
I--/ I e  ( <.'y+ j d' -5 2 

Report No. UM-HSRI-HF-74 -14 

DEVELOPMENT AND USE OF DRIVING TESTS 
TO EVALUATE HEADLAMP BEAMS 

Rudolf G. Mortimer 
Paul L. Olson 

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  Michigan 
Ann Arbor ,  Michigan 4 8 2 0 5  

March 1974 

Contract No. UM 7102-C128 
Motor Vehicle Manufacturers Association 
320 New Center Building 
Detroit, Michigan 48202 



The contents of this report reflect the views of the 
Highway Safety Research Institute, which is responsible 
for the facts and the accuracy of the data presented 
herein. The contents do not necessarily reflect the 
official views or policies of the Motor Vehicle 
Manufacturers Association. 



HIGHWAY SAFETY RESEARCH INSTITUTE 
Institute of Sc~ence and Technology 

Huron Parkway and Baxter Road 
Ann Arbor, M ~ c h ~ g a n  48105 

T,HE UNIVERSITY OF ILIICtllGAN 

1 8  September 1974 

M r .  John C ,  Scowcroft 
Motor Vehicle  Manufacturers Assoc ia t ion  
320 New Center  Bui ld ing  
D e t r o i t ,  Mich. 4 8 2 0 2  

Dear M r .  Scowcroft:  

We a r e  sending t o  you 50 cop ies  of a r e p o r t  
e n t i t l e d  "Development and Use of Driving T e s t s  t o  
Evaluate  Headlamp Beams," which i s  a  f i n a l  r e p o r t  
d e s c r i b i n g  t h e  f i e l d  t e s t  work c a r r i e d  o u t  i n  our  
h e a d l i g h t i n g  p r o j e c t  wit'n MW4A under Phases I and 11. 

These r e p o r t s  should  be rece ived  by MVMA tomorrow. 
I hope t h a t  t h i s  r e p o r t  w i l l  be of i n t e r e s t  t o  members 
of t h e  L igh t ing  Committee, a s  w e l l  a s  o t h e r s  concerned 
wi th  mat te r s  of v e h i c l e  h e a d l i g h t i n g  i n  t h e  i n d u s t r y .  
I hope t h a t  t h e  r e p o r t  w i l l  g e t  f a i r l y  wide d i s t r i b u -  
t i o n  a s  I would hope t h a t  it could make a  c o n t r i b u t i o n  
i n  t h e  development of a  uniform f i e l d  t e s t i n g  method. 

Yours s i n c e r e l y ,  

Rudolf G. Mortimer, Ph.D. 
Head, Human F a c t o r s  





----. - 1_1.- 

7. Author(s) 
Rudolf G. Mortimer and P a u l  L ,  Olson 

9 .  I'crforrn~np Organirat~on N a m e  and Address 

Highway Safety  Research I n s t i t u t e  
The U n i v e r s i t y  o f  Michigan 
Ann Arbor ,  Michigan 48105 

15. Supplcmcntrry Notes I 

r BlBt lOCRAPHlC DATA 

1 6 .  A b s t r a c t .  Resu l t s  o f  ana lyses  o f  acc lden t  d a t a  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  of  head- 
l i g h t r n g  were inconclusive, Ref l ec t ance  va lues  of - ta r lous  o b j e c t s  i n  t he  d r i v e r ' s  f ie ld-of-view 
welt zieascred.  P l l o t  s t u d ~ e s  ktere 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  
describe d e s i r a b l e  characteristics of  a  t e s t  t a r g e t  f o r  u se  i n  subsequent  t e s t s .  

2. 1. 90. 

8. Prrform~np Organization Hept. 
KO. 

UM-HSRI-HF-74-14 
10. Project!'Task,.'U'orL Unit No. 

320015 
11. Contract /Grant NO. 

UM7102-C128 

I 

! 

1 I 

A s e r i e s  05 h e a d i l g h t l n g  f l e l d  t e s t s  were c a r r l e d  o u t  t o  develop a  r e l l 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 q  v i s i b i l i t y  provided by headlampi,  and gene ra t e  d a t a  
f o r  use i n  v a l l d a t r n g  a  p a t h e r a t i c a l  model. Dr lv ing 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  of v a r i o u s  beams t o  oncomng and preceding d r i v e r s .  

Three types  of  t a r g e t s  were developed f o r  t he  work: a  s imula ted  overhead s i g n ,  a  s imula ted  
roads lde  s i q n ,  and a  g e n e r a l  purpose t a r g e t  t o  samula te  o b j e c t s  on o r  nea r  t h e  roadway. The 
l a t t e r  t a r g e t  could  be p laced t o  t h e  r i g h t  o r  l e f t  of 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  of i t s  
l a m  o f  t:.avel. In a d d i t i o n ,  i t s  r e f l e c t i v i t y  could  be changed. 

The fo l lowing v a z l a b l e s  were i n v e s t j g a t e d :  (1) headlamp bear?, ( 2 )  l a t e r a l  s e p a r a t i o n  between 
v e h i c i t s ,  ( 3 )  l o n g i t u d ~ n a l  s e p a r a t i o c  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 q e t  p o s i t i o n  r e l a t i v e  t o  c a r  p a t h ,  and ( 7 )  t a r g e t  h e i g h t .  

~ l l  of t h e  above v a r l z b l e s  ;sere found t c j  be s i g n i f i c a n t l y  r e l a t e d  t o  the d i s t a n c e  a t  which the 
o r i e n t s t i o n  o f  t h e  t a r q e t  could be i d e n t i f i e d .  

T ~ ~ y a t e  p ~ s i t i o n e d  t o  the r i g h t  o f  t h e  l a n e  a r e  rtore e a s i l y  seen than those  an t h e  l e f t  under 
g l e r e  c o n d i t i o n s ,  and b l t h  low b e a ~ , s .  Cther f a c t o r s  he inq equa:, t h e  c l o s e r  a t a r g e t  i s  t o  t h e  
~ a v e n c n t ,  t::a n:c?re e a s i i y  l t  i s  seer.. P e t r o - r e f l e c t i v e  t a r q e t s  a r e  seen a t  f a r  a r e a t e r  d i s -  
t ances  t h m  pa ln t ed  t a r s c t s ,  bu t  very hl;h l e v e l s  of r e f l e c t i v e  t r l l l i a n c e  s a y  a c t u a l l y  impede 
t h e i r  legibility by making t h e  t a r g e t  i t s e l f  a  g l a r e  sou rce .  

The t e s t - r c t e s t  c o e f f i c i e n t  of reliability of t h e  f i e l d  t e s t  procedure  developed i n  t h i s  prcgram 
i s  e s t i ~ a t e d  t o  be 0 . 9 7 ,  p r cd~ lc ing  a  v a r i a t i o n  OF l e s s  than.58 i n  t h e  visibility d l s t a n c e s  when 
t ! ;e  sa;..c j u ~ j e c t s  a r e  r e t e s t e d  on t h e  sane  n l g h t .  iihen a  d i f f e r e n t  c r o u  of s u b j e c t s ,  a  i i f -  
f e r e n t  tec,t  r c a d ,  head la rps  a m e d  inde?endent ly  cn t h e  two o c c a s l c n s ,  and a  s t a t i o n a r y  g l a r e  car  
In  c c u  case  and a  f u l l y  d y R a r i c  t e s t  l n  t he  o t h e r  c a s e ,  were used t h e  d i f f e r e n c e s  I n  t h e  r e a n  
v l s l b ~ l i t y  C i s t ances  d l d  n o t  exceed about  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 
satisfactory. 

C c z ~ l r l s o : ~ s  b e b e e n  G.S. low and h14h teacs showed t h a t  on two-lane roads  v i s i b l l l t y  i s  g r e a t e s t  
i f  d l r n i n g  c c c u r s  from high :o low Deans a t  about 1500 f e e t .  The U.S. low beam headlamps used 
In  th4:se - ,csts proq~ided g r e a t e r  v i s l b r l i t y  of a  t a r g e t  on t h e  r i g h t  s i d e  of t h e  1ar.e thar. t h e  
E u r ~ p e i n  d 4  t , e ad i a rps  t h a t  were used.  A t ype  of mid be&! provided g r e a t e r  v i s i b i l i t y  on t h e  
r l q h t  tlhafi t h e  U.S. o r  European bca-5. 

Eoad eva luaz ions  of g l a r e  f r o 3  tnc headlarnp b e a r s  showed t h a t  t h e  European high bean produced 
r e l a t z9 : c ly  mucn more r e q u e s t s  f o r  di:-xng "cn oncomlng d r i v e r s  than t h e  Y . S .  high bean. 3 r i v c r s  

a l s o  in f luenced  by t h e  n w h e r  of h e a 6 : r . p ~  on t h e  onconing v e h i c l e ,  bu t  n o t  i n  t h e  c a s e  
of t h e  fo l lowing v e h i c l e .  Discomfort  g l a r e  due t o  beams r e f l e c t e d  i n  rearview 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 intensity, b u t  n o t  by t h e  presence  o r  absence of road 
l i g h t i n g .  .. - . . - - 

17, ~den t i f i e r s /Opan-Ended  Term. Beadlamp barn t e s t  procedure ,  glare, headlamp t e s t  t a r g e t s ,  
u.6.  a d  European beam, n i g h t  v i s i b i l i t y ,  r e u v i e w  mirror glare, n i g h t  d r i v i n g  a c c i d e n t s .  
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OBJECTIVES 

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

1. Conduct an a n a l y s i s  of  a c c i d e n t  d a t a  t o  t r y  t o  d i s c e r n  

t h e  r o l e  of v e h i c l e  h e a d l i g h t i n g  i n  c r a s h e s .  

2 .  Devise a  s e t  of t a r g e t s  f o r  use i n  f i e l d  t e s t s  o f  head- 

lamp performance i n  terms of t h e  d r i v e r s '  v i s i b i l i t y  a i s t a n c e ,  

and measure r e f l e c t a n c e  v a l u e s  of 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 -  view. 

3 .  Develop a f i e l d  t e s t  d a t a  c o l l e c t i o n  and a n a l y s i s  method. 

4 .  Conduct e v a l u a t i o n s  us ing  t h e  method t o  de termine  i t s  

r e l i a b i l i t y ,  and t o  p rov ide  b a s i c  d a t a  of t h e  e f f e c t s  upon v i s i -  

b i l i t y  d i s t a n c e  of  v a r i a b l e s  such a s  beam p a t t e r n ,  t a r g e t  loca -  

t i o n ,  t a r g e t  r e f l e c t a n c e ,  e t c . ,  f o r  subsequent  use  i n  v a l i d a t i n g  

an a n a l y t i c a l  model. 

5 .  Conduct road t e s t s  t o  e v a l u a t e  headlamp beams i n  terms 

of  g l a r e  r e sponses  of oncoming d r i v e r s  and t h o s e  i n  a  p reced ing  

v e h i c l e  due t o  r ea rv iew m i r r o r s .  





SUMMARY OF FINDINGS 

1. An a n a l y s i s  of a c c i d e n t  d a t a  was made by comparing t h e  

r e l a t i v e  f requency o f  c l a s s e s  of a c c i d e n t s  i n  t h e  day and n i g h t ,  

wi thou t  f i n d i n g  any evidence  t o  show t h a t  h e a d l i g h t i n g  was an 

invo lved  e lement .  Th i s  does n o t  mean t h a t  h e a d l i g h t i n g  i s  n o t  

invo lved  i n  n i g h t  c r a s h e s ,  however, nor  t h a t  improved l i g h t i n g  

would n o t  h e l p  t o  reduce  such c r a s h e s .  

2 .  Photometr ic  measurements of  t h e  r e f l e c t a n c e  of pavements, 

road d e l i n e a t i o n  l i n e s ,  and o t h e r  o b j e c t s  i n  t h e  d r i v e r s '  f i e l d -  

of-view show most of t h e s e  t o  have r e f l e c t a n c e s  of 0.10-0.30. 

3,  A number of p r e l i m i n a r y  t e s t s  were made of  v a r i o u s  v i s i -  

b i l i t y  t a r g e t s  by which t h e  c h a r a c t e r i s t i c s  of a  s u i t a b l e  t a r g e t  

were evolved.  

4 .  A g e n e r a l  purpose (Type I) t a r g e t  was developed r e q u i r -  

i n g  r e c o g n i t i o n  of t h e  o r i e n t a t i o n  of t h e  t a r g e t  f a c e .  The t a r g e t  

can be p laced  on t h e  r i g h t  o r  l e f t  of  t h e  l a n e  o r  i n  t h e  c e n t e r  of 

t h e  l a n e  i n  t h e  p a t h  of  t h e  v e h i c l e .  Two o t h e r  t a r g e t s ,  u s i n g  

r e f l e c t o r i z e d  m a t e r i a l s ,  were a l s o  used. 

5 ,  A dynamic f i e l d  t e s t  procedure  was developed and used 

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

v a r i e t y  of t e s t  t r e a t m e n t s .  

6 .  T e s t - r e t e s t  r e l i a b i l i t y  was of t h e  o r d e r  of 0.97.  

7. B a s i c  p a r a m e t r i c  d a t a  were o b t a i n e d  of  t h e  e f f e c t s  of  

v a r i o u s  f a c t o r s  on t a r g 2 t  v i s i b i l i t y  d i s t a n c e s ,  and used a s  v a l i -  

d a t i o n  d a t a  i n  development of an a n a l y t i c a l  model c a r r i e d  o u t  i n  

a  s e p a r a t e  phase of  t h i s  program. 

8. 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  t a r g e t s  on t h e  

r i g h t  than  l e f t  of t h e  l a n e  f o r  low beams. When meeting an 

opposing v e h i c l e ,  t h e  same was t r u e  f o r  h igh  beams. For t h e  

s p e c i f i c  lamps and aims employed i n  t h e s e  t e s t s ,  t h e  U.S. 6014 low 

beams provided 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  s i d e  of t h e  l a n e  



t h a n  ECE H 4  low beams. A t y p e  o f  mid 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  i n  t h e s e  meet ing  s i t u a t i o n s  on t h e  r i g h t  o f  t h e  

l a n e  t h a n  e i t h e r  low beam. 

9 .  G l a r e  r e s p o n s e s  o f  oncoming d r i v e r s  i n  t h e s e  t e s t s ,  

and o t h e r  r o a d  t e s t s ,  i n d i c a t e d  t h a t  t h e  ECE low beam p r o v i d e s  

l e a s t  g l a r e ,  b u t  t h e  U.S. low beam appea red  t o  be  a c c e p t a b l e .  

The H h i g h  beam c r e a t e d  f a r  g r e a t e r  g l a r e  r e s p o n s e s  t h a n  t h e  4 
U.S. h i g h  beam. These f i n d i n g s  were  a l s o  t r u e  f o r  t h e  e f f e c t s  

o f  g l a r e  i n  r e a r v i e w  m i r r o r s  o f  images of  headlamps of  a  fo l l ow-  

i n g  c a r .  

