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~ b s t r a c r  
The o b j e c t l u *  of t h i s  s tudy  was t o  conduct  f l r l d  es; ler lments t o  e v a l u a t e  a l t e r n a t i v e  meeting beams 

I 
I n  t e r n s  of  visibility dls tnncc ' s  2nd g l a r e  e f r c c t s .  i ' h t  convent iona l  U.S. and European low beams were 
used a s  a  b a s i s  f o r  comparison !:'.th t h e  exgcr imenta l  mid ],earns. r Computer simulation e v a l u a t i o n s  were f l r o 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  aim of t n e  Type-111 . 

I 
I lamp usca t~ augmcnt tile c o n v e ~ ~ t i o n a l  low beam licacilam~,s in p r o v ~ d i n g  n i d  beams. T;h.o aiming s p e c i f i -  

c a t i o n s  f o r  t h i s  1 i . m ~  were d e r i v e d ,  i n  one of wlilcll tiic lamp was aimed w i t h  i t s  maxlmurn intensity 2 "  R ,  
0.5O D and i n  t h e  o t h e r  2.5' K, 10" D. The former was in tended  t o  provlde  g r e a t e r  v i s l b i l i t y  2nd some- 
what g r e a t e l  g l a r e  whi le  t l i c  l a t t e r  was in tcndcd  t o  produce lowcr g l a r e  v a l u e s  and lower v l s i b l l i t y .  

R e s u l t s  of  t!le f l e l d  t e s t s  showed t h a t  v i s i b i . l i t y  of  Type-I t a r g e t s  p o s l t l o n e d  i n  t h e  c e n t e r  of  
t h e  two-lane road used,  was about  h a l f  t h a t  f o r  t a r g e t s  a t  tile r l g h t  s i d e  of  t h e  l a n e .  The visibility 1 

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  of  t h e  latie were n o t  d i f f e r e n t  wi th  t h e  v a r i o u s  beams, e x c e p t  a t  
c l o s e  t o  t h e  meeting p o l n t  where t h e  beams us ing  t h e  ECE low beam provided s l i g h t l y  g r e a t e r  v i s l b i l i t y .  , 
Fcr 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  mid beam A an3 t h e  ECC-U.S. mid beam produced t h e  g r e a t e s t  

I 
v l s i b i l i c y  d i s t a n c e s ,  up t o  2 4 %  g r e a t e r  than  tile iow beams by themselves.  The r e s u l t s  of t h i s  t e s t  
and correspor.ding c o n ~ l t i o n s  i n  prev ious  s t u d i e s  were I n  reasonably  good agreement,  indicating t h a t  
t h e  procedure was f a i r l y  r e l i a b l e .  Glare  r a t i n g s  were found n o t  t o  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  of  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  of  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$ing t h e  ECE low beam t h a c  t h e  mid bcams A o r  6. 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 a s  f o r  t h e  Type-I t a r g e t  used i n  t h e s e  s t u d l e s .  The d a t a  
s u g g e s t  t h a t ,  a  mid beam, composed of  t h e  ECE low beam and a  Type-I11 lamp can be expec ted  t o  provide  
about  a  20% i n c r e a s e  i n  s e e i n g  d i s t a n c e  f o r  t a r g e t s  along t h e  r i g h t  s i d e  of  t h e  road 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  meetings on straight, 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 t a n c e s  and 
t h o s e  o b t a i n e d  i n  the f i e l d  t e s t .  

I t  was concluded t h a t  improved meeting beams should i n c o r p o r a t e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  t h e  
mid beams used i n  t h e s e  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 t h o s e  of p rev ious  computer 
s i m u l a t i o n s ,  t h e  mid beams should  be dimmed when meeting another  v e h i c l e  which i s  i n  t h e  o u t s i d e  l a n e  
and when fo l lowing  another  v e h i c l e  a t  d i s t a n c e s  of l a s s  than  a2out  200 f t .  i 
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OBJECTIVES 

The o b j e c t i v e s  of  t h i s  s tudy  were: 

1. To u t i l i z e  a  f i e l d  t e s t  procedure developed i n  p rev ious  

phases of t h i s  r e s e a r c h  f o r  t h e  e v a l u a t i o n  of headlamp beams, 

2 .  Conduct p r e l i m i n a r y  computer s imula t ion  e v a l u a t i o n s  of 

meeting beams and d e r i v e  a  s u b s e t  f o r  e v a l u a t i o n  i n  a f i e l d  t e s t .  

Carry o u t  a  f i e l d  t e s t  of meeting beams. 

4 .  Recommend g e n e r a l  photometr ic  beam c h a r a c t e r i s t i c s  of 

a n  improved meeting beam. 



SUMMARY OF FINDINGS 

1. With a l l  f i v e  beams e v a l u a t e d  ( s e e  Table 1, page ll), 

mean minimum v i s i b i l i t y  of t h e  Type-I t a r g e t s  on t h e  l e f t  was 

about  h a l f  t h a t  of t a r g e t s  on t h e  r i g h t ,  d u r i n g  meeting s i t u a -  

t i o n s .  

2 .  The a b s o l u t e  magnitude of  d i f f e r e n c e s  between beams i n  

mean minimum v i s i b i l i t y  d i s t a n c e s  of  Type-I t a r g e t s  on t h e  l e f t  

of  t h e  l a n e  was 2 4  f t  o r  l e s s  ( 2 5 % ) .  The U.S. low and mid 

beam-A produced s i g n i f i c a n t l y  lower mean v i s i b i l i t y  d i s t a n c e s  

t h a n  t h e  ECE low beam and t h e  ECE-U.S. low beam o n l y  c l o s e  t o  

t h e  meeting p o i n t .  

3 .  There were l a r g e r  a b s o l u t e  d i f f e r e n c e s  between beams 

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  of  Type-I t a r g e t s  on t h e  r i g h t  

s i d e  of  t h e  l a n e .  G r e a t e s t  v i s i b i l i t y  d i s t a n c e s ,  throughout  

t h e  meet ings ,  were o b t a i n e d  w i t h  t h e  mid beam-A and t h e  ECE-U.S. 

mid beam, w i t h  increments  i n  v i s i b i l i t y  of  up t o  24% over  con- 

v e n t i o n a l  low beams (209 v s  259 f t ) .  

4 .  No d i f f e r e n c e s  were found i n  v i s i b i l i t y  d i s t a n c e s  of  

t a r g e t s  on t h e  r i g h t  of  t h e  l a n e  between r e p r e s e n t a t i v e  U.S. 

low and ECE low beams. 

5 .  G la re  d i s c o m f o r t  was s i g n i f i c a n t l y  g r e a t e r ,  f o r  a l l  

Seams, when t h e  t a r g e t s  were on t h e  l e f t  than  on t h e  r i g h t .  

With t a r g e t s  on t h e  r i g h t ,  t h e r e  were no d i f f e r e n c e s  i n  g l a r e  

r a t i n g s  between beams. With t a r g e t s  on t h e  l e f t ,  t h e  ECE low 

beam and ECE-U.S. mid beam were r a t e d  less g l a r i n g  t h a n  mid 

beams A and B .  

6 .  Mean minimum and maximum (no-g la re )  d i s t a n c e s  a t  which 

t h e  7 %  r e f l e c t a n c e  p e d e s t r i a n  t a r g e t  was d e t e c t e d  was abou t  t h e  

same as for i d e n t i f i c a t i o n  of  t h e  o r i e n t a t i o n  of  t h e  1 2 %  r e f l e c -  

t i v e  Type-I t a r g e t s .  



7 .  Comparisons between some of t h e s e  t e s t s  and cor re -  

sponding ones made i n  previous  phases of t h i s  r e s e a r c h  program, 

showed about  i d e n t i c a l  mean v i s i b i l i t y  d i s t a n c e s  of  Type-I 

t a r g e t s  on t h e  l e f t  of t h e  l a n e ,  wi th  a  maximum d i sc repancy  of 

2 0 %  i n  mean v i s i b i l i t y  d is t .ance  n e a r  t h e  meeting p o i n t  f o r  

t a r g e t s  on t h e  r i g h t  ( 2 1 0  vs  250 f t  i n  F igure  1 6 ) .  

8 .  Comparisons between t h e  mean v i s i b i l i t y  d i s t a n c e s  

ob ta ined  i n  t h e  meetings s imula ted  i n  t h e  f i e l d  t e s t  and t h o s e  

d e r i v e d  by t h e  computer s imula t ion  model f o r  t h e  f i v e  beams, 

were i n  g e n e r a l  agreement f o r  Type-I t a r g e t s  on t h e  l e f t .  For 

t a r g e t s  on t h e  r i g h t ,  t h e  f i e l d  t e s t  d a t a  showed s h o r t e r  v i s i -  

b i l i t y  d i s t a n c e s  i n  t h e  reg ion  n e a r  t h e  meeting p o i n t ,  than  

t h e  computer s imula t ion .  The average maximum d e v i a t i o n  between 

t h e  computer s imula t ion  and f i e l d  t e s t  d a t a  was 20% of  t h e  f i e l d  

t e s t  mean minimum v i s i b i l i t y  d i s t a n c e ,  f o r  t h e  t e s t s  conducted 

wi th  t h e  t a r g e t  on t h e  r i g h t  s i d e  of t h e  l ane .  

