i g h t s  above t h e  roadway s u r f a c e  and c o r r e l a t e d  luminous i n t e n s i t y  

w i t h  see ing  d i s t a n c e .  I t  was found t h a t  t h e  maximum c o r r e l a t i o n  

between these  va lues  occur j red a t  a  h e i g h t  co r respond ing  approx ima te l y  

t o  t h e  t o p  o f  t h e  one meter  t a l l  t a r g e t s  used by Rumar e t  a l .  The 

au tho rs  conc lude t h a t  t h e  s u p e r i o r i t y  o f  t h e  American beam i n  these  

t e s t s  i s  a t t r i b u t a b l e  t o  l i g h t  e m i t t e d  j u s t  below t h e  h o r i z o n t a l .  

On a  b a s i s  o f  t hese  o b s e r v a t i o n s  t h e  au tho rs  recommend a  new pass ing  
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beam des ign .  A rough a p p r o x i m a t i o n  o f  t h i s  may be v i s u a l i z e d  by 

t a k i n g  a  t y p i c a l  European low beam and s h i f t i n g  i t  somewhat t o  t h e  

l e f t .  

The h e a d l i g h t i n g  r e s e a r c h  program c a r r i e d  o u t  a t  t h e  Highway 

S a f e t y  Research I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  M ich igan  was one o f  

t h e  most  comprehensive t o  d a t e .  I t  was d i v i d e d  i n t o  t h r e e  phases. 

I n  Phase 1, f i e l d  t e s t  da ta  were c o l l e c t e d  u t i l i z i n g  f u l l y  dynamic 

s i m u l a t i o n s .  V a r i a b l e s  t e s t e d  i n c l u d e d  headlamp beam, speed, l a t e r a l  

s e p a r a t i o n  and t a r g e t  r e f l e c t i v i t y .  These r e s u l t s  were used t o  a i d  

i n  t h e  development o f  a  computer  see ing  d i s t a n c e  model i n  Phase 2 .  

I n  Phase 3, t h e  model was v a l  i d a t e d  by c r e a t i n g  new beam p a t t e r n s  

and v e r i f y i n g  t h a t  t h e  model was capab le  o f  p r e d i c t i n g  t h e  v i s i b i l i t y  

d i s t a n c e  wh ich  t h e y  p r o v i d e d .  

The t a r g e t s  used i n  t h e  HSRI t e s t s  were d i f f e r e n t  f rom t h o s e  

used i n  any o t h e r  s i m i l a r  program. I t  posed an i d e n t i f i c a t i o n  t a s k  

t o  t h e  s u b j e c t s ,  r a t h e r  t h a n  s i m p l e  d e t e c t i o n .  T h i s  was done p r i -  

m a r i l y  because p i l o t  t e s t i n g  determined t h a t  such a  t a r g e t  reduced 

t h e  e x p e r i m e n t a l  v a r i a n c e .  No i n t e r a c t i o n  e f f e c t  of beam and t a r g e t  

t y p e  was noted,  such as r e p o r t e d  by F a u l k n e r  and O l d e r  ( 1 9 6 7 ) .  The 

t a r g e t  a l s o  had i t s  own background.  T h i s  had t h e  i m p o r t a n t  b e n e f i t  

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

env i ronment  o r  p o s i t i o n  on t h e  road .  

As p a r t  of t h e  t e s t  program, comparisons were r u n  between q u a r t z  

ha logen European lamps and s t a n d a r d  U . S .  sea led  beams. Photo-  

m e t r i c a l l y ,  t h e  lamps were more comparable than  those  u t i l i z e d  by 

Rumar e t  a l .  Fo r  example, t h e  U . S .  s e a l e d  beams had a  maximum 

i n t e n s i t y  of 26,000 cande las ,  a t  a  p o i n t  3' r i g h t  and 2' down. The 

European lamps had a  maximum i n t e n s i t y  o f  18,000 cande la ,  a t  a  p o i n t  

3' r i g h t  and lo down. Thus, w h i l e  t h e  European lamp had l o w e r  o u t p u t ,  
0 

t h e  h i g h  i n t e n s i t y  p o i n t  was l o c a t e d  1 h i g h e r  t han  t h e  U.S. lamp. 

The r e s u l t s  a r e  shown i n  F i g u r e s  11 and 12 f o r  t a r g e t s  s i t u a t e d  on 

t h e  l e f t  and r i g h t  edge of t h e  roadway r e s p e c t i v e l y .  C l e a r l y ,  t h e  

d i f f e r e n c e s  between t h e  two systems a r e  m i n o r .  
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F i g u r e  11. V i s i b i l i t y  D is tance  t o  Ta rge ts  on L e f t  S ide o f  Road 
Prov ided  by American and European Low Beams. 
(From Mor t imer  and Olson [ 1974 ] )  
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One o f  t h e  most s i g n i f i c a n t  and comprehensive headl  i g h t i n g  

r e s e a r c h  e f f o r t s  i n  r e c e n t  y e a r s  has been c a r r i e d  o u t  a t  Ford  Motor  

Company (Bh ise ,  e t  a l .  1977) .  I n  t h e  f i r s t  s tage  o f  t h i s  e f f o r t  a  

see ing  d i s t a n c e  model was developed, somewhat 1  i ke t h e  one developed 

a t  HSRI. The model was v a l i d a t e d  i n  a  v a r i e t y  o f  s i t u a t i o n s  t o  

ensure  t h a t  t h e  v i s i b i  1  i t y  d i s t a n c e s  p r e d i c t e d  corresponded t o  those  

measured i n  a c t u a l  d r i v i n g  s i t u a t i o n s .  A computer s i m u l a t i o n  o f  a  

" s t a n d a r d i z e d  t e s t  r o u t e "  was then  developed, over  wh ich  ca rs  c o u l d  

be " d r i v e n "  w i t h  any h e a d l i g h t i n g  system o f  i n t e r e s t .  The t e s t  

r o u t e  c o n s i s t s  o f  a  s e r i e s  o f  highway s e c t i o n s  i n  t h e  fo rm o f  

env i ronmen ta l  parameters wh ich  a r e  though t  t o  have an i n f l u e n c e  on 

v i s u a l  per formance and n i g h t  d r i v i n g .  I t  i n c l u d e s  such f a c t o r s  as 

pavement, 1  ane 1  i ne and t a r g e t  r e f l e c t a n c e ,  r o a d  geometry, 1  ane 

c o n f i g u r a t i o n ,  ambient  i l l u m i n a t i o n ,  as we1 1  as g l a r e  from f i x e d  

1  i g h t i n g  and t r a f f i c .  The au tho rs  f e e l  t h a t  t h e  s t a n d a r d i z e d  t e s t  

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

environment.  I t  i s  based on a  s e r i e s  of f i e l d  surveys wh ich  covered 

thousands o f  m i l e s  o f  a c t u a l  highways. 

When v a r i o u s  h e a d l i g h t i n g  systems a r e  r u n  th rough  t h e  s tandar -  

d i z e d  t e s t  r o u t e ,  t h e  model ou tpu ts  a  f i g u r e  of m e r i t .  T h i s  f i g u r e  

o f  m e r i t  i s  t h e  percentage o f  t h e  d i s t a n c e  t r a v e l e d  by t h e  s i m u l a t e d  

d r i v e r  on t h e  s t a n d a r d i z e d  t e s t  r o u t e  i n  wh ich  t h e  see ing  d i s t a n c e  t o  

p e d e s t r i a n s  and pavement 1  i n e s  and t h e  d i s c o m f o r t  g l a r e  l e v e l s  

exper ienced  by opposi  ng d r i v e r s  s imu l  t aneous ly  meet c e r t a i n  acceptance 

c r i t e r i a .  

As a  f i n a l  s t e p  i n  t h e  Ford  program a  l a r g e  number o f  d i f f e r e n t  

l i g h t i n g  c o n f i g u r a t i o n s  were t e s t e d .  I t  was found t h a t  t h e  f i g u r e  

of m e r i t  o u t p u t  of  t h e  model d i f f e r e d  v e r y  l i t t l e ,  i n d i c a t i n g  t h a t  

v a r i o u s  headl  i g h t i n g  systems produce b a s i c a l  l y  t h e  same performance.  

Among t h e  sys tems t e s t e d  were t h e  s t a n d a r d  American and European 1 ow 

beam. What t h e  research  seems t o  show i s  t h a t  t h e  d r i v e r  v i s u a l  p e r -  

formance on t h e  highway a t  n i g h t  i s  more s e n s i t i v e  t o  env i ronmenta l  

c o n d i t i o n s  and t h e  d r i v e r ' s  v i s u a l  c a p a b i l i t y  t han  t o  t h e  range of 



c h a r a c t e r i s t i c s  exh i  b i  t e d  by e x i s t i n g  and proposed headl  i g h t i n g  sys-  

tems. T h i s  work suggests t h a t  no  s i g n i f i c a n t  advances i n  n i g h t  

v i s i b i l i t y  can be expected th rough  changes i n  headl  i g h t i n g  tech -  

no logy  o f  t h e  usua l  s o r t .  Only by s o l u t i o n s  such as t h a t  p o t e n t i a l l y  

a v a i  1  a b l e  th rough  t h e  use o f  p o l a r i z a t i o n  can s i g n i f i c a n t  improvements 

i n  n i g h t  v i s i b i l i t y  be b r o u g h t  about .  

As has been no ted  a l r e a d y ,  eve ry  resea rch  e f f o r t  i n  t h e  f i e l d  

of v e h i c l e  headl  i g h t i n g  has r e 1  i e d  on see ing  d i s t a n c e  c r i t e r i a  u s i n g  

s u b j e c t s  who were f u l l y  a l e r t e d  t o  t h e  n a t u r e  of t h e  t e s t  and t h e  

response expected f rom them. There a r e  two ma jo r  problems w i t h  t h i s  

approach wh ich  have concerned i n d i v i d u a l s  t r y i n g  t o  do resea rch  i n  

h e a d l i g h t i n g .  One o f  t hese  problems i s  f a i r l y  obv ious .  The f u l l y  

a l e r t e d  s u b j e c t  w i l l  " d e t e c t "  a  g i v e n  t a r g e t  a t  a  s u b s t a n t i a l l y  

g r e a t e r  d i s t a n c e  than  wou ld  be expected o f  a  person under normal 

d r i v i n g  c o n d i t i o n s .  T h i s  f a c t  was c l e a r l y  demonstrated by Roper 

and Howard (1938) ,  who found t h a t  i d e n t i c a l  t a r g e t s  were d e t e c t e d  a t  

t w i c e  t h e  d i s t a n c e  when t h e  s u b j e c t s  were l o o k i n g  f o r  them as corn- 

pared w i t h  a  s i t u a t i o n  where t h e  s u b j e c t s  were n o t  aware of t h e  

f a c t  t h a t  t h e r e  was a  t a r g e t  i n  f r o n t  o f  them. 

The o t h e r  p rob lem i s  a  b i t  more s u b t l e .  L i t t l e  i s  known about  

t h e  n a t u r e  o f  t h e  i n f o r m a t i o n  wh ich  i s  r e q u i r e d  i n  o r d e r  t o  success- 

f u l l y  o p e r a t e  a  motor  v e h i c l e ,  o r  t h e  way i n  wh ich  i t  i s  secured and 

u t i l i z e d .  I t  may w e l l  be t h a t  t h e r e  a r e  aspects  o f  headlamp p e r f o r -  

mance wh ich  a r e  o f  consequence b u t  wh ich  a r e  ove r looked  i n  t h e  

t r a d i t i o n a l  h e a d l i g h t i n g  exper iment .  Wh i l e  t hese  a r e  v e r y  r e a l  

problems, t h e r e  i s  no easy way o f  r e s o l v i n g  them. 

A  p r o m i s i n g  new approach was a t temp ted  r e c e n t l y  by t h e  Honeywell  

C o r p o r a t i o n  (Graf  and Krebs, 1976)  under c o n t r a c t  t o  t h e  N a t i o n a l  

Highway T r a n s p o r t a t i o n  S a f e t y  Admini s t r a t i o n .  Honeywell  has 

developed an eye f i x a t i o n  r e c o r d i n g  dev i ce  wh ich  can be mounted i n  

an au tomob i l e  and ope ra ted  so  t h a t  i t  i s  p o s s i b l e  t o  keep t h e  s u b j e c t  

unaware o f  t h e  f a c t  t h a t  eye f i x a t i o n s  a r e  b e i n g  reco rded .  Graf and 

Krebs used t h i s  machine i n  a  s t u d y  wh ich  a t temp ted  t o  measure t h e  



de tec t i on  d is tance  o f  ob jec ts  which appeared normal t o  t he  roadway 

environment ( roads ide  junk,  mai lboxes, s igns,  man s i zed  dummy). The 

sub jec ts  were n o t  aware o f  t he  t r u e  purpose o f  the  s tudy.  Thus i t  

was thought t h a t  eye f i x a t i o n  pa t t e rns  and de tec t i on  d is tances should 

r e f l e c t  what happens i n  t he  r e a l  wor ld .  A wide v a r i e t y  o f  head l i gh t -  

i ng systems were u t i l  i zed,  i n c l u d i n g  standard American and European 

1  ow beams. 

Graf  and Krebs r e p o r t  no s i g n i f i c a n t  d i f f e rences  i n  t a r g e t  

de tec t i on  d is tance  as a  f u n c t i o n  o f  t h e  var ious head l i gh t i ng  systems 

employed. Given t he  range o f  pa t t e rns  and i n t e n s i t i e s  inc luded,  

t h i s  r e s u l t  i s  unexpected and c e r t a i n l y  q u i t e  d i f f e r e n t  frcm the  

resu l  t s  repor ted  i n  o ther  s tud ies  . 
One can o n l y  specula te  as t o  why the  r e s u l t s  tu rned  o u t  the  way 

they d i d .  O f  course, one exp lanat ion,  and t he  one favored by Graf 

and Krebs, i s  t h a t ,  when measured under r e a l i s t i c  condi ti ons, d i f f e r -  

e n t  head l i gh t i ng  systems make very  l i t t l e  d i f f e r e n c e  on a  task  such 

as t h i s .  However, t he  present  author  does n o t  b e l i e v e  t h i s  t o  be 

the case. There a re  c e r t a i n  aspects o f  the  way i n  which the  s tudy 

was conducted and t he  way i n  which the  da ta  were processed which 

cou ld  have l e d  t o  the  f i n d i n g  o f  no d i f f e rences .  U n t i l  such t ime as 

the  s tudy can be r e p l i c a t e d  and these quest ions answered the  r e s u l t s  

can be regarded as on ly  t e n t a t i v e .  

D e t e r i o r a t i o n  i n  Non-Sealed Head1 amps 

European head1 amps, be ing o f  composite cons t ruc t i on ,  d e t e r i o r a t e  

over t ime.  That i s ,  the  i n t e r i o r  surfaces become d i r t y  and the  

r e f l e c t o r  can p i t  and corrode. While t h i s  c h a r a c t e r i s t i c  i s  w e l l  

known, i t  would be very  use fu l  t o  have a  p rec i se  documentation of 

the r a t e  a t  which i t  occurs. The documentation should be i n  a  form 

use fu l  t o  owners and p u b l i c  o f f i c i a l s ,  t h a t  i s ,  i t  should r e l a t e  t o  

photometr ic  performance o f  t he  u n i t .  

A1 though t he  i n e v i t a b l e  dec l i ne  i n  performance over t ime may be 

one of the  most impor tan t  d i f f e rences  between t he  U . S .  sealed beam 



and t h e  European lamp, t h e r e  i s  remarkab ly  1  i t t l e  pub1 i s h e d  documenta- 

t i o n .  The most comprehensive s e r i e s  o f  t e s t s  seem t o  have been 

c a r r i e d  o u t  by t h e  M a t e r i a l s  T e s t i n g  I n s t i t u t e  i n  Sweden. These 

r e s u l t s  have been summarized by Z a c c h e r i n i  ( 1969 ) .  T h e i r  d a t a  show 

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

i n  a  p e r i o d  o f  l e s s  then s i x  months. I n  o t h e r  t e s t s ,  headlamps were 

mounted i n  au tomobi les  and r u n  under a c t u a l  use c o n d i t i o n s  f o r  

p e r i o d s  up t o  1 .5  yea rs .  Dec l i nes  i n  o u t p u t  up t o  about  35% were 

no ted .  However, t h e  source  o f  t h e  prob lem was n o t  i d e n t i f i e d  and 

no c o n t r o l s  i n  t h e  fo rm o f  sea led  u n i t s  were used. 

Z a c c h e r i n i  expresses p r e f e r e n c e  f o r  t h e  U . S .  sea led  beam f o r  

t h r e e  reasons : 

1. S i m p l i f i c a t i o n  o f  a iming.  

2 .  Reduct ion  o f  d e t e r i o r a t i o n .  

3.  S t a n d a r d i z a t i o n  t o  o n l y  two types .  

Note t h a t  t h e  l a t t e r  advantage has been reduced w i t h  t h e  i n t r o d u c -  

t i o n  of r e c t a n g u l a r  u n i t s  i n  t h e  l a s t  few y e a r s .  

The Swedish da ta  are  i n t e r e s t i n g  b u t  a r e  now n e a r l y  t e n  y e a r s  

o l d .  Some o f  t h e  r e s u l t s  a r e  based on t e s t s  w i t h  conven t i ona l  

t ungs ten  b u l b s ,  so t h a t  b u l b  b l a c k e n i n g  i s  confounded w i t h  o t h e r  

sources o f  d e t e r i o r a t i o n .  I t  would be d e s i r a b l e  t o  develop more up 

t o  d a t e  i n f o r m a t i  on u s i n g  t h e  most r e c e n t  head1 amps, r e p r e s e n t a t i v e  

d r i v i n g  cond i  t i ons and c a r e f u l  p h o t o m e t r i c  a n a l y s i s .  

Summary and Recommendations ---- p- 

T h i s  r e p o r t  has p r o v i d e d  an overv iew of v e h i c l e  h e a c i l i g h t i n g  

from a  p o i n t  of v iew o f  t h e  d i f f e r e n t  approaches i n  t h i s  c o u n t r y  and 

i n  Europe. I t  has examined d i f f e r e n c e s  between t h e  two systems i n  

terms o f  pho tomet r i cs ,  c o n s t r u c t i o n  and, most i m p o r t a n t ,  t h e  qua1 i ty  

o f  v i s i b i l i t y  a f f o r d e d .  

The q u e s t i o n  now becomes whether i t  i s  p o s s i b l e ,  w i t h  t h i s  

ev idence i n  hand, t o  dec ide  i f  one system i s  s u p e r i o r  t o  t h e  o t h e r .  