1 0 .  I t  was conc luded  t h a t  a  s a t i s f a c t o r i l y  r e l i a b l e  f i e l d  

t e s t  method t o  measure  v i s i b i l i t y  h a s  been d e v i s e d ,  b a s i c  d a t a  

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

o b t a i n e d ,  beam e v a l u a t i o n s  were conduc ted  showing t h e  l i k e l y  

b e n e f i t s  o f  a  mid beam, and methods f o r  e v a l u a t i n g  g l a r e  accep-  

t a n c e  o f  headlamp beams were found t o  be  d i s c r i m i n a t i v e  f o r  b o t h  

t h e  c a s e s  o f  oncoming and p r e c e d i n g  d r i v e r s .  
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INTRODUCTION 

D e s p i t e  a  g r e a t  d e a l  o f  e f f o r t  on t h e  p a r t  o f  a  number of 

i n v e s t i g a t o r s  no g r e a t  p r o g r e s s  has  been made toward t h e  d e s i g n  

of  an  optimum l i g h t i n g  system. There a r e  s e v e r a l  r e a s o n s  f o r  

t h i s  s t a t e  o f  a f f a i r s .  One i s  a  conspicuous  l a c k  of  u n i f o r m i t y  

i n  expe r imen ta l  methodology; d i f f e r e n t  t a r g e t s ,  d i f f e r e n t  pro-  

c e d u r e s ,  e t c .  Another r e a s o n  concerns  t h e  d i f f i c u l t y  of q u a n t i -  

f y i n g  c e r t a i n  phenomena. For example, a  t a r g e t  t o  t h e  l e f t  o f  

t h e  o b s e r v e r  may be v i s i b l e  i n  s i l h o u e t t e  a g a i n s t  t h e  g l a r e  source  

a t  a  f a r  g r e a t e r  d i s t a n c e  t h a n  i t  cou ld  be seen  d i r e c t l y .  S i l -  

h o u e t t e  s e e i n g  i s  an u n s t a b l e  phenomenon, dependent  on a  number 

of  f a c t o r s  such a s  road  s u r f a c e  and l a t e r a l  s e p a r a t i o n .  The inforrna- 
t i o n  it p r o v i d e s  t o  d r i v e r s  i s  d i f f i c u l t  t o  q u a n t i f y .  Another b a s i c  

r e a s o n  f o r  slow p r o g r e s s  i n  t h i s  a r e a  i s  a l a c k  o f  agreement i n  

b a s i c  ph i losophy .  For  example,  how impor tan t  i s  it t h a t  l i g h t  be 

p r o j e c t e d  t o  t h e  l e f t  s i d e  of  t h e  road?  Disagreement o v e r  such 

i s s u e s  i n f l u e n c e s  t h e  we igh t ing  of  c r i t e r i a  and has  a  s i g n i f i c a n t  

e f f e c t  on t h e  outcome of  r e s e a r c h .  

To r e s o l v e  many of t h e s e  i s s u e s  an i n t e g r a t e d ,  o b j e c t i v e  and 

s u b j e c t i v e ,  tes t  approach i s  needed. A t  p r e s e n t  t h e  most u s e f u l  

approach  would be one which y i e l d e d  d a t a  of  g e n e r a l  u t i l i t y ,  n o t  

locked  i n t o  a  p a r t i c u l a r  p h i l o s o p h i c a l  fo rma t .  To t h a t  end t h e  

r e s e a r c h  r e p o r t e d  sought  t o  measure v i s i b i l i t y  d i s t a n c e s  under 

g l a r e  and no-g la re  c o n d i t i o n s  a s  a  f u n c t i o n  of beam p a t t e r n s ,  

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

s e p a r a t i o n  of  t h e  v e h i c l e s .  These d a t a  have been used t o  develop  

and v a l i d a t e  an a n a l y t i c a l  model which, h o p e f u l l y ,  w i l l  remove t h e  

n e c e s s i t y  of f u l l - s c a l e  t e s t i n g  i n  f u t u r e  headlamp development.  A 

d e s c r i p t i o n  and a p p l i c a t i o n  of  t h e  model w i l l  be found i n  Mortimer 

and Becker (1973a,  1973b) .  Two o t h e r  s t u d i e s  a r e  r e p o r t e d  a s  w e l l ,  

d e a l i n g  w i t h  g l a r e  e v a l u a t i o n s  i n  r e a r v i e w  m i r r o r s  and r e sponses  

of d r i v e r s  t o  v a r i o u s  lamp c o n f i g u r a t i o n s  and g l a r e  l e v e l s .  



Providing light sufficient to be able to detect all signif- 

icant obstacles far enough ahead to take appropriate action re- 

quires intensities which can cause discomfort and disability 

glare to oncoming drivers. Unfortunately, intensities which are 

reasonably acceptable to oncoming drivers provide seeing distances 

which are adequate only for relatively moderate speeds. If 

oncoming traffic were encountered infrequently this discrepancy 

would not pose a significant problem with the two-beam system in 

use today. However, traffic densities are such that many drivers 

rarely use their high beams, even on freeways at 70 mph or more. 

At higher speeds there is a substantial gap between stopping 

distance and the distance at which the driver can see an obstacle 

of low reflectance (eager apedestrian wearing dark clothing). 

Average speeds have gone up over the years. In Michigan, for 

example, in 1973 it has been estimated that about half the vehicle 

miles were driven at speeds of 50 mph or higher (Esch, 1973). 

This figure may be lower at night, but undoubtedly a large per- 

centage of driving is done under "unsafe" seeing conditions. 

Recognition of the problems described above has resulted in 

the accumulation of a substantial body of research over the years. 

A significant portion of this work has originated from three 

agencies: the University of Uppsala in Sweden, the Road Research 

Laboratory in Great Britan and the Southwest Research Institute 

in the United States. 

There is no agre 
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The ultimate criterion in headlighting research is visibility 

distance. Visibility distance is usually measured as a function of 



illumination provided by one set of lamps and the glare from another 

set of lamps, usually but not always identical to those providing 

the illumination. Other pertinent variables have also been 

investigated. 

Research on driver vision provided by headlamps under meeting 

conditions first began appearing in print prior to World War 11. 

Most of this work had to do with trade-offs between glare and 

intensity (Bouma, 1936; Roper and Howard, 1938; and Roper and 

Scott, 1939), although the first work with Polarized headlighting 

was also conducted in this period (e.g., Roper and Scott, 1941). 

Considerable technical development took place in this period and 

after the war, making possible better control of the beam, higher 

intensities and improved lamp life, An excellent summary of the 

literature through mid 1960's is contained in Webster and Yeatman 

(1968). This review will deal largely with work reported since 

then. 

As already noted, a variety of experimental techniques 

have been utilized. However, simulation has rarely been employed 

and this is perhaps surprising in view of the difficulties involved 

in field work. Christie et al. (1968) report a simulation study 

of the value of amber headlights. They used a visual acuity 

criterion (Landolt rings) and determined that amber was associated 

with a slight improvement in acuity if the loss in intensity 

due to the filter was restored. 

Forsgren and Thorell (1970) used a simulator to measure 

thresholds for 7% reflect.ance rectangular "pedestrian" targets. 

They then attempted to replicate the results in a field study employ- 

ing a stationary glare source and a moving subject car. Targets 

in the field test were 100 X 40 cm rectangles of 4% reflectance. 

While the results were in general agreement, thresholds were some- 

what higher in the laboratory study, possibly due, the authors 

feel, to the static nature of the test and predictable target 

locations. 



Completely static field studies have been reported. For 

example, Schwab (1965) used a static set-up and two types of tar- 

gets, a red reflector on the back of a black,unlighted car 500 feet 

distant and a section of standard pavement stripe 200 feet distant, 

Glare measurements were made with a photometer and visibility dis- 

tances calculated. 

The most usual approach has been to employ a static glare 

source and move the subjects toward it. For example, Jehu (1955) 

employed such a technique in the development of a model of visibil- 

ity in a meeting situation. Jehu used two targets, a 1.5 foot dia- 

meter circle and a 1.75 x 1.0 foot rectangle, both at 7% reflectance. 

Only one target was used on a given run and the subject's task was 

to determine which was in place. This identification procedure 

contrasts with the more usual target detection task. 

Faulkner and Older (1967) also utilized an identification task, 

in this case a 1.0 foot diameter circle with a protrusion which 

could be set in various positions. This was mounted atop a 3.0-foot 

high support. Reflectances were 4% and 11.5%. The subjects were 

required to identify the orientation of the protrusion. A single 

target was used, placed in any of six positions from 400 feet in 

front to 300 feet behind the glare car, 

Webster and Yeatman (1968) used two targets, one being a tail- 

light reflector 27 inches above the pavement and the other a cube, 

16 inches to a side, the reflectance of which was 8 . 5 % .  One or 

both of these was used on each run. 

Several studies have been reported which have used identical 

targets 100 cm high by 40 cm wide at 4% reflectance. 

Ohlon and Zaccherini (1972) compared various beam configura- 

tions with such a target, looking also at reflectances of 10% and 

24%. Rumar (1970a) compared halogen and conventional headlamps. 

Rumar et al. (1970) compared laminated and tempered windshields in 

polarized light, and Rumar et al. (1973) compared American and 

European beams, also employing target reflectances of 10% and 24%. 

The latter study investigated visibility both to the right and left 

side of the car. 
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Johannson et al. (1969) used targets 140 cm high and 40 cm 

wide at 5% reflectance. Subjects encountered from one to seven 

targets in front of the glare car on each run in these investiga- 

tions of various problems of polarized headlamps. 

In an unusual study to test the effectiveness of lamps in 

use, Rumar (1970b) had naive subjects drive their own cars toward 

a target positioned next to a glare source until the target, a 

man-size dummy at 5% reflectance, became visible. The same 

target was used in another phase of the study with regular 

experimental subjects and test lamps. 

Hemion (1969b) also used a dummy as a target in addition to 

a traffic sign and a no-passing line. The subject car moved at 

various speeds but usually at 55 mph. There were ten possible 

target positions. 

In a study of road surface characteristics, Helmers and Rumar 

(1973) used a target 40 cm square (reflectance 2%, 7% or 26%). 

The subject car was in the same lane as the glare source and was 

driven directly toward it. The target was placed next to the 

glare source. A later phase used two more targets having a 

reflectance of 7%, at 100 m and 250 m in front of the glare 

source. 

Working toward the development of a mathematical model of 

visibility afforded by headlamps, Frederiksen and Jorgensen (1972) 

developed data using targets 20 cm square (3.5% reflectance). 

One of these was positioned in the middle of the driving lane 

and one was two meters to the right. Both were next to the glare 

source. Only the response to the one in the driving lane was 

counted. 

Several investigators have used techniques where both the 

glare source and observers were in motion. For example, Adler 

and Lunenfeld (1973) used such a procedure with both vehicles 

moving at 40 mph, in their investigation of three-beam headlamp 

systems. They employed one target (16 inches square, 8% reflec- 

tance) one of five positions. 



Roper and Meese (1965) used a  v i r t u a l l y  i d e n t i c a l  procedure  

and v i s u a l  t a s k  excep t  t e n  t a r g e t s  were i n  p o s i t i o n ,  f i v e  b e f o r e  

and f i v e  a f t e r  t h e  meet p o i n t .  They were i n v e s t i g a t i n g  t h e  e f f e c t  

of  beam i n t e n s i t y ,  misaim and road geometry. 

The work performed a t  t h e  Southwest Research I n s t i t u t e  has  

a l s o  g e n e r a l l y  used two v e h i c l e s  moving toward each o t h e r  (Hemion, 

1969a; Hemion and H u l l ,  1973; Cadena and Hemion, 1969; and Hul l  

e t  a l . ,  1 9 7 1 ) .  They have used v a r i o u s  t a r g e t s  ( s i x  f o o t  t a l l ,  

t h r e e  d imensional  dummy a t  7% r e f l e c t a n c e ;  r o a d s i d e  s i g n  and a  

no-pass ing  s i g n ) .  Only one t a r g e t  of  a  g iven t y p e  was employed on 

a  run  through t h e  c o u r s e ,  i t s  p o s i t i o n  be ing  s h i f t e d  between runs .  

A v a r i e t y  of t e c h n i q u e s  were employed by Powers and Solomon 

(1965) i n  t h e i r  t e s t s  of t h e  e f f e c t  of l a t e r a l  s e p a r a t i o n ,  I n  

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

c a r  moved toward it. The second t e s t  employed t h e  r e v e r s e  pro-  

cedure .  I n  each c a s e  t h e  t a r g e t  was an u n l i g h t e d  c a r  i n  t h e  l a n e  

ahead o f  t h e  o b s e r v e r  c a r .  The t h i r d  s t u d y  was p r o c e d u r a l l y  t h e  

same a s  t h e  second excep t  t h e  t a r g e t  was changed t o  a  2 1  x  26-inch 

t r a n s l u c e n t  g l a s s ,  i l l u m i n a t e d  from behind.  A s  t h e  g l a r e  c a r  

approached , the  s u b j e c t s  were r e q u i r e d  t o  a d j u s t  t h e  i n t e n s i t y  of  

t h e  t a r g e t  s o  t h a t  it was j u s t  v i s i b l e .  The a u t h o r s  f e l t  t h a t ,  

f o r  v i s i b i l i t y  d i s t a n c e  measures,  t h e  f i r s t  t echn ique  i s  s u p e r i o r ,  

provided s e v e r a l  t a r g e t s  a r e  used.  

The fo rego ing  review has  summarized t h e  v a r i e t y  of approaches  

which have been employed i n  h e a d l i g h t i n g  r e s e a r c h .  A c a r e f u l  

a n a l y s i s  of  t h i s  i n f o r m a t i o n ,  coupled w i t h  p i l o t  t e s t i n g  of  a  

v a r i e t y  of t a r g e t  c o n f i g u r a t i o n s  (Appendix C) l e d  t o  t h e  approach 

adopted f o r  t h i s  e f f o r t .  P rocedura l  d e t a i l s  a r e  g iven  i n  t h e  

Method s e c t i o n  of t h i s  r e p o r t .  A s  a  b r i e f  overview, t h e  f o l l o w i n g  

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

A dynamic approach was s e l e c t e d  and,  where space  a l lowed,  

bo th  g l a r e  and s u b j e c t  v e h i c l e s  were moving, p r i m a r i l y  t o  speed 

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



The v i s u a l  t a s k  was t a r g e t  i d e n t i f i c a t i o n  a s  opposed t o  

t a r g e t  d e t e c t i o n .  I d e n t i f i c a t i o n  i s  a  h i g h e r  l e v e l  t a s k ,  more 

i n  l i n e  w i t h  t h e  a c t u a l  demands of d r i v i n g .  F u r t h e r ,  t h i s  pro-  

c e d u r e  a l l o w s  an e lement  o f  u n c e r t a i n t y  t o  be i n t r o d u c e d  w i t h o u t  

having  t o  move o r  remove t a r g e t s .  P i l o t  t e s t i n g  s u g g e s t e d  t h a t  

e r r o r  v a r i a n c e  may be lower w i t h  an i d e n t i f i c a t i o n  t a s k  a s  wel l ,  

and i t  i s  n o t  a f f e c t e d  by s i l h o u e t t e  e f f e c t s .  

A s  an added r e f i n e m e n t  t h e  t a r g e t s  were equipped  w i t h  t h e i r  

own background. A t a r g e t ' s  c o n t r a s t  w i t h  i t s  background i s  a  

c r i t i c a l  f a c t o r  i n  i t s  v i s i b i l i t y .  The t y p i c a l  roadway env i ron -  

ment i s  q u i t e  v a r i a b l e  i n  r e f l e c t a n c e  l e v e l s  depending on whether  

t h e  t a r g e t  i s  s e e n  a g a i n s t  open f i e l d ,  t h e  s h o u l d e r ,  r o a d  s u r f a c e ,  

o r  t h e  headlamps o f  oncoming c a r s .  