9 .  The r e s u l t s  of t h i s  i n v e s t i g a t i o n  s u g g e s t  t h a t  t h e  use  

of a meeting beam having t h e  c h a r a c t e r i s t i c s  of t h e  ECE-U.S. 

mid beam used i n  t h e s e  t e s t s  would produce about  a  20% 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  f o r  meetings on s t r a i g h t ,  f l a t ,  two-lane 

r o a d s ,  This  s e e i n g  d i s t a n c e  i n c r e a s e  would be accompanied by a 

s l i g h t  i n c r e a s e  i n  g l a r e  d i scomfor t ,  
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I N T R O D U C T I O N  

I n  t h e i r  f i r s t  r e p o r t  concerning a headlamp f i e l d  t es t  

program (Mortimer and Olson, 1 9 7 4 )  , t h e  au tho r s  descr ibed  

t a r g e t s ,  methods and t h e  r e s u l t s  of t e s t s  run with  a number 

of beam p a t t e r n s .  

One of t h e  important  purposes of t h e  work was t o  pro- 

v ide  background d a t a  f o r  t h e  development of an  a n a l y t i c a l  

model of headlamp performance based on v i s i b i l i t y  d i s t a n c e .  

Work on t h e  model has progressed s u b s t a n t i a l l y  (Mortimer 

and Becker, 1973; Becker and Mortimer, 1974) . A number 

of beam p a t t e r n s  have been analyzed using t h e  technique 

and i t s  v a l i d i t y ,  based on comparison wi th  f i e l d  t e s t  d a t a ,  

appears adequate.  

The purpose of t h e  t e s t  program t o  be descr ibed  i n  t h i s  

r e p o r t  was t o  eva lua t e  s eve ra l  beam p a t t e r n s  r ep re sen t ing  

p re sen t  low and p o t e n t i a l  mid beams. These beam p a t t e r n s  

have been subjected t o  a n a l y s i s  by t h e  model a s  wel l  and t h e  

r e s u l t s  a r e  presented f o r  comparison. 

METHOD 

TEST COURSE 

A dynamic approach was used a s  before ,  wi th  two c a r s  

being d r i v e n  toward each o the r  t o  s imula te  a meeting a t  

n igh t  on a two-lane road.  Each c a r  was equipped with  t h e  

t e s t  lamps, s u b j e c t s  and t h e  necessary measurement and 

recording ins t rumenta t ion .  

A schematic drawing of t h e  course  i s  given i n  ~ i g u r e  1. 

Not shown a r e  t h e  s t a r t  p o s i t i o n s  f o r  each c a r ,  which were 

loca ted  1 , 0 0 0  f e e t  back of t h e  p o s i t i o n s  l a b e l l e d  " ~ e g i n "  

i n  t h e  f i g u r e .  The d i s t a n c e s  shown on t h e  f i g u r e  a r e  i n  
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f e e t  from t h e  des igna ted  meet p o i n t  a t  t a r g e t  5 ,  The sep- 

a r a t i o n  d i s t a n c e  between t h e  two t e s t  c a r s  a s  they  progressed  

through a  run  was abou t  double  t h e  d i s t a n c e s  shown a t  each 

p o i n t .  Thus, a s  a  t e s t  c a r  passed t h e  "Begin" p o i n t  a t  

2,000 f e e t ,  it would be about  4,000 f e e t  away from t h e  o t h e r  

c a r ;  a s  it passed t a r g e t  1 t h e  s e p a r a t i o n  d i s t a n c e  would be  

about  2,800 f e e h a n d  so  on .  S e p a r a t i o n  d i s t a n c e  a t  t h e  time 

a  t a r g e t  was i d e n t i f i e d  was about  double  t h e  sum of t h e  t a r -  

g e t  d i s t a n c e  and t h e  v i s i b i l i t y  d i s t a n c e .  These a r e  approx- 

ima t ions  due t o  t r i a l - t o - t r i a l  v a r i a t i o n s  i n  c a r  p o s i t i o n ,  

Due account  was t aken  of t h e s e  v a r i a t i o n s  i n  t h e  d a t a  a n a l -  

y s i s .  

The c o u r s e  was ar ranged so  t h a t  t h e  t a r g e t s  would appear  

on t h e  s u b j e c t s '  r i g h t  when running i n  one d i r e c t i o n  and on 

t h e i r  l e f t  when running i n  t h e  o p p o s i t e  d i r e c t i o n .  The 

t h r e e  c l o s e l y  grouped t a r g e t s  marked "P" i n  F i g u r e  1 were 

p r e s e n t  on ly  i n  one phase of t h e  s tudy ,  a s  w i l l  be  exp la ined  

l a t e r .  The t a r g e t s  i n  t h e  c e n t e r  of t h e  road were removed 

f o r  t h a t  phase.  

TARGETS 

Two t y p e s  of t a r g e t s  were used i n  t h i s  s tudy .  The t a r -  

g e t s  l o c a t e d  a t  p o s i t i o n s  "C" and 1-9 i n  F i g u r e  1 were t h e  

Type-I t a r g e t s  used i n  t h e  e a r l i e r  i n v e s t i g a t i o n s ,  and a r e  

f u l l y  d e s c r i b e d  i n  t h a t  r e p o r t  (Mortimer and Olson, 1974) .  

A photograph of one of them i s  g iven i n  F i g u r e  2. B a s i c a l l y ,  

t h e  t a r g e t  c o n s i s t s  of a  24" x 30" f l a t  b lack  (3% r e f l e c t a n c e )  

background on which t h e  r e f l e c t i v e  f a c e s  a r e  mounted. The 

r e f l e c t i v e  p o r t i o n s  of t h e  t a r g e t  c o n s i s t  of a  4 "  x  10" bar  

and a n  8 "  x 8 "  square  which could  be l o c a t e d  a t  e i t h e r  end 

of t h e  b a r .  The s u b j e c t s '  t a s k  was t o  de te rmine  whether 

t h e  square  was l o c a t e d  a t  t h e  l e f t  o r  r i g h t  end of t h e  b a r .  

The f a c e s  a r e  a v a i l a b l e  i n  d i f f e r e n t  r e f l e c t a n c e  l e v e l s ,  



F i g u r e  2 .  The Type-I Target .  



with  1 2 %  f a c e s  be ing  used i n  t h i s  t e s t .  The c e n t e r  of t h e  f a c e s  

of t h e  t a r g e t s  were mounted 6 i n .  above t h e  pavement. 

The Type-I t a r g e t s  which were p laced  on t h e  c e n t e r  l i n e  of  

t h e  road had t h e i r  backing p l a t e s  c u t  o f f  a t  a  h e i g h t  of  18  i n .  

T h i s  was done t o  i n s u r e  t h a t  they  d i d  n o t  b lock t h e  headlamps 

of t h e  oncoming c a r  a t  any t ime.  

The "D" t a r g e t  was a  dummy i n  t h e  sense  t h a t  i t  was n o t  

i n c l u d e d  i n  t h e  d a t a  a n a l y s i s .  I t  had been determined i n  p r e v i o u s  

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

tended t o  be unduly s h o r t ,  s o  a p r a c t i c e  was developed o f  i n s e r t -  

i n g  an e x t r a  t a r g e t  forward o f  t h e  in tended  f i r s t  t a r g e t .  The 

s u b j e c t s  were n o t  aware t h a t  t h e i r  response  t o  t h i s  dummy t a r g e t  

d i d  n o t  c o u n t ,  and i t s  r i g h t - l e f t  o r i e n t a t i o n  was changed on t h e  

same b a s i s  a s  a l l  o t h e r  t a r g e t s .  

The t a r g e t s  a t  p o s i t i o n s  "P" i n  F i g u r e  1 were i n t e n d e d  t o  

s i m u l a t e  a  p e d e s t r i a n .  They were r e c t a n g l e s ,  16 i n .  wide and 

7 2  i n .  h i g h ,  p a i n t e d  da rk  g ray  ( 7 %  r e f l e c t a n c e )  . The s u b j e c t s '  

t a s k  was t o  d e t e c t  t h e i r  presence .  

TEST CARS 

Two i d e n t i c a l  s t a t i o n  wagons were employed ( F i g u r e  3 ) .  

They were t h e  same c a r s  used i n  e a r l i e r  s t u d i e s  and a r e  f u l l y  

d e s c r i b e d  i n  t h a t  r e p o r t  (Mortimer and Olson,  1 9 7 4 ) .  B r i e f l y ,  

t h e  c a r s  were equipped w i t h  a  front-mounted p a n e l  t o  which t h e  

headlamps a r e  a t t a c h e d  a t  a  h e i g h t  of  2 4  i n .  S p e c i a l  c i r c u i t r y  

enab led  t h e  v o l t a g e s  s u p p l i e d  t o  t h e  f i l a m e n t s  t o  be c o n t r o l l e d  

p r e c i s e l y .  The c a r s  were a l s o  equipped w i t h  c r u i s e  c o n t r o l s .  

Two s u b j e c t s  were c a r r i e d  a t  a  t ime i n  each c a r ,  one d r i v i n g  

and t h e  o t h e r  i n  t h e  f r o n t  passenger  s e a t .  Data were taken  on 

a  s t r i p - c h a r t  r e c o r d e r .  