Should one system o r  t h e  o t h e r  be r e q u i r e d ?  I s  i t  p o s s i b l e  o r  d e s i r -  

a b l e  f o r  b o t h  t o  c o e x i s t  on t h e  same road  system? These q u e s t i o n s  

s h a l l  be cons ide red  as t h e y  r e l a t e  t o  pho tomet r i cs ,  c o n s t r u c t i o n  and 

a iming . 
As was n o t e d  e a r l i e r ,  h e a d l i g h t i n g  i s  an area c h a r a c t e r i z e d  by 

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

s e c t i o n  a re  those o f  t h e  a u t h o r .  Wh i l e  no apo log ies  a r e  o f f e r e d  f o r  

t h i s  f a c t ,  t h e  reade r  shou ld  bear  i n  mind t h a t  another  person m i g h t  

have drawn somewhat d i f f e r e n t  conc lus ions  . 

Pho tomet r i cs :  A number o f  see ing  d i s t a n c e  s t u d i e s  have been 

reviewed.  The most usua l  r e s u l t  has been one o f  1  i t t l e  o r  no  d i f f e r -  

ence between t h e  systems. Those s t u d i e s  wh ich  r e p o r t  l a r g e r  

d i f f e r e n c e s  do n o t  agree on wh ich  system i s  s u p e r i o r .  Bu t ,  as has 

been noted,  t h e  see ing  d i s t a n c e  s t u d i e s  have examined o n l y  p a r t  o f  

t h e  problem. 

I t  seems f a i r  t o  say t h a t  t h e r e  i s  no  agreement as t o  t h e  " b e s t "  

low beam c o n f i g u r a t i o n .  There a r e  a  g r e a t  number o f  c r i t e r i a  t o  be 

cons ide red  i n  t h e  des ign  o f  low beam u n i t s .  I n e v i t a b l y ,  no one 

des ign  can be b e s t  measured a g a i n s t  a l l  c r i t e r i a .  The w e i g h t i n g  of 

c r i t e r i a  i s  a  s u b j e c t i v e  process  a t  p r e s e n t  and seems l i k e l y  t o  

remain so f o r  t h e  f o r s e e a b l e  f u t u r e .  Thus, based on des ign  photo-  

m e t r i c  c h a r a c t e r i s t i c s ,  t h e r e  can be no b a s i s  f o r  choos ing  one 

system o v e r  t h e  o t h e r .  Nor i s  t h e r e  any reason t o  b e l i e v e  t h e  two 

systems cannot  be s u c c e s s f u l l y  mixed on t h e  h ighways.  

From one p o i n t  of v iew t h e  pho tomet r i cs  o f  t h e  European system 

seem s i g n i f i c a n t l y  b e t t e r  t han  t h e  p r e s e n t  U.S. system. Thus, f o r  

t h e  r e l a t i v e l y  few i n d i v i d u a l s  who a r e  i n  a  s i t u a t i o n  wh ich  a l l o w s  

f requen t  use of h i g h  beams, t h e r e  may be a p o s i t i v e  b e n e f i t  a s s o c i -  

a t e d  w i t h  s w i t c h i n g  t o  European lamps. 

C o n s t r u c t i o n .  O f  f a r  g r e a t e r  concern  may be t h e  i n t e r a c t i o n  

o f  c o n s t r u c t i o n  and photc inetr . ics.  Being non-sealed,  European 1  amps 

d e t e r i o r a t e  o v e r  t ime ,  r e s u l t i n g  i n  changes i n  t h e i r  pho tomet r i c  

c h a r a c t e r i s t i c s .  The p r e s e n t  au tho r  has a  s t r o n g  b i a s  i n  f a v o r  o f  



s a f e t y  systems wh ich  do n o t  r e l y  on owner maintenance f o r  t h e i r  

e f f e c t i v e n e s s .  I n  t h i s  r e s p e c t  t h e  s e a l e d  beam has an edge. The 

q u e s t i o n  i s :  how q u i c k l y  do  European lamps d e t e r i o r a t e  under v a r i o u s  

c o n d i t i o n s ?  A lso ,  how r e l i a b l e  a r e  t h e i r  owners i n  r e p l a c i n g  u n i t s  

when they  do d e t e r i o r a t e ?  The d a t a  h e r e  a r e  even l e s s  adequate than  

t h o s e  conce rn ing  see ing  d i s t a n c e .  

A t  t h e  p r e s e n t  s t a t e  o f  t h e  a r t  t h e r e  appears t o  be no  j u s t i f i -  

c a t i o n  f o r  p r o h i b i t i n g  i n d i v i d u a l s  f rom a c q u i r i n g  European 1  i g h t i n g  

systems based on t h e  p o s s i b i l i t y  t h a t  t h e  u n i t s  may n o t  be g i v e n  

adequate maintenance o r  rep1  aced when neccessary  . 

I t  does seem d e s i r a b l e  t h a t  a  t e s t  program be i n i t i a t e d  t o  

i n v e s t i g a t e  t h e  prob lem o f  d e t e r i o r a t i o n .  Such a  program may p r o -  

duce ev idence wh ich  wi  11 conv ince  a u t h o r i t i e s  t h a t  canposi  t e  u n i t s  

s h o u l d  n o t  be used.  A t  t h e  v e r y  l e a s t  t h e  e f f o r t  w i l l  deve lop  data  

u s e f u l  t o  g u i d e  v e h i c l e  owners and r e l e v a n t  pub1 i c  o f f i c i a l s  i n  

d e t e r m i n i n g  when such u n i t s  s h o u l d  be r e p l a c e d .  

A iming.  A b i l i t y  t o  a c h i e v e  an a c c u r a t e  a im i s  p r o b a b l y  as 

i m p o r t a n t  o r  more i m p o r t a n t  t han  any o t h e r  f e a t u r e  of h e a d l i g h t i n g .  

I n  t h i s  r e s p e c t ,  because they  can be aimed m e c h a n i c a l l y ,  U .S .  s e a l e d  

beams seem t o  have an advantage.  However, d e s p i t e  t h i s ,  t h e  a v a i l  - 
a b l e  ev idence  suggests  t h a t  headlamp aim i s  t y p i c a l  l y  poo r .  A su rvey  

r e p o r t e d  by Olson and M o r t i m e r  (1973)  f ound  t h a t  t h e  q u a l i t y  o f  aim 

p r o v i d e d  by s e r v i c e  o u t l e t s  was h i g h l y  v a r i a b l e  and o f t e n  p o o r .  Most 

of t h e  o r g a n i z a t i o n s  c o n t a c t e d  used mechan ica l  a imers ,  b u t  i t  was 

e v i d e n t  t h a t  some d i d n ' t  know how t o  use them p r o p e r l y  and some were 

b a d l y  o u t  o f  c a l i b r a t i o n .  Wh i l e  t h i s  survey  was con f i ned  t o  a  s i n g l e  

mid-western  c i t y  where t h e r e  i s  no motor  v e h i c l e  i n s p e c t i o n  program, 

i t  i s  s u g g e s t i v e  t h a t  t h e r e  may be a  s e r i o u s  prob lem i n  headlamp aim, 

even w i t h  t h e  p o t e n t i a l  advantage o f  b e i n g  a b l e  t o  do i t  m e c h a n i c a l l y ,  

C e r t a i n l y ,  da ta  c o l  l e c t e d  i n  Cal i f o r n i a  and e lsewhere  documents t h e  

g e n e r a l l y  poo r  q u a l i t y  o f  a im found  on v e h i c l e s  under o p e r a t i o n a l  

c o n d i  ti ons . 



Thus, t h e  o n l y  data  a v a i l a b l e  i n d i c a t e  t h a t  U.S. sea led  beams 

a r e  o f t e n  b a d l y  aimed i n  s p i t e  o f  t h e  mechanical  a iming f e a t u r e .  

There a r e  no da ta  on aim q u a l i t y  o f  European lamps t o  canpare w i t h  

t h a t  no ted  f o r  U.S. lamps. I t  may be t h a t  i n d i v i d u a l s  who pay a 

premium t o  o b t a i n  European lamps f o r  t h e i r  c a r s  w i l l  e x e r c i s e  more 

c a r e  i n  hav ing  them aimed and b e i n g  s u r e  t h e y  s t a y  aimed. However, 

t h i s  i s  pu re  s p e c u l a t i o n .  U n f o r t u n a t e l y ,  so i s  a n y t h i n g  e l s e  

r e l a t i v e  t o  t h e  q u a l i t y  o f  aim q u e s t i o n  as concerns European versus 

U.S. lamps. On t h i s  b a s i s  i t  i s  ha rd  t o  see how b e t t e r  a im ing  can 

be used as an argument f o r  p r o h i b i t i n g  t h e  use o f  European lamps. 

European head1 amps c o n s t i t u t e  an a1 t e r n a t i v e  system which i s  

equal  t o  and compatable w i t h  t h e  U.S. sea led  beam system, based 

on such ev idence as i s  a v a i l a b l e .  The a u t h o r  can see no r a t i o n a l  

b a s i s  f o r  bann ing t h e i r  use i n  t h i s  c o u n t r y  a t  t h i s  t i m e .  

A t  t h e  same t ime ,  t h e  a u t h o r  does n o t  b e l i e v e  t h a t  European 

lamps shou ld  be made s t a n d a r d  on c a r s  o r  t h a t  t h e i r  use s h o u l d  be 

w i d e l y  encouraged. The U.S. s e a l e d  beam system, e s p e c i a l l y  when a 

150,000 cd  h i g h  beam becomes a v a i l a b l e ,  i s  t h e  b e t t e r  c h o i c e  f o r  

most d r i v e r s .  T h i s  judgment i s  based l a r g e l y  on t h e  f a c t  t h a t  t h e  

sea led  beam does n o t  d e t e r i o r a t e  o v e r  t ime .  However, f o r  t h o s e  

persons who w i s h  t o  choose a d i f f e r e n t  system, t h e  European head- 

1 amps a r e  sound ly  eng i  neered and wi  11 p r o v i d e  good performance.  
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ensured.  

C i  b i e ,  P. Summary of P resen t  Day Automobi le  L i s h t i n q .  Automot ive  
E l e c t r i c a l  ~ q u i p m e n t .  p roceed ings o f  a c o n f e r e k e  aFranged by t h e  
Automot ive  D i v i s i o n  of t h e  I n s t i t u t i o n  o f  Mechanical  Enq ineers ,  
September 1972, 38-44. 

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

American and European s t y l e  headlamps. The b u l k  o f  t h e  paper i s  

a c t u a l  l y  devoted t o  means f o r  au tomat i  c a l  l y  making v e r t i c a l  a d j u s t -  

ments t o  headlamps and t o  s t e e r i n g  t h e  headlamps when c o r n e r i n g .  

de Boer,  J .B.  A "Duplo"  H e a d l i g h t  w i t h  Asymmetric Pass ing Beam. 
L i g h t  and L i g h t i n g ,  Vo l .  X L V I I I ,  No. 4, 1955. .--- 

T h i s  a r t i c l e  desc r ibes  t h e  r a t i o n a l e  f o r  development o f  t h e  

asymmetr ic  European meet ing  beam. A l s o  i n c l u d e d  a r e  t h e  r e s u l t s  

of dynamic meet ing  t e s t s  conducted comparing European and American 



s e a l e d  beams. These r e s u l t s  a r e  shown g r a p h i c a l l y  i n  terms o f  v i s i -  

b i l i t y  as a  f u n c t i o n  o f  s e p a r a t i o n  d i s t a n c e  f o r  t h e  two beam 

p a t t e r n s .  The conc l  us ions  a r e  as f o l  lows : 

The r e s u l t s  o f  t h e  exper iment  show t h a t  t h e  asymmetr ic  European 

beam d e s c r i b e d  produces a  v i s i b i l i t y  wh ich ,  f o r  o b j e c t s  a l o n g  t h e  

r i g h t  hand verge,  i s  a t  l e a s t  e q u i v a l e n t  t o ,  and f o r  o b j e c t s  a l o n g  

t h e  l e f t  o f  t h e  r o a d  and a l o n g  t h e  l e f t  hand verge i s  a p p r e c i a b l y  

more f a v o r a b l e  than  t h a t  produced by t h e  new sea led  beam lamps. A  

compar ison o f  l i g h t  d i s t r i b u t i o n  cu rves  between t h e  two s o r t s  o f  

head lamps shows t h a t  t h e  asymmetr ic  European h e a d l i g h t  causes,  on a  

s t r a i g h t  road ,  l e s s  than  one h a l f  t h e  g l a r e  produced by t h e  new 

s e a l e d  beam lamps. I n  a  t r a n s i t i o n a l  p e r i o d  d u r i n g  wh ich  symmet r i ca l  

and asymmetr ica l  p a s s i n g  beams wou ld  occur  on t h e  same road,  t h e  

asymmetr ica l  European p a s s i n g  beam can t h e r e f o r e  b e t t e r  be endured 

by d r i v e r s  u s i n g  t h e  symmetr ica l  and European pass ing  beams than  a  

p a s s i n g  beam o f  t h e  Angl o-American t y p e .  The asymmetr ica l  European 

headlamp shows a  d i s t i n c t  c u t o f f  on t h e  l e f t  h a l f  o f  t h e  pass ing  

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

de Boer,  J. The "Duplo"  Car Headlamp Beam w i t h  an Asymmetric Dipped 
Beam. - Phifis T e c h n i c a l  Review. V o l .  16, No. 12, June 1955, 351-352. 

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

t i o n s  t o  t h e  European l i g h t i n g  system wh ich  r e s u l t e d  i n  t h e  asymmetr ic  

d ipped  beam, wh ich  p r o j e c t s  a  g r e a t e r  amount o f  l i g h t  down t h e  r i g h t  

s i d e  of t h e  road  t h a n  d i d  t h e  o l d  symmetr ic  beam. 

de Boer,  J.B. Proqess i n  Au tomob i l e  L i s h t i n q  as a  R e s u l t  o f  I n t e r -  
n a t i o n a l  v i s i b i l i t y  T e s t s .  Road sa fe t y -and  i r a f f i c  Review. W i n t e r ,  
1956, 18-23. 

T h i s  i s  a  v e r y  b a s i c  and v e r y  i m p o r t a n t  a r t i c l e  d e t a i l i n g  t h e  

deve l  opment o f  t h e  European head1 i g h t i n g  concep t .  It d e s c r i b e s  a  

s e r i e s  o f  t e s t s  wh ich  were c a r r i e d  o u t  compar ing t h e  then  c u r r e n t  

des igns  o f  European and American headlamps. A t  t h a t  t ime ,  t h e  



European beam f e a t u r e d  t h e  sharp  c u t - o f f  as i t  does today,  b u t  was 

symmetr ica l  i n  appearance. A s e r i e s  o f  t e s t s  were c a r r i e d  o u t  i n  

which see ing d i s t a n c e  t e s t s  were measured f o r  o b j e c t s  on b o t h  t h e  

r i g h t  and t h e  l e f t  s i d e  o f  t h e  road.  S u b j e c t i v e  t e s t s  o f  v i s i b i l i t y  

and g l a r e  were conducted as we1 1 .  The see ing d i s t a n c e  t e s t s  showed 

t h a t  v i s i b i l i t y  f o r  o b j e c t s  on t h e  r i g h t  s i d e  o f  t h e  road  was 

a p p r e c i a b l y  b e t t e r  f o r  t h e  American beam, where they  were b e t t e r  

f o r  t h e  European beam on t h e  l e f t  s i d e  o f  t h e  road.  The s u b j e c t i v e  

impress ions ga ined by t h e  p a r t i c i p a n t s  i n  t h e  t e s t  was t h a t  t h e  

Anglo-American beam was t o  be p r e f e r r e d .  T h i s  i s  s u r p r i s i n g  i n  v iew 

o f  t h e  f a c t  t h a t  t h e  p a r t i c i p a n t s  were a lmos t  c e r t a i n l y  peop le  used 

t o  t h e  European beam. 

The n e x t  s e c t i o n  o f  t h e  a r t i c l e  desc r ibes  t h e  r a t i o n a l e  beh ind 

t h e  new asymmetr ica l  beam developed as a  consequence o f  t hese  t e s t s .  

The a u t h o r  s t r e s s e s  t h e  need t o  m in im ize  g l a r e  and g i ves  a  number of  

reasons f o r  do ing  so. He a l s o  ment ions t h e  d e s i r a b i l i t y  o f  hav ing  a  

sharp  c u t - o f f ,  n o t  o n l y  t o  reduce g l a r e  b u t  t o  make i t  e a s i e r  t o  a im 

t h e  lamp. The r e s t  o f  t h e  a r t i c l e  i s  devoted t o  d e s c r i p t i o n  of  t h e  

p h i 1  osophy and t e c h n i c a l  c o n s i d e r a t i o n s  r e q u i r e d  i n  t h e  development 

o f  t h e  new Duplo lamp, wh ich  has an asymmetr ical  appearance t o  p r o -  

v i d e  b e t t e r  v i s i b i l i t y  on t h e  near  s i d e  and s t i l l  a l l o w s  f o r  v e r y  

l i t t l e  upward l i g h t  s c a t t e r .  

de Boer, J .B. and Morass, W .  Berechnung de r  Sehwei t e  aus de r  
L i c h t v e r t e i  l u n g  von Automobi 1  sche inwer fe rn .  L i c h t t e c h n i  k ,  
Sonderdruck aus 8 (1956) ,  H e f t  10, S e i t e n  433 b i s  437. 

T h i s  a r t i c l e  desc r ibes  some s t a t i c  see ing d i s t a n c e  t e s t s  con- 

ducted i n  o r d e r  t o  v e r i f y  a n a l y t i c a l  techn iques o r  c a l c u l a t i n g  

see ing d i s tances .  The a r t i c l e  shows comparisons between c a l c u l a t e d  

see ing d i s tances  and f i e l d  t e s t s  comparing an American and European 

s t y l e  beam. Note t h a t  t h e  f i e l d  s t u d i e s  were n o t  conducted by t h e  

au tho rs  o f  t h i s  paper.  The f o l l o w i n g  i s  an E n g l i s h  t r a n s l a t i o n  of  

t h e  summary o f  t h e  paper:  



The i n t r o d u c t i o n  i s  a  s h o r t  d e s c r i p t i o n  o f  t h e  exper iment  con- 

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

t r a f f i c .  The v i s i b i l i t y  d i s t a n c e s  a re  determined p r i m a r i l y  by t h e  

h e a d l i g h t  i n t e n s i t y ,  i l l u m i n a t i o n  i n t e n s i t y  o f  t h e  o b j e c t s ,  and t h e  

p o s i t i o n  o f  t h e  o b j e c t s  i n  r e s p e c t  t o  t h e  v e h i c l e .  The r e ! a t i o n  

between t h e s e  parameters  has been e s t a b l i s h e d  i n  f i e l d  r u n s .  The 

r e s u l t s  a r e  shown i n  t a b l e s  and p a r t l y  i n  graphs.  On t h e  b a s i s  o f  

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

from t h e  d i s t r i b u t i o n  diagrams o f  r a y s  o f  l i g h t s .  I n  t h i s  way, i t ' s  

p o s s i b l e  i n  a  s i m p l e  manner t o  c m p a r e  t h e  qua1 i t y  o f  v a r i o u s  beams. 