F i n a l l y ,  t h e  d a t a  were t a k e n  i n  a  way which p e r m i t t e d  t h e  

use  of  t e s t s  of  s t a t i s t i c a l  s i g n i f i c a n c e .  S i n c e  t h e  tes ts  were 

i n t e n d e d  t o  compare s e v e r a l  beam c o n f i g u r a t i o n s  it was f e l t  

e s s e n t i a l  t o  be  a b l e  t o  make s t a t e m e n t s  conce rn ing  t h e  p r o b a b i l i t y  

of t h e  r e s u l t s  o c c u r r i n g  by chance ,  and t o  measure t h e  r e l i a b i l i t y  

o f  t h e  f i e l d  tes t  method. 

GENERAL PROCEDURES USED I N  FIELD 
TESTS OF VISIBILITY DISTANCE 

The f o l l o w i n g  s e c t i o n  d e s c r i b e s  t h e  t e s t  equipment ,  tes t  s i t e s ,  

t h e  t y p e  o f  t e s t ,  and t h e  a n a l y s i s  p rocedures  used i n  t h e  s t u d i e s  

conducted  t o  measure v i s i b i l i t y  d i s t a n c e s .  

VEHICLES 

Two i d e n t i c a l  1971 Plymouth s t a t i o n  wagons ( F i g u r e  1) were 

employed i n  t h e  t e s t .  They were equipped  w i t h  a  s p e c i a l  f r o n t  

p a n e l  c a p a b l e  o f  mounting up t o  14 headlamps ( F i g u r e  2 ) ,  e l e v e n  

a c r o s s  t h e  t o p  row and t h r e e  a c r o s s  t h e  bot tom row, p a r t i a l l y  

h idden  behind  t h e  "bumper, I' i n  F i g u r e  2. 

up t o  1 4  f i l a m e n t s  cou ld  be swi t ched ,  v o l t a g e s  moni tored  and 

c o n t r o l l e d  s e p a r a t e l y  from t h e  c o n t r o l  p a n e l  shown i n  ~ i g u r e  3.' 

P r i o r  t o  use  i n  any t e s t ,  headlamps were burned i n  f o r  t h r e e  hour s .  



Figure 1. Photograph of vehicle used in 
headlighting field tests. 

Figure 2. Close-up photograph of headlamp 
mounting panel. 



Figure 3. Experimenter's control panel. 

Figure 4. Strip Chart Recorder. 
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The row of s w i t c h e s  n e a r  t h e  t o p  of  t h e  p a n e l  shown i n  F i g u r e  3 

was used t o  s e t  f o r  t a r g e t  o r i e n t a t i o n  when runn ing  s i n g l e  s u b j e c t s  

( d r i v e r  o n l y ) .  A r e s p o n s e  co r r e spond ing  t o  t h e  s w i t c h  s e t t i n g  

r e s u l t e d  i n  t h e  t o p  lamp b e i n g  i l l u m i n a t e d  w h i l e  an o p p o s i t e  

r e s p o n s e  ( e r r o r )  caused  t h e  lamp below it t o  l i g h t .  The l a r g e  vo l t -  

meter moni tored  v o l t a g e  a t  t h e  f i l a m e n t  f o r  any lamp s e l e c t e d  by t h e  

r o t a r y  s w i t c h  a t  t h e  r i g h t - c e n t e r .  The ga lvanometer  was used i n  

c o n j u n c t i o n  w i t h  t h e  t r i m  p o t s  a c r o s s  t h e  bot tom of  t h e  p a n e l  t o  

z e r o  t h e  v o l t a g e s  a t  t h e  lamp f i l a m e n t  t o  t h a t  g iven  by t h e  p r e c i -  

s i o n  p o t e n t i o m e t e r  i n  t h e  c e n t e r  of  t h e  p a n e l .  The row of  s w i t c h e s  

n e a r  t h e  bot tom t u r n e d  lamps on and o f f .  

S u b j e c t s '  r e s p o n s e s  and o t h e r  p e r t i n e n t  d a t a  were r e c o r d e d  on 

pape r  s t r i p  c h a r t s  ( F i g u r e  4 ) .  The s u b j e c t s  p r e s s e d  push-but ton  

s w i t c h e s  t o  i n d i c a t e  t h e  o r i e n t a t i o n  of  a  t a r g e t ,  c a u s i n g  a  pen t o  

d e f l e c t  r i g h t  o r  l e f t .  Narrow r e f l e c t i v e  p a n e l s  p l a c e d  beh ind  each  

t a r g e t  were " sensed"  by a  d e t e c t o r  d e v i c e  c o n s i s t i n g  o f  an i n f r a -  

r e d  s o u r c e  and p h o t o c e l l  ( F i g u r e  5 )  a t t a c h e d  t o  t h e  r e a r  bumper. 

T h i s  p u t  a n o t h e r  mark on t h e  s t r i p  c h a r t  a s  each  t a r g e t  was pas sed .  

The t i m e  r e q u i r e d  f o r  t h e  c a r  t o  run  th rough  t h e  c o u r s e  was 

measured i n  m i l l i s e c o n d s  by an e l e c t r o n i c  c o u n t e r  o p e r a t e d  by t h e  

e x p e r i m e n t e r .  

Each c a r  was equipped  w i t h  a speed  c o n t r o l  d e v i c e  c a p a b l e  o f  

m a i n t a i n i n g  speed  (on t h e  l e v e l  c o u r s e  used f o r  t h e  t e s t s )  w i t h i n  

f 1 mph. The speed c o n t r o l s  had a  memory f e a t u r e  s o  t h a t  t h e y  

c o u l d  b e  se t  once  t o  t h e  d e s i r e d  speed  ( 4 0  f e e t  p e r  second)  and 

r e a d i l y  re-engaged by t h e  s u b j e c t s  a t  t h e  s t a r t  o f  each  run .  

The s u b j e c t s  i n d i c a t e d  t h e i r  judgment o f  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  by use  of  s i l e n t  s w i t c h e s ,  The d r i v e r  p r e s s e d  e i t h e r  

t h e  r i g h t  o r  l e f t  horn  b u t t o n  ( t h e  horn  was d i s c o n n e c t e d )  and t h e  

p a s s e n g e r  moved a  c e n t e r - o f f  wafer  s w i t c h  e i t h e r  r i g h t  o r  l e f t .  

A l l  c a r s  i nvo lved  i n  t h e  s t u d y  were equipped w i t h  two-way r a d i o s .  

TEST TARGETS 

Dimensional  d rawings  of  t h e  t h r e e  t y p e s  o f  t a r g e t s  used  i n  

t h e  s t u d i e s  a r e  g iven  i n  Appendix A.  
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F i g u r e  5. T a r g e t  d e t e c t o r  system. 



The t y p e  I t a r g e t  ( F i g u r e  6 )  i s  t h e  b a s i c  u n i t  used  th rough-  

o u t  t h e  s t u d i e s .  The t a r g e t  f a c e  c o n s i s t s  of a  b a r ,  4 i n c h e s  wide 

and 18  i n c h e s  l o n g ,  and an 8- inch by 8- inch s q u a r e  which can  be 

moved t o  e i t h e r  t h e  r i g h t  o r  l e f t  end of t h e  b a r .  The s u b j e c t s '  

t a s k  was t o  d e t e r m i n e  a t  which end of  t h e  b a r  t h e  s q u a r e  was l o c a -  

t e d ,  r i g h t  o r  l e f t .  The t a r g e t  f a c e s  cou ld  b e  p l a c e d  i n  e i t h e r  

an upper  (18  i n c h e s )  o r  lower  ( 6  i n c h e s )  p o s i t i o n  above t h e  pave- 

ment and were a v a i l a b l e  i n  f i v e  r e f l e c t a n c e  l e v e l s  ( 6 . 1 % ,  1 1 . 8 % ,  26.2% 

2 6 . 2 % ,  5 4 . 1 % ,  8 7 . 1 % ) .  The t a r g e t  s u p p o r t  was p a i n t e d  f l a t  b l a c k ,  

o f  3% r e f l e c t a n c e .  I n  p r a c t i c e  t h e  t a r g e t  s q u a r e  were moved o f t e n  

enough t o  p r e v e n t  t h e  s u b j e c t s  from l e a r n i n g  t h e i r  o r i e n t a t i o n .  

A m o d i f i c a t i o n  of t h e  t y p e . 1  t a r g e t ,  i n t e n d e d  f o r  u s e  i n  t h e  c e n t e r  

of t h e  t r a f f i c  l a n e ,  i s  shown i n  F i g u r e  7 .  The v e r t i c a l  s u p p o r t  i s  

h inged  and s p r i n g  l oaded .  A t a p e  s w i t c h  was a t t a c h e d  t o  t h e  r o a d  

75 f e e t  ahead  of t h e  t a r g e t .  When a  c a r  p a s s e d  o v e r  t h e  s w i t c h  it 

t r i g g e r e d  a  s o l e n o i d  which r e l e a s e d  a  c a t c h ,  a l l o w i n g  t h e  t a r g e t  

t o  f a l l  backward a s  shown i n  F i g u r e  8 .  These u n i t s  were reduced  

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

n o t  Ge c a t a p u l t e d  i n t o  t h e  w i n d s h i e l d  s h o u l d  it f a i l  t o  d r o p  and 

be s t r u c k  by t h e  c a r .  

The t y p e  I1 t a r g e t  ( F i g u r e  9 )  was i n t e n d e d  t o  s i m u l a t e  a  

r o a d s i d e  t r a f f i c  s i g n  ( e . g , ,  s p e e d ,  y i e l d  o r  s t o p  s i g n ) .  I t  was 

a lways  p l a c e d  on t h e  d r i v e r ' s  r i g h t .  I n  acco rdance  w i t h  s i g n  regu-  

l a t i o n  R2-1-24 of  t h e  Michigan Manual o f  Uniform T r a f f i c  C o n t r o l  

Devices  (MMUTCD) t h i s  s i g n  was 2 4  i n c h e s  by 30 i n c h e s  and had a  

10- inch  by 1 .75 - inch  d i a g o n a l  b a r  which was used  i n s t e a d  o f  

numera l s .  A 3475 Minnesota  Mining and Manufac tur ing  (3M) r e f l e c t i v e  

s h e e t i n g  was used  f o r  a  background.  The r e f l e c t i v e  b r i l l i a n c e  of  

t h e  background was app rox ima te ly  0 .05,  w h i l e  t h e  3270 s i l v e r -  

w h i t e  (3M) b a r  h a s  a  r e f l e c t i v e  b r i l l i a n c e  of 2 2 5 ,  ( R e f l e c t i v e  

b r i l l i a n c e  i s  t h e  number of  t i m e s  t h a t  a  s u r f a c e  i s  b r i g h t e r  t h a n  

f l a t  w h i t e  p a i n t  where t h e  p a i n t  app rox ima te s  a  p e r f e c t  d i f f u s e  

r e f l e c t o r .  These v a l u e s  were measured u s i n g  an a n g l e  o f  0.33' 

between l i g h t  s o u r c e  and photometer  ( d i v e r g e n c e  a n g l e ) ,  w i t h  t h e  

s o u r c e  normal  t o  t h e  s i g n ,  f o r  an i n c i d e n c e  a n g l e  o f  0 ' ) .  T h i s  

w h i t e  on b l a c k  c o n f i g u r a t i o n  was used  t o  p r o v i d e  an a c c e p t a b l e  



F i g u r e  6. Type-I target. 



Figure  7 .  Type-I t a r g e t  modif ied f o r  use  i n  l a n e  cen te r .  

F igure  8. Type-I l a n e  c e n t e r  t a rge t  i n  down p o s i t i o n .  
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visibility distance for experimental purposes. The height of this 

target was 7 feet (measured to the bottom of the sign), which is 

specified by MMUTCD for placement on a roadway with curb or on a 
non-curbed roadway where parking is likely to occur or where there 

are other obstructions to view. 

The height is in accordance with the Manual on Uniform Traffic 

and Control Devices for Streets and Highways (MUTCDSH) requirement 

for signs located at the side of the road in rural, business and 

residential districts and in any case where parking is likely to 

occur or where there are other obstructions to view. This manual 

also prescribes a minimum height of 7 feet for interstate roadside 

directional signs. A lateral displacement of 5.5 feet to the 

right of the roadway was used, as MMUTCD specifies 2 feet for 

curbed roads and 10 feet minimum for non-curbed roads. The MUTCDSH 

specifies a lateral clearance of 6-12 feet where conditions permit, 

or 2 feet from a curb line, guardrail, or paved shoulder. The 

lateral separation used is slightly below the minimum as conditions 

did not permit a larger value. 

The subjects1 task with the type I1 target was to determine 

whether the top of the white bar was inclined to the right or left. 

The type I11 target (Figure 10) was intended to simulate an 

overhead sign. This sign had a background of 3877 green high-in- 

tensity 3M sheeting with a reflective brilliance of 80. The 

reversible letter "E"  was 3870 silver high-intensity sheeting with 

a reflective brilliance of 675, The letter " E n  occupied a space 

12 inches high and 8 inches wide; stroke width was 2.4 inches. 

The background measured 28 inches square. The 12-inch letter 

corresponds to MMUTCD specifications for overhead exit instructions 

on supplemental advance exit signs, and exit directions signs. A 

height of 17 feet (measured to the bottom of the sign) above the 

roadway was used, which meets the MMUTCD requirements of a minimum 

height of 15 feet, 6 inches for non-interstate clearance and 

approximates the 17 feet, 3 inches interstate minimum clearance. 

The MUTCDSH prescribes a vertical clearance of at least 17 feet 

for interstate roads. This manual also specifies 12-inch capital 



Figure 9. Type-I1 target. 

Figure 10. Type-I11 target being erected 
on truck. 



l e t t e r s  f o r  "EXIT" overhead g o r e  s i g n s  and 12- inch  numerals  f o r  

overhead go re  s i g n  r o u t e  numbers. The overhead s i g n  was l o c a t e d  

such t h a t  t h e  "EM was c e n t e r e d  o v e r  t h e  l a n e  t h a t  khe s u b j e c t s  

were u s i n g .  The s i g n  was mounted on a  t r u c k  so  t h a t  it cou ld  be  

r e a d i l y  moved t o  v a r i o u s  p o s i t i o n s  a long  t h e  c o u r s e .  The s u b j e c t s '  

t a s k  w i t h  t h i s  t a r g e t  was t o  de t e rmine  whether  t h e  arms of  t h e  "El' 

were p o i n t e d  r i g h t  o r  l e f t .  