Both c a r s  were equipped w i t h  p h o t o d e t e c t o r  systems t o  



mark t a r g e t  p o s i t i o n s .  These d e v i c e s  ( F i g u r e  4 )  were 

a t t a c h e d  t o  t h e  r e a r  of  t h e  c a r s  on t h e  passenger  s i d e .  

~ a s i c a l l y ,  t h e y  c o n s i s t e d  of a  l i g h t  source  and a  p h o t o c e l l .  

~ e t r o r e f l e c t i v e  markers ,  3 i n .  wide and 18 i n .  t a l l ,  were p l a c e d  

a t  each t a r g e t  p o s i t i o n  and t r i g g e r e d  t h e  u n i t ,  p l a c i n g  a  

mark on t h e  r e c o r d e r  a s  t h e  c a r  passed  each t a r g e t .  

The s u b j e c t  who drove  t h e  c a r  depressed  t h e  r i g h t  o r  

t h e  l e f t  horn b u t t o n  t o  i n d i c a t e  h i s  r e s p o n s e  t o  t h e  o r i e n -  

t a t i o n  of  t h e  f a c e  of each t a r g e t  a s  soon a s  it became d i s -  

c r i m i n a b l e .  The s u b j e c t  i n  t h e  r i g h t  f r o n t  p a s s e n g e r ' s  

s e a t  moved a  wafer  swi tch  t o  t h e  r i g h t  o r  l e f t  t o  i n d i c a t e  

h i s  r e sponse .  

SUBJECTS 

S i x t e e n  s u b j e c t s  p a r t i c i p a t e d  i n  t h e  t e s t  program. 

The v i s i b i l i t y  d a t a  from two of t h e s e  were l o s t  due t o  

r e c o r d e r  problems,  a l t h o u g h  r a t i n g  d a t a  were o b t a i n e d .  

The s u b j e c t s ,  who were r e c r u i t e d  from newspaper a d v e r t i s e -  

ments ,  ranged i n  age  from 2 0  t o  51; n i n e  were males ,  seven 

were females .  

TEST SITE 

The t e s t  was conducted on a  s t r a i g h t ,  f l a t  r o a d ,  1 . 2  

m i l e s  long ,  which was f r e e  of o t h e r  t r a f f i c .  The paved 

s u r f a c e  (modera te ly  worn a s p h a l t )  was 24 f e e t  wide w i t h  

w h i t e  edge s t r i p e s  and an  a l t e r n a t i n g  b lack  and w h i t e  c e n t e r  

d i v i d e r .  The d i r e c t i o n a l  r e f l e c t i v i t y  of t h e  pavement, a t  

2 O  i n c i d e n c e  a n g l e ,  was measured a t  1 0 % .  Shou lde rs  were 
g r a v e l  of v a r y i n g  wid th ,  t h e  minimum being a b o u t  1 5  f e e t .  

PROCEDURE 

The s u b j e c t s  were g i v e n  a  f a r - a c u i t y  t e s t  t o  be s u r e  

t h e i r  v i s i o n  was a t  l e a s t  equa l  t o  t h e  minimum set by 



F i g u r e  3 .  A h e a d l i g h t i n g  t e s t  c a r .  

F i g u r e  4 .  The t a r g e t  p o s i t i o n  p h o t o d e t e c t o r  mounted a t  t h e  
r e a r  of a  t e s t  c a r .  



Michigan law (20/40) ,  and t r a n s p o r t e d  t o  t h e  t e s t  s i t e ,  

They were s e a t e d  i n  t h e  t e s t  c a r ,  i n s t r u c t i o n s  were r e a d  

( s e e  Appendix I ) ,  q u e s t i o n s  answered, and a  minimum of two 

p r a c t i c e  t r i a l s  g iven.  

Each run  s t a r t e d  w i t h  t h e  two c a r s  s t a t i o n a r y ,  f a c i n g  

each o t h e r ,  1 ,000  f e e t  back of t h e  "Begin" p o i n t .  A s  each 

exper imenter  completed p r e p a r a t i o n s  f o r  t h e  nex t  r u n  he 

switched o f f  t h e  headlamps on h i s  c a r .  One exper imenter  t h e n  

switched h i s  lamps on and,  when t h e  o t h e r  exper imenter  d i d  

l i k e w i s e ,  both  d r i v e r s  a c c e l e r a t e d  modera te ly  t o  abou t  3 2  

mph and removed t h e i r  f o o t  from t h e  a c c e l e r a t o r .  The c a r s  

then  slowed t o  t h e  t e s t  speed ( 4 0  f t / s e c )  a t  which p o i n t  

speed was mainta ined by t h e  c r u i s e - c o n t r o l .  

The exper imenter  s t a r t e d  t h e  c h a r t  r e c o r d e r  a s  t h e  cone 

marking t h e  "Begin" p o i n t  became v i s i b l e  and p ressed  a  

swi tch ,  p u t t i n g  a  mark on t h e  r e c o r d e r  and s t a r t i n g  a t i m e r ,  

a s  t h e  c a r  passed i t .  The exper imenter  a l s o  marked t h e  p o i n t  

a t  which t h e  v e h i c l e s  met a t  mid c o u r s e  and t h e  p o i n t  a t  

which t h e  c a r  passed t h e  cone marking t h e  end o f  t h e  course ,  

t h e  l a t t e r  a c t i o n  a l s o  s topping t h e  t imer .  The d r i v e r  con- 

t inued  on down t o  t h e  end of t h e  road ,  t u r n e d  around and 

stopped t o  a w a i t  t h e  nex t  run .  

A t  t h e  conc lus ion  of each run  t h e  s u b j e c t s  were asked 

t o  u s e  a  n ine -po in t  s c a l e  t o  r a t e  t h e  v i s i b i l i t y  ( 5  = same 

a s  American low beam, 1 = very  much l e s s  e f f e c t i v e ,  9 = v e r y  

much more e f f e c t i v e )  and maximum g l a r e  d i scomfor t  (1 = i n t o l -  

e r a b l e ,  3 = d i s t u r b i n g ,  5 = j u s t  a c c e p t a b l e ,  7 = s a t i s f a c t o r y ,  

9 = n o t  n o t i c e a b l e )  a s s o c i a t e d  w i t h  t h e  beam p a t t e r n  j u s t  

used on t h e  opposing v e h i c l e .  T h i s  g l a r e  d i scomfor t  s c a l e  

has  been widely  used f o r  e v a l u a t i o n s  of f i x e d  l i g h t i n g  

i n s t a l l a t i o n s  (deBoer, 1 9 6 7 ) .  

Two s t u d i e s  were conducted.  A l l  s u b j e c t s  p a r t i c i p a t e d  



i n  t h e  main s tudy ,  us ing  t h e  Type-I and p e d e s t r i a n  t a r g e t s  

on t h e  r i g h t  edge of t h e  road and i n  t h e  c e n t e r  of t h e  road ,  

a s  shown i n  F i g u r e  1. The t h r e e  p e d e s t r i a n  t a r g e t s  on t h e  

one s i d e  near  t h e  meeting p o i n t  were n o t  i n  p l a c e .  

The beams t o  be used i n  t h e s e  tes ts  were s e l e c t e d  on 

t h e  b a s i s  of computer s i m u l a t i o n  e v a l u a t i o n s  of t h e  opt imal  

aim of t h e  Type-I11 headlamps, used w i t h  conven t iona l  low 

beams, t o  form t h e  mid beam. 

The independent  v a r i a b l e s  f o r  t h i s  s t u d y  were: 

1. Headlamp beam p a t t e r n s ,  5 l e v e l s .  A l i s t i n g  of t h e  

beam p a t t e r n s  i s  g iven  i n  Table 1. Two "Type-111" headlamps, 

one i n  each aim c o n d i t i o n ,  were used w i t h  low beam headlamps 

t o  form a  mid beam. These were mounted on t h e  d r i v e r ' s  

s i d e  of t h e  c a r .  The maximum cande la  o u t p u t  f o r  

each lamp was a d j u s t e d  t o  t h e  v a l u e  shown and mainta ined 

throughout  t h e  s tudy .  The beam p a t t e r n s  and aim of t h e s e  

lamps a r e  shown i n  F i g u r e s  5-8. 

2 .  Ta rge t  p o s i t i o n ,  2 l e v e l s :  a t  t h e  r i g h t  o r  l e f t  

edge of t h e  l a n e  used by t h e  t e s t  v e h i c l e .  

3 .  Long i tud ina l  s e p a r a t i o n  between t h e  t e s t  v e h i c l e s ,  

1 4  l e v e l s .  

4 .  R e p l i c a t i o n s ,  2 l e v e l s :  two r u n s  were made by each 

s u b j e c t  under each c o n d i t i o n .  

5 .  S u b j e c t s ,  1 4 .  

A second s tudy  was conducted u s i n g  f o u r  s u b j e c t s  and 

t h e  t h r e e  p e d e s t r i a n  t a r g e t s  on one s i d e  of t h e  road .  The 

t a r g e t s  i n  t h e  c e n t e r  of t h e  road were removed. The oper-  

a t i o n a l  procedures  were t h e  same a s  f o r  t h e  primary s tudy  

excep t  t h a t  d a t a  could be t a k e n  when running o n l y  i n  one 

direction. The vehicle running in t h e  o p p o s i t e  d i r e c t i o n  

provided g l a r e .  