Devaux, P.  U n i f i e d  European Pass ing  Beam and Ye l l ow  L i g h t .  I n s t i -  
t u t e  o f  Road Safe ty  and T r a f f i c  Research. 4 :33 ,  Autumn 1956, 33-38. 

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

t h e  r e v i s e d  European pass ing  beam p a t t e r n .  T h i s  i s  t h e  asymmetr ica l  

development wh ich  i n c l u d e s  a  15' u p s l a n t  on t h e  r i g h t  s i d e  t o  p r o v i d e  

g r e a t e r  r i g h t  edge v i s i b i l i t y .  The b u l k  o f  t h e  a r t i c l e  i s  g i v e n  over  

t o  v a r i o u s  t e c h n i c a l  d i s c u s s i o n s  conce rn ing  t h e  v a l u e  o f  t h e  system 

b u t  t h e  t h r u s t  o f  t h e  a r t i c l e  i s  e n t i r e l y  f a v o r a b l e  t o  t h e  European 

l i g h t i n g  concept .  

D i n k e l ,  J. A1 1  About H e a d l i g h t s .  Road and -- Track .  May 1973, 
108-113. 

T h i s  i s  an a r t i c l e  i n t e n d e d  f o r  p o p u l a r  consumpt ion wh ich  com- 

pares  European and American h e a d l i g h t i n g .  There i s  a l s o  a  ma jo r  

s e c t i o n  on p o l a r i z i n g .  The a r t i c l e  i s  g e n e r a l l y  c r i t i c a l  o f  American 

beam p a t t e r n s ,  a t  l e a s t  i n i t i a l l y ,  a1 though i t  ends up sugges t i ng  

t h a t  if a  c h o i c e  were t o  be made, t h e  a u t h o r  wou ld  p r e f e r  a  compro- 

m ise  between American and European s t y l e s .  



Farber ,  E .  and Bh ise ,  V .  Development o f  an E m p i r i c a l  H e a d l i g h t -  
N i g h t  V i s i o n  Model. Paper read  a t  t h e  D r i v e r  V i s u a l  Needs i n  
N i g h t  D r i v i n g  Symposium o f  t h e  T r a n s p o r t a i  on Research Board. 
September 1974. 

Th is  i s  a  v e r y  comprehensive d e s c r i p t i o n  o f  t h e  Ford  head- 

l i g h t i n g  work.  I t  c o n t a i n s  t h e  b a s i c  paradigm be ing  exp lo red .  I t  

con ta ins  a  g r e a t  deal  o f  da ta  i l l u s t r a t i n g  t h e  development and back- 

ground of t h e  model. I t  shows comparisons between c a l c u l a t e d  v i s i -  

b i  1  i ty  d i s t a n c e s  u s i n g  t h e  Ford  model and measured v i s i  b i  1  i ty  d i s t a n c e s  

as r e p o r t e d  by seve ra l  NHTSA c o n t r a c t e r s  . 

Fau 
Veh 
L i t  

I k n e r ,  C.R.  and O lde r ,  S.J. The E f f e c t s  o f  D i f f e r e n t  Systems o f  
i c l e  L i g h t i n g  on a  D r i v e r ' s  A b i l i t y  t o  see Dark Ob jec ts  i n  Wel l  
S t r e e t s .  Road Research Labora to ry .  RRL Repor t  LR113, 1967. 

A comparison i s  made o f  t h e  e f f e c t s  on t h e  v i s i b i l i t y  o f  o t h e r -  

w ise  u n l i t  o b j e c t s  o f  f o u r  types o f  v e h i c l e  l i g h t i n g  used by d r i v e r s  

i n  1  i g h t e d  s t r e e t s .  Observers were d r i v e n  a t  30 mph i n  a  c a r  a long  a  

s t r a i g h t  w e l l - l i t  t r a c k  toward a  s t a t i o n a r y  opposing v e h i c l e  showing 

t h e  same t y p e  o f  l i g h t i n g .  A f o u r  f o o t  h i g h  t a r g e t  was p l a c e d  a t  

v a r i o u s  p o s i t i o n s  on t h e  t r a c k  between 400 f e e t  ahead of and 300 

f e e t  beh ind t h e  oppos ing l i g h t s .  The d i s t a n c e s  were measured a t  

wh ich  each o f  s i x  observers p o s i t i v e l y  d e t e c t e d  t h e  t a r g e t  and 

recogn ized  t h e  o r i e n t a t i o n  o f  a  sma l l  p r o j e c t i o n  on t o p  o f  t h e  t a r g e t .  

A t  l e a s t  t h r e e  runs were made f o r  each o f  t h e  t a r g e t  p o s i t i o n s  s t u d i e d .  

D e t e c t i o n  and r e c o g n i t i o n  o f  t a r g e t s  on t h e  near  s i d e  o f  t h e  

obse rve r  were u n a f f e c t e d  by t h e  t y p e  o f  v e h i c l e  l i g h t i n g .  A zone was 

found on t h e  o f f  s i d e  o f  t h e  observer ,  nea r  and beyond t h e  p o s i t i o n  o f  

t h e  opposing c a r ,  i n  wh ich  b o t h  d e t e c t i o n  and r e c o g n i t i o n  o f  t h e  t a r -  

g e t  were impa i red  when normal low beam headlamps were used compared 

w i t h  t h e  s i t u a t i o n  i n  wh ich  s i d e  l i g h t s ,  l ow  i n t e n s i t y  low beam 

headlamps, o r  European beam headlamps were used. The l a t t e r  t ypes  

o f  l i g h t i n g  a l l  gave s i m i l a r  r e s u l t s .  The d i f f e r e n c e s  between 

1 i g h t i n g  systems were common t o  a l l  observers .  



F i s h e r ,  A .J .  A Review o f  V e h i c l e  H e a d l i g h t i n g  P r a c t i c e .  I n s t i t u t e  
o f  Highway and T r a f f i c  Research, U n i v e r s i t y  o f  New South Wales, 
A u s t r a l i a .  A u s t r a l i a  Road Research Board, P r o j e c t  1022/HE/2, 
Repor t  No. 6, June 1968. 

T h i s  i s  an exce l  l e n t ,  i n - d e p t h  summary o f  t h e  genera l  p rob lem o f  

h e a d l i g h t i n g ,  w i t h  some r e f e r e n c e  t o  d i f f e r e n c e s  i n  p h i l o s o p h y  i n  

h e a d l i g h t  beam compar ing European and American beams. There i s  a 

v e r y  comprehensive d i s c u s s i o n  b e g i n n i n g  on page 28 o f  t h e  r e p o r t .  

S e c t i o n  8.8 o f  t h e  d i s c u s s i o n  summari zes t h e  Ameri can/European 

l i g h t i n g  concept  as f o l l o w s :  

"Two schoo ls  o f  headlamp des ign  have grown up, t h e  American- 

B r i t i s h  and European, w i t h  two and f o u r  lamp v a r i a t i o n s  o f  each. I n  

t h e  former t h e  emphasis i s  on i l l u m i n a t i o n  and i n  t h e  l a t t e r ,  on 

comfo r t .  However, t h e  see ing  d i s t a n c e s  i n  a two v e h i c l e  mee t ing  on 

a s t r a i g h t  l e v e l  nar row road  f rom b o t h  k i n d s  o f  lamps i s  much t h e  

same. S l i g h t  misa im e f f e c t s  each abou t  e q u a l l y .  On t h i s  b a s i s  t h e  

c h o i c e  appears t o  be d i f f i c u l t  b u t  i f  one t y p e  of des ign  i s  i n  p r e -  

dominant  use, as i n  A u s t r a l i a  (Amer ican B r i t i s h ) ,  t h e r e  i s  no need 

t o  choose." 

F i s h e r ,  A. J. The D i r e c t i o n a l  I n t e n s i t i e s  f rom Headlamp Lower Beams. 
A u s t r a l  i a n  Road Research Board,  P r o j e c t  1022/HE/2, Repor t  No. 9 ,  
October  1969. 

T h i s  i s  p r i m a r i l y  a p h o t o m e t r i c  s t u d y  compar ing v a r i o u s  lamps 

o f  European and American manufac ture .  The a r t i c l e  c o n t a i n s  d e t a i  1 ed 

s p e c i f i c a t i o n s  o f  t h e n - c u r r e n t  lamps as w e l l  as a s e r i e s  o f  pho to -  

m e t r i c  t e s t s .  I t  was conc luded t h a t  t h e  commit tee wou ld  recommend 

t h a t  A u s t r a l i a n  s p e c i f i c a t i o n s  shou ld  be modeled on t h e  SAE s p e c i f i -  

c a t i o n .  I t  i s  f e l t  t h a t  t h i s  wou ld  encourage t h e  e x p l o i t a t i o n  o f  

t h e  q u a r t z  ha logen source  i n  t h e  European t y p e  beam r a t h e r  t han  i n  

t h e  American t y p e  beam, because 1 a rge  i n c r e a s e s  i n  i 11 umi n a t i  ng 

i n t e n s i t i e s  wi  t h o u t  exceed ing pe rm issab le  c l e a r  va lues  wou ld  be 

p o s s i b l e  w i t h  t h e  European t y p e  o f  lamp. However, t h e  i nc reases  

i n  see ing  d i s t a n c e s  wou ld  be s m a l l ,  based on expe r imen ta l  ev idence  

ment ioned by r e f e r e n c e  i n  t h i s  r e p o r t .  



Fosberry, R . A . C .  and  Moore, R . L .  Vision from the Driver's Seat. 
Paper presented t o  the Conference on Technical Inspection of Motor 
Vehicles, Brussels, September 1963. 

The bulk of this paper i s  concerned with general vision problems 

t o  the front and  rear as determined by vehicle architecture. There 

i s  a brief review of vision work as a function of headlighting carried 

o u t  a t  the Road Research Laboratory and on page 39 there are seeing 

distance curves comparing asymmetric European and British s tyle  

sealed beam lamps. The comment i s  made "with such very different 

beams i t  i s  indeed surprising tha t ,  in terms of seeing distances, 

differences are only marginal . " This i s  fol l  owed by a section on the 

effect of misaim. A paper by Harris i s  quoted which canpares misaim 

as a function of the sharpness of lamp cut-off and  demonstrates that 

for  longer seeing distances very sharp cut-offs are highly beneficial. 

These figures are reproduced on page 41 of the report. 

Given, K .  A Low Beam Look a t  Headlights. Motor Trend. July 1972, 
33-34. 

This i s  an a r t i c l e  which i s  highly cr i t ica l  of the American 

sealed beam concept without being very specific.  The author i s  

obviously impressed with European s ty le  lamps b u t  seems t o  confuse 

b u l b  techno1 ogy with lamp performance. 

Graf, C . P .  and Krebs, M.J. Headlight Factors and  Nighttime Vision. 
Honeywell, Inc., Systems and Research Center. April 1976. 

This study examined the feas ib i l i ty  of using information con- 

cerning driver scan pattern d a t a  in the analysis of headlamp effec- 

tiveness. The driver-subjects were unaware t h a t  their  eye movements 

were being recorded. I n  Experiment I ,  eighteen subjects drove over 

rural two-lane roads with indigenous targets under daytime conditions 

and a t  night with six headlight configurations. The major indepen- 

dent variables included headlamp type, target type and ref lect ivi ty  , 
road geometry, and glare versus no-glare. Dependent measures were 



average d w e l l  p o i n t ,  scan p a t t e r n  d i s t r i b u t i o n ,  and t a r g e t  d e t e c t i o n  

d i s t a n c e .  R e s u l t s :  1) Scan p a t t e r n  d i f f e r e n c e s  were found among 

h e a d l i g h t s .  2 )  N i g h t t i m e  scan p a t t e r n s  d i f f e r e d  f rom dayt ime 

p a t t e r n s .  3 )  Scan p a t t e r n s  on r i g h t  and l e f t  curves were d i f f e r e n t  

f o r  d i f f e r e n t  h e a d l i g h t s .  4 )  Scan p a t t e r n s  were r e l a t i v e l y  s t a b l e  

over  t i m e  f o r  a  g i v e n  head1 amp. 5 )  G l a r e  f r o m  an opposing c a r  

a l t e r e d  scan p a t t e r n s  toward  t h e  g l a r e  source .  6 )  No s i g n i f i c a n t  

d i f f e r e n c e s  i n  t a r g e t  d e t e c t i o n  d i s t a n c e  were found among h e a d l i g h t s .  

7 )  T a r g e t  s i z e  and r e f l e c t i v i t y  g r e a t l y  i n f l u e n c e d  d e t e c t i o n  d i s t a n c e .  

8 )  V e h i c l e  parameters  ( v e l o c i t y  , s t e e r i n g ,  and b r a k i n g  responses) 

were n o t  n e a r l y  as s e n s i t i v e  t o  l i g h t i n g  d i f f e r e n c e s  as was eye d a t a .  

9 )  The scan p a t t e r n  o f  t h e  a l e r t e d  d r i v e r  i s  marked ly  d i f f e r e n t  f r o m  

t h a t  of t h e  u n a l e r t e d  d r i v e r .  I n  Exper iment  11, t a r g e t  d e t e c t i o n  

d i s t a n c e s  were o b t a i n e d  f o r  22  s u b j e c t s  under u n a l e r t e d  and then  

a l e r t e d  c o n d i t i o n s .  

H a r r i s ,  A .  J .  The Mee t ing  Beams of Head1 i g h t s  ; E f f e c t s  of D e t e r i o r a t i o n  
and Misaim. i r a n s a c t i  ons o f  t h e  I 1  l u m i n a t i  on Enp inee r ing  -- S o c i e t . ,  
London, 18(8) , 1953, 2 0 7 - 2 2 0 . -  

The most  i m p o r t a n t  f a c t o r  i n  t h e  des ign  of t h e  t y p i c a l  mee t i ng  

beam o f  h e a d l i g h t s ,  so f a r  as t h e  range o f  d i r e c t  see ing  i s  concerned,  

i s  t h e  sharpness and form of t h e  c u t o f f  near  t h e  h o r i z o n t a l .  Bu t  t h e  

e f f e c t  wh ich  t h e  c u t o f f  w i l l  have on t h e  l i k e l i h o o d  of b e i n g  dazz led ,  

i n  o t h e r  words o f  b e i n g  rende red  i n c a p a b l e  o f  see ing  more then  a  s h o r t  

d i s t a n c e  when mee t ing  o t h e r  v e h i c l e s  a t  n i g h t ,  depends enormously on 

t h e  accu racy  w i t h  wh ich  mee t ing  beams a r e  aimed. The e f f e c t  can be 

c a l c u l a t e d  when t h e  s t a n d a r d  o f  a im ing  i s  known. The b a s i s  o f  t h e  

c a l c u l a t i o n  and some r e s u l t s  a r e  g i v e n  i n  t h i s  paper .  Curves a r e  p r o -  

v i d e d  f rom which  may be found  a  sharpness o f  c u t o f f  r e q u i r e d  t o  g i v e  

any d e s i r e d  l e v e l  of freedom from d a z z l e .  I t  i s  shown t h a t  i f  a  

s t a n d a r d  of a im ing  i s  t o o  low,  i t  w i l l  be i m p o s s i b l e  t o  des ign  a  beam 

t o  f u l f i  11 t h e  r e q u i r e d  c o n d i t i o n s .  The necessary improvement i n  

a i m i n g  can, however, be determined f rom t h e  cu rves .  The e f f e c t  o f  



d e t e r i o r a t i o n  i n  i n c r e a s i n g  t h e  1  i a b i  1  i t y  t o  dazz le  i s  a l s o  cons idered.  

The p i t c h i n g  mo t ion  o f  t h e  v e h i c l e  and i t s  e f f e c t  on see ing d i s t a n c e  

and on i n t e r m i t t e n t  g l a r e  have had t o  be o m i t t e d  f rom t h i s  a n a l y s i s .  

The e f f e c t  w i l l  be more i m p o r t a n t ,  t h e  sha rpe r  t h e  c u t o f f  employed. 

H a r r i s ,  A.J. V e h i c l e  H e a d l i g h t i n g :  V i s i b i l i t y  and G l a r e .  Road 
Reasearch Labora to ry ,  Grea t  B r i t a i n ,  Techn ica l  Paper No. 32, 1954. 

T h i s  i s  a  v e r y  comprehensive r e p o r t .  A l though d e a l i n g  w i t h  

beams which a r e  now 25 yea rs  o u t - o f - d a t e ,  i t  c o n t a i n s  a  g r e a t  deal  

of i n f o r m a t i o n  on t e s t s  and computat ions which were r u n  a t  t h a t  t i m e  

comparing t h e  Anglo-American and European beams. Contained i n  t h e  

r e p o r t  i s  a  genera l  i n t r o d u c t o r y  s e c t i o n  on t h e  e f f e c t  of g l a r e ,  

some r e s u l t s  o f  see ing  d i s t a n c e  t e s t s ,  a  s e c t i o n  on t h e  c o n d i t i o n  

o f  headlamps on e x i s t i n g  v e h i c l e s ,  ano the r  s e c t i o n  o f  t h e  e f f e c t  of 

l oad  on aim, a  s e c t i o n  d e a l i n g  w i t h  t h e  e f f e c t  o f  misaim on t h e  

performance o f  a  meet ing  beam and r e s u l t s  and c a l c u l a t i o n s  pe r -  

t a i n i n g  t o  t h e  des ign  o f  t h e  meet ing  beam. I n c l u d e d  i n  t h e  l a t t e r  

s e c t i o n  a r e  some t h e o r e t i c a l  r e s u l t s  showing t h e  e f f e c t  of sharpness 

o f  c u t o f f  on see ing  d i s t a n c e .  These curves,  wh ich  a r e  reproduced 

beg inn ing  on page 23 of t h e  r e p o r t ,  i n d i c a t e  t h a t  t h e  sha rpe r  t h e  

c u t o f f  t h e  more e f f e c t i v e  t h e  lamp a t  r e v e a l i n g  t a r g e t s  a t  g r e a t  

d i s t a n c e s .  