COURSE LAYOUT 

The b a s i c  geometry o f  t h e  c o u r s e  used i n  t h e  f i r s t  f o u r  

s t u d i e s  i s  g iven  i n  F i g u r e  11. Shown a r e  t h e  r e l a t i v e  p o s i t i o n s  

of t h e  12 t y p e - I  t a r g e t s  used on each  s i d e .  The c o u r s e  i s  symme- 

t r i c a l  about  t a r g e t  number 8 ,  t h e  i n t e n d e d  meet p o i n t .  The d i s -  

t a n c e  i n t o  t h e  c o u r s e  a t  which v a r i o u s  t a r g e t s  and markers  were 

p l a c e d  i s  g iven  i n  f e e t .  The o v e r a l l  d i s t a n c e  from t h e  s t a r t  

p o i n t  f o r  t h e  northbound c a r  t o  t h e  s t a r t  p o i n t  f o r  t h e  south-  

bound c a r  i s  6,400 f e e t .  The i n t e n d e d  l a t e r a l  s e p a r a t i o n  between 

t h e  two v e h i c l e s  ( s i d e  t o  s i d e )  was 7 f e e t  when t a r g e t s  were 

p l a c e d  on t h e  r i g h t  s i d e .  The type - I  t a r g e t s  were s e t  s o  t h e i r  

c e n t e r  was 9 f e e t  t o  t h e  r i g h t  o r  6 .5  f e e t  t o  t h e  l e f t  of t h e  

d r i v e r ' s  i n t e n d e d  p o s i t i o n .  I t  was n e c e s s a r y ,  when t h e  t a r g e t s  

were s e t  t o  t h e  l e f t  s i d e ,  t o  o f f s e t  them s o  t h a t  t h e  t a r g e t s  f o r  

t h e  northbound c a r  would n o t  obscu re  t h o s e  f o r  t h e  southbound c a r  

and v i c e  v e r s a .  Thus, t h e  c e n t e r  l i n e s  of t h e  r e s p e c t i v e  t a r g e t  

c o u r s e s  were s e p a r a t e d  by 4 f e e t .  Th i s  a f f e c t e d  t h e  l a t e r a l  sepa-  

r a t i o n  o f  t h e  v e h i c l e s ,  i n c r e a s i n g  i t  t o  about  1 4  f e e t  i n  t h e  l e f t -  

hand t a r g e t  c o n d i t i o n .  

SUBJECTS 

The 56 t e s t  s u b j e c t s  used i n  t h e s e  s t u d i e s  were a l l  d r i v e r s .  

About o n e - t h i r d  o f  them were f ema les .  The age  o f  t h e  s u b j e c t s  

was 18-60 y e a r s .  

PROCEDURE 

Two s u b j e c t s  occupied  each  v e h i c l e ,  one d r i v i n g  and t h e  o t h e r  

i n  t h e  r i g h t  f r o n t  s e a t .  Each run  began w i t h  t h e  two c a r s  

s topped  f a c i n g  each  o t h e r  a t  t h e i r  r e s p e c t i v e  s t a r t  p o i n t s .  When 
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Figure 11. Basic layout of markers and targets. 
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Ð reparations f o r  t h e  run  were complete,  t h e  headlamps were 

switched o f f  t o  s o  i n d i c a t e  t o  t h e  o t h e r  v e h i c l e .  One c a r  then  

switched t h e  a p p r o p r i a t e  lamps on and, when t h e  o t h e r  c a r  switched 

i t s  beams on,  both  a c c e l e r a t e d  moderately t o  t h e  l a t c h - i n  p o i n t  

f o r  t h e  speed c o n t r o l .  Th i s  would be accomplished and t h e  speed 

s t a b i l i z e d  when p o i n t  A (marked by a  t r a f f i c  cone) was reached.  

The exper imenter  i n d i c a t e d  t h e  A p o i n t  on t h e  r e c o r d e r  and s t a r t e d  

t h e  timer by p r e s s i n g  a  swi tch  a s  t h e  cone was passed .  The e x p e r i -  

menter a l s o  i n d i c a t e d  t h e  p o i n t  a t  which t h e  c a r s  passed i n  mid 

course  and t h e  end marker,  p o i n t  B ( s imul taneous ly  s topp ing  t h e  

t i m e r )  i n  t h e  same way. The c a r s  then  cont inued on p a s t  t h e  s t a r t  

p o i n t  f o r  t h e  o p p o s i t e  c o u r s e ,  made a  U-turn and stopped t o  g e t  

ready f o r  t h e  n e x t  run .  

Dr iver  s u b j e c t s  were asked t o  i n d i c a t e  v e r b a l l y  t h e  p o i n t  a t  

which, dur ing  any r u n ,  they  f e l t  t h e  g l a r e  from t h e  oncoming c a r ' s  

headlamps became i n t o l e r a b l e ,  This  was f u r t h e r  d e f i n e d  a s  a  

p o i n t  where they  would s u r e l y  r e q u e s t  dimming were they  a b l e  t o  

do so .  Most d r i v e r s  responded o n l y  t o  high beams, a s  would be 

expected ,  b u t  some d r i v e r s  responded r a r e l y  even t o  high beams. 

This  " g l a r e  p o i n t "  was e n t e r e d  on t h e  s t r i p  c h a r t  and t h e  long i -  

t u d i n a l  s e p a r a t i o n  a t  which i t  occur red  analyzed l a t e r .  A summary 

of  t h i s  a n a l y s i s  f o r  t h e  f i r s t  four  s t u d i e s  i s  p r e s e n t e d  i n  t h i s  

paper .  

The f i r s t  f o u r  of t h e  s t u d i e s  t o  be d e s c r i b e d  were run  on 

t h e  nor th-south  s t r a igh taway  a t  t h e  GM Proving Grounds i n  Mi l fo rd ,  

Michigan. This  road i s  a s t r a i g h t ,  l e v e l  f a c i l i t y ,  2 . 5  m i l e s  

long, wi th  t h r e e  t e n - f o o t  l a n e s  i n  each d i r e c t i o n  s e p a r a t e d  by a  

twenty-foot  g r a s s y  median. For s t u d i e s  s i m u l a t i n g  two-lane 

meeting s i t u a t i o n s ,  two courses  such a s  a r e  shown i n  F igure  11 

were s e t  up, one on each s i d e  of t h e  median. This  way d a t a  could  

be c o l l e c t e d  con t inuous ly  on one course  whi le  necessa ry  changes 

were be ing  made t o  t h e  o t h e r .  

DATA REDUCTION AND ANALY S I S 

The d a t a  handl ing  was accomplished i n  t h r e e  s t e p s :  f i r s t  
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t h e  d a t a  were d i g i t i z e d  from t h e  s t r i p  c h a r t s ;  s econd ,  a  c u r v e  

f i t  r o u t i n e  was employed t o  o b t a i n  t h e  v i s i b i l i t y  d i s t a n c e s ,  f o r  

e a c h  s u b j e c t  and c o n d i t i o n ,  f o r  each  mee t ing ;  and t h i r d ,  v i s i -  

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

d i s t a n c e s  between t h e  oppos ing  v e h i c l e s  were computed from t h e  

c u r v e s .  These v a l u e s  were t h e n  used i n  s t a t i s t i c a l  a n a l y s e s .  

The d a t a  were d i g i t i z e d  by measur ing  t h e  d i s t a n c e  on t h e  

s t r i p  c h a r t  from t h e  p o i n t  a t  which t h e  s u b j e c t  i n d i c a t e d  t h e  

t a r g e t  o r i e n t a t i o n  t o  t h e  p o i n t  where t h e  v e h i c l e  pas sed  t h e  t a r -  

g e t .  The A t o  B d i s t a n c e  was a l s o  n o t e d ,  a s  was t h e  time f o r  

e a c h  r u n .  These d a t a  were punched on c a r d s  and a n a l y z e d  by a  

computer  program which c o r r e c t e d  f o r  ave rage  c a r - c h a r t  r e c o r d e r  

s p e e d s  u s i n g  t h e  A t o  B t i m e  d a t a .  The o u t p u t  o f  t h e  program was 

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

e a c h  s u b j e c t  and e x p e r i m e n t a l  c o n d i t i o n ,  assuming a  r e a c t i o n  time 

o f  0 .5  second.  S i n c e  t h e  i n t e n t i o n  was t o  conduct  t h e  a n a l y s i s  

based  on  s e p a r a t i o n  between d r i v e r  and g l a r e  c a r  ( s e p a r a t i o n  

d i s t a n c e ) ,  a  f u r t h e r  m o d i f i c a t i o n  o f  t h e  d a t a  was n e c e s s a r y .  

A t  t h i s  p o i n t  a  c u r v e  was f i t t e d  t o  t h e  d a t a  f o r  e a c h  s u b j e c t  

and c o n d i t i o n  u s i n g  l e a s t  s q u a r e s  methods. The e s t i m a t e d  v i s i -  

b i l i t y  d i s t a n c e s  f o r  any s e p a r a t i o n  d i s t a n c e  c o u l d  be  t a k e n  from 

t h e s e  c u r v e s .  F i f t e e n  s e p a r a t i o n  d i s t a n c e s  were s e l e c t e d  (4000,  

3000, 2200, 1500,  1000,  700, 500, 400, 300. 200, 1 0 0 ,  0 ,  -400, 

-800 and -1200 f e e t ) .  These c a l c u l a t e d  v i s i b i l i t y  d i s t a n c e s  were 

t h e  b a s i c  d a t a  f o r  t h e  a n a l y s i s  which fo l lowed .  

STUDY 1 

METHOD 

T h i s  s t u d y  measured v i s i b i l i t y  d i s t a n c e s  o f  t y p e - I  t a r g e t s  

a s  a  f u n c t i o n  o f :  (1) t a r g e t  r e f l e c t a n c e ,  68,  1 2 % ,  2 6 % ,  54% and 

87%; ( 2 )  t a r g e t  l o c a t i o n ,  r i g h t  o r  l e f t  o f  l a n e ;  ( 3 )  t a r g e t  f a c e  

h e i g h t ,  h i g h  o r  low p o s i t i o n  on t a r g e t  boa rd  and; ( 4 )  headlamp 

beam, s t a n d a r d  h i g h  o r  low bean  a s  p r o v i d e d  by two 6014 ( t h e  6014 

i s  a  7" d i a m e t e r ,  sealed-beam lamp w i t h  s t a n d a r d  U.S. beam p a t t e r n )  



headlamps. T h i s  r e s u l t e d  i n  40 combinat ions  of c o n d i t i o n s ,  each  

of  which was p r e s e n t e d  once t o  each  o f  16 s u b j e c t s .  The s u b j e c t s  

were r u n  i n  groups  of  e i g h t ,  w i t h  f o u r  runn ing  and f o u r  r e s t i n g  

a t  any one t ime.  Thus, t h e  s u b j e c t s  were c o l l e c t i n g  d a t a  f o r  no 

more t h a n  a  h a l f  an hour  a t  a  t ime ,  which minimized f a t i g u e  e f f e c t s .  

RESULTS 

The a n a l y s i s  of  v a r i a n c e  f o r  t h i s  s t u d y  i s  g iven  i n  Table  1, 

V i r t u a l l y  a l l  main e f f e c t s  and i n t e r a c t i o n s  a r e  s i g n i f i c a n t  a t  o r  

beyond t h e  0 .01  l e v e l .  For  pu rposes  of  t h i s  a n a l y s i s ,  s e p a r a t i o n  

d i s t a n c e  i s  t r e a t e d  a s  a  f a c t o r  having  t h r e e  l e v e l s .  The d a t a  f o r  

t h e  f i r s t  f i v e  s e p a r a t i o n  d i s t a n c e s  l i s t e d  above were combined, a s  

were t h e  d a t a  from t h e  second and t h i r d  f i v e .  

The fo l lowing  s t a t e m e n t s  summarize t h e  r e s u l t s  of t h i s  s t u d y :  

High beams have 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  t h a n  low beams 

under no-g lare  c o n d i t i o n s ,  b u t  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  a s  

t h e  c a r s  neared  t h e  meet ing p o i n t  ( F i g u r e  1 2 ) .  T h i s  e f f e c t  was 

more pronounced w i t h  t h e  t a r g e t  on t h e  l e f t  t han  on t h e  r i g h t  

( F i g u r e  1 3 ) ,  and w i t 1 1  t a r g e t s  of  h i g h e r  r e f l e c t a n c e  ( F i g u r e  1 4 ) .  

The c r o s s o v e r  p o i n t  o f  t h e  h igh  and low beam v i s i b i l i t y  d i s t a n c e  

c u r v e s  v a r i e d  w i t h  expe r imen ta l  c o n d i t i o n s ,  b u t  was g e n e r a l l y  

between 1500-1800 f e e t .  

A s  no ted  i n  F i g u r e  1 3 ,  ave rage  v i s i b i l i t y  d i s t a n c e s  f o r  h igh  

and low beams a r e  320 and 310 f e e t  r e s p e c t i v e l y  f o r  r igh t -hand  

t a r g e t s ,  which i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The cor respond-  

i n g  v a l u e s  f o r  l e f t - h a n d  t a r g e t s  a r e  250 and 180 f e e t ,  which i s  

s t a t i s t i c a l l y  s i g n i f i c a n t .  These d i f f e r e n c e s  appea r  more c l e a r l y  

i n  F i g u r e  1 5 ,  which shows v i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  of  

beam, t a r g e t  l o c a t i o n  and s e p a r a t i o n  d i s t a n c e .  A s  would b e  expec- 

t e d ,  v i s i b i l i t y  w i t h  e i t h e r  beam i s  a f f e c t e d  more by g l a r e  when 

t h e  t a r g e t  i s  t o  t h e  l e f t  o f  t h e  l a n e  t h a n  when it i s  on t h e  r i g h t .  

For a  t a r g e t  on t h e  r i g h t  t h e  asymmetr ica l  low beam n e a r l y  matches 

h i g h  beam performance ,  be ing  s l i g h t l y  p o o r e r  under no -g la re  condi-  

t i o n s  b u t  s l i g h t l y  b e t t e r  under g l a r e  c o n d i t i o n s .  The h igh  beam 

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

meet ing p o i n t .  

2 1 



TABLE 1 . ~ n a l y s i s  of Variance of V i s i b i l i t y  Dis tance  Data . s t u d y  1 . 

S W R C E  OF 
VARIATION 

SUMS OF O E G l E E S  OF Y E A H  R A T I O  
SQUARES FREEDOM SOUARES 

A . Lonyltudinal 
Sopara tLon D l s t a n c e  

B . Targct R e f l e c t a n c e  
C . l ' a rgct  P o s i t i o n  
D . Targct Locatlon 
E . Deam 
F . S u h j c c t s  

LC ....I........ 
ACF ............ 
B C  ....I........ 
RCF ............ 
ARC ............ 
ARCF ........... 

4 c u  ............ 
ACDF . . s e e . . . . . .  

A €  ............. 
AEF ............ 

ABE ..I......... 
L I E F  ........... 
ce ............. 
CEF ............ 
A C E  ............ 
ACEF ........... 
BCE ............ 
O C C F  ........... 

............ BDE 
EOLF ........... 

CDE ............ 
COTF ........... 
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Low Beam 

(4000'- (1000'- (200'- 
1000') 200') -800') 

Separation Distance Category 

Figure 12. Visibility distances provided by high and low 
beams as a function of longitudinal separation 
from glare source, in study 1, averaged over the 
other variables (e.g., target reflectance, location 
and vertical position) . 
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Figure 13. Visibility distances provided by high and low 
beams for targets located to the left and right 
of the lane, in study 1. 
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Figure 1 4 .  Visibility distances associated with various 
target reflectances as a function of longitudinal 
separation from glare source, in study 1. 
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LOW Beam, 
Right Target 

LOW Beam, 
Left Target 

Figure 15. Visibility distance as a function of beam, 
longitudinal separation from glare source 
and location of target to left or right of 
lane, in study 1. 