F i g u r e  5 ,  A i m  of Type 4000, F i g u r e  6 .  A i m  of Type-I11 
U.S. low beam headlamp used  i n  mid 

beam-A and ECE-U.S. 
mid beam. 

F i g u r e  7 .  A i m  of Type-I11 F i g u r e  8 .  A i m  of Type-H4, ECE 
headlamp used  i n  low beam. 
mid beam-B. 



TABLE 1. The Headlamp Beams. 

BEAM 

US LOW 

MID-A 

M I D - B  

ECE LOW 

ECE-US M I D  

LAMPS 

Two Type 4000 

Two Type 4000 

One Type I11 

Two Type 4000 

One Type I11 

Two Type H4 

Two Type H4 

One Type I11 

PIAXIMUM 
I N T E N S I T Y ( C ~ )  

26,000 

26,000 

50,000 

26,000 

50,000 

18,000 

18,000 

50,000 

A I M  OF 
MAXIMUM INTENSITY 

3' R ,  2' D 

3" 3, 2O D 

2' R I  0.5' D 

3' R I  2' D 

2.5' R, lo D ' 

3' R, 1' D 

3' R ,  1' D 

2 '  R ,  0.5' D 



Independent  v a r i a b l e s  f o r  t h i s  s t u d y  were: 

1. Headlamp beam p a t t e r n s ,  2 l e v e l s .  The beam$ de-  

s c r i b e d  a s  U,S. low and Mid-A (Tab le  1) were used.  

2 .  L o n g i t u d i n a l  s e p a r a t i o n ,  1 4  levels.  

3 .  ~ e p l i c a t i o n s ,  2 l e v e l s .  

4 .  S u b j e c t s ,  4 .  

DATA RECORDING 

The fo l lowing  in fo rmat ion  was o b t a i n e d  on each r u n :  

1. The t ime r e q u i r e d  t o  r u n  t h e  3,700 f e e t  from t h e  

Begin t o  End p o i n t s  on t h e  c o u r s e .  A t  4 0  f t / s e c  t h i s  should 

have been 9 2 . 5  seconds ,  Almost a l l  r u n s  were w i t h i n  one  

second of t h i s  f i g u r e .  

2 .  The d i s t a n c e  on t h e  c h a r t  paper  r e q u i r e d  t o  r u n  from 

t h e  Begin t o  End p o i n t s .  

3 .  The d i s t a n c e  on t h e  c h a r t  paper  from t h e  Begin t o  

Meeting p o i n t s ,  

4 .  The d i s t a n c e  on t h e  c h a r t  paper  from t h e  s u b j e c t ' s  

i d e n t i f i c a t i o n  of  each t a r g e t  u n t i l  i t  was passed  by t h e  

p h o t o d e t e c t o r  on t h e  c a r .  

RESULTS 

TYPE-I TARGETS 

V I S I B I L I T Y  DISTANCE. For each r u n  t h e  d e s i r e d  informa- 

t i o n ,  f o r  each t a r g e t  a t  t h e  t i m e  it was c o r r e c t l y  i d e n t i f i e d ,  

was i t s  d i s t a n c e  from t h e  s u b j e c t ' s  eyes  and t h e  l o n g i t u d i n a l  

s e p a r a t i o n  between t h e  two c a r s .  I n  making t h e s e  c a l c u l a t i o n s  

c o r r e c t i o n s  were al lowed f o r  t h e  mean speed of  each c a r  and 
c h a r t  r e c o r d e r .  I t  was assumed t h a t  t h e  s u b j e c t  took 0.5 sec 

t o  respond a f t e r  he had d e t e c t e d  t h e  t a r g e t  o r i e n t a t i o n ,  This  

i n c r e a s e d  v i s i b i l i t y  d i s t a n c e  by 2 0  f t ,  

The d a t a  from t h e  f i r s t  a n a l y s i s  y i e l d e d  d i f f e r e n t  

s e p a r a t i o n  d i s t a n c e s  f o r  each t a r g e t - r u n - s u b j e c t  combina- 

t i o n .  To conduct  a  s t a t i s t i c a l  a n a l y s i s  common s e p a r a t i o n  



d i s t a n c e s  were r e q u i r e d .  To o b t a i n  t h e s e ,  t h e  d a t a  were 

run  through a  c u r v e - f i t t i n g  r o u t i n e ,  and t h e  i n t e r p o l a t e d  

v i s i b i l i t y  d i s t a n c e s  a t  predetermined s e p a r a t i o n  d i s t a n c e s  

measured. These a r e  t h e  d a t a  on which t h e  subsequent  a n a l -  

y s i s  was based.  

F i g u r e s  9 and 1 0  show t h e  mean v i s i b i l i t y  d i s t a n c e s  

ob ta ined  w i t h  each beam p a t t e r n  a s  a  f u n c t i o n  of  l o n g i -  

t u d i n a l  s e p a r a t i o n  from a n  opposing v e h i c l e  w i t h  t h e  same 

beams f o r  Type-I t a r g e t s  on t h e  l e f t  and r i g h t  of t h e  l a n e ,  

r e s p e c t i v e l y .  

The a n a l y s i s  of  v a r i a n c e  (ANOVA) f o r  t h e s e  d a t a  r e v e a l e d  

t h a t  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  between d r i v e r s  

and passengers  i n  t h i s  t a s k  ( p  > . 0 5 ) ,  and t h a t  v i s i b i l i t y  

d i s t a n c e s  were g r e a t e r  f o r  a l l  beams f o r  t a r g e t s  on t h e  

r i g h t  t h a n  l e f t  of t h e  l a n e  ( P C  . 0 5 ) .  

I n  g e n e r a l ,  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  d i f f e r  s i g -  

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

a t  smal l  s e p a r a t i o n  d i s t a n c e s  between t h e  v e h i c l e s  ( 1 0 0 - 2 0 0  

f e e t )  , where t h e  European (ECE) low and t h e  ECE-U.S. mid b e a k  

were s i g n i f i c a n t l y  b e t t e r  ( p  c .05)  t h a n  t h e  U.S. low beam and 

mid beam-A. 

I n  t h e  c a s e  of t h e  r i g h t  hand t a r g e t ,  most of  t h e  

a p p a r e n t  d i f f e r e n c e s  shown were s i g n i f i c a n t  ( p  < .05) a t  

a l l  s e p a r a t i o n  d i s t a n c e s .  The U.S. and ECE low beams d i d  n o t  

d i f f e r  s i g n i f i c a n t l y ,  b u t  produced lower v i s i b i l i t y  d i s t a n c e s  

t h a n  t h e  mid beams. Nor were t h e r e  any s i g n i f i c a n t  d i f f e r -  

ences  i n  v i s i b i l i t y  d i s t a n c e s  between mid beam-A and t h e  ECE- 

U.S. mid beam, b u t  t h e y  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  than  t h e  o t h e r  beams. 

Table  2 i s  a  comparison of key a s p e c t s  of beam p a t t e r n s  



X U.S. L O W  
0 MID-A 

MID-B 
0 ECE LOW 

A ECE-U.S. MID LEFT OF LANE 

DISTANCE ( ft.) BETWEEN CARS: BEFORE -MEETING - AFTER 

Figure  9 .  Mean v i s i b i l i t y  d i s t a n c e s  of t h e  12% Type-I t a r g e t s  
dur ing meetings of v e h i c l e s  wi th  f i v e  beams on a 
two-lane, s t r a i g h t ,  f l a t  road:  t a r g e t s  on l e f t  
of l ane .  

TYPE-I  TARGET ON 
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Figure  1 0 .  Mean v i s i b i l i t y  d i s t a n c e s  of t h e  12% Type-I t a r g e t s  
dur ing meetings of v e h i c l e s  wi th  f i v e  beams on a  
two-lane, s t r a i g h t ,  f l a t  road:  t a r g e t s  on r i g h t  
of l ane .  

I 1 

3000 2000 loo0 0 1000 



TABLE 2 .  Flinimum and Maximum Mean V i s i b i l i t y  ~ i s t a n c e s  of 
Type-I T a r g e t s  on t h e  R igh t  and Left S i d e  of 
t h e  Lane. 



performance.  T h i s  t a b l e  makes it c l e a r  t h a t  n o t  o n l y  was 

maximum ( a c t u a l l y  non-glare)  v i s i b i l i t y  b e t t e r  f o r  t h e  

r i g h t  hand t a r g e t s ,  b u t  t h e  p e r c e n t  l o s s  due t o  g l a r e  i s  

o n l y  about  h a l f  t h a t  of t a r g e t s  on t h e  l e f t  s i d e  of t h e  

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

i n  mean v i s i b i l i t y  d i s t a n c e s  between t h e  beams i s  q u i t e  

smal l  when t h e  t a r g e t  i s  on t h e  l e f t  of  t h e  l a n e .  

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

were abou t  h a l f ,  o r  less  t h a n  h a l f  of t h o s e  f o r  t h e  t a r g e t  

on t h e  r i g h t .  