H a r r i s o n ,  A.L. Measured I 1  l u m i n a t i o n  C h a r a c t e r i s t i c s  o f  t h e  1975 
Headlamps . N a t i o n a l  Research Counci 1  o f  Canada, Labora to ry  
Techn ica l  Repor t ,  LTR-STE ,845. March 1976. 

T h i s  r e p o r t  c o n t a i n s  i socande la  maps f o r  a l a r g e  s e l e c t i o n  o f  

European and American headlamps on b o t h  h i g h  and low beams. 



Helmers, G 
Department 
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. and Rumar, K.  H igh  Beam I n t e n s i t y  and Obstac le  V i s i b i l i t y .  
o f  Psycho1 ogy , Uni  v e r s i  t y  o f  Uppsal a, Sweden. Repor t  No. 

The main  concern  o f  t h i s  paper i s  problems i n  v i s i b i l i t y  c r e a t e d  

by a  s u b s t a n t i a l  range o f  beam i n t e n s i t i e s .  The a u t h o r s  p o i n t  o u t  

t h a t  i n  Sweden t h e r e  a r e  no upper l i m i t s  on beam i n t e n s i t y .  T h i s  

produces a  s i t u a t i o n  where t h e r e  may be s u b s t a n t i a l  v a r i a n c e  among 

v e h i c l e s  i n  t h e  t y p e  and i n t e n s i t y  o f  h i g h  beams t h a t  t h e y  employ. 

The expe r imen t  used a  s t a n d a r i z e d  v i s i  b i  1 i t y  procedure  deve l  oped by 

t h i s  g roup.  The s u b j e c t s  were sea ted  i n  a  s t a t i o n a r y  v e h i c l e  and an 

expe r imen ta l  v e h i c l e  was d r i v e n  toward  them. F o l l o w i n g  i s  t h e  

a b s t r a c t :  

V i s i b i l i t y  d i s t a n c e s  t o  o b s t a c l e s  on t h e  r i g h t  hand s i d e  o f  a  

s t r a i g h t  two l a n e  road have been o b t a i n e d  f o r  t h e  f o l l o w i n g  

s i t u a t i o n s :  

a. H igh  beam o f  v a r y i n g  i n t e n s i t y  w i t h  opposing low beam 

of  about  t h e  same i n t e n s i t y .  

b.  H igh  beam o f  v a r y i n g  i n t e n s i t y  w i t h  l ower  i n t e n s i t y  l e v e l s  

i n  t h e  oppos ing  h i g h  beam. 

c .  Low beam w i t h  oppos ing  l ow  beam. 

d .  H igh  beam w i t h o u t  opposing g l a r e .  

R e s u l t s  a r e  summarized as f o l l  ows: 

1. High  beam w i t h  oppos ing  h i g h  beam of about  t h e  same i n t e n s i t y :  

t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  v i s i b i l i t y  d i s -  

t ance  as a  f u n c t i o n  o f  h i g h  beam i n t e n s i t y  o v e r  about  

50,000 cande la .  

2 .  I n  h i g h  beam w i t h  opposing h i g h  beam of about  t h r e e  t imes 

t h e  i n t e n s i t y  o r  more, t h e r e  i s  a  l a r g e  l o s s  i n  v i s i b i l i t y  

d i s t a n c e  ( g r e a t e r  t h a n  35%) compared w i t h  t h e  s i t u a t i o n  w i t h  

i d e n t i c a l  i n t e n s i t y  . 

3. The o p t i m a l  d i s t a n c e  between two approach ing v e h i c l e s  f o r  



s w i t c h i n g  from h i a h  t o  low beams inc reased  by about 

250 meters when h i g h  beam o f  one o f  t h e  two oncoming 

v e h i c l e s  i s  i nc reased  f rom i d e n t i c a l  i n t e n s i t y  t o  t w i c e  

t h e  i n t e n s i t y  o f  t h e  f i r s t  v e h i c l e .  The op t ima l  d i s -  

t ance  f o r  s w i t c h i n g  f rom h i g h  t o  low beam v a r i e d  between 

250 meters and 400 meters when t h e  two opposing v e h i c l e s  

had about t h e  same h i g h  beam i n t e n s i t y .  

4. I n  h i g h  beam w i t h o u t  opposing g l a r e  t h e r e  i s  v e r y  l i t t l e  

g a i n  i n  v i s i b i l i t y  i n  r e l a t i o n  t o  t h e  amount of i n c r e a s e  

i n  i n t e n s i t y  above 50,000 candela.  These r e s u l t s  c l e a r l y  

show t h a t  t h e  range o f  h i g h  beam i n t e n s i t i e s  on t h e  road  

shou ld  be m in im ized  i n  o r d e r  t o  make t h e  v i s i b i l i t y  d i s -  

t ance  i n  c a r  meet ings as 1  ong as p o s s i b l e .  

Helmers, G . ,  Rumar, K . ,  and Ytterbom, U. Opt imer ing  av h a l v l j u s e t s  
1 j u s f o r d e l n i n g .  ( O p t i m i z a t i o n  of  t h e  low beam 1  i g h t  d i s t r i b u t i o n .  ) 
T r a f i  k fo rskn ingsgruppen Psykol og iska I n s t i  t u t i o n e n ,  Uppsala 
U n i v e r s i  t e t ,  February  1977. 

Several  p rev ious  s t u d i e s  show t h a t  t h e  p r e s e n t  low beam system 

cannot o f f e r  v i s i  b i  1  i t y  d i s tances  t h a t  a r e  r e q u i r e d  a t  t h e  speeds 

t h a t  a r e  normal on o u r  roads.  The i n e f f i c i e n c y  o f  t h e  low beam i s  

one o f  t h e  main causes o f  t h e  l a r g e  r i s k  i n  n i g h t  d r i v i n g .  However, 

r e s u l t s  a l s o  show t h a t  changes i n  t h e  low beam l i g h t  d i s t r i b u t i o n  

have l a r g e  e f f e c t s  on t h e  v i s i b i l i t y  d i s t a n c e s  o f f e r e d .  

I n  t h e  p resen t  s tudy  t h e  f i r s t  s t e p  was t o  produce h e a d l i g h t s  

w i t h  d i f f e r e n t  low beam l i g h t  d i s t r i b u t i o n s .  Th is  was c a r r i e d  o u t  

by c o o p e r a t i  on w i t h  head1 i g h t  manufac turers ,  The changes and 

m o d i f i c a t i o n s  were d iscussed and suggested by a  s p e c i a l  e x p e r t  group 

on automobi le  1 i g h t i n g  organ ized w i t h i n  t h e  Swedish Road S a f e t y  

A d m i n i s t r a t i o n .  The l i g h t  d i s t r i b u t i o n s  o f  t hese  p r o t o t y p e s  were 

measured w i t h  s p e c i a l  accuracy .  

The second s t e p  was t o  s tudy  s y s t e m a t i c a l l y  i n  f u l l  s c a l e  t h e  

luminances and c o n t r a s t s  p r e v a l e n t  a t  t h e  moment o f  d e t e c t i o n  o f  



o b s t a c l e s ,  w i t h  and w i t h o u t  oncoming head l  i g h t s  . 
R e s u l t s  f rom these  measurements were t h e n  used i n  t h e  t h i r d  

s t e p  where a  model f o r  v i s i b i l i t y  d i s t a n c e  c a l c u l a t i o n s  was s e t  u p .  

The p r e d i c t i v e  per fo rmance o f  t h i s  model was t e s t e d  a g a i n s t  

t h e  r e s u l t s  f r o m  f i e l d  r e g i s t r a t i o n s  o f  v i s i b i l i t y  w i t h  t hose  head- 

l i g h t s  w i t h  m o d i f i e d  l w  beam d i s t r i b u t i o n s  t h a t  were judged t o  be 

most  i n t e r e s t i n g .  

F i n a l l y ,  t h e  model was used f o r  c a l c u l a t i o n s  o f  v i s i b i l i t y  d i s -  

tances o f f e r e d  by some chosen h e a d l i g h t s  by d r i v i n g  on a  r e a l  road  

w i t h  h o r i z o n t a l  and v e r t i c a l  cu rves .  Moreover t h e  v i s i b i l i t y  

e f f e c t s  o f  some s p e c i a l  c o n d i t i o n s  such as c u r v e  r a d i u s  and m i s -  

a i m i n g  were c a l c u l a t e d .  I n  t h i s  way v a r i o u s  h e a d l i g h t s  can be 

ranked.  

I t  seems t h a t  t h e  model developed o f f e r s  p o s s i b i l i t i e s  t o  

s p e c i f y  and deve lop  improved head l  i g h t  1 i g h t  d i s t r i b u t i o n s .  

Hemion, R.H. The E f f e c t  o f  H e a d l i g h t  G l a r e  on V e h i c l e  C o n t r o l  and 
D e t e c t i o n  o f  Highway V i s i o n  Ta rge ts .  Southwest  Research I n s t i t u t e ,  
P r o j e c t  No. 11-1908, Repor t  No. AR-640, May 1968. 

T y p i c a l  n i g h t  v e h i c l e  meet ings  on u n l i g h t e d  two, t h r e e ,  and 

f o u r  l a n e  highways were s i m u l a t e d .  V i s i o n  tasks  f o r  s u b j e c t  d r i v e r s  

were p r o v i d e d  u t i l i z i n g  common highway v i s u a l  o b j e c t s  as t a r g e t s .  

Va r ious  v e h i c l e  headl  i g h t i n g  systems, i n c l u d i n g  s t a n d a r d  l ow  and 

h i g h  beam, h i g h  i n t e n s i t y  and p o l a r i z e d  lamps were s t u d i e d  under  

v a r i e d  c o n d i t i o n s  o f  v e h i c l e  speed and s e p a r a t i o n  d i s t a n c e s  between 

opposing s i n g l e  and m u l t i p l e  v e h i c l e s  w i t h  r e s p e c t  t o  t h e  v i s i o n  

t a r g e t s  w i t h  d r i v e r s  hav ing  v a r i e d  g l a r e  a d a p t a t i o n  response.  

Measurements were made o f  d e t e c t i o n  d i s t a n c e  capabi  1 i t i e s  o f  t h e  

obse rve rs  and t h e i r  s t e e r i n g  response t o  t a r g e t s  and oncoming 

g l a r e  v e h i c l e s .  The f o l l o w i n g  a re  some o f  t h e  key f i n d i n g s  o f  t h e  

r e p o r t  : 



1. D e t e c t i o n  d i s t a n c e s  w i t h  normal headl  i g h t i n g  were g r e a t e r  

when b o t h  v e h i c l e s  were on h i g h  beam than  when b o t h  v e h i -  

c l e s  were on 1  ow beam even though d i scomfo r t  and v i s i b i l i t y  

g l a r e  were g r e a t e r  on t h e  h i g h  beam case. L a t e r a l  separa-  

t i o n  was found t o  marked ly  improve o v e r a l l  per formance and 

reduced t h e  impress ion  of  s u b j e c t i v e  g l a r e .  

2 .  T e s t  speeds, 30 and 55 mph d i d  n o t  a f f e c t  r e s u l t s .  

The presence o f  an opposing v e h i c l e  i n  t h e  highway causes t h e  

d r i v e r  t o  s t e e r  toward t h e  r o a d  edge. T h i s  phenomenon was found 

t o  b e g i n  t o  deve lop 5-7 seconds b e f o r e  t h e  mee t ing  p o i n t  and i n c r e a s e s  

u n t i l  t h e  v e h i c l e  pass. The amount o f  l a t e r a l  d isp lacement  o c c u r r i n g  

d u r i n g  t h e  mee t ing  encounter  i nc reases  w i t h  i n c r e a s i n g  g l a r e  i n t e n -  

s i  ty,  p a r t i c u l a r l y  i n  t h e  two- lane r o a d  case. Meet ing  a  queue of  

c l o s e l y  f o l l o w i n g  v e h i c l e s  w i  11 reduce d e t e c t i o n  d i s t a n c e s  of road- 

s i d e  o b j e c t s  more than  a  s i n g l e  v e h i c l e  because o f  t h e  g r e a t e r  l e n g t h  

o f  t i m e  t h a t  g l a r e  i s  p r e s e n t  as w e l l  as an i n c r e a s e  o f  20% i n  g l a r e  

i n t e n s i t y .  The au tho rs  conc lude w i t h  a  s t r o n g  p i t c h  f o r  p o l a r i z e d  

headl  i g h t  systems. 

Hemi on 
Reduci 
Repor t  

, R.H. N i g h t  V i s i b i l i t y  Improvement th rough  H e a d l i g h t  G l a r e  
t i o n .  Southwest Research I n s t i t u t e ,  P r o j e c t  No. 11-1908, 

No. AR 696, September 1969. 

S t u d i e s  conducted t o  determine highway v i s i  b i  1  i t y  and head l  i g h t  

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

summarized i n  t h i s  r e p o r t .  Means by wh ich  n i g h t  v i s i b i l i t y  may be 

improved by use o f  p o l  a r i z e d  headlamps o r  overhead f i x e d  l i g h t i n g  

a r e  d iscussed.  I t  i s  concluded t h a t  e x i s t i n g  h e a d l i g h t s  a r e  u n s a t i s -  

f a c t o r y  and t h a t  p o l a r i z e d  l i g h t  h e a d l i g h t s  can p r o v i d e  a s o l u t i o n .  

A p u b l i c  t r i a l  of  p o l a r i z a t i o n  t o  p r o v i d e  i n f o r m a t i o n  of t h e  p o t e n t i a l  

benef  i t s  and d e f i c i e n c i e s  i s  recommended. 

T h i s  i s  a  ve ry  genera l  summary o f  t h e  e a r l y  h e a d l i g h t i n g  s t u d i e s  

c a r r i e d  o u t  a t  SWI. 



Hemion, R . H .  Interchangeabil i  ty of Vehicle Headlamps. Southwest 
Research In s t i t u t e ,  Report D O T  HS-800966, August 30,  1973. 

The a r t i c l e  considers the problems brought about by the pro- 

1 i fera t ion of d i f ferent  types of head1 ights.  I t s  primary concern 

i s  with the then pending introduction of rectangul ar headlamps as 

well as various midbeam headlamps. The a r t i c l e  weighs a variety of 

fac tors  including costs ,  d i f f i cu l t i e s  of replacement, e t c . ,  and 

concludes tha t  f o r  reasons of s tyl ing freedotx, the small rectangular 

headlights should be allowed t o  be introduced. 

Hull, R.W., Hemion, R . H . ,  Cadena, D . G . ,  and Dial, B . C .  Vehicle 
Forward Lighting Performance and Inspection Requirements. Southwest 
Research In s t i t u t e ,  Report AR-814, July 1971. 

This project was ins t i tu ted  t o  study means of improving seeing 

distance in night driving. Objectives were to  determine headlarnp 

system performance requirements , develop procedures fo r  compliance 

test ing and f ie1  d inspection, and make recommendations f o r  updating 

the Federal Motor Vehicle Safety Standards 108 covering vehicle 

1 ighting . Experimental test ing was conducted using new a n d  present 

standard headlighting systems to  determine comparative glare and 

target  detection distances. Lamps used in the f i e l d  evaluation of 

1 ighti ng systems were photometered, usi n q  contractor devel oped tech- 

niques. A to ta l  of eight unique systems were evaluated under con- 

t ro l led  conditions and glare tolerance by the driving public was 

investigated on public roads in f ive  geographical areas of the 

continental United Sta tes .  From analysis and f i e l d  t e s t s  a  three 

beam system was developed as a proposed short  range improvement in 

vehicle l ight ing.  For long range improvement, a  system of polarized 

1 ighting was investigated. Commercial ly available,  visual , mechanical 

and photoelectric equipment f o r  aim inspection was used and evaluated. 

An e f fects  of vehicle structural  d e t a i l ,  loading and other features on 
aim and retention of aim were investigated. Conclusions and recommen- 

dations pertain t o  motor vehicle standards 108, compliance t es t ing ,  



and f u r t h e r  s t u d y .  

T h i s  i s  t h e  b a s i c  summary a r t i c l e  of t h e  Southwest Research 

I n s t i t u t e  l i g h t i n g  i n v e s t i g a t i o n s .  The b u l k  o f  t h e  r e p o r t  i s  

devoted t o  e x p l o r i n g  t h e  p o s s i  b i  1  i t i e s  and r e s u l t s  of  t e s t i n g  u s i n g  

p o l a r i z e d  h e a d l i g h t i n g .  There a re ,  however, d e t a i l e d  summaries o f  

e a r l  i e r  t e s t s  conducted,  e x p l o r i n g  v a r i o u s  1  i g h t i n g  a1 t e r n a t i v e s  

i n c l u d i n g  a  compar ison between European and American headl  i g h t i n g  . 
These r e s u l t s  a r e  summarized on t a b l e s  on page 17 and 18. There i s ,  

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

head l  i g h t i n g  sys tems , t h e  f e a t u r e s  and p h o t o m e t r i c  requ i rements  

t h e r e o f .  

Jehu, V .  J .  A Method o f  E v a l u a t i n q  Seeinq Dis tances on a  Curved Road 
and i t s  A p p l i c a t i o n  t o  H e a d l i g h t  Beams i n  C u r r e n t  Use. T r a n s a c t i o n  
o f  t h e  I l l u m i n a t i n g  Eng ineer ing  S o c i e t y ,  V o l .  22, No. 3, 1957, 69-83. 

A method i s  d e s c r i b e d  by wh ich  d i r e c t  see ing  d i s t a n c e s  can be 

e v a l u a t e d  when two v e h i c l e s  meet on a  curved road  a t  n i g h t .  The 

method i s  a development o f  t h a t  a l r e a d y  used t o  determine see ing  

d i s t a n c e s  f rom v e h i c l e s  when t h e y  meet on a  s t r a i g h t  road.  It has 

been app l  i e d  t o  t h r e e  headl  i g h t i n g  systems i n  c u r r e n t  use ,  t h e  

modern B r i t i s h  beam, t h e  symmetr ica l  European beam and t h e  s i n g l e  

lamp meet ing  beam r e p r e s e n t i n g  e a r l  i e r  B r i t i s h  p r a c t i c e .  

Cons ide r ing  meet ings on b o t h  s t r a i g h t  and curved roads,  i t  i s  

shown t h a t  i n  some c i rcumstances t h e  modern B r i t i s h  system i s  b e t t e r  

t h a n  t h e  symmetr ica l  European system and t h a t  i n  o t h e r s ,  t h e  o r d e r  

i s  reversed.  The modern B r i t i s h  system i s  a lmos t  always b e t t e r  t h a n  

t h e  European i n  r e v e a l i n g  t h e  i m p o r t a n t  nea r  s i d e  o b j e c t .  Seeing 

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

s tages o f  a  mee t ing  on a  curved road when t h e  obse rve r  i s  on t h e  

i n s i d e  o f  t h e  bend. T h i s  r e s u l t  i s  i m p o r t a n t  because t h e  c o n d i t i o n s  

c l o s e l y  resemble those  o f  open r o a d  d r i v i n g  w i t h  t h e  mee t ing  beam, 

a f requen t  occur rence on roads when oncoming v e h i c l e s  a r e  a n t i c i p a t e d .  