T a r g e t  r e f l e c t a n c e  had a  ve ry  s i g n i f i c a n t  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  ( F i g u r e  1 6 ) .  T a r g e t s  t o  t h e  r i g h t  of  t h e  c a r  show an 

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

While g l a r e  r e d u c e s  v i s i b i l i t y  d i s t a n c e  it i s  by rough ly  t h e  same 

amount i n  each  c a s e .  However, t h e  p r e s e n c e  of  g l a r e  f o r  t h e  l e f t -  

hand t a r g e t s  has  a  f a r  g r e a t e r  e f f e c t  on t h e  t a r g e t s  of h igh  r e f l e c -  

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

n e a r l y  c o n s t a n t  from s e p a r a t i o n  d i s t a n c e  c a t e g o r y  1 t o  2 f o r  l e f t -  

hand t a r g e t s .  

The h e i g h t  o f  t h e  r e f l e c t i v e  t a r g e t  f a c e s  above t h e  pavement 

made a  s i g n i f i c a n t  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  (E'igure 1 7 ) .  

The d i f f e r e n c e  was g r e a t e r  f o r  low beams t h a n  h i g h  beams and v a r i e d  

a t  w i l l  w i t h  t a r g e t  r e f l e c t i v i t y ,  be ing  g r e a t e r  f o r  more h i g h l y  

r e f l e c t i v e  t a r g e t s .  The lower t a r g e t  f a c e  p o s i t i o n  p rov ided  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 .  

STUDY 2 

METHOD 

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

e x c e p t  t h a t  t h e  l 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  was g r e a t e r ,  

approx ima te ly  36 f e e t ,  a s  compared w i t h  7 f e e t  i n  s t u d y  1. I n  

a d d i t i o n ,  t h e  r e f l e c t a n c e  f a c t o r  was reduced  from f i v e  t o  two 

l e v e l s ,  12% and 54%. T h i s  r e s u l t e d  i n  16 combinat ions  of  v a r i -  

a b l e s ,  each  of which was p r e s e n t e d  once t o  each  of  1 2  s u b j e c t s .  

I n  a d d i t i o n  t o  t h e  f o r e g o i n g ,  f o u r  of  t h e  twelve  s u b j e c t s  

made a n o t h e r  e i g h t  r u n s  a t  a  h i g h e r  speed (70 f e e t  p e r  second)  t o  

de te rmine  whether  performance changed w i t h  speed .  I n  t h i s  s e r i e s  

t h e  s t a r t  p o i n t  was moved back an a d d i t i o n a l  1000 f e e t ,  from 

p o i n t  A, t o  a l l o w  adequa te  d i s t a n c e  t o  g e t  up t o  speed ,  b u t  t h e  

c o u r s e  was o t h e r w i s e  unchanged. 

RESULTS 

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

Tab le  2 .  The r e s u l t s  f o l l o w  much t h e  same p a t t e r n  a s  t h e  f i r s t  

s tudy .  



Separa t ion  Dis tance  Category 

F igure  16. V i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  of r e f l e c t a n c e ,  
l o n g i t u d i n a l  s e p a r a t i o n  from g l a r e  source  and 
l o c a t i o n  of  t a r g e t  t o  l e f t  (L) o r  r i g h t  (R) of l a n e ,  
i n  s tudy  1. 
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Figure 17 .  visibility distance as a function of target 
reflectance, beam and vertical position (down-6 in; 
up-18 in.) of the target, in study 1. 



TABLE 2 . Analys i s  of  Variance of V i s i b i l i t y  Dis tance  Data . Study 2 . 

D I V I S I O N  OF VAnlCNCE 

RATIO A . Longltudlnal 
Separation Dl s t .  t i i c e  

B . T a r j e t  Rct L c c t ~ n c o  
C . Targc t  i ' o s l t ~ o n  
D . Target Location 
E . Beam 
P . Sub~ects 

ABC ............ 
ARCf  ........... 

BCO ............ 
0CUF a.......... 

A E  ............. 434p37.4  2  2 1 7 0 1 a , 7  
AEF ............ 78355.44  22  3 !a61.4 l I  

ACF ............ 1445.722 2 722 .Cl./'. 
ACCF ........... 28084.10  2 2  1276.SL0 

OCE ............ 5 h l 9 . 7 5 0  1  5 6 1 9 . 7 5 0  
BCEF ........... 79794.61  11 2 7 0 8 . 6 0 1  

........... A O C F  4 1 1 8 . 1 4 7  2  2 0 5 9 . 0 2 3  .......... ADCEF 6 4 9 7 0 . 9 8  2 2  2 5 5 3 1 2 2 7  

............. . DE 156. 720 9 1  1 5 6 7 7 0 . 9  ............ DCF 6 6 5 5 0 . 8 1  11 6 2 3 1 . 8 7 1  

COE ..........a. 

C D E ~  ........... 

BCOE ........... 
BCUEF .......... 

WITHIN CELLS 

TOTAL 



The pr imary  d i f f e r e n c e  i n  r e s u l t s  comparing t h i s  s t u d y  w i t h  

t h e  f i r s t ,  i s  t h e  l a c k  o f  a  c r o s s o v e r  p o i n t  between h i g h  and low 

beams ( s e e  F i g u r e  1 8 ) .  Th i s  i s  t r u e  r e g a r d l e s s  o f  whe the r  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  o f  t h e  l a n e  ( F i g u r e  1 9 ) .  Thus, 

t h e  d a t a  s u g g e s t  t h a t  two c a r s  s e p a r a t e d  by even a  moderate  median 

shou ld  n o t  dim from h i g h  t o  low beams t o  maximize v i s i b i l i t y ,  a t  

l e a s t  on s t r a i g h t  r o a d s .  I t  shou ld  be n o t e d  t h a t  t h i s  s u g g e s t i o n  

does  n o t  t a k e  i n t o  accoun t  d i s c o m f o r t  g l a r e  e f f e c t s .  

There  were 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  a s s o c i a t e d  

w i t h  beams and t a r g e t  r e f l e c t a n c e  ( g r e a t e r  d i f f e r e n c e  a t  5 4 %  

t h a n  1 2 %  r e f l e c t a n c e ,  s e e  F i g u r e  20) and t a r g e t  l o c a t i o n  ( g r e a t e r  

d i f f e r e n c e  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  l a n e  t h a n  f o r  

t a r g e t s  on t h e  r i g h t  s i d e ,  s e e  F i g u r e  2 1 ) .  However, a t  t h e  7 - f o o t  

l a t e r a l  s e p a r a t i o n  c o n d i t i o 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  r i g h t -  

hand t a r g e t s  was much t h e  same f o r  t h e  two beams ( F i g u r e  1 3 ) ,  

whereas a t  t h e  36-foot  l a t e r a l  s e p a r a t i o n  c o n d i t i o n  t h e  mean 

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  two beams d i f f e r  by abou t  70  f e e t .  

F i g u r e s  22 and 2 3  p r o v i d e  a  comparison o f  performance f o r  

t y p i c a l  c o n d i t i o n s  ( 1 2 %  and 5 4 %  r e f l e c t a n c e  t a r g e t s  on r i g h t  s i d e ,  

i n  down p o s i t i o n )  f o r  t h e  two l a t e r a l  s e p a r a t i o n  c o n d i t i o n s  used 

i n  s t u d i e s  1 and 2 .  The h i g h  d e g r e e  of cor respondence  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  a f t e r  t h e  meet ing  p o i n t  i s  s t r i k i n g  

e s p e c i a l l y  f o r  t h e  low beam ( F i g u r e  2 2 ) .  Th i s  i s  because  v i s i -  

b i l i t y  f i n a l l y  becomes a  f u n c t i o n  o n l y  of  t a r g e t  r e f l e c t a n c e  and 

i s  no l o n g e r  a f f e c t e d  by t h e  l a t e r a l  s e p a r a t i o n .  The c u r v e s  a r e  

more d i v e r g e n t  f o r  t h e  h i g h  beam c o n d i t i o n  ( F i g u r e  2 3 ) ,  even 

a f t e r  t h e  meet ing  p o i n t ,  b u t  r ecovery  i s  p robab ly  s t i l l  t a k i n g  

p l a c e .  I t  shou ld  be n o t e d  t h a t ,  f o r  b o t h  h i g h  and low beams, t h e  

p o i n t  of  minimum v i s i b i l i t y  i s  r eached  a t  a  g r e a t e r  l o n g i t u d i n a l  

s e p a r a t i o n  and r e p r e s e n t s  l e s s  of  a  decrement  a t  t h e  36-foot  t h a n  

t h e  7- foot  l a t e r a l  s e p a r a t i o n .  

EFFECTS OF TEST VEHICLE SPEED. The a n a l y s i s  of v a r i a n c e  f o r  

t h e  h i g h  speed  r u n s  i s  reproduced i n  Table  3. V i r t u a l l y  a l l  main 
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Figure 18. Visibility distance as a function of beam and 
longitudinal separation from glare source; 36' 
lateral separation condition, in study 2. 
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Figure 19. Visibility distance as a function of longitudinal 
separation from glare source and location of target 
to left or right of vehicle; 36' lateral separation 
condition, in study 2. 
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Figure 20. Visibility distance as a function of beam and target 
reflectivity; 36' lateral separation condition, in study 2. 

/ 
High Beam 

Low Beam 

Left Right 
Location of Target 

Figure 21. Visibility distance as a function of beam and 
location of target to right or left of lane; 36' 
lateral separation condition, in study 2. 
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F i g u r e  2 2 .  V i s i b i l i t y  d i s t a n c e  of t h e  12% and 5 4 %  r e f l e c t a n c e  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  i n  meetings wi th  low beams, 
f o r  l a t e r a l  s e p a r a t i o n s  of  7 f e e t  and 36 f e e t .  



54% R e f l . ,  3 6 '  L a t  Sep ,  f 

54%' R e f l . ,  
12% R e f l . ,  7 '  Lat .  Sep. 

D i s t a n c e  ( f t )  Between C a r s :  B e f o r e  - Meeting - A f t e r  

F i g u r e  23. V i s i b i l i t y  d i s t a n c e  o f  t h e  12% and 5 4 %  r e f l e c t a n c e  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  l a n e  i n  mee t ings  w i t h  h i g h  beams, 
f o r  l a t e r a l  s e p a r a t i o n s  o f  7 f e e t  and 36 f e e t .  



TABLE 3 .  ~ n a l y s i s  of  Variance of V i s i b i l i t y  Dis tance  Data - 
Study 2 ,  Higher Speed ( 7 0  f t / s e c )  . 

5 U U H C E  UF 

VARIATIUN 

C.............. 0.b 1-/1lb32F LIB 1 U.hl71432F U n  H7.h57** ............. Cl) 2 1 1 2 1 3 2 0  3 704044 a 0  O.U 

AbC ....*...*... 1 3 3 9  450. 14  95475.38 0.74027 

ALICI). .........I 5 4 2 H Z l b .  4 2 129243.2 U ,79544 - 
W I T H I N  C E L L S  'I . J H ~ Y ~  18t 0 6  d11U lh247Y.Y 

A - Longi tud ina l  
S e p a r a t i o n  Dis tance  

B - T a r g e t  R e f l e c t a n c e  
C - Beam 
D - Subjects 



e f f e c t s  and i n t e r a c t i o n s  a r e  s i g n i f i c a n t  a t  o r  beyond t h e  0.01 l e v e l .  

Performance on t h e  h i g h  speed  (70 f t / s e c )  r u n s  was compared 

w i t h  per formance ,  f o r  t h e  same s u b j e c t s  and c o n d i t i o n s ,  on low 

speed  (40 f t / s e c )  r u n s .  D i f f e r e n c e s  were s m a l l  and s h o r t  o f  

a c c e p t e d  l e v e l s  of  s t a t i s t i c a l  s i g n i f i c a n c e .  Fo r  example,  F i g u r e  

2 4  shows v i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  o f  t a r g e t  r e f l e c t a n c e  

and beam f o r  t h e  same f o u r  s u b j e c t s  a t  t h e  two d i f f e r e n t  speeds .  

RELIABILITY OF THE FIELD TEST PROCEDURE. To p r o v i d e  an 

i n d i c a t i o n  of  t h e  tes t -retest  r e l i a b i l i t y  o f  t h e  f i e l d  d a t a  c o l l e c -  

t i o n  method j u s t  d e s c r i b e d ,  f o u r  s u b j e c t s  were exposed twice t o  

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

Twelve s u b j e c t s  had p a r t i c i p a t e d  i n  t h e  s t u d y ,  l o o k i n g  a t  

two l e v e l s  e a c h  o f  beam ( h i g h  and low, a s  p r o v i d e d  by 6014 l a m p s ) ,  

t a r g e t  p o s i t i o n  ( r i g h t  o r  l e f t  of  l a n e ) ,  t a r g e t  h e i g h t  ( 6  i n .  and 

1 8  i n . )  and t a r g e t  r e f l e c t i v i t y  ( 1 2 %  and 5 4 % ) .  The s t u d y  was r u n  

w i t h  a  l a t e r a l  s e p a r a t i o n  of  a b o u t  36 f e e t  between t h e  v e h i c l e s .  

A t  t h e  c o n c l u s i o n  o f  t h e  16 t r i a l s  n e c e s s a r y  f o r  a  f u l l  r e p l i c a t i o n ,  

f o u r  s u b j e c t s  were s e l e c t e d  randomly and r u n  th rough  t h e  l a s t  

e i g h t  t r i a l s  a  second t i m e .  T a r g e t  h e i g h t  was c o n s t a n t  ( 6  i n . )  i n  

t h i s  phase  o f  t h e  t e s t .  A l l  o t h e r  f a c t o r s  were a s  l i s t e d  above. 

The r i g h t - l e f t  p o s i t i o n  o f  t h e  8 x 8- inch s q u a r e  on t h e  t a r g e t  

was changed randomly t o  p r e c l u d e  memory e f f e c t s .  

F i g u r e  25  g i v e s  t h e  r e s u l t s  f o r  t h i s  s t u d y .  Each p o i n t  on t h e  

f i g u r e  i s  t h e  mean o f  e i g h t  t r i a l s  f o r  f o u r  s u b j e c t s ,  a t o t a l  o f  

32 d i s t a n c e  judgments.  While t h e  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  second 

r e p l i c a t i o n  a r e  c o n s i s t e n t l y  l o n g e r ,  t h e y  a r e  g e n e r a l l y  w i t h i n  f i f -  

t e e n  f e e t ,  a  d i s c r e p a n c y  o f  5% o r  l ess ,  The c o r r e l a t i o n  between 

t h e  mean v i s i b i l i t y  d i s t a n c e s  i n  t h e  two r e p l i c a t i o n s  i s  0 . 9 7 .  

STUDY 3 

METHOD 

T h i s  s t u d y  i n v e s t i g a t e d  v i s i b i l i t y  d i s t a n c e  u s i n g  t y p e - I ,  I1 

and I11 t a r g e t s ,  where t h e  type - I  t a r g e t s  were o f  t h e  fold-down 

v a r i e t y  and were 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 a n e .  
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F i g u r e  24. V i s i b i l i t y  d i s t a n c e  a s  a f u n c t i o n  of 
t a r g e t  r e f l e c t a n c e ,  beam and v e h i c l e  
speed.  Four s u b j e c t s ,  r i g h t  hand 
t a r g e t s  o n l y ,  i n  s t u d y  2 .  