COMPARISON OF COMPUTER SIMULATION AND EXPERIMENT. F i g u r e s  

1 1 - 2 0  compare e m p i r i c a l  d a t a  f o r  each lamp-target  c o n f i g u r a t i o n  

w i t h  r e s u l t s  p r e d i c t e d  by t h e  model. I n  g e n e r a l ,  t h e  f i t  i s  

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

d rop  a t  t h e  minimum v i s i b i l i t y  p o i n t  t h a n  t h e  r e s u l t s  p re -  

d i c t e d  by t h e  model p r i m a r i l y  when t h e  t a r g e t  i s  a t  t h e  

r i g h t  of t h e  l a n e .  
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Figure 11. Computer simulation and experiment t e s t  r e s u l t s  
f o r  meetings on a  two-lane road with U.S. low beams, 
1 2 8  re f lec tance  t a r g e t  on the  l e f t  of the  lane.  
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Figure 1 2 .  Computer simulation and experiment t e s t  r e s u l t s  
f o r  meetings on a  two-lane road w i t h  m i d - A  beams, 
1 2 %  ref lec tance  t a r g e t  on the  l e f t  of t he  lane.  
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Figure  13 .  Computer s imulat ion and experiment t e s t  r e s u l t s  
f o r  meetings on a  two-lane road wi th  mid-B beams, 
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Figure  1 4 .  Computer s imulat ion and experiment t e s t  r e s u l t s  
f o r  meetings on a  two-lane road with  ECE low beams, 
1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  l e f t  of t h e  l ane .  
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F i g u r e  15 .  Computer s i m u l a t i o n  and exper iment  t e s t  r e s u l t s  
f o r  mee t ings  on a  two-lane road  w i t h  ECE-U.S. 
mid beams, 1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  l e f t  of  
t h e  l a n e .  
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F i g u r e  1 6 .  Computer s i m u l a t i o n  and exper iment  t e s t  r e s u l t s  
f o r  meet ings  on a  two-lane road  w i t h  U.S. low beams, 
1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  r i g h t  of t h e  l a n e .  

19 

- COMPUTER S I M U L A T I O N  - - 4  EXPERIMENT 

U.S.LOW, RIGHT TARGET 

- 

- 

- 

I a I 

3000 
I 

2000 1000 0 1000 



DISTANCE (f 1.) BETWEEN CARS: BEFORE -MEETING - AFTER 

500 

h 

k 400 
w 

LY 
V 

5 300 I- 

2 
g 200 
d s 

100- 

01 

F i g u r e  1 7 .  Computer s i m u l a t i o n  and experiment  t e s t  r e s u l t s  
f o r  meet ings  on a  two-lane road w i t h  mid-A beams, 
1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  r i g h t  of t h e  l a n e .  
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F i g u r e  1 8 .  Computer s i m u l a t i o n  and experiment  t e s t  r e s u l t s  
f o r  meet ings  on a two-lane road w i t h  mid-B beams, 
12% r e f l e c t a n c e  t a r g e t  on t h e  r i g h t  of t h e  l a n e .  
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F i g u r e  19.  Computer s imula t ion  and experiment  t e s t  r e s u l t s  
f o r  meetings on a two-lane road w i t h  ECE low beams, 
1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  r i g h t  of t h e  l a n e .  
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Figure  2 0 .  Computer s i m u l a t i o n  and experiment  t e s t  r e s u l t s  
f o r  meet ings  on a two-lane road w i t h  ECE-U.S. m i d  
beams, 1 2 %  r e f l e c t a n c e  t a r g e t  on t h e  r i g h t  of t h e  
l ane .  
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COMPARISON WITH PREVIOUS TESTS. Three combinat ions of  

lamp, t a r g e t  and o t h e r  c o n d i t i o n s  were i d e n t i c a l  t o  some t e s t e d  

e a r l i e r .  These were t h e  U.S. low beam w i t h  t a r g e t s  on t h e  

r i g h t  and l e f t ,  and t h e  ECE low beam wi th  t h e  t a r g e t  on t h e  

r i g h t .  F i g u r e s  21-23 reproduce  t h e s e  r e s u l t s .  The comparison 

between d a t a  from t h i s  and t h e  e a r l i e r  s t u d y  f o r  t h e  c a s e  where 

t h e  t a r g e t  i s  on t h e  l e f t  i s  e x c e l l e n t .  The f i t  i n  t h e  o t h e r  

two c a s e s ,  f o r  t h e  t a r g e t  on t h e  r i g h t  of t h e  l a n e ,  i s  a l s o  

good under low g l a r e  c o n d i t i o n s ,  wi th  a  maximum d i f f e r e n c e  i n  

v i s i b i l i t y  d i s t a n c e  of about  4 0  f t  ( abou t  2 0 % )  o c c u r r i n g  a t  t h e  

p o i n t  of minimum v i s i b i l i t y .  

GLARE AND VISIBILITY. F i g u r e s  24  and 25 show t h e  mean 

r a t i n g s  o b t a i n e d  f o r  b o t h  g l a r e  and v i s i b i l i t y ,  r e s p e c t i v e l y .  

The mean g l a r e  r a t i n g s  showed t h a t  d r i v e r s  exper ienced 

l e s s  d i s c o m f o r t  ( p <  .05) f o r  every  beam when t h e  t a r g e t s  

were on t h e  r i g h t  t h a n  on t h e  l e f t .  The d i f f e r e n c e s  between 

beams were n o t  s i g n i f i c a n t  when t h e  t a r g e t s  were on t h e  r i g h t ;  

b u t  t h e  ECE low and ECE-U.S. mid beams were r a t e d  s i g n i f i c a n t l y  

l e s s  g l a r i n g  ( p  < .05) than  mid beams A o r  B when t h e  t a r g e t s  

were on t h e  l e f t  of t h e  l a n e .  

V i s i b i l i t y  r a t i n g s  were a l s o  s i g n i f i c a n t l y  b e t t e r  ( P C  ;05)  

f o r  a l l  beams when t h e  t a r g e t s  were on t h e  r i g h t  a s  compared 

w i t h  t h e  l e f t .  For r i g h t  s i d e  t a r g e t s  t h e  ECE-U.S. mid beam 

was r a t e d  s i g n i f i c a n t l y  b e t t e r  ( p  < . 0 1 )  t h a n  t h e  U.S. low beam 

For l e f t  s i d e  t a r g e t s  t h e  ECE-U.S. mid beam was r a t e d  s i g n i f i -  

c a n t l y  b e t t e r  ( p <  ;05) than  a l l  o t h e r  lamps, and t h e  ECE 

low beam was r a t e d  b e t t e r  ( p  < .05) t h a n  mid beams A o r  B .  

PEDESTRIAN TARGETS 

VISIBILITY DISTANCE. F i g u r e  26 shows t h e  mean v i s i b i l i t y  

d i s t a n c e s  ob ta ined  f o r  t h e  s i n g l e  p e d e s t r i a n  t a r g e t  p laced  

a t  t h e  end of t h e  l i n e  of Type-I t a r g e t s  d u r i n g  t h e  r e g u l a r  

s t u d y .  T h i s  t a r g e t  was encountered  a f t e r  t h e  t es t  v e h i c l e s  
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F i g u r e  21. Comparsion of t h e  mean v i s i b i l i t y  of Type-I 
t a r g e t s  i n  meet ings  w i t h  U.S. low beams i n  t h i s  
and p r e v i o u s  tests:  t a r g e t s  on t h e  l e f t  of  
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F i g u r e  22, Comparison of  t h e  mean v i s i b i l i t y  of Type-I 
t a r g e t s  i n  meet ings  w i t h  U.S. low beams i n  t h i s  
and p r e v i o u s  t e s t s :  t a r g e t s  on t h e  r i g h t  of 
t h e  l a n e .  
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~ i g u r e  2 3 .  Comparison of t h e  mean v i s i b i l i t y  of  Type-I 
t a r g e t s  i n  meetings wi th  ECE low beams i n  t h i s  
and p rev ious  t e s t s :  t a r g e t s  on t h e  r i g h t  of 
t h e  l a n e .  
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had passed a t  mid c o u r s e .  Hence, it was seen under 

no-glare  c o n d i t i o n s ,  a l though  t h e  s u b j e c t s '  eyes  may have 

s t i l l  been recover ing  from g l a r e .  The a n a l y s i s  i n d i c a t e d  

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

( p  < . 05 )  f o r  a l l  beams f o r  t h i s  t a r g e t  on t h e  r i g h t  a s  

compared wi th  t h e  l e f t  s i d e .  F u r t h e r ,  t h e r e  were no 

d i f f e r e n c e s  among beams ( p  > . 0 5 )  on t h e  l e f t  s i d e .  The 

mean v i s i b i l i t y  d i s t a n c e s  of t h e  p e d e s t r i a n  t a r g e t  wi th  

mid beam-A and t h e  ECE-UIS, mid beam d i d  n o t  d i f f e r  from 

each o t h e r ,  b u t  were g r e a t e r  than  t h e  o t h e r  beams, which 

a l s o  d i f f e r e d  from each o t h e r .  The ECE low beam provided 

t h e  l e a s t  v i s i b i l i t y  d i s t a n c e .  