Tak ing  i n t o  c o n s i d e r a t i o n  a l s o  t h e  f a c t  t h a t  t h e  modern B r i t i s h  sys-  

tem i s  t h e  l e s s  s u s c e p t i b l e  t o  v e r t i c a l  misaim, i t  i s  conc luded t h a t  

i t  i s  t h e  b e t t e r  s u i t e d  t o  a c t u a l  r o a d  c o n d i t i o n s .  

Comparison o f  t h e  modern doub le  lamp B r i t i s h  system w i t h  i t s  

p redecessor ,  t h e  s i n g l e  lamp system, shows t h a t  on nar row roads b o t h  

s t r a i g h t  and curved,  t h e  d i f f e r e n c e s  between t h e  systems a r e  

g e n e r a l l y  s m a l l  f o r  a l l  o b j e c t  p o s t i o n s .  Du r ing  t h e  l a t t e r  s tages 

o f  t h e  mee t ing ,  however, r e c o v e r y  f rom t h e  minimum see ing  d i s t a n c e  

i s  c o n s i d e r a b l y  more r a p i d  w i t h  t h e  s i n g l e  lamps f o r  o b j e c t s  i n  t h e  

d r i v e r ' s  own t r a f f i c  l a n e .  

Jehu, V.J. and H i r s t ,  G .  Problem o f  H e a d l i g h t  G l a r e .  T r a f f i c  
E n g i n e e r i n g  and C o n t r o l ,  1962, Vol . 3, No. 9, 545-547 .  

T h i s  a r t i c l e  p r e s e n t s  c a l c u l a t e d  see ing  d i s t a n c e  da ta  f o r  a  

mee t ing  s i t u a t i o n  i n v o l v i n g  low beams and h i g h  beams, l a r g e l y  as 

a  f u n c t i o n  o f  l a t e r a l  s e p a r a t i o n .  Some da ta  a r e  a l s o  p resen ted  

f o r  cu rved  roads .  

Johansson, G . ,   ergs storm, S . ,  Jansson, G . ,  O t t a n t e r ,  C . ,  Rumar, K . ,  
and Ornberg, G.  V i s i b l e  D is tances  i n  S imu la ted  N i g h t  D r i v i n g  
Condt ions  w i t h  F u l l  and Dipped Head1 i g h t s .  Ergonomics, Vol . 6 ,  
No. 2, A p r i l  1963, 171-179. 

F i v e  exper iments  were r e p o r t e d  i n  wh ich  v i s i b l e  d i s t a n c e s  on 

t h e  n e a r  s i d e  o f  t h e  r o a d  were measured i n  a  s i t u a t i o n  i n  wh ich  two 

c a r s  met i n  t h e  d a r k .  R e s u l t s  a r e  as f o l l o w s :  

1. Bo th  c a r s  had f u l l  head1 i g h t s  o r  b o t h  had d ipped  symmetr ica l  

h e a d l i g h t s :  F u l l  h e a d l i g h t s  were found  t o  g i v e  l o n g e r  v i s i b l e  

d i s t a n c e s  d u r i n g  t h e  whole mee t ing .  

2. The same l i g h t i n g  c o n d i t i o n s  were compared t a k i n g  s i g n a l  r e f l e c -  

t ance  i n t o  c o n s i d e r a t i  on. The h i g h e r  t h e  r e f 1  ec tance,  t h e  g r e a t e r  

t h e  d i s t a n c e .  



3. The same l i g h t i n g  c o n d i t i o n s  were compared i n  s i m u l a t e d  h i l l  

meet ings s i t u a t i o n s .  F u l l  h e a d l i g h t s  s t i l l  gave l o n g e r  v i s i b l e  

d i s t a n c e s  . 

4. Symmetr ical  and asymmetr ica l  d ipped  h e a d l i g h t s ,  t h e  t y p e  

common i n  Sweden were compared. As a  source o f  g l a r e  i n  a  mee t ing  

s i t u a t i o n  t h e y  were equa l .  A1 though v i s i b l e  d i s t a n c e  was c o n s i d e r -  

a b l y  l o n g e r  w i t h  t h e  asymmetr ica l  t ype .  

5.  F u l l  headl  i g h t s  and asymmetr ica l  d ipped  headl  i g h t s  were compared. 

F u l l  head l  i g h t s  gave l o n g e r  v i s i b l e  d i s t a n c e s .  

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

c u t t i n g  down t h e  d i s c o m f o r t  due t o  g l a r e  when c a r s  meet, a l s o  

sho r tens  t h e  d i s t a n c e s  v i s i b l e  f r o m  t h e  ca rs  concerned. 

T h i s  s t u d y  used as a  c r i t e r i o n  t h e  d i s t a n c e  t o  a  t a r g e t  a t  t h e  

moment i t  c o u l d  no l o n g e r  be seen by t h e  s u b j e c t s .  The a u t h o r s  make 

q u i t e  a  p o i n t  o f  t h i s  b e i n g  a  b e t t e r  c r i t e r i o n  than  t h e  c o n v e n t i o n a l  

d e t e c t i o n  d i s t a n c e .  Sub jec ts  were sea ted  i n  a  c a r  wh ich  remained 

s t a t i c  t h roughou t  t h e  exper iment .  A s e r i e s  o f  o b j e c t s  c o n s i s t i n g  

o f  145 square m i l l i m e t e r  t a r g e t s  were p l a c e d  a l o n g  t h e  l e f t  edge o f  

t h e  road  ( t h i s  was f o r  a  l e f t  hand d r i v e  s i t u a t i o n ) .  A t  t h e  

b e g i n n i n g  o f  each t r i a l ,  t h e  approach c a r  was s t a t i o n a r y  a t  650 meters  

i n  f r o n t  o f  t h e  exper imen ta l  c a r ,  b u t  f a c i n g  a l o n g  a  p a t h  cor respond-  

i n g  t o  a  t r a f f i c  l a n e  a d j a c e n t  t o  t h a t  occup ied b y  t h e  l a t t e r .  The 

1  i g h t s  o f  t h e  exper imen ta l  c a r  were s w i t c h e d  on, w h i l e  t h o s e  o f  t h e  

approach c a r  were sw i t ched  o f f .  The s u b j e c t s  were now i n s t r u c t e d  t o  

r e p o r t  by means o f  t h e i r  sw i t ches ,  wh ich  was t h e  f u r t h e s t  o b j e c t  i n  

t h e  s e r i e s  d i s c e r n a b l e .  The approach c a r  now s w i t c h e d  on i t s  l i g h t s  

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

The approach c a r  now s t a r t e d  up and a c c e l e r a t e d  t o  a  speed o f  50 

k i l o m e t e r s  p e r  hour  i n  t h e  f i r s t  50 meters .  T h i s  speed was then  h e l d  

as c o n s t a n t  as p o s s i b l e  u n t i l  t h e  approach c a r  had passed t h e  e x p e r i -  

menta l  c a r .  Dur ing  t h i s  approach t h e  t a s k  o f  t h e  s u b j e c t s  i n  t h e  

exper imen ta l  c a r  was t o  f i x a t e  t h e  f u r t h e s t  o b j e c t  wh ich  was d i s c e r n -  

a b l e  u n t i l  i t  was l o s t  f rom v iew due t o  g l a r e  f rom t h e  l i g h t s  o f  t h e  



approach ing c a r .  They then  had t o  s h i f t  t h e i r  gaze t o  t h e  n e x t  

o b j e c t  i n  t h e  s e r i e s  u n t i l  t h i s  was a l s o  l o s t  f r o m  v iew and so on 

f o r  t h e  whole cou rse  o f  mee t i ng .  They were i n s t r u c t e d  t o  r e p o r t  

s h i f t  o f  gaze by means o f  t h e i r  sw i t ches .  

Johansson, G 
D r i v i n g ,  t h e  
Sweden, Repo 

. and Rumar, K .  A v a i l a b l e  B r e a k i n g  D is tances  i n  N i g h t  
Department o f  Psycho logy ,  U n i v e r s i t y  o f  Uppsal a,  

r t  No. 13, November 1963. 

I n  some p r e v i o u s  i n v e s t i g a t i o n s  i n  t h e  n i g h t  d r i v i n g  problems 

c a r r i e d  o u t  f r o m  t h i s  depar tment ,  t h e  r e l a t i v e  v i s i  b i l e  d i s t a n c e s  

f o r  d i f f e r e n t  c o n d i t i o n s  were t h e  main  i n t e r e s t .  

I n  t h e  exper iments  r e p o r t e d  here ,  a  more r e a l i s t i c  method i s  

used and t h e  a b s o l u t e  va lues  a r e  o f  i n t e r e s t .  What i s  measured i s  

a v a i l a b l e  b r a k i n g  d i s t a n c e  ( v i s i b l e  d i s t a n c e  minus r e a c t i o n  d i s t a n c e ) .  

Three c o n d i t i o n s  were i n v e s t i g a t e d :  

1. Two mee t ing  c a r s ,  b o t h  u s i n g  c o n t i n e n t a l  and European 

asymmetr ica l  l y  d ipped  head1 i g h t s  . 

2.  Two mee t ing  c a r s ,  b o t h  u s i n g  f u l l  h e a d l i g h t s  ( h i g h  beam). 

3. One c a r  u s i n g  c o n t i n e n t a l  European asymmetr ica l  d ipped  

h e a d l i g h t s  w i t h  no mee t ing  c a r .  

The r e s u l t s  show t h a t  f o r  v e l o c i t i e s  o v e r  about  20 t o  30 mph, 

t h e  a v a i l a b l e  b r a k i n g  d i s t a n c e  i s  s h o r t e r  t han  t h e  b r a k i n g  d i s t a n c e  

( d i s t a n c e  needed t o  b rake  t o  a  f u l l  s t o p )  f o r  a l l  c o n d i t i o n s  t e s t e d .  

The c o n c l u s i o n  drawn i s  t h a t  a c c i d e n t s  i n v o l v i n g  p e d e s t r i a n s ,  

c y c l i s t s ,  e t c . ,  i n  n i g h t  d r i v i n g  a r e  unavo idab le  w i t h  t h e  c a r  1  i g h t -  

i n g  systems and t h e  speeds used a t  p r e s e n t .  

Johansson, G .  and Rumar, K .  S i l h o u e t t e  E f f e c t s  i n  N i g h t  D r i v i n g .  
Department of Psychology,  U n i v e r s i t y  o f  Uppsala , Sweden, Repor t  
No. 19, June 1964. 

I n  o r d e r  t o  i n v e s t i g a t e  w i t h i n  what  a reas  on t h e  r o a d  

s i l h o u e t t e s  as framed by t h e  l i g h t  f r om a  mee t ing  c a r  can be o f  h e l p  



t o  t h e  d r i v e r ,  a  s e r i e s  o f  exper iments have been performed. 

The exper iments empl oyed two s t a t i o n a r y  meet ing  ca rs  s t a n d i n g  

a t  g i v e n  d i s t a n c e s  f rom each o t h e r .  These d i s tances ,  wh ich  range 

f rom 100 t o  400 meters ,  be ing  determined by pre-exper iments .  On 

t h e  area between t h e  ca rs  " i s o - s  i 1 h o u e t t e "  curves were measured 

u s i n g  a  s p e c i a l  method f o r  a  number o f  s i l h o u e t t e - r e l e v e n t  cond i -  

t i o n s .  

Fac to rs  f a v o r i n g  s i l h o u e t t e  e f f e c t s  were found t o  be narrow 

roads,  s h o r t  d i s t a n c e  between t h e  ca rs ,  h i g h  road  sur face r e f l e c t a n c e ,  

t h e  d r i v e r ' s  eyes b e i n g  h i g h  above t h e  road,  p a r t i c l e s  i n  t h e  

atmosphere and 1  arge spread o f  t h e  meet ing  h e a d l i g h t  beams. 

Kazenmaier, A. I n t e r n a t i o n a l  Ve rg le i chsve rsuche  and Abblendl  i c h t e r n  
von Automobi l s c h e i n w e r f e r n  des amer ican ischen und europaischen Typs. 
Deutsche K r a f t f a h r t f o r s c h u n g  und S t rassenverkehrs techn ik .  H e f t  94, 
1956.  

The i n t r o d u c t i o n  t o  t h i s  r e p o r t  canpr i ses  t h e  h i s t o r i c a l  founda- 

t i o n  f o r  t h e  comp le t i on  o f  i n t e r n a t i o n a l  c a n p a r a t i v e  t e s t s  between 

t h e  dim l i g h t s  o f  c a r s  of t h e  American and of t h e  European systems. 

The research  program e s t a b l i s h e d  by t h e  "Working Group Brusse ls  1952" 

proved t o  be so e x t e n s i v e  t h a t  i t s  comp le t i on  was d i s t r i b u t e d  amongst 

t h e  N a t i o n a l  Comrni t t e e s  o f  Germany, England, France, t h e  Ne the r lands ,  

and t h e  USA. The r e p o r t  dea ls  then  i n  g r e a t  d e t a i l  w i t h  t h e  k i n e t i c  

t e s t s  e n t e r e d  upon by t h e  German Committee and concerned w i t h  bends 

o f  d r y  roads and w i t h  s t r a i g h t  o f  wet  roads.  The research  was 

c a r r i e d  o u t  by o r d e r  o f  t h e  Working Group Brusse ls  by t h e  L i g h t  

Techn ica l  Labora to ry  o f  t h e  firm Rober t  Bosch i n  s p r i n g  1954 on 

t h e  Hockenheimring and on t h e  N u r b u r g r i n g  r e s p e c t i v e l y .  The German 

M i n i s t r y  o f  T r a f f i c  g r a n t e d  a  research  commission f o r  t h e  i n v e s t i g a -  

t i o n s  and p a r t l y  t h e  means f o r  t h e i r  comp le t i on .  The t e s t  r e s u l t s  

a r e  b r i e f l y  r e p o r t e d  a l s o  i n  t h e  f i n a l  r e p o r t  o f  t h e  Working Group 

Brusse ls .  The p r e s e n t  r e p o r t  c o n t a i n s  f u r t h e r m o r e  t h e  conc lus ions  

drawn f rom t h e  f i n a l  r e p o r t  o f  t h e  Working Group Brusse ls  a t  D e t r o i t ,  



A p r i l  1954, wh ich  b r i e f l y  summarized a r e :  each o f  t h e  two systems 

under c o n s i d e r a t i  on has advantages as we1 1  as d isadvantages ; conse- 

q u e n t l y  t h e  members o f  t h e  mee t ing  i n  D e t r o i t  c o u l d  n o t  agree upon 

recommending one o f  t h e  two systems as t o  be accepted as t h e  s o l e  

d im l i g h t  system f o r  a l l  c o u n t r i e s .  The f i n a l  r e p o r t  o f  t h e  Working 

Group B r u s s e l s  1952 was produced a t  and approved by t h e  Congress of 

t h e  CIE i n  Z u r i c h ,  June 1955, and fo rwarded  th rough  t h e  IS0  t o  t h e  

Geneva A u t h o r i t i e s  o f  t h e  Uni  t e d  Na t i ons  . 

K i l g o u r ,  T.R. Some R e s u l t s  o f  Coopera t i ve  V e h i c l e  L i g h t i n g  Research. 
HRB B u l l e t i n ,  225, 1960, pages 92-100. 

T h i s  i s  a  v e r y  gene ra l  a r t i c l e  c o v e r i n g  a  number of t o p i c s .  

There i s  a t  t h e  end o f  t h e  a r t i c l e  a  d e t a i l e d  h i s t o r y  o f  t h e  deve lop-  

ment o f  au tomot i ve  h e a d l i g h t i n g  up t o  t h e  t i m e  t h a t  t h e  a r t i c l e  was 

w r i t t e n .  

L inda ,  P .  Head1 i g h t s  f o r  Automobi les .  The S o c i e t y  of Automot ive  
Eng ineers .  Techn ica l  pub1 i c a t i o n  700087, January 1970. 

The f i r s t  p a r t  o f  t h i s  a r t i c l e  i s  a  d e s c r i p t i o n  o f  genera l  beam 

types  and conipar ison o f  European and American concepts .  The a u t h o r  

seems v e r y  much opposed t o  t h e  European concept .  The second p a r t  

of t h e  a r t i c l e  i s  a  h i g h l y  t e c h n i c a l  d i s c u s s i o n  o f  l i g h t  sources and 

r e f l e c t o r  des ign .  

L indae ,  G.  L i n c h t  am Fahrzeug - E i n  B e i t r a g  z u r  V e r k e h r s s i c h e r h e i t .  
ATZ Jah rg .  64, H e f t  5 ,  Mai 1962, 152-158. 

T h i s  a r t i c l e  i s  concerned w i t h  d i f f e r e n c e s  between European and 

American beams. I t  c o n t a i n s  a  genera l  d e s c r i p t i o n  o f  t h e  p h o t o m e t r i c  

d i f f e r e n c e s  and a l s o  i n c l u d e s  some curves  showing t h e  r e s u l t s  o f  

t e s t s  wh ich  were conducted t o  compare v i s i b i l i t y  d i s t a n c e s  f o r  t a r -  

g e t s  on t h e  r i g h t  and l e f t  s i d e .  The r i g h t  s i d e  t a r g e t s  appear t o  

have v i r t u a l l y  i d e n t i c a l  see ing  d i a t a n c e s ,  compar ing European and 



U.S. two and f o u r  lamp systems, w h i l e  t h e r e  i s  a  d i f f e r e n c e  o f  about  

30% i n  f a v o r  o f  t h e  European lamps f o r  see ing d i s tances  on t h e  l e f t  

s i d e .  

Maurer, P.W., G i o i a ,  A.J.,  and Oy le r ,  R.W. New H e a d l i g h t  Systems 
Prov ide  Increased V i s i b i l i t y .  Paper read  a t  t h e  Automot ive Safety 
Eng ineer ing Seminar. June 20, 1973. 

T h i s  paper c o n s i s t s  of  a  ve ry  genera l  d e s c r i p t i o n  o f  t h e  

r a t i o n a l e  beh ind t h e  i n t r o d u c t i o n  o f  r e c t a n g u l a r  headl amps, new 

advances i n  1  i g h t i n g  ( p a r t i c u l a r l y  t h r e e  beam headl  i g h t i n g )  , and 

dayt ime f r o n t  runn ing  l i g h t s .  I t  makes no p a r t i c u l a r  ment ion o f  

European s t y l e  h e a d l i g h t i n g ,  except  t o  p l u g  f o r  t h e  American sea led  

beam concept.  