Because t h e r e  were o n l y  f o u r  each of  t h e  c o l l a p s i b l e  type-1  and 

type- I1  t a r g e t s  and one of  t h e  type-I11 t a r g e t s ,  t h e  course  

l a y o u t s  and procedures  were modif ied  t o  i n s u r e  an adequate  number 

of pre-  and post-meeting p o i n t  samples.  A diagram o f  t h e  course  

l a y o u t  i s  g iven  i n  F igure  26. 

The s i d e  of  t h e  t r a c k  on which t h e  type-I  t a r g e t s  were loca -  

t e d  used t h e  same geometry a s  i n  s t u d i e s  1 and 2 ,  e x c e p t  t h e r e  

were on ly  f o u r  t a r g e t s  and t h e y  were l o c a t e d  i n  t h e  c e n t e r  of  t h e  

l a n e .  Two s t a r t  p o s i t i o n s  were used on t h e  o t h e r  s i d e  of  t h e  

t r a c k  (marked 1 and 2 w i t h  s u b s c r i p t s ) ,  each  w i t h  i t s  own "An 

p o i n t .  When s t a r t i n g  from 1 t h e  c a r s  would meet a t  abou t  X1, and 

when s t a r t i n g  from 2  t h e  c a r s  would meet a t  about  X2. I n  t h i s  

way t h e  same t a r g e t s  would g i v e  pre-  and post-meet d a t a  on suc-  

c e s s i v e  runs .  

The type-I11 t a r g e t  was used a t  t h e  same p o s i t i o n  a s  t h e  

type-11 a f t e r  t h e y  had been removed, I t  was f i r s t  p o s i t i o n e d  a t  

t a r g e t  s t a t i o n  1 u n t i l  a l l  n e c e s s a r y  d a t a  had been c o l l e c t e d ,  

then  moved t o  s t a t i o n  2 and s o  on. 

I n  e f f e c t ,  t h r e e  s t u d i e s  were run  a t  one s e t t i n g .  For t h e  

type-I  t a r g e t s  r e f l e c t i v i t y  was h e l d  a t  two l e v e l s  (12% and 5 4 % ) ,  

t a r g e t  f a c e  i n  down and up v e r t i c a l  p o s i t i o n  (6  i n . ,  1 8  i n . ) ,  and 

beam a t  two l e v e l s  ( low,  h i g h ) .  For bo th  t h e  type- I1  and type-I11 

t a r g e t s  a l l  f a c t o r s  were c o n s t a n t  excep t  headlamp beam, a t  two 

l e v e l s .  

Because of  t h e  redueed number of  t a r g e t s ,  v i s i b i l i t y  d i s -  

t a n c e s  were ana lyzed  a t  t e n  l o n g i t u d i n a l  s e p a r a t i o n s  i n s t e a d  of  

f i f t e e n .  The new d i s t a n c e s  were 3000, 2200, 1500, 1000, 600, 400, 

200, 0 ,  -500, and -1000 f e e t .  

E i g h t  s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  s t u d y ,  be ing  exposed t o  

each combinat ion o f  v a r i a b l e s  a t  l e a s t  once. General  procedure  

was i d e n t i c a l  t o  t h a t  used i n  p r e v i o u s  s t u d i e s  excep t  f o r  t h e  

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

t r a c k .  



C o l l a p s i b l e  "0° 4 
Type I- T a r g e t  

p o s i t i o n s  

950  

E s t .  Meet ing  Point-X2 

Type I1 (0) and I11 ( 
T a r g e t  P o s i t i o n s  

F i g u r e  2 6 .  Diagram of c o u r s e  l a y o u t  u sed  i n  s t u d y  3 .  
Dimensions  shown a r e  i n  f e e t  r e f e r e n c e d  
from the  f i r s t  t a r g e t  on e i t h e r  l a n e .  



RESULTS: TYPE-I TARGETS 

The a n a l y s i s  of v a r i a n c e  f o r  t h e  type- I  t a r g e t s  i n  t h i s  s t u d y  

i s  reproduced i n  Table  4 .  A l l  main e f f e c t s  e x c e p t  beam and f o u r  

i n t e r a c t i o n s  a r e  s i g n i f i c a n t  a t  t h e  0.01 l e v e l .  (The beam f a c t o r  

i s  n o t  s i g n i f i c a n t  because of t h e  i n t e r a c t i o n  wi th  s e p a r a t i o n  d i s -  

t a n c e .  ) 

P l o t s  of  v i s i b i l i t y  d i s t a n c e  f o r  d i f f e r e n t  beams a s  a  func- 

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  ( ~ i g u r e  27) show much t h e  same 

p a t t e r n  a s  s t u d y  1. The p l o t s  c r o s s  a t  a  s e p a r a t i o n  d i s t a n c e  of  

about  1800 f e e t ,  t h e  h igh  beam g i v i n g  b e t t e r  v i s i b i l i t y  d i s t a n c e  

under low- and no-glare  c o n d i t i o n s .  

F i g u r e  28 shows v i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  of  t a r g e t  

r e f l e c t a n c e  ( 1 2 % ,  5 4 % ) ,  v e r t i c a l  p o s i t i o n  (down, u p ) ,  and l o n g i -  

t u d i n a l  s e p a r a t i o n  f o r  h igh  and low beams. 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  t h e  down p o s i t i o n  a t  most l o n g i t u d i n a l  separa -  

t i o n s .  

T a r g e t  r e f l e c t a n c e  had t h e  expected  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  throughout  t h e  meet ing ,  a s  a l s o  i n d i c a t e d  i n  F igure  28. 

Targe t  r e f l e c t a n c e  i n t e r a c t e d  wi th  v e r t i c a l  p o s i t i o n  s o  t h a t ,  

i n  t h e  upper p o s i t i o n  t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  

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  r e g a r d l e s s  of r e f l e c t i v i t y .  

There were 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  a s  a  f u n c t i o n  of  

r e f l e c t i v i t y  when t a r g e t s  were i n  t h e  lower p o s i t i o n ,  however. 

Th i s  a l s o  i s  i l l u s t r a t e d  i n  F igure  28. 

RESULTS: TYPE-I1 TARGETS 

The a n a l y s i s  of  v a r i a n c e  f o r  t h e  type- I1  t a r g e t s  i s  repro-  

duced i n  Table 5 .  A s  each s u b j e c t  was exposed t o  each c o n d i t i o n  

t w i c e ,  r e p l i c a t i o n  i s  i n c l u d e d  a s  a  f a c t o r  ( a l though  it was n o t  

s i g n i f i c a n t ) .  S e v e r a l  o t h e r  f a c t o r s  and i n t e r a c t i o n s  a r e  s i g -  

n i f i c a n t .  

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



TABLE 4 .  Analysis  of Variance of V i s i b i l i t y  Distance Data - s tudy  3 ,  
Type-I Targets  i n  Center of Lane. 

D I V  ISInN [IF VARIAkCE 

SUl  5 i lF OFGREES CF I.+EAR! 
SQUARES FsEEDOM SUUAR=S 

E.............. 637368 .? 7 51052.69 

A.............. 2125882. 9 236209.1 

AE.......o.,e.* . l"5413.3 63 3117.671 

R. . . . . . . . . . . . . .  9998 76.7 
fiE .*.........*. 768 70 . t 3 

A c e . . . . . . . . . . . .  45095.16 9 5010e570 

tl CE o........... 94350.50 6 3 1497 0627 
5 

t< C ............. 37483.35 1 3748130.35 
f3CE. ........... 18265.87 7 2609.41 1 

DCD ............ 29 b800 66 1 29.60066 0 054%3%7Z-02 

4CUE........... 2 2 5 9 4  . O O  7 3227071h  2 0.1576 

* p 5 ~ .  05 A - Longitudinal  Separa t ion Distance 
**p<o. 01 B - Target  Pos i t i on  

C - Target  Reflectance 
D - Beam 
E - s u b j e c t s  



LATERAL SEPARATION : 

. . . . .  

-1000 

F igure  2 7 .  V i s i b i l i t y  d i s t a n c e  of Type-I t a r g e t s  i n  c e n t e r  of l a n e  a s  a  
f u n c t i o n  of beam and l o n g i t u d i n a l  s e p a r a t i o n ,  i n  s t u d y  3 ,  
averaged over  t a r g e t  r e f l e c t a n c e s  and p o s i t i o n s .  



Down, 54% 

up, 54% 
BICH BEAM 

7 '  Lateral Separation 

I I I I  1 

3000 2000 1000 0 -1000 
Distance (ft) Between Cars: Before-Meeting-After 

up, 12% 

Down, 12% 

Down, 54% 

up, 54% 

Distance (ft) Between Cars: Before-Meeting-After 

up, 12% 
Down, 12% 

Figure 2 8 .  Visibility distance of Type-I targets in center of 
lane as a function of longitudinal separation, vertical 
osition and tar et reflectivity for high and low 

Eearns, in study '3 , 



TABLE 5.  Ana lys i s  o f  Var iance  of V i s i b i l i t y  D i s t a n c e  Data  - 
Study 3, Type-I1 T a r g e t s .  

D I V I S I O N  O F  VARIANCE 

SOURCE OF 
VARIATION 

SUMS O F  DEGREES OF MEAN 
SOUARES FREEDOM SQUARES 

B.*.e.oe..oeeee 327340 .O 1 327340.0  
ED.. e.*e.eeee.a b672222. 7 381746.0  

Ce e........e..e 1354819. 1 1354819.  
CD..........mee 10080 70. 7 144010eO 

TOTAL 0.3517334E 0 8  3 1 9  

NUMBER OF REPLICATIONS 1 

RATIO 

A - Long i tud ina l  S e p a r a t i o n  Di s t ance  
B - T a r g e t  Re f l ec t ance  
C - Beam 
D - S u b j e c t s  



g r e a t e r  t h a n  f o r  t h e  t y p e - I .  A s  can be  seen  i n  F i g u r e  2 9 ,  t h e  

h i g h  beams always 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  under  any 

g l a r e  c o n d i t i o n .  

RESULTS : TYPE-I11 TARGETS 

The a n a l y s i s  o f  v a r i a n c e  f o r  t h e  t ype - I11  t a r g e t s  i s  r e p r o -  

duced i n  Tab le  6 .  The o n l y  f a c t o r s  found t o  b e  s i g n i f i c a n t  a r e  

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

V i s i b i l i t y  d i s t a n c e s  a s s o c i a t e d  w i t h  t h e  two beams f o r  t h e  

t ype - I11  t a r g e t  a r e  shown i n  F i g u r e  30.  The v i s i b i l i t y  d i s t a n c e s  

a t  which t h e  o r i e n t a t i o n  of  t h e  l e t t e r  " E n  was i d e n t i f i a b l e  a r e  

a p p r e c i a b l y  s h o r t e r  t h a n  f o r  t h e  t y p e - I 1  t a r g e t ,  b u t  g r e a t e r  t h a n  

t h e  t y p e - I  t a r g e t .  The most i n t e r e s t i n g  (and  s u r p r i s i n g )  e f f e c t  , 
however, was t h e  s i m i l a r  per formance  o f  t h e  low beam ( w i t h  r e l a -  

t i v e l y  l i t t l e  upward s c a t t e r  o f  l i g h t )  and h i g h  beam. I t  had been 

a n t i c i p a t e d  t h a t  t h e  h i g h  beam would g r e a t l y  ou tpe r fo rm t h e  low 

beam i n  t h i s  t e s t .  However, s u b j e c t s  d i d  r e p o r t  a  s e r i o u s  "back 

g l a r e "  from t h e  t a r g e t  when h i g h l y  i l l u m i n a t e d ,  which made it 

more d i f f i c u l t  t o  s e e .  The t a r g e t  t h u s  a p p e a r s  t o  b e  " s e l f  

l i m i t i n g "  i n  t h a t  more l i g h t  does  n o t  improve,  and may a c t u a l l y  

i m p a i r  i t s  l e g i b i l i t y .  

STUDY 4 

METHOD 

The f o u r t h  s t u d y  was a  p a r t i a l  r e p l i c a t i o n  of  s t u d y  3 ,  

u s i n g  a  g r e a t e r  l a t e r a l  s e p a r a t i o n  t o  s i m u l a t e  a  d i v i d e d  h igh-  

way. I n  t h i s  c a s e  t h e  i n t e n d e d  l a t e r a l  s e p a r a t i o n  was 36 f e e t .  

For t h i s  s t u d y  t h e  type - I11  t a r g e t  was n o t  used .  Except  f o r  t h e  

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

were i d e n t i c a l  t o  those  used i n  t e s t  3 ,  E i g h t  s u b j e c t s  took  p a r t  

i n  t h e  t e s t .  

RESULTS : TYPE-I TARGETS 

The a n a l y s i s  o f  v a r i a n c e  f o r  t h e  t y p e - I  t a r g e t s  i s  r e p r o -  





TABLE 6. A n a l y s i s  of V a r i a n c e  of V i s i b i l i t y  D i s t a n c e  
Data  - Study  3 ,  Type-I11 T a r g e t .  

D I V I S I O N  OF VARIANCE 

SOURCE OF 
V A R I A T I O N  

C.............. 

A.............. 

AC..a....eo.... 

B..b.O......... 
BC............. 

SUMS O F  DE(;iiEES OF MEAN 
SQUARES t-2 t E 3 O M  S O U A R E S  

TOTAL 0 .  13,154,61€ 0 8  159 

NOf4BER OF R E P L I C A T I O N S  1 

R A T  1 0  

A - L o n g i t u d i n a l  S e p a r a t i o n  D i s t a n c e  
B - Beam 
C - S u b j e c t s  



D i s t a n c e  (ft) B e t w e e n  C a r s :  B e f o r e  - Meeting - A f t e r  

Figure 30. Visibility distances as a function of beam and longitudinal separation for Type- 
111 targets in study 3. 



duced i n  Table  7 .  A l l  main e f f e c t s  e x c e p t  p o s i t i o n  a r e  s i g n i f i -  

c a n t  a t  t h e  0 . 0 1  l e v e l ,  a s  a r e  s e v e r a l  i n t e r a c t i o n s .  

F i g u r e  31 shows v i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  of  beam 

and l o n g i t u d i n a l  s e p a r a t i o n .  This  f i g u r e  should  be compared w i t h  

F i g u r e  2 7 .  I t  w i l l  be no ted ,  a s  i n  s t u d y  2 ,  t h e  curves  f o r  t h e  

t ~ o  beams do n o t  c r o s s ,  even w i t h  a  moderate l a t e r a l  s e p a r a t i o n .  

F i g u r e  3 2  shows v i s i b i l i t y  d i s t a n c e  a s  a  f u n c t i o n  of v e r t i -  

c a l  p o s i t i o n  of t h e  t a r g e t  and l o n g i t u d i n a l  s e p a r a t i o n .  The per-  

formance f o r  t h e  two p o s i t i o n s  i s  i d e n t i c a l  e x c e p t  f o r  about  500 

f e e t  b e f o r e  t h e  meeting p o i n t  where performance f o r  t h e  down 

p o s i t i o n  i s  somewhat ( a l t h o u g h  s t a t i s t i c a l l y  s i g n i f i c a n t )  p o o r e r ,  

The v i s i b i l i t y  d i s t a n c e s  provided by headlamp beams depended 

on t a r g e t  r e f l e c t a n c e  ( F i g u r e  3 3 )  t o  a  g r e a t  (and s t a t i s t i c a l l y  

s i g n i f i c a n t )  e x t e n t ,  b u t  ve ry  l i t t l e  on t h e  v e r t i c a l  p o s i t i o n  of 

t h e  t a r g e t  ( F i g u r e  3 4 ) .  The d i f f e r e n c e s  due t o  v e r t i c a l  t a r g e t  

f a c e  p o s i t i o n s  w i t h i n  beams were n o t  found t o  be s i g n i f i c a n t .  