F igure  27 i s  a  p l o t  of t h e  mean v i s i b i l i t y  d i s t a n c e  

ob ta ined  of t h e  p e d e s t r i a n  t a r g e t s  dur ing  t h e  s p e c i a l  

t e s t  where on ly  p e d e s t r i a n  t a r g e t s  were i n  use .  The 

most extreme d a t a  a f t e r  t h e  meetinq p o i n t  were ob ta ined  

from t h e  s i n g l e  p e d e s t r i a n  t a r g e t  inc luded i n  t h e  main 

t e s t s ,  t h e  more extreme before-meeting d a t a  a r e  ex t rap-  

o l a t i o n s  from t h e  d a t a  on t a r g e t s  a c t u a l l y  i n  p o s i t i o n  

f o r  t h e  t e s t .  There was no s i g n i f i c a n t  chanqe i n  v i s -  

i b i l i t y  d i s t a n c e  f o r  t h e  U.S, low beam a s  a  f u n c t i o n  of 

s e p a r a t i o n  d i s t a n c e ,  b u t  t h e r e  was f o r  t h e  mid beam 

( p  < . 0 5 )  . 
Table  3 i s  a l i s t i n g  of key performance measures f o r  

t h e  two headlamp beam p a t t e r n s  used wi th  t h e  p e d e s t r i a n  

t a r g e t s .  While t h e  mid beam-A produced about  1 0 %  g r e a t e r  

minimum v i s i b i l i t y  than  t h e  U,S. low beam it produced 30% 

g r e a t e r  v i s i b i l i t y  t h a n  t h e  low beam when t h e  s e p a r a t i o n  

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

meeting p o i n t .  



500 

h 

f 400 
d 

i 
a 300 C 
Y 
D 

200 
d s z ' 100 

0 

DISTANCE ( f t.) BETWEEN CARS: BEFORE -MEETING - AFTER 

PEDESTRIAN TARGETS ON R I G H T  

F igure  2 7 .  Mean v i s i b i l i t y  d i s t a n c e s  obta ined with  t h e  U.S. 
low and mid beam-A a s  a func t ion  of l o n g i t u d i n a l  
separat ion between t h e  veh ic l e s :  pedes t r i an  
t a r g e t s  on r i g h t  s i d e  of l ane .  

x = Extrapolated from experimental  da t a .  



TABLE 3. Comparison of Beam Performance f o r  p e d e s t r i a n  
T a r g e t s  on t h e  Right  of  t h e  Lane, 

DISCUSSION 

The r e s u l t s  of  t h i s  s t u d y  sugges t  t h a t  d i f f e r e n c e s  i n  

performance between U.S. and ECE low beams a r e  s l i g h t ,  a t  

l e a s t  f o r  c o n d i t i o n s  approximated by t h i s  t e s t .  I t  a l s o  

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

edge of t h e  road may be i n c r e a s e d  by 20 t o  30% through u s e  

of mid beams of t h e  t y p e  t e s t e d  h e r e .  

V i s i b i l i t y  f o r  o b j e c t s  on t h e  l e f t  s i d e  of t h e  road  

i s  poore r  t h a n  f o r  o b j e c t s  on t h e  r i g h t  s i d e .  T h i s  i s  

a t t r i b u t a b l e  t o  t h e  asymmetrical  n a t u r e  of t h e  beams 

BEM4 

US LOW 

MID-A 

M I N I M U M  
VISIBILITY 
DISTANCE 
( f e e t )  

2 2 1  

2 4 4  

RATIO OF 
M I N I M U M  
VISIBILITY 
DISTANCE 

1 . 0 0  

1.10 

MAXIMUM 
VISIBILITY 
DISTANCE 
( f e e t )  

2 4 1  

320 

1 

RATIO OF 
M I N . / M A X .  
VISIBILITY 
DISTANCE 

0.92 

0 . 7 6  



t e s t e d  and t h e  g l a r e  a n g l e s  involved.  

The mid beams t e s t e d  were des igned t o  p r o j e c t  ve ry  l i t t l e  

l i g h t  t o  t h e  l e f t .  The n e a r - p a r a l l e l  n a t u r e  of  t h e  curves  i n  

F i g u r e s  9 and 1 0  i n d i c a t e s  t h a t  t h e s e  u n i t s  p rov ide  v e r y  l i t t l e  

d i s a b i l i t y  g l a r e .  I t  i s  t r u e  t h a t  F i g u r e  2 7  i n d i c a t e s  a  s i g -  

n i f i c a n t  d i s a b i l i t y  g l a r e  e f f e c t  f o r  mid beam-A w i t h  t h e  pedes- 

t r i a n  t a r g e t .  I t  should  be r e c a l l e d  however, t h a t  F i g u r e  2 7  

i n c l u d e s  an e x t r a p o l a t i o n  f o r  extreme pre-meet d i s t a n c e s  ( a s  

denoted  by X ' s  i n  t h e  f i g u r e )  and d a t a  from a n o t h e r  s t u d y  f o r  

t h e  extreme post-meet d i s t a n c e .  There fo re ,  it i s  p o s s i b l e  t h a t  

t h e  a p p a r e n t  i n t e r a c t i o n  of beam and s e p a r a t i o n  d i s t a n c e  is  an 

a r t i f a c t .  

I t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  t o  compare t h e  s u b j e c t i v e  

and o b j e c t i v e  d a t a .  For example, t h e  v i s i b i l i t y  r a t i n g s  

a s s o c i a t e d  w i t h  l e f t  t a r g e t s  ( F i g u r e  2 5 )  show a  r e l a t i v e l y  

s t r o n g  p r e f e r e n c e  f o r  t h e  low and mid beams which used t h e  ECE 

low beam. I n  f a c t ,  t h e  v i s i b i l i t y  d i s t a n c e s  i n  F i g u r e  9 show 

advantages  f o r  t h e s e  systems o n l y  c l o s e  t o  t h e  meeting p o i n t .  

On t h e  o t h e r  hand, t h e  v i s i b i l i t y  d i s t a n c e  d a t a  show r e l a t i v e l y  

l a r g e  d i f f e r e n c e s  among beam p a t t e r n s  f o r  r i g h t  hand t a r g e t s  

( F i g u r e  1 0 )  b u t  t h e  s u b j e c t i v e  d a t a  would i n d i c a t e  t h e  d i f f e r -  

ences  were g e n e r a l l y  minor.  Mid beam-B and t h e  ECE low beam, 

f o r  example, d i f f e r e d  i n  v i s i b i l i t y  d i s t a n c e  by a s  much a s  2 0 %  

b u t  were r a t e d  t h e  same. 

The g l a r e  r a t i n g s  may p rov ide  a  c l u e  a s  t o  why t h e  d i s -  

c r e p a n c i e s  i n  o b j e c t i v e  and s u b j e c t i v e  v i s i b i l i t y  d a t a  came 

abou t .  F i g u r e  2 4  i n d i c a t e s  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  t h e  

European combinat ions when s e a r c h i n g  f o r  l e f t  s i d e  t a r g e t s .  

O v e r a l l ,  r a t i n g s  were h i g h e r  and more uniform when s e a r c h i n g  

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

pe rce ived  phenomenon and i s  less w i t h  ECE than  U . S .  low beams, 



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

I n  a d d i t i o n ,  t h e  ECE low beams p r o j e c t  h i g h e r  i n t e n s i t i e s  on t h e  

pavement c l o s e  t o  t h e  c a r  t o  produce h i g h e r  foreground b r i g h t n e s s  

than  t h e  U.S. low beam, and t h e  ECE lamps burn a t  a h i g h e r  c o l o r  

tempera ture .  Both t h e s e  e f f e c t s  may have c r e a t e d  t h e  impress ion  - 
t h a t  t h e  ECE headlamps a r e  of g r e a t e r  i n t e n s i t y  and p rov ide  more 

v i s i b i l i t y .  Thus, s u b j e c t i v e  r a t i n g  appears  t o  be  an u n r e l i a b l e  

means of e v a l u a t i n g  t h e  v i s i b i l i t y  provided by headlamp beams. 

C e r t a i n l y ,  s u b j e c t i v e  d a t a  should  n o t  be  used a s  t h e  s o l e  means of 

e v a l u a t i n g  headlamp beams. 

This  s tudy  i n d i c a t e s  t h a t  t h e  headlamp performance model 

developed a t  H S R I  i s  a  u s e f u l  p r e d i c t i v e  d e v i c e  a s  demonstrated 

by t h e  d a t a  i n  F i g u r e s  12 ,  13 ,  15 ,  1 7 ,  18  and 20 f o r  t h e  mid 

beams. These mid beam systems had n o t  been f i e l d  t e s t e d  b e f o r e ,  

b u t  t h e  model p r e d i c t e d  t h e  v i s i b i l i t y  they  provided w i t h  con- 

s i d e r a b l e  accuracy.  

Dev ia t ions  between t h e  p r e d i c t i o n  of t h e  model and t h e  

exper imenta l  d a t a  a r e  no g r e a t e r  t h a n  between t h e  e x p e r i -  

menta l  r e s u l t s  of  t h i s  s tudy  and t h o s e  of p rev ious  tests ,  

a s  shown i n  F i g u r e s  21-23. Thus, t h e  d i f f e r e n c e s  between 

t h e  v i s i b i l i t y  d i s t a n c e s  p r e d i c t e d  between t h e  model and 

t h e  exper imenta l  d a t a  a r e  w i t h i n  t h e  e r r o r  of t h e  e x p e r i -  

menta l  d a t a .  