Meese, G.E. V e h i c l e  L i g h t i n g  Systems f o r  Two-Lane Rural  Highways. 
Paper read  a t  t h e  V i s i b i l i t y  Workshop o f  t h e  Highway Research Board 
V i s i  b i  1  i ty committee, J u l y  1972. 

T h i s  i s  a  genera l  a r t i c l e  which p rov ides  an i n t r o d u c t i o n  t o  

automot ive  h e a d l i g h t i n g .  I t  c o n t a i n s  an e x c e l l e n t  h i s t o r y  o f  t h e  

development o f  automot ive  headl i g h t i n g  . I t  con ta ins  a  ve ry  good 

d e s c r i p t i o n  o f  t h e  p h i l o s o p h i c a l  reasons f o r  t h e  d i f f e r e n c e s  between 

American and European s t y l e  headl i g h t i n g .  

Moore, R.L. H e a d l i g h t  Design. Ergonomics, Vo l .  1, No. 2, February 
1958, 163-176. 

T h i s  i s  an exce l  l e n t  i f  somewhat outdated a r t i c l e  d e s c r i b i n g  

t h e  e v o l u t i o n  o f  h e a d l i g h t s ,  bo th  o f  European and American design.  

It a l s o  c o n t a i n s ,  beg inn ing on page 167, a  d e s c r i p t i o n  o f  a  number 

of  seeing d i s t a n c e  s t u d i e s  comparing European and American s t y l e  

headlamps. It should  be noted t h a t  t h e  European s t y l e  lamps under 

t e s t  a r e  of t h e  symmetr ical  t y p e  and n o t  o f  t h e  c u r r e n t  asymmetr ical  

t ype .  The a r t i c q e  f i n i s h e s  w i t h  a  d e s c r i p t i o n  o f  t h e  p r i n c i p l e  o f  



polarization and ways in which i t  might be brought about as well as 

various problems which impede i t s  implementation. 

Mortimer, R . G .  The Effect of Glare in Simulated Night Driving. 
Highway Research Record, No. 70 ,  1965, 57-62. 

Two experiments were carried out in the laboratory i n  which 

illumination and glare conditions in night driving were simulated. 

Steering accuracy was measured as an independent variable.  The 

interactions between roadway i  11  umination, glare i  11 umination, g l  are 

duration and glare frequency were investigated. 

I t  was found that  there was no differences in perforniance 

between the glare illumination levels  used in these s tudies .  I t  was 

a lso  found that  the duration and frequency variables (which r e f l e c t  

t r a f f i c  speed in tens i ty )  required fur ther  c l a r i f i c a t i on .  Road 

illumination was c lear ly  important, as well as the overall e f f ec t  of 

glare in tracking performance. The presence of higher order in te r -  

actions showed that  the investigation of the glare phenomenon was 

complex. 

I t  was suggested that  the glare hazard and the problems of 

night v i s i b i l i t y  could be aleviated by increased reflectance of road 

surfaces and objects in the road. With respect t o  the glare source, 

i t  was f e l t  tha t  the power of current headlamp units should n o t  b e  

decreased since t h i s  would lead t o  undesirable loss in road illumina- 

t ion .  Headlamp units  will require fur ther  redesign t o  reduce glare .  

Mortimer, R . G .  and Becker, J.M. Computer Simulation Evaluation of 
Current US and European Headlamp Meeting Beams a n d  a  Proposed Mid- 
Beam. The Society of Automotive Engineers, Techni cal Report 74031 1 ,  
February 1974. 

This i s  an excellent  summary paper which compares European and 

American beams under a  variety of conditions, target  locations and 

misaim. Differences between the two systems, as measured by seeing 

distance,  are  mi nor. 



Mor t imer ,  R.G. and Olson, P.L. Development and Use o f  D r i v i n g  Tests  
t o  Eva1 u a t e  Head1 amp Beams. Highway S a f e t y  Research I n s  t i t u t e ,  t h e  
U n i v e r s i t y  o f  Mich igan,  Repor t  No. UM-HSRI-HF-74-14, March 1974. 

Resu l t s  of ana lyses o f  a c c i d e n t  data  t o  e v a l u a t e  t h e  c o n t r i b u -  

t o r y  r o l e  o f  headl  i g h t i n g  were i n c o n c l u s i v e .  Re f lec tance  va lues o f  

v a r i o u s  o b j e c t s  i n  t h e  d r i v e r ' s  f i e l d - o f - v i e w  were measured. P i  l o t  

s t u d i e s  were made t o  e v a l u a t e  t e s t  t a r g e t s ,  and t h e  r e s u l t s  were 

used t o  d e s c r i b e  d e s i r a b l e  c h a r a c t e r i s t i c s  o f  a  t e s t  t a r g e t  f o r  use 

i n  subsequent t e s t s .  

A s e r i e s  o f  h e a d l i g h t i n g  f i e l d  t e s t s  were c a r r i e d  o u t  t o  

deve lop a  r e l i a b l e  f i e l d  t e s t  method, e v a l u a t e  v a r i a b l e s  a f f e c t i n g  

v i s i b i l i t y  p r o v i d e d  by headl  amps, and genera te  data  f o r  use i n  v a l i -  

d a t i n g  a  mathemat ica l  model. D r i v i n g  t e s t s  were a l s o  used t o  

e v a l u a t e  g l a r e  e f f e c t s  o f  v a r i o u s  beams t o  oncoming and p reced ing  

d r i v e r s .  

Three types o f  t a r g e t s  were developed f o r  t h e  work :  a  s i m u l a t e d  

overhead s i g n ,  a  s i m u l a t e d  r o a d s i d e  s i g n ,  and a  genera l  purpose t a r -  

g e t  t o  s i m u l a t e  o b j e c t s  on o r  near  t h e  roadway. The l a t t e r  t a r g e t  

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

c e n t e r  o f  i t s  l a n e  o f  t r a v e l .  I n  a d d i t i o n ,  i t s  r e f l e c t i v i t y  c o u l d  

be changed. 

The f o l l o w i n g  v a r i a b l e s  were i n v e s t i g a t e d :  (1) headl  amp beam, 

( 2 )  1  a t e r a l  s e p a r a t i o n  between v e h i c l e s ,  ( 3 )  l o n g i t u d i n a l  s e p a r a t i o n  

between v e h i c l e s ,  ( 4 )  t a r g e t  type,  ( 5 )  t a r g e t  r e f l e c t i v i t y ,  ( 6 )  t a r -  

g e t  p o s i t i o n  r e l a t i v e  t o  c a r  pa th ,  and ( 7 )  t a r g e t  h e i g h t .  

A l l  o f  t h e  above v a r i a b l e s  were found t o  be s i g n i f i c a n t l y  r e l a t e d  

t o  t h e  d i s t a n c e  a t  which t h e  o r i e n t a t i o n  o f  t h e  t a r g e t  c o u l d  be i d e n t i -  

f i e d .  

Ta rge ts  p o s i t i o n e d  t o  t h e  r i g h t  o f  t h e  l a n e  a r e  more e a s i l y  seen 

than those on t h e  l e f t  under g l a r e  cond l  t i o n s ,  and w i t h  low beams. 

Other  f a c t o r s  be ing  equa l ,  t h e  c l o s e r  a  t a r g e t  i s  t o  t h e  pavement, 

t h e  more e a s i l y  i t  i s  seen. R e t r o - r e f l e c t i v e  t a r g e t s  a r e  seen a t  



f a r  g r e a t e r  d i s t a n c e s  than  p a i n t e d  t a r g e t s ,  b u t  ve ry  h i g h  l e v e l s  o f  

r e f l e c t i v e  b r i l l a n c e  may a c t u a l l y  impede t h e i r  l e g i b i l i t y  by making 

t h e  t a r g e t  i t s e l f  a  g l a r e  source .  

The t e s t - r e t e s t  c o e f f i c i e n t  o f  r e 1  i a b i  1  i ty  o f  t h e  f i e l d  t e s t  

p rocedure  developed i n  t h i s  program i s  e s t i m a t e d  t o  be 0.97,  p r o -  

duc ing  a  v a r i a t i o n  o f  l e s s  than  5% i n  t h e  v i s i b i l i t y  d i s t a n c e s  when 

t h e  same s u b j e c t s  a r e  r e t e s t e d  on t h e  same n i g h t .  When a  d i f f e r e n t  

group o f  s u b j e c t s ,  a  d i f f e r e n t  t e s t  road ,  headlamps aimed indepen- 

d e n t l y  on t h e  two occas ions ,  and a  s t a t i o n a r y  g l a r e  c a r  i n  one case 

and a  f u l l y  dynamic t e s t  i n  t h e  o t h e r  case, were used t h e  d i f f e r e n c e s  

i n  t h e  mean v i s i b i l i t y  d i s t a n c e s  d i d  n o t  exceed above 15'.. Thus, 

t e s t  r e l i a b i l i t y  i s  cons ide red  t o  be s a t i s f a c t o r y .  

Comparisons between U . S .  low and h i g h  beams showed t h a t  on 

two- lane roads v i s i b i l i t y  i s  g r e a t e s t  i f  dimming occurs  f rom h i g h  t o  

low beams a t  about  1500 f e e t .  The U.S. low beam headlamps used i n  

these t e s t s  p r o v i d e d  g r e a t e r  v i s i b i l i t y  o f  a  t a r g e t  on t h e  r i g h t  s i d e  

o f  t h e  l a n e  than  t h e  European H4 headlamps t h a t  were used. A t y p e  o f  

m i d  beam p r o v i d e d  g r e a t e r  v i s i b i l i t y  on t h e  r i g h t  t han  t h e  U.S. o r  

European beams. 

Road e v a l u a t i o n s  o f  g l a r e  f rom t h e  headlamp beams showed t h a t  

t h e  European h i g h  beam produced r e 1  a t i v e l y  much more reques ts  f o r  

dimming f r o m  oncoming d r i v e r s  than  t h e  U . S .  h i g h  beam. D r i v e r s  were 

a l s o  i n f l u e n c e d  by t h e  number o f  headlamps on t h e  oncoming v e h i c l e ,  

b u t  n o t  i n  t h e  case o f  t h e  f o l l o w i n g  v e h i c l e .  D i scomfo r t  g l a r e  due 

t o  beams r e f l e c t e d  i n  r e a r v i e w  m i r r o r s  was a f f e c t e d  by m i r r o r  r e f l e c -  

t i v i t y  and beam i n t e n s i t y ,  b u t  n o t  by t h e  presence o r  absence o f  road  

1  i g h t i n g .  

Mor t imer ,  R . G .  and Olson, P . L .  E v a l u a t i o n  o f  Meet ing  Beanis by F i e l d  
Tes ts  and Computer S i m u l a t i o n .  Highway S a f e t y  Research I n s t i t u t e ,  
The U n i v e r s i t y  o f  M ich igan .  Repor t  No. UM-HSRI -HF-74-27, December 
1974.  

The o b j e c t i v e  o f  t h i s  s tudy  was t o  conduct  f i e l d  exper iments  t o  



e v a l u a t e  a1 t e r n a t i v e  mee t ing  beams i n  terms o f  v i s i b i l i t y  d i s t a n c e s  

and g l a r e  e f f e c t s .  The c o n v e n t i o n a l  U.S.  and European low beams 

were used as a  b a s i s  f o r  comparison w i t h  t h e  exper imen ta l  m i d  beams. 

Computer s i m u l a t i o n  e v a l u a t i o n s  were f i r s t  made t o  i n d i c a t e  

t h e  most  e f f e c t i v e  a im o f  t h e  Type-I11 lamp used t o  augment t h e  

c o n v e n t i o n a l  low beam headlamps i n  p r o v i d i n g  m i d  beams. Two a im ing  

s p e c i f i c a t i o n s  f o r  t h i s  lamp were d e r i v e d ,  i n  one o f  wh ich  t h e  lamp 

was aimed w i t h  i t s  maximum i n t e n s i t y  2' R, 0.5' D and i n  t h e  o t h e r  

2.5' R ,  1 . 0 ~  D. The fo rmer  was i n t e n d e d  t o  p r o v i d e  g r e a t e r  v i s i -  

b i l i t y  and somewhat g r e a t e r  g l a r e  w h i l e  t h e  l a t t e r  was i n t e n d e d  t o  

produce l o w e r  g l a r e  va lues and l o w e r  v i s i b i l i t y .  

R e s u l t s  o f  t h e  f i e l d  t e s t s  showed t h a t  v i s i b i l i t y  o f  Type- I  

t a r g e t s  p o s i t i o n e d  i n  t h e  c e n t e r  o f  t h e  two- lane r o a d  used, was 

about  h a l f  t h a t  f o r  t a r g e t s  a t  t h e  r i g h t  s i d e  o f  t h e  l a n e .  The v i s i -  

b i l  i ty  d i s t a n c e s  f o r  t h e  t a r g e t s  i n  t h e  l e f t  o f  t h e  l a n e  were n o t  

d i f f e r e n t  w i t h  t h e  v a r i o u s  beams, excep t  a t  c l o s e  t o  t h e  mee t ing  

p o i n t  where t h e  beams u s i n g  t h e  European low  beam p r o v i d e d  s l i g h t l y  

g r e a t e r  v i s i b i l i t y .  F o r  t a r g e t s  on t h e  r i g h t  o f  t h e  l a n e ,  t h e  m i d  

beam A and t h e  ECE-U . S .  m id  beam produced t h e  g r e a t e s t  v i s i  b i  1  i t y  

d i s t a n c e s ,  up t o  24% g r e a t e r  t han  t h e  l ow  beams by themselves.  The 

r e s u l t s  o f  t h i s  t e s t  and co r respond ing  c o n d i t i o n s  i n  p r e v i o u s  s t u d i e s  

were i n  reasonab ly  good agreement, i n d i c a t i n g  t h a t  t h e  procedure  was 

f a i r l y  r e l i a b l e .  G l a r e  r a t i n g s  were found n o t  do d i f f e r  between 

t h e  beams f o r  t a r g e t s  on t h e  r i g h t  s i d e  o f  t h e  road  b u t  f o r  t a r g e t s  

on t h e  l e f t  s i d e  o f  t h e  road  t h e  g l a r e  r a t i n g s  were b e t t e r  f o r  t h e  

two beams u s i n g  t h e  European low beam than  t h e  m i d  beams A o r  B .  

V i s i b i l i t y  d i s t a n c e s  f o r  a  p e d e s t r i a n  t a r g e t  were about  t h e  same as 

f o r  t h e  Type- I  t a r g e t  used i n  these  s t u d i e s .  The da ta  suggest  t h a t  

a  m id  beam, composed o f  t h e  ECE low  beam and a  Type- I11 lamp can be 
expected t o  p r o v i d e  about  a  20% i n c r e a s e  i n  see ing  d i s t a n c e  f o r  t a r -  

g e t s  a l o n g  t h e  r i g h t  s i d e  o f  t h e  r o a d  w i t h  n e g l i g i b l e  i n c r e a s e s  on 

g l a r e  f o r  meet ings on s t r a i g h t ,  f l a t ,  two- lane roads.  

There was g e n e r a l l y  good agreement between computer 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 l i t y  d i s tances  and those o b t a i n e d  i n  t h e  f i e l d  t e s t .  

I t  was concluded t h a t  improved meet ing  beams s  houl  d  i n c o r p o r a t e  

t h e  genera l  c h a r a c t e r i s t i c s  o f  t h e  m id  beams used i n  t hese  t e s t s  

and t h a t ,  based on t h e  t e s t  f i n d i n g s  and those of p rev ious  computer 

s i m u l a t i o n s ,  t h e  m id  beams shou ld  be dimmed when meet ing  ano the r  

v e h i c l e  wh ich  i s  i n  t h e  o u t s i d e  l a n e  and when f o l l o w i n g  another  

v e h i c l e  a t  d i s tances  o f  l e s s  than  about  200 f t .  

Nelson, J.H. Design and Use o f  Headlamp Meet ing  Beams. Proceed inqs  
o f  t h e  I n s t i t u t e  o f  Mechanical  Enqineers,  Auto D i v i s i o n .  Vol . 3 ,  
1954-55, 100-107, 117-129. 

T h i s  i s  a  v e r y  gene ra l  paper on t h e  h i s t o r i c a l  development o f  

h e a d l i g h t i n g  and some genera? c r i t e r i a  which shou ld  be cons ide red  i n  

headlamp des ign .  It a l s o  c o n t a i n s  an accoun t i ng  o f  t h e  h i s t o r i c a l  

development o f  headlamp ph i l osophy  i n  t h i s  c o u n t r y  as w e l l  as i n  

Europe. 

Ohlon, R . ,  Z a c c h e r i n i  , F. Design Cons ide ra t i ons  f o r  a  New Passing 
Beam. Sta tens  P rovn i  ngsans t a l  t / r a p p o r t  . C-Ra-233, Stockholm, 1972 .  

T h i s  paper beg ins  w i t h  a  comprehensive rev iew  o f  t h e  see ing  d i s -  

t ance  s t u d i e s  r e p o r t e d  by Rumar e t  a l .  (1973) and specu la tes  as t o  

why t h e  ve ry  l a r g e  see ing  d i s t a n c e s  r e p o r t e d  i n  t h a t  s tudy  may have 

come about .  The au tho rs  p repa re  an a n a l y s i s  o f  t h e  l i g h t  d i r e c t e d  

down t h e  road  a t  v a r i o u s  h e i g h t s  above t h e  roadway sur face i n  an 

e f f o r t  t o  de termine t h e  c o r r e l a t i o n  between 1  uminance i n t e n s i t y  and 

see ing  d i s t a n c e .  I t i s  found t h a t  t h e  maximum c o r r e l a t i o n  between 

these va lues  occur  a t  a  h e i g h t  which corresponds app rox ima te l y  t o  

t h e  t o p  o f  t h e  one meter  h i g h  t a r g e t s  used by Rumar e t  a l .  The 

au tho rs  t h e r e f o r e  conc lude t h a t  t h e  s u p e r i o r i t y  o f  t h e  American beam 

i n  these t e s t s  a r e  a t t r i b u t a b l e  t o  l i g h t  e m i t t e d  j u s t  below t h e  h o r i -  

z o n t a l .  On a  b a s i s  o f  these o b s e r v a t i o n s ,  t h e  au tho rs  recommend a  

new pass ing  beam des ign .  A rough app rox ima t ion  o f  t h i s  may be 



v i s u a l i z e d  b y  t a k i n g  a  t y p i c a l  European s t y l e  l ow  beam and s h i f t i n g  

i t  somewhat t o  t h e  l e f t .  