RESULTS: TYPE-I1 TARGETS 

The a n a l y s i s  of  v a r i a n c e  f o r  t h e  type- I1  t a r g e t  i s  reproduced 

i n  Table  8. Only t h e  main e f f e c t  f o r  beams i s  s i g n i f i c a n t .  

F i g u r e  35 shows t h e  v i s i b i l i t y  d i s t a n c e s  provided by h igh  

and low beams 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 .  T h i s  

f i g u r e  shou ld  be compared w i t h  F i g u r e  2 9 .  The same p a t t e r n  can 

be seen  w i t h  t h e  type- I1  t a r g e t  i n  e i t h e r  l a t e r a l  s e p a r a t i o n  con- 

d i t i o n .  The h igh  beam p r o v i d e s  c o n s i s t e n t l y  b e t t e r  v i s i b i l i t y  

r e g a r d l e s s  of g l a r e  c o n d i t i o n  and much improved v i s i b i l i t y  under 

no-g la re  c o n d i t i o n s .  

GLARE RESPONSE: STUDIES 1 - 4  

MIITHOD 

A s  a l r e a d y  no ted ,  t h e  d r i v e r  s u b j e c t s  were asked t o  respond 

i n  each run  a t  t h e  p o i n t  where g l a r e  became i n t o l e r a b l e .  The 



7 . Analysis of Variance of Visibility Distance 
Data . Study 4. Type-I Target in Center of 
Lane . 

D I V I S I O N  O F  VARIANCE 

SOURCE O F  
V A R I A T I O N  

SUMS OF DEGREES OF MEAN 

SOUARES FRtEUOM SQUAIiES 
RAT 10 

hC ............. 3 4 6 0  1 .96  9  3X4U.h.52 4 . 0 4 0 5  

ACE ............ 5 9 9 4 6 . 6 0  6 3  9 5 1 . 5 3 3 2  0 . 0  

A R C .  ........... 1 4 4 2 0  . 9 9  9  1 0 o z . 3 3 7  1 . 1 7 n z  

AOCF ........... 8 9 4 7 9 . 1 3  6 3  1 4 2 0 .  3 0 3  1 . 3 9 7 0  

AMil ............ 3 5 8 5 6 . 1 1  9 3‘.1;4.012 . 3 .1324* *  
AHDS ........... 8 0 3 0 4 . 3 4  b 3  1 / 7 ' > e 9 4 ?  1 . 2 5 5 0  

ACD ............ 8 4 6 5 . 3 3 6  9  940.5078 0.57' iRO 

ACI'C .........a. 102'712.4 6 3  1 6 3 3 . 5 1 0  I * h u b ?  

TOTAL 8 0 9 4 4 5 9  . 6 3 9  

A . Longitudinal Separation Distance 
B . T a r g e t  Reflectance 
C . Target Position 
D . B e a m  
E . S u b j e c t s  
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12% 54% 
T a r g e t  R e f l e c t a n c e  

F i g u r e  33. V i s i b i l i t y  d i s t a n c e s  provided by 
h igh  and low beams a s  a  f u n c t i o n  
of  t a r g e t  r e f l e c t i v i t y .  Type-I 
t a r g e t s  i n  t h e  c e n t e r  o f  t h e  l a n e  
i n  s t u d y  4 .  

UP Down 
( 1 8  i n . )  (6 i n . )  

V e r t i c a l  P o s i t i o n  of Targe t  

F i g u r e  3 4 .  V i s i b i l i t y  d i s t a n c e s  provided by 
h igh  and low beams a s  a f u n c t i o n  of  
v e r t i c a l  p o s i t i o n  of t h e  t a r g e t .  
Type-I t a r g e t s  i n  t h e  c e n t e r  o f  t h e  
l a n e  i n  s t u d y  4 .  
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TABLE 8 . Analysis of Variance of Visibility Distance 
Data . Study 4. Type-I1 Target . 

DIVISION OF VARIANCE 

SOURCC Or '  
V A R I A ' i l l C J  

SUKS OF L)CGX'(EES OF :. IZAN 
SQUAES FEECDOM SQUARES RATIO 

AC ............. 6 1 6 2 2 8 . 9  9  6 8 4 6 9 . 8 8  1 . 7 6 7 7  
ACD . . . . . . . . . . . .  24403-2 . 6  3  38734 .95  1 . 4 7 5 9  

BC . . . . . . . . . . . . .  5 5 8 9 . 5 7 8  1 5 5 8 9 . 5 7 8  0 .39638E-01  
BCD . . . . . . . . . . . .  9 8 7 1 2 1 . 2  7  1 4 1 0 1 7 . 3  5 . 3 7 3 0  

ABC ............ 7 6 4 4 1 . 1 3  9  8 4 9 3 . 4 5 7  0 . 3 2 3 6 1  
ABCD . . . . . . . . . . .  1 6 5 3 4 7 7  . 6  3 26245 .66  0 . 0  

TOTAL 0 .7573104E 08 319 

NUMBER OF WPLICATIONS 2  

A . Longitudinal Separation Distance 
B . Target Reflectance 
C . Beam 
D . Subjects 



Figure 35. Visibility distances provided by high and low 
beams as a function of longitudinal separation, 
for type I1 targets in study 4. 



number of  t r i a l s  on which s u b j e c t s  d i d  and d i d  n o t  make discom- 

f o r t  g l a r e  r e s p o n s e s  f o r  each  combinat ion of  beam and l a t e r a l  

s e p a r a t i o n  i s  shown i n  Table  9 .  

Because of  t h e  l a c k  o f  independence between d i f f e r e n t  t r i a l s  

i n v o l v i n g  t h e  same s u b j e c t  and c o n d i t i o n s ,  ch i - squa re  t e s t s  u s i n g  

t h e  above f r e q u e n c i e s  were cons ide red  i n v a l i d .  T h e r e f o r e ,  t h e  

d a t a  were r e t a b u l a t e d  comparing t h e  nurnber of  s u b j e c t s  who made 

one o r  more g l a r e  r e s p o n s e s  w i t h  t h o s e  who made no g l a r e  r e s p o n s e s .  

These a r e  p r e s e n t e d  i n  Table  10 .  

RESULTS 

A c h i - s q u a r e  t e s t  was performed on t h e  r e l a t i o n s h i p  between 

g l a r e  r e s p o n s e  and l a t e r a l  s e p a r a t i o n .  A X 2  of  8.34 was o b t a i n e d ,  

which i s  s i g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l .  Another  c h i - s q u a r e  t e s t  

was conducted between h igh  and low beams. T h i s  y i e l d e d  a X 2  of  

15 .88 ,  a l s o  s i g n i f i c a n t  a t  t h e  0 .01  l e v e l .  

Thus, it a p p e a r s  t h a t  s i g n i f i c a n t l y  more s u b j e c t s  r e p o r t e d  

g l a r e  d i s c o m f o r t  when t h e  l a t e r a l  s e p a r a t i o n  was 7 f e e t  t h a n  36 

f e e t ,  and more r e p o r t e d  d i s c o m f o r t  w i t h  h i g h  beams t h a n  w i t h  low. 

The means and s t a n d a r d  d e v i a t i o n s  o f  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  d i s t a n c e s  between c a r s  when t h e  g l a r e  r e sponse  o c c u r r e d  a r e  

g iven  i n  Tab le  11 f o r  t h e  v a r i o u s  c o n d i t i o n s .  T r i a l s  on which 

no r e s p o n s e  o c c u r r e d  a r e  n o t  i n c l u d e d .  

An examina t ion  o f  Table  11 makes i t  a p p a r e n t  t h a t  r e s p o n s e  

t o  g l a r e  i s  h i g h l y  v a r i a b l e .  The s t a n d a r d  d e v i a t i o n  of 9 0 0 +  

f e e t  r e p r e s e n t s  o v e r  11 seconds  a t  t h e  c l o s i n g  speed  o f  80  f p s ,  

STUDY 5 

METHOD 

T h i s  s t u d y  was i n t e n d e d  t o  p r o v i d e  i n f o r m a t i o n  on t h e  pe r -  

formance of headlamp sys tems  n o t  y e t  t e s t e d  i n  t h i s  program. 

Thus, w h i l e  t h e  e a r l i e r  s t u d i e s  had measured t h e  v i s i b i l i t y  d i s -  



TABLE 9 .  Number o f  T r i a l s  i n  Which S u b j e c t s  Did o r  Did Not 
Make a  Discomfort Gla re  Response i n  T e s t s  1 - 4 .  

TABLE 1 0 .  Number o f  S u b j e c t s  Who Did o r  Did Not Make a  Discomfort  
Gla re  Response f o r  Var ious  Condi t ions  i n  S t u d i e s  1 - 4 .  

Beam 

High 

LOW 

T o t a l  

TABLE 11. Mean and S tandard  Devia t ion  Long i tud ina l  
S e p a r a t i o n  Dis tance  a t  Discomfort  Gla re  
Response i n  S t u d i e s  1 - 4 .  

.. - 

L a t e r a l  S e p a r a t i o n  

Bean 

High 

Low 

T o t a l  

L a t e r a l  S e p a r a t i o n  

L a t e r a l  
S e p a r a t i o n  

7 ' 

36 ' 

7 ' O v e r a l l  

Response 

213 

34 

247 

36' 

Response 

243 

34 

277 

Beam 

High 

Low 

High 

Low 

No 
Response 

235 

4 1 4  

649 

Response 
No 

Response 

429 

638 

1067 

O v e r a l l  7  ' 

No 
Response 

I 

Response 

31  

10 

4 1  

Response 

20 

10 

30 

36' 

No. of  
T r i a l s  

213 

3  4 
* 

30 

0 

No 
Response 

15 

36 

5 1  

No 
Response 

6  

16 

22 

Response 

11 

0 

11 

Longi tud ina l  S e p a r a t i o n  
Dis tance ,  F e e t  

'f? S. D. 

1193.68 919.02 

797.25 542.35 

1495.99 753.01 
- - 

30 

0  
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No 
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224 
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t a n c e s  a s s o c i a t e d  w i t h  a  6014 lamp,  b o t h  h i g h  and  low beam, t h i s  

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

beam s y s t e m s ,  i n c l u d i n g  t h e  two from t h e  6014. 

P i c t u r e s  o f  some o f  t h e  beams u s e d ,  a s  p r o j e c t e d  on a  s c r e e n  

se t  25 f e e t  f rom t h e  l amps ,  a r e  shown i n  F i g u r e  36. The 6014 and 

H 4  lamps ( t h e  ii4 i s  a  q u a r t z - h a l o g e n  lamp, 7 i n .  i n  d i a m e t e r ,  

h a v i n g  a s t a n d a r d  European beam p a t t e r n )  were aimed on low beam 

a s  shown i n  F i g u r e  36,  and t h e  h i g h  beam p r o v i d e d  was a c c e p t e d  

on an  a s - i s  b a s i s .  The p r o p e r  h i g h  beam p a t t e r n  would be cen-  

t e r e d  on t h e  H-V. 

The f o l l o w i n g  beam s y s t e m s  were employed: 

1. S t a n d a r d  U.S. law beam p r o v i d e d  by two 6014 u n i t s ,  a s  

shown i n  F i g u r e  36a. 

2, S t a n d a r d  U.S. h i g h  beam p r o v i d e d  by two 6014 u n i t s .  

3.  Same a s  beam 1, p l u s  s u p p l e m e n t a l  lamp Q4051 (Q4051 i s  

a  q u a r t z - h a l o g e n  s e a l e d  beam, 5 3/4" i n  d i a m e t e r )  aimed n o m i n a l l y ,  

a s  shown i n  F i g u r e  36c.  

4 .  Same a s  3 ,  e x c e p t  t h e  Q4051 was aimed 3/4O up and  1/2O 

l e f t ,  a s  shown i n  F i g u r e  36d. 

5 .  S t a n d a r d  European low beam, p r o v i d e d  by two H u n i t s ,  4  
aimed a s  shown i n  F i g u r e  36b. 

6 .  S t a n d a r d  European h i g h  beam, p r o v i d e d  by two H u n i t s .  4 
7 .  Same a s  6 ,  b u t  p o l a r i z e d .  The s u b j e c t s  wore g l a s s e s  

p o l a r i z e d  i n  t h e  same p l a n e  a s  t h e  lamps on t h e i r  own c a r  

d u r i n g  t h e s e  r u n s .  

8.  Same a s  beam 2 ,  p l u s  s u p p l e m e n t a l  h i g h  beam lamp Type I V  

( t y p e  I V  i s  an 85 w a t t ,  q u a r t z - h a l o g e n ,  s e a l e d  beam u n i t ,  5  3/4" 

i n  d i a m e t e r ) ,  aimed w i t h  t h e  maximum ( =  100,000  c d )  zone sym- 

m e t r i c a l  a b o u t  t h e  v e r t i c a l  and 1 / 2 O  down. T h i s  beam was r u n  

unde r  n o - g l a r e  c o n d i t i o n s  o n l y .  

P r o c e d u r a l  changes  were i n s t i t u t e d  a s  w e l l .  These were  

m o s t l y  n e c e s s i t a t e d  by a  change i n  t e s t  s i t e ,  which was t h e  

runway o f  a  p r i v a t e  a i r p o r t .  T h i s  f a c i l i t y  p r o v i d e d  



( a )  6 0 1 4  low beam ( b )  H4 low beam 

( c )  Q 4 0 5 1  i n  nominal  aim ( d )  Q 4 0 5 1  i n  1/2OL, 3 / 4 O  Up aim 

F i g u r e  36 .  Photographs  o f  some beam p a t t e r n s  used  i n  s t u d y  5 .  
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a  good q u a l i t y  a s p h a l t  s u r f a c e  6 0  f e e t  w ide ,  b u t  o n l y  3300 f e e t  

l o n g .  The l i m i t e d  d i s t a n c e  a v a i l a b l e  made i t  i m p o s s i b l e  t o  r u n  

two c a r s  a t  t h e  same time, s o  one s e r v e d  a s  a  s t a t i c  g l a r e  s o u r c e  

w h i l e  t h e  o t h e r  was used t o  c o l l e c t  d a t a  i n  t h e  same way a s  b e f o r e .  

The c o u r s e  l a y o u t  i s  shown i n  F i g u r e  3 7 .  A r e f e r e n c e  l i n e  

down t h e  c e n t e r  of  t h e  runway was used a s  t h e  l e f t  l a n e  marker  

and t h e  d r i v e r s  were i n s t r u c t e d  t o  t r y  t o  keep  t h e i r  l e f t  whee ls  

i n  c o n t a c t  w i t h  i t .  