While t h e  exper imenta l  f i n d i n g s  of t h i s  s tudy  a r e  f o r  

t h e  l i m i t e d  c a s e  of meet ings  between v e h i c l e s  on t h e  

s t r a i g h t ,  f l a t  s e c t i o n s  of two-lane r o a d s ,  o t h e r  e v a l u a t i o n s  

have been made us ing  t h e  computer s i m u l a t i o n .  Those 

e v a l u a t i o n s  used t h e s e  same U.S. low beams and t h e  mid beam-A 

which were used i n  t h i s  t e s t  (Mortimer and Becker,  1 9 7 4 ;  

Mortimer,  1 9 7 4 ) .  Those r e s u l t s  of t h e  computer s i m u l a t i o n  



can be used t o  a s s e s s  t h e  e f f e c t  of  v a r i a t i o n s  i n  aim of the  

beams, t h e  e f f e c t  of h o r i z o n t a l  road c u r v a t u r e ,  and of d i s -  

a b i l i t y  and d i scomfor t  g l a r e  o f  t h e s e  beams mounted i n  a  fo l low-  

i n g  v e h i c l e  and r e f l e c t e d  i n  t h e  i n t e r i o r  and e x t e r i o r  m i r r o r s .  

I n  comparing t h e  e f f e c t  o f  lo upward and downward misaim 

of t h e  U.S. low beam and mid beam-A upon v i s i b i l i t y ,  when meet- 

i n g  a  v e h i c l e  w i t h  t h e  same beams i n  t h e  same e x t e n t  of  m i s -  

aim, it was found t h a t  t h e  mid beam i s  l e s s  a f f e c t e d  by misaim 

of t h i s  t y p e  than  t h e  U.S. low beam, f o r  t a r g e t s  a t  t h e  r i g h t  

s i d e  of  t h e  l a n e .  Those e v a l u a t i o n s  (Mortimer and Becker,  1974) 

showed t h a t  t h e  U.S. low beam misaimed down by lo r e s u l t e d  i n  

a  l o s s  o f  v i s i b i l i t y  of about  30% compared t o  t h e  v i s i b i l i t y  

a t t a i n e d  when c o r r e c t l y  aimed. A misaim of lo down w i t h  t h e  

mid beam s t i l l  produced v i s i b i l i t y  d i s t a n c e s  e q u a l  t o  t h a t  pro- 

v ided by us ing  t h e  low beams i n  c o r r e c t  aim w i t h o u t  t h e  mid 

beam. 

S t u d i e s  concerned w i t h  t h e  e f f e c t  on v i s i b i l i t y  d i s t a n c e s  

of t h e  U.S. low and mid beam-A on h o r i z o n t a l  cu rves  (Mortimer,  

1974) showed t h a t  t h e r e  was an  advantage  o b t a i n e d  when t h e  

v e h i c l e  i s  on t h e  i n s i d e  of t h e  curve  and u s i n g  t h e  mid 

beam compared t o  t h e  low beam. However, a n  examinat ion  of 

t h e  e f f e c t s  found when meeting v e h i c l e s  on t h e  mid beam, 

showed t h a t  t h e  d r i v e r  of t h e  v e h i c l e  on t h e  o u t s i d e  of t h e  

curve  exper ienced ext remely  h igh  g l a r i n g  i n t e n s i t i e s  a t  

some p o r t i o n  of t h e  meet ing ,  caus ing  a  s u b s t a n t i a l  r e d u c t i o n  

i n  v i s i b i l i t y  and s e v e r e  g l a r e  d i s c o m f o r t .  T h e r e f o r e ,  it 

was concluded t h a t  t h e  d r i v e r  of t h e  v e h i c l e  u s i n g  t h e  mid 

beam on t h e  i n s i d e  of t h e  curve  would be r e q u i r e d  t o  dim 
h i s  lamps t o  t h e  low beam t o  reduce  g l a r i n g  i n t e n s i t i e s  t o  

which t h e  d r i v e r  on t h e  o u t s i d e  of  t h e  curve  would b e  exposed. 

The n e c e s s i t y  of  doing t h i s  would depend upon t h e  r a d i u s  of 

c u r v a t u r e  of t h e  curve ,  and would apply  p r i m a r i l y  t o  meet ings  

on t h e  two-lane r o a d s ,  r a t h e r  than  d i v i d e d  highways. 



T h i s  same e v a l u a t i o n  (Mortimer, 1974) a l s o  examined t h e  

e f f e c t s  upon both  v i s i b i l i t y  and d i scomfor t  g l a r e  caused by 

t h e  headlamps of a  fo l lowing v e h i c l e  r e f l e c t e d  i n  t h e  i n t e r -  

i o r  and e x t e r i o r  m i r r o r s  of t h e  preceding c a r .  The a n a l y s i s  

showed t h a t  t h e  g l a r e  i n t e n s i t i e s  t o  which t h e  d r i v e r s  of 

t h e  preceding v e h i c l e  can be exposed a r e  f r e q u e n t l y  g r e a t e r  

than  t h o s e  found when meeting an oncoming v e h i c l e ,  a s  a l s o  

found by M i l l e r ,  Baumgardner and Mortimer (1974) .  F u r t h e r -  

more, d i scomfor t  g l a r e  l e v e l s  can be q u i t e  s u b s t a n t i a l .  

While t h e  e f f e c t  on v i s i b i l i t y  i s  n o t  l a r g e ,  i n  g e n e r a l ,  t h e  

e f f e c t  i s  of some s i g n i f i c a n c e  i n  reducing v i s i b i l i t y  of 

t a r g e t s  t h a t  w i l l  be l o c a t e d  i n  t h e  c e n t e r  of t h e  road ( i . e . ,  

a t  t h e  l e f t  of t h e  l a n e )  . 
I t  was t h e r e f o r e  concluded t h a t  d r i v e r s  would need t o  

dim from t h e  mid beam t o  t h e  low beam when fo l lowing  a n o t h e r  

v e h i c l e  w i t h i n  about  1 0 0 - 2 0 0  f t ,  and t h a t  t h e  Type-111 lamp 

of t h e  mid beam should n o t  be mounted a t  a h e i g h t  of more 

than 30 i n .  

Computer based v i s i b i l i t y  d i s t a n c e  ana lyses  have a l s o  been 

c a r r i e d  o u t  f o r  t h e  ECE-U.S. mid beam which was used i n  t h e s e  

f i e l d  s t u d i e s  and computer s i m u l a t i o n  e v a l u a t i o n s .  I n  g e n e r a l ,  

t h e  ECE-U.S. mid beam provided somewhat l e s s  v i s i b i l i t y  d i s t a n c e ,  

of t h e  o r d e r  of 5 % ,  compared t o  mid beam-A. However, i t  o f f e r e d  

a  smal l  advantage i n  v i s i b i l i t y  of t a r g e t s  a t  t h e  l e f t  s i d e  of 

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

meeting was about  2 0 0  f t  and u n t i l  t h e  meeting p o i n t  (Table 2 ) .  

The g l a r e  l e v e l s  wi th  t h e  ECE-U.S. mid beam a r e  somewhat lower 

than f o r  mid beam-A i n  meetings on s t r a i g h t  road s e c t i o n s ,  b u t  

a r e  comparable i n  meetings on h o r i z o n t a l  curves  inasmuch a s  

t h e  d r i v e r  on t h e  o u t s i d e  of t h e  curve  i s  concerned. There fo re ,  

on h o r i z o n t a l  curves  t h e  same c o n s t r a i n t s  w i l l  apply wi th  t h i s  

mid beam a s  mid beam-A. S i m i l a r l y ,  t h e  same c o n s t r a i n t  of  dim- 

ming when fo l lowing ano the r  v e h i c l e  would have t o  be  cons ide red  

wi th  t h e  ECE-U.S. mid beam a s  wi th  mid beam-A a s  a l r e a d y  men- 

t i o n e d .  



Based on t h i s  a n a l y s i s ,  it would appear  t h a t  v i s i b i l i t y  

d i s t a n c e s  can be i n c r e a s e d  t o  t h e  g r e a t e s t  e x t e n t  by t h e  use  

of mid beam-A i n  most d r i v i n g  s i t u a t i o n s  a t  n i g h t ,  The d i f f e r -  

ence between t h e  v i s i b i l i t y  d i s t a n c e s  provided by mid beam-A 

and t h e  ECE-U.S. mid beam a r e  f a i r l y  s m a l l ,  s o  t h a t  t h e  o t h e r  

c h a r a c t e r i s t i c s  of t h e s e  beams need t o  be  cons idered .  One con- 

s i d e r a t i o n  i s  t h a t  t h e  low beam system which forms a  component 

of t h e  mid beam, w i l l  a l s o  be used a  f a i r l y  l a r g e  p r o p o r t i o n  of  

t ime ,  p r i m a r i l y  i n  urban d r i v i n g  c o n d i t i o n s .  I n  such c o n d i t i o n s ,  

t h e  p r e s e n t  U.S. low beam prov ides  h i g h e r  g l a r i n g  i n t e n s i t i e s  

than  t h e  ECE low beam. Based upon g l a r e  c o n s i d e r a t i o n s ,  the 

ECE low beam may be more s u i t e d  t o  an urban d r i v i n g  beam than  t h e  

U.S. low beam. 

I t  i s  concluded,  t h a t  t h e  most e f f e c t i v e  mid beam of  t h o s e  

t e s t e d  i s  t h e  ECE-U.S. mid beam, such a s  developed i n  t h i s  s tudy .  