01 son, 
A f f e c t i  
Un ive rs  

P.L. and Mor t imer ,  R . G .  I n v e s t i g a t i o n  o f  Some F a c t o r s  
ng t h e  Aim o f  Headlamps. Highway S a f e t y  Research I n s t i t u t e ,  
i t y  o f  M ich igan .  Repor t  No. UM-HSRI-73-13, January 31, 1973. 

A  r e v i e w  o f  f a c t o r s  t h a t  a r e  l i k e l y  t o  c o n t r i b u t e  t o  misa im of 

headlamps i s  f o l l o w e d  by a  s e r i e s  o f  s t u d i e s  t o  e v a l u a t e  t h e  r o l e  

of some o f  t hose  f a c t o r s .  

Headlamp a i m i n g  methods a r e  e v a l u a t e d  i n  terms o f  t h e  v a r i -  

a b i l i t y  t o  a im i n t r o d u c e d  by subtasks  such as :  t h e  use of t h e  s i g h t s  

used f o r  f i n d i n g  t h e  v e h i c l e ' s  l o n g  a x i s ,  f i n d i n g  t h e  l o n g  a x i s  of 

t h e  v e h i c l e ,  and a im ing  t h e  lamps. D i f f e r e n c e s  were found i n  t h e  

e f f e c t i v e n e s s  o f  t h e  s i g h t s ,  and f i n d i n g  t h e  l o n g  a x i s  was dependent 

on t h e  a v a i l a b i l i t y  o f  a  p r a n i n e n t  hood c e n t e r l i n e  on t h e  v e h i c l e .  

The p h o t o m e t r i c  d e v i c e  p r o v i d e d  lower  v a r i a b i l i t y  i n  a i m i n g  a  head- 

lamp than  a  v i s u a l  machine, w i t h  t h e  l a t t e r  l e s s  e f f e c t i v e  t h a n  t h e  

use o f  a  l a r g e  a i m i n g  screen.  When t h e  e r r o r s  due t o  use of a  s i g h t -  

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

p h o t o m e t r i c  and t h e  v i s u a l  machines i n t r o d u c e  c o n s i d e r a b l e  e r r o r s ,  

p a r t i c u l a r l y  i n  t h e  h o r i z o n t a l .  On t h e  e a s i e s t  t o  a im c a r s ,  w i t h  

c l e a r l y  d e f i n e d  c e n t e r 1  i n e s  , t h e  p h o t o m e t r i c  and v i s u a l  machines, 

r e s p e c t i v e l y ,  wou ld  a l l o w  abou t  95% and 50% o f  t h e  a im o f  headlamps 

t o  f a l l  i n  t h e  SAE s p e c i f i c a t i o n s .  

The qua1 i t y  o f  head1 amp a i m i n g  by s e r v i c e  s t a t i o n s ,  r e p a i r  shops 

and d e a l e r  s e r v i c e  departments was found t o  be a  c o n t r i b u t o r  t o  poor  

aims, s i n c e  o n l y  38% o f  t h e  o u t l e t s  aimed a l l  f o u r  lamps on a  t e s t  

c a r  t o  w i t h i n  s p e c i f i c a t i o n s .  By compar ison,  a  survey o f  t h e  headlamp 

aim o f  new c a r s  on d e a l e r s '  l o t s ,  i n  as - rece ived  c o n d i t i o n ,  showed t h a t  

a t  w o r s t  35% and a t  b e s t  95% o f  t h e  c a r s  on any one l o t  were w i t h i n  

s p e c i f i c a t i o n .  

The e f f e c t  o f  v e h i c l e  s e r v i c e  on aim was i n v e s t i g a t e d  by p e r i o d i -  

c a l  l y  check ing  t h e  a im o f  a  sample o f  v e h i c l e s .  Most  o f  t h e  change i n  



aim occu r red  i n  t h e  f i r s t  two months o f  t h e  e igh t -month  survey ,  and 

amounted t o  a  s tandard  d e v i a t i o n  i n  aim o f  0.3' v e r t i c a l l y  and 0.2' 

h o r i z o n t a l l y  f o r  passenger c a r s .  The changes i n  headlamp aim t h a t  

occu r red  i n  a  sample o f  t r u c k s  ove r  a  p e r i o d  o f  s i x  months was 

1  a r g e r  than found f o r  t h e  automobi 1  es . 

V e h i c l e  l o a d i n g  e f f e c t s  were found t o  be s u b s t a n t i a l ,  and 

u s u a l l y  r a i s e d  t h e  beam. 

I t  was concluded t h a t  improved t r a i n i n g  o f  s e r v i c e  personnel  

i n  t h e  use and maintenance o f  aimers i s  needed. Mechanical  a imers 

o f f e r  g r e a t e r  r e l i a b i l i t y  t han  o t h e r  types .  Ways need t o  be found 

t o  reduce t h e  e r r o r s  i n  l o c a t i n g  t h e  v e h i c l e ' s  l o n g  a x i s ,  be fore  

o t h e r  methods can be recommended. S ince f a c t o r y  a im i s  g e n e r a l l y  

b e t t e r  t han  i n  t h e  s e r v i c e  t r a d e ,  i t  may be suggested t h a t  new c a r  

a im shou ld  be checked b u t  n o t  d i s t u r b e d  un less  a  l a r g e  e r r o r  i s  

found.  

Other  f a c t o r s ,  such as a l i gnmen t  problems caused by r a d i a l  

t i r e s ,  i n t e r f e r e n c e  o f  beze ls ,  and r e d u c t i o n  i n  t h e  f r i c t i o n  o f  

headlamp a im a d j u s t i n g  mechanisms, a r e  d iscussed.  

Powers, L .D.  and Solomon, D .  H e a d l i g h t  G l a r e  and Median Width.  
Highway Research Record, No. 70, 1965, 1-27. 

Three s tudy  methods were exp lo red  f o r  de te rm in ing  t h e  e f f e c t  

o f  l o c a t i o n  o f  an opposing g l a r e  v e h i c l e  on v i s i b i l i t y  a t  n i g h t .  

Both  l a t e r a l  s e p a r a t i o n  and l o g i  t u d i n a l  d i s t a n c e  between g l a r e  

v e h i c l e  and observer  were v a r i e d .  I n  s tudy  one, b o t h  g l a r e  c a r  and 

t a r g e t  were s t a t i o n a r y .  The obse rve r  d rove toward  t h e  t a r g e t  and 

i n d i c a t e d  when he c o u l d  d e t e c t  i t .  I n  s tudy  two, b o t h  t a r g e t  and 

obse rve r  were s t a t i o n a r y  w h i l e  t h e  g l a r e  c a r  moved toward t h e  

obse rve r .  Loca t i ons  o f  t h e  g l a r e  c a r  were found f o r  which t h e  t a r -  

g e t  was j u s t  v i s i b l e  t o  t h e  obse rve r .  Study t h r e e  i n v o l v e d  a  s e l f -  

i l l u m i n a t i n g  t a r g e t  and, as i n  s tudy  2 ,  bo th  t a r g e t  and observer  

were s t a t i o n a r y  w h i l e  t h e  g l a r e  c a r  moved toward t h e  o b s e r v e r .  The 



observe r  c o n t i n u o u s l y  a d j u s t e d  t h e  b r i g h t n e s s  o f  t h e  t a r g e t  and 

a t tempted t o  keep i t  b a r e l y  d e t e c t a b l e .  Some l i m i t e d  measurements 

of d i s c o m f o r t  due t o  g l a r e  were made, b u t  t h i s  l i n e  o f  i n v e s t i g a t i o n  

was abandoned due t o  h i g h  v a r i a b i l i t y  i n  t h e  r e s u l t s  and a  1  ack o f  

an adequate d e f i n i t i o n  o f  d i s c o m f o r t .  

The r e s u l t s  showed t h a t  t h e  e f f e c t s  o f  g l a r e  decreased w i t h  

i n c r e a s i n g  l a t e r a l  s e p a r a t i o n  o f  t h e  g l a r e  c a r  as expected.  A t  any 

g i v e n  l a t e r a l  s e p a r a t i o n ,  t h e  e f f e c t s  o f  g l a r e  were p r e s e n t ,  even 

when t h e  g l a r e  c a r  was a t  a  c o n s i d e r a b l e  d i s t a n c e  f r o m  t h e  obse rve r  

(3,000 f t .  o r  more) .  The r a t e  o f  change o f  t h e  e f f e c t  w i t h  d i s t a n c e  

was sma l l  f o r  a  l a r g e  p a r t  o f  t h i s  d i s t a n c e .  Recommendations a r e  

made f o r  t h e  conduct  o f  t a r g e t  d e t e c t i o n  s t u d i e s  o f  t h i s  t y p e .  

Remarks a r e  made concern ing  t h e  v i s u a l  problems i n  n i g h t  d r i v i n g  and 

p o s s i b l e  areas f o r  f u t u r e  i n v e s t i g a t i o n  a r e  suggested.  

Roper, V .  J . Four Head1 amps f o r  B e t t e r  Seeing . T r a f f i c  Eng ineer ing  , 
Vol  . 27, January 1957, 171-175. 

T h i s  i s  a  d e s c r i p t i o n  o f  t h e  development o f  h e a d l i g h t i n g  systems 

up t o  t h e  f o u r  headlamp system f i r s t  i n t r o d u c e d  i n  1957. The a r t i c l e  

i s  w r i t t e n  f o r  p o p u l a r  consumpt ion b u t  c o n t a i n s  a  number o f  i n t e r e s t i n g  

i n s i g h t s  i n t o  t h e  v a r i o u s  s teps  wh ich  l e d  t o  t h e  development o f  a  f o u r  

lamp system. I t  was p o i n t e d  o u t ,  f o r  example, t h a t  a  f o u r  headlamp 

system was developed much e a r l i e r  b u t  met w i t h  o b j e c t i o n s  f rom a  

p o i n t - o f - v i e w  o f  a i m i n g  d i f f i c u l t i e s  and s t y l i n g  problems. I t  i s  a l s o  

p o i n t e d  o u t  t h a t  s t y 1  i s t s  were one o f  t h e  d r i v i n g  f o r c e s  beh ind  t h e  

development o f  t h e  f o u r  1 amp sys tem. 

Roper, V.J. and Meese, G.E. More L i g h t  on t h e  H e a d l i g h t i n g  Problem 
Highway Research Record, No. 70, 1965, 29-34. 

W r i t t e n  i n  a  r a t h e r  breezy and i n f o r m a l  way, t h i s  i s  a  d e s c r i p t i o n  

of a  number o f  t e s t s  c a r r i e d  o u t  by  General E l e c t r i c  comparing v a r i -  

ous f a c t o r s  i n f  1  uenc i  ng headlamp performance.  There were a  number 



o f  t e s t s  t o  examine d i f f e r e n t  candlepower o u t p u t s  o f  lamps on b o t h  

s t r a i g h t  and cu rved  roads.  There was a n o t h e r  s tudy  c a r r i e d  o u t  t o  

e v a l u a t e  t h e  e f f e c t  o f  misa im.  Another s tudy  on t h e  e f f e c t  o f  mount- 

i n g  h e i g h t .  There was a  s t u d y  wh ich  compared a  low beam European 

q u a r t z  halogen lamp w i t h  an 8,000 candlepower U.S. low beam 1  amp. 

The r e s u l t s  of t h i s  a r e  q u i t e  s i m i l a r  t o  t hose  r e p o r t e d  from HSRI i n  

t h a t  under low g l a r e  c o n d i t i o n s  t h e  European lamp d i d  n o t  do as w e l l  

as t h e  American lamp b u t  under h i g h  g l a r e  c o n d i t i o n s  t h e  r e s u l t s  were 

q u i t e  comparable. F i n a l l y ,  t h e r e  i s  a  s tudy  comparing t h e  e f f e c t  of 

a l c o h o l  on see ing  d i s t a n c e  u s i n g  American s t y l e  lamps. 

Roper, V .  J. and Morgenstern ,  L .A. Q u a r t z - I o d i n e  Headlamps S l a t e d  
f o r  European Debut. SAE J o u r n a l ,  Vol . 72, No. 6, June 1964, 30-35. 

T h i s  a r t i c l e  g i v e s  a  t e c h n i c a l  run-down on t h e  p r i n c i p l e  beh ind  

t h e  q u a r t z  ha logen headlamp. I t  c o n t a i n s  a  b r i e f  h i s t o r y  o f  t h e  

development o f  t h e  concept  and c o n t a i n s  a  number o f  d e r o g a t o r y  

comments r e g a r d i n g  t h e  European p r i n c i p l e  o f  au tomot i ve  headl  i g h t i  ng . 

Rumar 
Mee t i  
U P P ~ ~  

, K .  V i s i b l e  D is tances  i n  N i g h t  D r i v i n g  w i t h  M i s a l i g n e d  
ng Dipped H e a d l i g h t s .  Department o f  Psychology,  U n i v e r s i t y  of 
l a ,  Sweden, Repor t  No. 28, August  1965. 

I n  o r d e r  t o  examine how t h e  v i s i b l e  d i s t a n c e s  o f  d r i v e r s  d u r i n g  

a  c a r  mee t ing  changes w i t h  v e r t i c a l  ad jus tment  o f  t h e  h e a d l i g h t  o f  

t h e  meet ing  c a r ,  a  s e r i e s  o f  t e s t s  have been c a r r i e d  o u t .  The 

mee t ing  c a r  w i t h  easi1.y a d j u s t a b l e  h e a d l i g h t s  i n  t h e  v e r t i c a l  d i r e c -  

t i o n  was s t a t i 0 n a r . y .  The s u b j e c t  d rove t h e  o t h e r  w i t h  co r rec t1 . y  

a d j u s t e d  headl  i q h t s .  The ad jus tmen t  o f  t h e  headl  i q h t s  was v a r i e d  

a t  random i n  s teps  o f  1 degree,  f rom 2 degrees t o o  1  ow t o  f i v e  

degrees t o o  h i g h .  The r e s u l t  was, t h a t  compared t o  c o r r e c t l y  a d j u s t e d  

mee t ing  1  i g h t s ,  t h e  v i s i b i l i t y  d i s t a n c e  was n o t  i n c r e a s e d  by a  down- 

ward m isa l i gnmen t  o f  meet ing  h e a d l i g h t s ,  w h i l e  on t h e  o t h e r  hand, an 

upward m i s a l  ignment o f  1-2' o f  rneeti ng headl  i g h t s  decreased t h e  

normal  v i s i b i l i t y  d i s t a n c e  25%.  



I t  shou ld  be no ted  t h a t  t h i s  t e s t  was r u n  w i t h  European s t y l e  

asymmetric beams. Because o f  t h e  sharp  c u t o f f  c h a r a c t e r i s t i c s  of 

such headlamps i t  would n o t  be expected t h a t  downward m isa l i gnmen t  

would have v e r y  much e f f e c t .  S l i g h t  upward m isa l i gnmen t ,  a t  l e a s t  

by 1 o r  2 degrees would be expected t o  have a  major  a f f e c t ,  wh ich  

i n  f a c t  i s  what i s  shown by t h e  t a b u l a t e d  data .  M isa l i gnmen t  much 

g r e a t e r  t han  2 degrees upward would beg in  t o  th row t h e  h o t  s p o t  

above t h e  eyes o f  t h e  oncoming d r i v e r ,  reduc ing  t h e  g l a r e  problem. 

Rumar, K.  V i s u a l  Performance i n  N i g h t  D r i v i n g .  I n t e r d i s c i p l i n a r y  
S tud ies  f rom t h e  Scand inav ian Summer U n i v e r s i t y .  Vol . XI11 , 1966, 
9- 18. 

T h i s  i s  a  genera l  summary o f  t h e  e a r l i e r  work c a r r i e d  on a t  

Uppsala by Rumar and h i s  coworkers.  I t  i n c l u d e s  a  rev iew  of  t h e  

e a r l y  see ing  d i s t a n c e  s t u d i e s ,  t h e  headl  i g h t  ad jus tmen t  s tudy ,  t h e  

s i l h o u e t t e  e f f e c t s  s tudy  and a  s tudy  concern ing r e a d a p t a t i o n  t i m e  

a f t e r  g l a r e .  

Rumar, K. Halogen and Convent iona l  C o n t i n e n t a l  European H e a d l i g h t s :  
A Comparison o f  V i s i  b i  1  i ty  D is tances .  Department o f  Psychology,  
U n i v e r s i t y  o f  Uppsala. Repor t  94, 1970. 

Us ing v i s i b i l i t y  d i s t a n c e  as a  c r i t e r i o n ,  halogen and conven- 

t i o n a l  h i g h  and low beams have been e x p e r i m e n t a l l y  compared i n  a  

s e r i e s  o f  f i e i d  t e s t s .  The main r e s u l t s  were as f o l l o w s :  

On h i g h  beam, w i t h o u t  opposing l i g h t ,  t h e  ha logen h e a d l i g h t s  

o f f e r  about  25% l o n g e r  v i s i  b i  1  i ty  d i s t a n c e s  than  t h e  conven t iona l  

h e a d l i g h t s .  Wi th  b o t h  opposing ca rs  u s i n g  l ow  beam t h e r e  i s  a  

s l i g h t  advantage ( l e s s  than  5 me te rs )  t o  have halogen h e a d l i g h t s .  

The o p t i m a l  d i p p i n g  d i s t a n c e  i s  a  f u n c t i o n  o f  h i g h  beam system 

( i n t e n s i t y )  r a t h e r  than  low beam system. 

Small  d i f f e r e n c e s  i n  a iming,  atmosphere, e t c , ,  cause l a r g e r  

d i f f e r e n c e s  i n  v i s i b i l i t y  d i s t a n c e  than does t h e  headl  i g h t  system 

under c o n s i d e r a t i o n .  



Rumar, 
Europea 
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K . ,  Helmers, G . ,  and T h o r e l l ,  M.  Obs tac le  V i s i b i l i t y  w i t h  
n  Halogen H4 and American Sealed Beam Head1 amps. U n i v e r s i t y  
a l a ,  Sweden, Repor t  133, 1973. 

Th is  r e p o r t  desc r ibes  a  s e r i e s  o f  f i e l d  exper iments which 

measured v i s i  b i  1  i ty  d i s t a n c e s  comparing European and American 

headlamp beams. The t e s t s  were c a r r i e d  o u t  f o r  v a r i o u s  r e l e v a n t  

t r a f f i c  s i t u a t i o n s .  The t e s t s  were c a r r i e d  o u t  i n  a  semi-dynamic 

f a s h i o n  w i t h  a  s t a t i c  g l a r e  c a r  parked on one s i d e  o f  a  two l a n e  

r o a d  and t h e  s u b j e c t s  ( c a r r i e d  f o u r  a t  one t i m e )  i n  an exper imen ta l  

v e h i c l e ,  wh ich  was d r i v e n  toward t h e  g l a r e  c a r  a t  a  speed of 50 

k i l o m e t e r s  p e r  hour .  

Resu l t s  i n d i c a t e  t h a t  t h e  European h i g h  beam p r o v i d e d  approx i  - 
m a t e l y  a  15% 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  t o  a  gray  o b j e c t  

measur ing 0 . 4  meters  broad and 1.0 meters  h i g h  on s t r a i g h t  roads.  

On sharp  curves t h e  d i f f e r e n c e  between t h e  European and American 

h i g h  beams i s  n e g l i g i b l e .  

I n  an exper imen ta l  s e t t i n g  where a  low beam was opposing a  

l ow  beam, i t  was found t h a t  t h e  d i f f e r e n c e  between t h e  two l i g h t i n g  

u n i t s  produced t h e  f o l l o w i n g  v i s i  b i  1  i t y  r e s u l t s :  

1. Under normal ,  i .e. ,  s t r a i g h t  road  c o n d i t i o n s ,  i t  was 

always a  c o n s i d e r a b l e  advantage (30-40%) t o  have an 

American low  beam and a s l i g h t  d isadvantage t o  meet an 

American low  beam (10%) compared w i t h  an European s t y l e  

1  ow beam. 

2 .  The American low beam advantage i s  l a r g e r  t h e  h i g h e r  t h e  

r e f l e c t i v i t y  l e v e l  o f  t h e  o b s t a c l e s  o r  t e s t  t a r g e t s .  

3. Under c o n d i t i o n s  o f  m i s s i n g  h e a d l i g h t s ,  i t  was always 

a  c o n s i d e r a b l e  advantage t o  use t h e  American s t y l e  low 

beam. 

4. The two systems gave r o u g h l y  even v i s i b i l i t y  on sharp  

curves w i t h  an advantage w i t h  t h e  American u n i t  on sharp  

curves t o  t h e  l e f t .  



5. S u b j e c t i v e l y  t h e  European beam was e s t i m a t e d  s u p e r i o r  t o  

t h e  American beam, even i n  s i t u a t i o n s  where t h e y  gave 

s h o r t e r  v i s i  b i  1  i t y  d i s t a n c e s .  A  s p e c i a l  g l a r e  e v a l u a t i o n  

was c a r r i e d  o u t  by  p e d e s t r i a n s  and opposing d r i v e r s  and 

i t  c l e a r l y  showed t h e  h i g h e r  p e r c e i v e d  g l a r e  f o r  t h e  

American s t y l e  beams. However, t h e r e  was no i n d i c a t i o n  

of r e a l  d i s c o m f o r t  o r  i r r i t a t i o n  on t h e  p a r t  of  t h e  

obse rve rs .  

The i n v e s t i g a t i o n  demonstrates c l e a r l y  t h a t  l ow  beam v e h i c l e  

l i g h t i n g  v i s i b i l i t y  i s  f a r  f rom accep tab le  i n  r e l a t i o n  t o  normal 

speeds i n  n i g h t  d r i v i n g .  S t rong  e f f o r t s  shou ld  be made t o  i n c r e a s e  

v i s i b i l i t y  d i s t a n c e  f u r t h e r .  The a u t h o r s  f e e l  t h a t  a  good i n t e r i m  

improvement c o u l d  be r e a l i z e d  by s w i t c h i n g  t o  an American beam 

p a t t e r n .  

Schreuder,  D.A. V e h i c l e  L i g h t i n g  System - Four Steps i n  G l a r e  
Reduct ion.  Proceedings o f  t h e  s o c i e t y  o f  Pho to -Op t i ca l  Ins t rumen-  
t a t i o n  Eng ineers ,  November 1972. 

T h i s  i s  a  v e r y  genera l  a r t i c l e  wh ich  t r i e s  t o  s e t  f o r t h  t h e  

prob lem o f  i n f o r m a t i o n  a c q u i s i t i o n  i n  n i g h t  d r i v i n g  and then  d i s -  

cusses f o u r  ways i n  wh ich  g l a r e  r e d u c t i o n  can be b rough t  about .  I t  

beg ins  by t a l k i n g  abou t  t h e  development o f  t h e  c u r r e n t  European low  

beam lamp and t h e n  goes on t o  d i scuss  mu1 t i p l e  beam systems, t h r e e  

and f o u r  beams o f  v a r i o u s  c o n f i g u r a t i o n s  wh ich  ease t h e  t r a n s i t i o n  

between h i g h  and low beams and make p o s s i b l e  g r e a t e r  cho ices  f o r  

t h e  d r i v e r  under d i f f e r e n t  d r i v i n g  c o n d i t i o n s .  I t  then  goes on t o  

a  d i s c u s s i o n  o f  beam s t a b i  1  i z a t i o n  systems des igned t o  compensate 

f o r  d i f f e r e n t  degrees o f  p i t c h  on t h e  v e h i c l e .  I t  concludes w i t h  a  

d i s c u s s i o n  o f  p o l a r i z e d  1  i g h t i n g .  



S c h i f l e t t ,  S .G. ,  Candena, D.G. ,  and Hemion, R.H. H e a d l i g h t  G l a r e  
E f f e c t s  on D r i v e r  F a t i g u e .  Southwest Research I n s t i t u t e ,  P r o j e c t  
No. 11-1908. Report  No. AR-699, September 1969. 

Two separa te  s t u d i e s  were conducted w i t h  r e a l  and s i m u l a t e d  

n i g h t  o p e r a t i o n  t o  examine t h e  phenomenon o f  f a t i g u e  i n  d r i v e r s  by 

a v a r i e t y  o f  phys i  01 o g i c a l  and psychophysi  01 o g i c a l  sensors and 

i n d i c a t o r s  i n c l u d i n g ,  EEG,  EMG, Reac t i on  and Task Performance 

Measures and changes i n  17-OHCS l e v e l  i n  body f l u i d s .  The ob jec -  

t i v e  of these s t u d i e s  was t o  d i f f e r e n t i a t e  t h e  onset  and development 

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

v e h i c l e  head1 i g h t s  . The exper iments were e s s e n t i a l  l y  unsuccessfu l  

i n  f i n d i n g  a  sensory techn ique  o f  adequate s e n s i t i v i t y  t o  p r o v i d e  

such d i s c r i m i n a t i o n .  

Schwab, R . N .  N i g h t  V i s i b i l i t y  f o r  Opposing D r i v e r s  w i t h  High and 
Low Head1 i g h t  Beams. Highway Research Board, - No. 70, 1965, 87-88. 

T h i s  i s  a  v e r y  b r i e f  a r t i c l e ,  an abr idgement of another  a r t i c l e ,  

wh ich  i s  p r i m a r i l y  concerned w i t h  d i f f e r e n c e s  i n  performance of 

h e a d l i g h t s  as measured i n  conven t i ona l  t e s t  s i t u a t i o n s  as a  f u n c t i o n  

o f  t h e  t a r g e t  used,  I n  t h i s  s tudy  two d i f f e r e n t  types o f  t a r g e t s  

were employed, a  r e d  r e t r o r e f l e c t o r  on t h e  r e a r  of an \un l i gh ted  

b l a c k  c a r  and a  s e c t i o n  o f  s tanda rd  pavement s t r i p e .  Resu l t s  i n d i -  

ca ted  t h a t  q u i t e  d i f f e r e n t  r e s u l t s  were ob ta ined  as a  f u n c t i o n  of 

beam w i t h  t h e  two d i f f e r e n t  t a r g e t s .  The au tho r  s t a t e s  t h a t  these 

r e s u l t s  show t h e  danger o f  u s i n g  a  s i n g l e  simp1 i f i e d  t a r g e t  i n  

resea rch  on d r i v e r  v i s i b i l i t y .  

Schwab, R . N .  and Hemion, R.H.  Improvement o f  V i s i b i l i t y  f o r  N i g h t  
D r i v i n g .  -- Highway Research ---- Record, No. 3 7 7 ,  1971. 

T h i s  paper i s  a genera l  overv iew of t h e  research and h e a d l i g h t -  

i n g  c a r r i e d  o u t  a t  t h e  Southwest Research I n s t i t u t e .  There i s  a  

b r i e f  d i s c u s s i o n  o f  t h e  beam use s tudy  and t h e  v i s i b i l i t y  s t u d i e s ,  

b u t  t h e  b u l k  o f  t h e  paper i s  devoted t o  t h e  p o l a r i z e d  h e a d l i g h t i n g  



work and t h e r e  a r e  a  number o f  s e c t i o n s  d e a l i n g  w i t h  v a r i o u s  aspects  

of t h a t  problem. It c loses  w i t h  a  b r i e f  d i s c u s s i o n  o f  f i x e d  l i g h t i n g  

sys tems . 

Tsonsos, N . G .  and Schwab, R.N. D r i v e r  Judqments as I n f l u e n c e d  bv - - 

Veh icu l  a r  L i g h t i n g  a t  ~ n t e r s e c t i o n s .  ~ i ~ h w a ~  Research Record, No. 336, 
1970, 21-32. 

The d r i v e r ' s  judgments and d e c i s i o n s  a t  a  r i g h t  ang le  non- 

s i g n a l i z e d  i n t e r s e c t i o n  i n  r e l a t i o n  t o  t h e  degree o f  g l a r e  exposure 

were examined by u s i n g  b o t h  c o n v e n t i o n a l  and p o l a r i z e d  head1 i g h t i n g .  

The s t u d y  was conducted on a  runway o f  an a i r p o r t  i n  a  da rk  r u r a l  

env i ronment .  Two t ypes  o f  procedures were employed d u r i n g  t h e  t e s t .  

I n  t h e  f i r s t ,  t h e  s u b j e c t  d r i v e r  s t a t i o n e d  i n  a  v e h i c l e  was asked t o  

j udge  t h e  " l a s t  s a f e  moment" t o  s t a r t  across  t h e  i n t e r s e c t i o n  ahead 

of t h e  approach ing t e s t  v e h i c l e  f r o m  t h e  r i g h t .  I n  t h e  second p r o -  

cedure,  t h e  t e s t  d r i v e r  per formed t h e  c r o s s i n g  maneuver. Two age 

groups of t e n  male d r i v e r s  each were r e c r u i t e d  t o  p a r t i c i p a t e  i n  t h e  

exper iment .  S t a t i s t i c a l  ana lyses show s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

d r i v e r s  r e a c t i o n  among d i f f e r e n t  1 i g h t i n g  modes. Under t h e  more 

g l a r i n g  c o n d i t i o n s  t h e  s u b j e c t  d r i v e r s  r e q u i r e d  1  onger gap acceptance 

t i m e  and t h e r e  was g r e a t e r  v a r i a n c e  i n  t h e  da ta .  Both  age groups 

had t h e  same p a t t e r n  o f  gap acceptance va lues f o r  each l i g h t i n g  mode. 

I n  t h e  performance runs t h e  younger  age group had s h o r t e r  gap accep- 

tance  va lues and l e s s  v a r i a b i l i t y  among d r i v e r s .  A1 though 1 ow beam 

lamps were l e a s t  bothersome a c c o r d i n g  t o  t h e  d i s c o m f o r t  g l a r e  eva lua -  

t i o n  done by t h e  s u b j e c t  d r i v e r s ,  b o t h  p o l a r i z e d  h i g h  beam systems 

s t u d i e d  were s u p e r i o r  t o  c o n v e n t i o n a l  h i g h  beam systems. 

Webster, L.A. and Yeatman, F.R. An I n v e s t i g a t i o n  o f  H e a d l i g h t  G l a r e  
as Re1 a t e d  t o  L a t e r a l  S e ~ a r a t i o n  o f  Veh ic les  . Un ive rs  i t v  of I 1  1  i n o i s ,  
Col l e g e  o f  Eng ineer ing ,  Eng ineer ing  Exper iment S t a t i o n ,  b u l  l e t i n  496, 
1968. 

T h i s  i s  a v e r y  comprehensive paper d e s c r i b i n g  research  l a r g e l y  

r e l a t e d  t o  means f o r  g l a r e  r e d u c t i o n .  The means e x p l o r e d  a r e  l a t e r a l  



s e p a r a t i o n  and p o l a r i z a t i o n .  There i s  no d e s c r i p t i o n  of any work 

comparing European and American s t y l e  beams. However, t h e r e  i s  a  

ve ry  comprehensive l i t e r a t u r e  rev iew  i n  t h e  f i r s t  p a r t  of t h e  paper .  

Woodward, F .  and Wol fe,  K . R .  Headlamps f o r  t h e  F u t u r e .  Automobi le 
Engineer,  Vo l .  6, No. 7, J u l y  1971, 42-45. 

T h i s  i s  a good a r t i c l e  wh ich  desc r i bes  t h e  b a s i c  f ea tu res  and 

advantages and p r i n c i p l e s  beh ind  t h e  tungsten-ha1 ogen c y c l e .  On 

t h e  l a s t  page o f  t h e  a r t i c l e  i s  a  b r i e f  c o n s i d e r a t i o n  of t h e  r e l a t i v e  

m e r i t s  o f  t h e  Anglo-American and European t y p e  beam p a t t e r n s .  

Y e r r e l l ,  J.S. Headlamp I n t e n s i t i e s  i n  Europe and B r i t a i n .  Road 
Research Labora to ry ,  RRL Repor t  LR 383, 1971. 

A  survey  o f  headlamp i n t e n s i t i e s  was made i n  B r i t a i n  and fou r  

European c o u n t r i e s .  Meet ing  beam i n t e n s i t i e s  caus ing  g l a r e  and 

g i v i n g  near  s i d e  i 11 u m i n a t i o n  were recorded.  Average i n t e n s i t i e s  i n  

t h e  g l a r e  d i r e c t i o n  i n  B r i t a i n  were n e a r l y  doub le  those on t h e  con- 

t i n e n t ,  w i t h  i n t e n s i t i e s  i n  France be ing  h i g h e r  than t h e  c o n t i n e n t a l  

average and more d i v e r s e .  Comparison w i t h  an e a r l i e r  survey  suggests 

1  i t t l e  change i n  t h e  g l a r e  s i t u a t i o n  i n  t h e  U n i t e d  Kingdom i n  t h e  

pas t  e i g h t  y e a r s .  B r i t i s h  va lues  were c l o s e r  than t h e  c o n t i n e n t a l  

t o  t h e  r e l e v a n t  beam s p e c i f i c a t i o n .  I l l u m i n a t i n g  i n t e n s i t i e s  around 

4,000 candela were recorded a t  a l l  f o u r  B r i t i s h  s i t e s .  The s i n g l e  

French s i t e  a lmost  doubled t h e  rema in ing  European f i g u r e s .  There was 

no c o r r e l a t i o n  between il l u m i n a t i o n  and speed. A d r i v e r ' s  a b i l i t y  

t o  see d u r i n g  a  meet ing  s i t u a t i o n  depends on b o t h  g l a r e  and i l l u m i n a -  

t i o n .  T e n t a t i v e  conc lus ions  based i n  t h e  i 11 umina t i on  va lues  suggest  

t h a t  t h e  B r i t i s h  d r i v e r s  would have seen a  s tanda rd  t a r g e t  60 meters 

away a t  t h e  roads ide  i n  44% o f  meet ing  s i t u a t i o n s  on a  two- lane road  

compared w i t h  56% f o r  t h e  French d r i v e r s ,  and 214 f o r  t h e  B e l g i a n .  

Low i l l u m i n a t i o n  was r e s p o n s i b l e  f o r  t h i s  l a s t  low f i g u r e ,  n o t  exces- 

s i v e  g l a r e .  



Z a c c h e r i n i ,  F. and T h u l i n ,  A .  A  Survey o f  Motor V e h i c l e  H e a d l i g h t s .  
Stockholm, P66-332, F i n a l  Repor t ,  Lab C 12. 1969. 

T h i s  i s  an E n g l i s h  t r a n s l a t i o n  o f  an a r t i c l e  which was p u b l i s h e d  

o r i g i n a l l y  i n  1967. I t  thus pre-dates  t h e  q u a r t z  halogen and some of 

t h e  comments, p a r t i c u l a r l y  those r e l a t i n g  t o  b l a c k e n i n g  o f  t h e  b u l b  

a r e  i n a p p r o p r i a t e .  The r e p o r t  i s  ve ry  d i f f i c u l t  t o  f o l l o w ,  and 

a p p a r e n t l y  many p e r t i n e n t  d e t a i  1s a r e  m iss ing .  However, i t  r e 1  a tes  

t o  a  l a b o r a t o r y  i n v e s t i g a t i o n  o f  a  number o f  f a c t o r s  concern ing 

European and American headlamps. The r e p o r t  i m p l i e s  t h a t  t h e r e  was 

s u b s t a n t i a l  d e t e r i o r a t i o n  i n  t h e  European lamps a s s o c i a t e d  w i t h  

m o i s t u r e  and d u s t  be ing  b rough t  i n t o  t h e  lamp hous ing d u r i n g  t h e  

o p e r a t i o n a l  c y c l e s .  The au tho rs  found s i g n i f i c a n t  r e d u c t i o n s  i n  

o v e r a l l  performance and l o s s  o f  p roper  pho tomet r i c  d i s t r i b u t i o n s .  

The au tho rs  conc lude t h a t  American lamps a r e  much b e t t e r  i n  t h i s  

r e s p e c t  and urge a  d e t a i l e d  t e s t  program t o  determine whether i n  

f a c t  American lamps ought t o  be used i n  Sweden. 

Zechnal 1  , R .  
D is tances . 
Symposi um he 
1962, 53-72. 

I n f l u e n c e  o f  L i g h t  D i s t r i b u t i o n  o f  Headlamps on Seeing 
L i g h t i n g  Problems i n  Highway T r a f f i c .  Proceedings o f  a  
I d  a t  t h e  Wenner-Gren Center,  Stockholm Sweden, October 

T h i s  i s  a  good d e s c r i p t i o n  o f  d i f f e r e n c e s  between American and 

European beam p a t t e r n s  f rom a  number o f  p o i n t s  o f  view. O f  p a r t i c u l a r  

i n t e r e s t  i s  t h e  d e s c r i p t i o n  o f  c u t o f f  requ i rements  beg inn ing  on 

page 58. Th is  cu lm ina tes  i n  a  d i s c u s s i o n  on pages 60 and 61 which 

argues f o r  a  r e l a t i v e l y  sharp c u t o f f  and t h e r e f o r e  argues t h a t  t h e  

American low beam i s  i n f e r i o r .  