Such a  beam w i l l  p rov ide  lower g l a r e  than  t h e  p r e s e n t  U.S. low 

beam whi le  p rov id ing  adequate  v i s i b i l i t y  f o r  d r i v i n g  i n  resi- 

d e n t i a l  a r e a s  where s t r e e t  l i g h t i n g  may be poor o r  n o n e x i s t e n t .  

On u n l i g h t e d  s t r e e t s  and highways, t h e  mid beam can be  used.  

I t  i s  p robab le  t h a t  t h e  smal l  r e d u c t i o n  i n  v i s i b i l i t y  t o  t h e  

r i g h t  s i d e  of t h e  l a n e  provided by t h e  ECE-U.S.mid beam compared 

t o  mid beam-A i s  of l i t t l e  consequence. This  l o s s  i s  a l s o  p a r t l y  

outweighed by a  smal l  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  a s s o c i a t e d  

w i t h  t h e  ECE-U,S. mid beam on t h e  l e f t  s i d e  of  t h e  l a n e  a t  s h o r t  

s e p a r a t i o n  d i s t a n c e s .  

S ince  t h e  mid beam t e s t e d  was s p e c i f i c a l l y  des igned f o r  

merging wi th  U,S. -s ty le  low beams, it i s  p o s s i b l e  t h a t  a  more 

e f f e c t i v e  beam could  be developed f o r  merging wi th  t h e  ECE low 

beam headlamps. 

Such a  combination of  lamps would p rov ide  an o v e r a l l  improve- 

ment i n  v e h i c l e  h e a d l i g h t i n g ,  i n  terms of an improved urban 

d r i v i n g  beam, and an improved meeting beam f o r  use  on two-lane 

roads  and d i v i d e d  highways where t h e  g r e a t e s t  improvements i n  

n i g h t  d r i v i n g  v i s i b i l i t y  a r e  p r e s e n t l y  needed. 
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APPENDICES 



APPENDIX I 

INSTRUCTIONS TO THE TEST SUBJECTS 

I n  t h i s  s tudy  we a r e  t r y i n g  t o  l e a r n  how w e l l  you c a n  

s e e  whi le  d r i v i n g  a t  n i g h t  us ing  d i f f e r e n t  h e a d l i g h t i n g  

systems. You w i l l  be d r i v i n g  o r  r i d i n g  i n  t h i s  c a r  and,  

depending on which l a n e  you a r e  i n  on a  g iven  run ,  you w i l l  

be responding t o  t a r g e t s  which a r e  p o s i t i o n e d  e i t h e r  t o  t h e  

r i g h t  o r  l e f t  of your v e h i c l e .  

Most of t h e  t a r g e t s  look l i k e  t h e  one i n  t h i s  ske tch .  

Your t a s k  i s  t o  i n d i c a t e  whether t h e  square  i s  on t h e  r i g h t  

o r  l e f t  end of t h e  l i n e .  To do t h i s  t h e  d r i v e r  should 

f i r m l y  p r e s s  wi th  h i s  thumb e i t h e r  t h e  l e f t  o r  r i g h t  b u t t o n  

on t h e  s t e e r i n g  wheel yoke, a s  a p p r o p r i a t e .  The passenger 

should move t h e  swi tch  on t h e  box i n  h i s  l a p  e i t h e r  t o  t h e  

l e f t  o r  r i g h t ,  a s  a p p r o p r i a t e .  You should respond t o  each 

t a r g e t  i n  t h i s  way j u s t  a s  soon a s  it i s  p o s s i b l e  f o r  you 

t o  i d e n t i f y  i t s  o r i e n t a t i o n .  Avoid e r r o r s ,  I f  you do make 

a n  e r r o r ,  c o r r e c t  it a s  soon a s  p o s s i b l e .  

A t  t h e  end of each l i n e  of t h e  t a r g e t s  which I have 

j u s t  shown you i s  a  s i n g l e  " p e d e s t r i a n "  t a r g e t .  T h i s  t a r g e t  

i s  s i x  f e e t  h igh  and 1 8  inches  wide and i s  a  uniform d a r k  

g r e y  c o l o r .  Your t a s k  i s  merely t o  d e t e c t  t h e  p resence  of 

t h i s  t a r g e t ,  so  when you s e e  it ,  so  i n d i c a t e  by p r e s s i n g  

e i t h e r  t h e  r i g h t  o r  l e f t  swi tch ,  it d o e s n ' t  m a t t e r  which. 

When making r u n s  i n  t h e  d i r e c t i o n  w e  a r e  p r e s e n t l y  

f a c i n g  t h e  t a r g e t s  w i l l  be  on your r i g h t ;  when making r u n s  

i n  t h e  o p p o s i t e  d i r e c t i o n  t h e  t a r g e t s  w i l l  be on your l e f t .  

I w i l l  remind you on which s i d e  t h e  t a r g e t s  w i l l  appear  a t  

t h e  s t a r t  of each run .  

Each r u n  w i l l  s t a r t  w i t h  t h i s  c a r  a t  one end of t h e  

c o u r s e  and t h e  o t h e r  c a r  a t  t h e  o p p o s i t e  end of  t h e  c o u r s e  



f a c i n g  u s .  To begin  a r u n  t h e  d r i v e r  should p o s i t i o n  t h e  

c a r  so t h a t  t h e  s t a r t i n g  t r a f f i c  cone i s  j u s t  o u t s i d e  h i s  

window on t h e  l e f t .  Leave t h e  c a r  i n  d r i v e  and keep your 

f o o t  on t h e  b rake .  A s  soon a s  t h e  equipment has  been 

prepared  f o r  a r u n ,  each exper imenter  i n d i c a t e s  he i s  

ready by swi tch ing  o f f  h i s  headlamps. Car 1 w i l l  t h e n  

t u r n  on h i s  headlamps and,  when c a r  2 t u r n s  on h i s  headlamps 

you should a c c e l e r a t e  modera te ly  t o  3 2  mph. When t h e  c a r  

r e a c h e s  3 2  mph t a k e  your f o o t  o f f  t h e  a c c e l e r a t o r .  The 

c a r  w i l l  slow some u n t i l  t h e  speed c o n t r o l  t a k e s  hold .  

P l e a s e ,  d r i v e r ,  KEEP YOUR FOOT COMPLETELY OFF THE ACCELERATOR 

D U R I N G  THE R U N .  Drive through t h e  c o u r s e  t o  t h e  f a r  end of  

t h e  t r a c k  and f o l l o w  t h e  arrow i n t o  t h e  turn-around,  S t a y  

on t h e  f l a t  p a r t  of t h e  turn-around,  p l e a s e ,  and p u l l  up 

t o  t h e  s t a r t i n g  cone and s t o p .  

A t  t h e  end of each run  we w i l l  a s k  you f o r  a n  op in ion  

regard ing  t h e  v i s i b i l i t y  and g l a r e  c h a r a c t e r i s t i c s  of t h e  

lamp j u s t  used.  Use t h e s e  s h e e t s  t o  remember t h e  s c a l e .  

I am g i v i n g  you a pack of smal l  s h e e t s  on which you should 

w r i t e ,  on t o p ,  your v i s i b i l i t y  r a t i n g  and, on t h e  bottom, 

your g l a r e  r a t i n g  a t  t h e  end of  each run .  Then p a s s  t h e  s h e e t  

back t o  me. 

Keep t h e  i n t e r i o r  r ea rv iew m i r r o r  tu rned  up o u t  of t h e  

way, a s  it i s  n o t  needed d u r i n g  t h i s  t e s t  and may g e t  i n  

your way. P l e a s e  do n o t  smoke dur ing  t h e  t e s t .  

Any q u e s t i o n s ?  



APPENDIX I1 

THE RATING SCALES USED BY SUBJECTS TO J U D G E  

DISCOMFORT GLARE AND VISIBILITY OF THE BEAMS 

Rate t h e  maximum degree of discomfort  which you experienced 

due t o  g l a r e  from t h e  oncoming c a r ' s  headlamps during t h i s  

pass .  S e l e c t  a number between 1 (discomfort  i s  i n t o l e r a b l e  

f o r  n igh t  d r i v i n g )  and 9 ( t h e r e  was v i r t u a l l y  no discomfort  

due t o  g l a r e ) .  

GLARE DISCOMFORT 

9 Not Not iceable  

8 

7 S a t i s f a c t o r y  

6 

5 J u s t  Acceptable 

4 

3 Dis turbing 

1 I n t o l e r a b l e  



Rate t h e  e f f e c t i v e n e s s  of t h e  lamps you have j u s t  used i n  

providing i l l umina t ion  on t h e  road and o t h e r  o b j e c t s  

compared t o  s tandard American low beams such a s  you have 

on your own c a r .  S e l e c t  a  number between 9 (very  much 

more e f f e c t i v e )  and 1 (very  much l e s s  e f f e c t i v e ) .  A 

r a t i n g  of 5 means t h e  beam i s  equal  i n  e f f e c t i v e n e s s  t o  

a  s tandard American low beam, 

V I S I B I L I T Y  

9 Very Much More 
E f f e c t i v e  

5 Same a s  American 
Low Beam 

1 Very Much Less 
E f f e c t i v e  