Nine t y p e - I  t a r g e t s  were u s e d , w i t h  1 2 %  r e f l e c t a n c e  f a c e s  i n  t h e  

down p o s i t i o n .  These were s e t  w i t h  t h e i r  c e n t e r s  t e n  f e e t  t o  t h e  

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

by t h e  s u b j e c t  ( " 0 "  on t h e  f i g u r e )  was n o t  coun ted  i n  t h e  d a t a ;  

i t s  p u r p o s e  b e i n g  t o  a l e r t  t h e  s u b j e c t s  and r educe  t h e  g r e a t e r  

r e s p o n s e  v a r i a n c e  t h a t  was found w i t h  t h e  f i r s t  t a r g e t  i n  s t u d i e s  1 

t h r o u g h  4 .  One t y p e - I 1  t a r g e t  was used ,  toward t h e  end  o f  t h e  

c o u r s e  a s  shown i n  F i g u r e  37 .  I t  was se t  w i t h  i t s  c e n t e r  1 7 '  5" 

t o  t h e  r i g h t  of  t h e  r e f e r e n c e  l i n e .  The s t a r t  and end  p o i n t s  

were marked w i t h  cones  and s e r v e d  t h e  same f u n c t i o n  a s  t h e  A and 

B p o i n t s  p r e v i o u s l y ,  

Four  g l a r e  c a r  p o s i t i o n s  marked w i t h  cones  w i l l  be  n o t e d  i n  

F i g u r e  37 .  When t h e  g l a r e  c a r  was p o s i t i o n e d  a t  2300 f e e t ,  most 

o f  t h e  t a r g e t s  were e n c o u n t e r e d  pos t -mee t ,  w h i l e  most  were 

e n c o u n t e r e d  pre-meet  when t h e  g l a r e  c a r  was p o s i t i o n e d  a t  3300 

f e e t .  By combining d a t a  from b o t h  c o n d i t i o n s  an a d e q u a t e  sample 

of  p r e -  and pos t -meet  d a t a  c o u l d  b e  accumula ted .  When t h e  g l a r e  

c a r  was i n  p o s i t i o n  c l o s e  t o  t h e  r e f e r e n c e  l i n e  t h e  l a t e r a l  sepa-  

r a t i o n  between g l a r e  and s u b j e c t  c a r s  was a b o u t  7 f e e t .  I n  t h e  

p o s i t i o n  c l o s e  t o  t h e  edge  of  t h e  pavement l a t e r a l  s e p a r a t i o n  

w a s  a b o u t  30 f e e t .  

The s u b j e c t  c a r  began each  r u n  a t  t h e  end  of  t h e  runway 

n e a r e s t  t o  t h e  s t a r t  p o i n t .  A s  b e f o r e ,  when each  c a r  ( s u b j e c t  

and g l a r e )  was r e a d y  t h e  headlamps were swi t ched  o f f .  The sub- 



F i g u r e  3 7 .  Diagram of c o u r s e  used i n  s t u d y  5.  
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j e c t  c a r ' s  lamps were t h e n  swi t ched  on and t h e  d r i v e r  began t o  

a c c e l e r a t e .  I f  t h e y  were r e q u i r e d ,  t h e  g l a r e  c a r ' s  lamps were 

swi t ched  on  a t  t h e  same t i m e .  The s u b j e c t s  d rove  th rough  t h e  

c o u r s e  a s  b e f o r e ,  s lowed,  t u r n e d  and d rove  back t o  t h e  s t a r t  

p o i n t  f o r  t h e  n e x t  run .  

The s u b j e c t s '  i n s t r u c t i o n  (Appendix B) d i f f e r e d  from t h o s e  

i n  e a r l i e r  s t u d i e s  i n  two ways: f i r s t ,  s i n c e  t y p e - I  and type-11 

t a r g e t s  were b o t h  on t h e  c o u r s e ,  t h e y  were asked  t o  d i f f e r e n t i a t e  

by p r e s s i n g  t h e  s w i t c h  t w i c e  f o r  t h e  t y p e - I 1  t a r g e t  and once  f o r  

t h e  t y p e - I .  Second, i n s t e a d  of  i n d i c a t i n g  a  " g l a r e  p o i n t , "  a s  

i n  t h e  e a r l i e r  s t u d i e s ,  a  more comprehensive r a t i n g  scheme was 

deve loped .  The i n s t r u c t i o n s  f o r  t h i s  p rocedure  a r e  r ep roduced  i n  

Appendix B. B a s i c a l l y ,  b o t h  d r i v e r  and p a s s e n g e r  s u b j e c t s  were 

asked  t o  r a t e  t h e  headlamps '  e f f e c t i v e n e s s  and g l a r e  d i s c o m f o r t  

r e l a t i v e  t o  t h e  s t a n d a r d  American low beam on a  s c a l e  from 1 

( v e r y  much less )  t o  7 ( v e r y  much more ) .  They d i d  t h i s  f o r  e a c h  

run  immedia te ly  a f t e r  p a s s i n g  t h e  l i n e  o f  t a r g e t s .  The r a t i n g s  

were w r i t t e n  on p i e c e s  of  pape r  and pas sed  t o  t h e  e x p e r i m e n t e r  

s o  t h a t  t h e  judgments o f  one s u b j e c t  would n o t  i n f l u e n c e  t h e  o t h e r .  

The independen t  v a r i a b l e s  i n  t h i s  s t u d y  were:  beam a t  s even  

l e v e l s  under  g l a r e  c o n d i t i o n s ,  e i g h t  under  n o - g l a r e  c o n d i t i o n s ;  

l o n g i t u d i n a l  s e p a r a t i o n  a t  t e n  l e v e l s  (maximum was 1 5 0 0  f e e t )  and 

l a t e r a l  s e p a r a t i o n  a t  two l e v e l s .  Twelve s u b j e c t s  were used .  

For  each  p a i r  of s u b j e c t s ,  e ach  beam was r u n  w i t h  t h e  g l a r e  c a r  

i n  e a c h  of  t h e  f o u r  p o s i t i o n s  shown i n  F i g u r e  36. A n o - g l a r e  

c o n d i t i o n ,  i n  which t h e  g l a r e  c a r  k e p t  i t s  lamps o f f ,  was a l s o  

i n c l u d e d .  The o n l y  e x c e p t i o n  t o  t h i s  p a t t e r n  was beam 8 ,  which 

was r u n  under  n o - g l a r e  c o n d i t i o n s  o n l y .  

RESULTS: TYPE-I TARGETS 

The r e s u l t s  of t h e  a n a l y s i s  of v a r i a n c e  on v i s i b i l i t y  d i s -  

t a n c e  f o r  t ype - I  t a r g e t s  a r e  shown i n  Tab le  1 2 ,  A l l  e f f e c t s  a r e  



TABLE 1 2 .  ~ n a l y s i s  of Variance o f  V i s i b i l i t y  Dis tance  
Data - Study 5 ,  Type-I Targe t ,  Glare  Runs Only. 

D I V I S I C N  OF V A R I A N C E  

S O U R C E  O F  

V A R I A T I O N  

SUMS OF DI'CKECS OF M E A N  

S Q U A R E S  F K L t D O M  S Q U A R E S  

T O T A L  0 .  1146907E  O R  1679 

N U M M E R  OF R F P L I C A  T I O N S  I 

R A T I O  

A - Longi tud ina l  Sepa ra t i on  Dis tance  
B - Beam 
C - L a t e r a l  Sepa ra t i on  Dis tance  
D - S u b j e c t s  



s i g n i f i c a n t  ( p < O . O 1 ) ,  e x c e p t  t h e  t h r e e  f a c t o r  i n t e r a c t i o n .  

F i g u r e  38 summarizes t h e  v i s i b i l i t y  d i s t a n c e s  o b t a i n e d  w i t h  

t h e  v a r i o u s  beams a t  t h e  t e s t e d  s e p a r a t i o n  d i s t a n c e s .  Because t h e  

l o n g e s t  s e p a r a t i o n  d i s t a n c e s  a v a i l a b l e  a t  t h i s  s i t e  a r e  appre-  

c i a b l y  s h o r t e r  t h a n  a t  t h e  s i t e  employed i n  t h e  f i r s t  f o u r  s t u d i e s ,  

d i f f e r e n c e s  among lamps a r e  a f f e c t e d  by g l a r e  e f f e c t s  u n t i l  

a f t e r  t h e  meet ing  p o i n t .  

F i g u r e  39 shows t h e  e f f e c t  o f  l a t e r a l  s e p a r a t i o n  on v i s i b i l i t y  

d i s t a n c e  f o r  t h e  v a r i o u s  beams. Low g l a r e  sys tems  ( e . g . ,  number 7 ,  

t h e  p o l a r i z e d  sys tem)  change l e a s t  w i t h  changes i n  l a t e r a l  s epa ra -  

t i o n ,  w h i l e  h igh  g l a r e  sys tems  ( e . g . ,  number 6 ,  H 4  h i g h  beam) 

change most.  

The a n a l y s i s  of  v a r i a n c e  f o r  t h e  t ype - I  t a r g e t  under  no -g l a re  

c o n d i t i o n s  i s  reproduced  i n  Tab le  13 .  Note t h a t  t h e r e  i s  one 

o t h e r  beam i n c l u d e d  i n  t h i s  a n a l y s i s  t h a t  was n o t  p r e s e n t  i n  

Tab le  1 2 .  T h i s  i s  beam 8 ,  which was run  under  no -g l a re  c o n d i t i o n s  

on ly .  D i f f e r e n c e s  among t h e  e i g h t  t a r g e t s  a r e  n o t  s i g n i f i c a n t  b u t  

d i f f e r e n c e s  among beams a r e .  

F i g u r e  40 shows t h e  mean v i s i b i l i t y  d i s t a n c e s  measured a t  

each  of t h e  8  t a r g e t s  f o r  each  of t h e  beams under  t h e  no -g l a re  

c o n d i t i o n s .  Lacking g l a r e ,  c o n d i t i o n s  shou ld  have been e q u a l  f o r  

each  t a r g e t  and obse rved  d i f f e r e n c e s  shou ld  r e p r e s e n t  e x p e r i m e n t a l  

e r r o r .  I ndeed ,  t h e r e  i s  no ev idence  of  a  s y s t e m a t i c  b i a s  oper -  

a t i n g  a t  any t a r g e t  and t h e  t r a c e s  approximate  a  s t r a i g h t  l i n e .  

RESULTS: TYPE-I1 TARGETS 

The a n a l y s i s  of v a r i a n c e  of 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  t y p e - I 1  t a r g e t  under  g l a r e  c o n d i t i o n s  i s  reproduced  i n  

Table  1 4 .  Because t h e r e  was o n l y  one t y p e - I 1  t a r g e t ,  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  f a c t o r  i s  l i m i t e d  t o  two l e v e l s ,  t h e  number 

o f  p o s i t i o n s  t a k e n  by t h e  g l a r e  c a r .  O the r  f a c t o r s  remain t h e  

same a s  f o r  t h e  t y p e - I  t a r g e t s .  Beam and l a t e r a l  s e p a r a t i o n  

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

i n  F i g u r e  4 1 .  I n  g e n e r a l  beam 5 ( low beam from H 4 )  produced 

6 4  
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C: 
rd 

~ i g u r e  3 8 .  Mean v i s i b i l i t y  d i s t a n c e s  ob ta ined  wi th  seven beams 
of  1 2 %  r e f l e c t a n c e ,  Type-I t a r g e t s ,  i n  down p o s i t i o n ,  
on t h e  r i g h t  s i d e  of l a n e  under g l a r e  c o n d i t i o n s  f o r  
7 '  and 30' l a t e r a l  s e p a r a t i o n s ,  i n  s tudy  5 .  
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0 6014 High 

H - 4  High 

A H-4 Low 

6 H-4 High P o l a r i z e d  

L a t e r a l  S e p a r a t i o n  
From G l a r e  Car 

F i g u r e  39 .  Mean v i s i b i l i t y  d i s t a n c e s  a s s o c i a t e d  w i t h  s e v e n  
d i f f e r e n t  beams a s  a  f u n c t i o n  of l a t e r a l  s e p a r a t i o n  
from g l a r e  s o u r c e ,  i n  s t u d y  5 .  



TABLE 1 3 .  A n a l y s i s  of V a r i a n c e  of V i s i b i l i t y  D i s t a n c e  
Data - Study  5 ,  Type-I T a r g e t ,  No-Glare 
Runs Only.  

D I V I S I O N  OF V A R I A N C E  

SOURCE OF 
V A R I A T I O N  

SUI'~S OF DEGREES OF M E A N  R A T I O  
SQUARES FREEDOM SQUARES 

A , . . . . . . . , . . . , .  166911.43 7 2384.918 1.6828 
A C . . . . . . . . . . . . .  il03128.1 77 1417.248 1,3132 

B. . . . . . . . . . , . . .  2181971. 7 311711,2 51.356** 
SC... . . , . . . . . . .  4167363.7 77 6059.656 5.G497 

T O T A L  5825883. 76 7 

NU/ IBER OF R E P L I C A T I O N S  1 
----- - 

* p l O .  05 

**pLo. 01 

A - T a r g e t  
B - Beam 
C - S u b j e c t s  
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6 0 1 4  H i g h  (O), H-4 H i g h  (a, 
6 0 1 4  L o w  + Q 4 0 5 1  N o m i n a l  
6 0 1 4  L o w  a i m  

Wi thou t  G l a r e  

I I h I I I I 1 
1 2 3 4 5 6 7 8 

T a r g e t  N u m b e r  

F i g u r e  4 0 .  V i s i b i l i t y  d is tances  m e a s u r e d  f o r  e i g h t  type-I  t a rge ts  
a t  1 2 %  reflectance w i t h  var ious  b e a m s  i n  no-glare 
cond i t i on ,  i n  s t u d y  5. 



TABLE 14. Analysis of Variance of Visibility Distance 
Data - Study 5, Type-I1 Targets. 

O I V  I S I O N  OF V A R I A N C E  

S@UrcCE O F  

V A H  I L T I  ON 

A  .............. 3 9 7 . 3 6 8 2  1 397 .3682  

A D . . . . . . . . . . . . .  3 3 5 7 3 3  - 0  1 1  3 5 0 6 6 . 6 3  

T O T A L  0 . h 6 6 1 2 5 0 i <  0 8  3 3 5  

N U M d E R  OF R E 7 L I  C A T  I O N S  1 
--- 
* p L O .  05  

**p50.  01 

R A T I O  

A - Longitudinal Separation Distance 
B - Beam 
C - Lateral Separation Distance 
D - Subjects 
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s i g n i f i c a n t l y  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  t h a n  any o t h e r  t e s t e d .  

There were no o t h e r  s i g n i f i c a n t  d i f f e r e n c e s .  

The a n a l y s i s  of v a r i a n c e  f o r  t h e  type- I1  t a r g e t s  under no- 

g l a r e  c o n d i t i o n s  i s  reproduced i n  Table  15.  D i f f e r e n c e s  between 

beams a r e  s i g n i f i c a n t .  A s  i n  t h e  g l a r e  a n a l y s i s ,  on ly  beam 5 

d i f f e r e d  from t h e  o t h e r s .  

RESULTS: ILLUMINATION AND GLARE RATINGS 

The a n a l y s e s  of v a r i a n c e  f o r  r a t i n g s  made of t h e  e f f e c t i v e -  

n e s s  of i l l u m i n a t i o n  under opposed and unopposed c o n d i t i o n s  and 

g l a r e  d i scomfor t  aEe reproduced i n  Tables  1 6 ,  17 and 18 respec-  

t i v e l y .  The d a t a  from one s u b j e c t  were l o s t ,  s o  t h e  r a t i n g s  a r e  

based on 11 s u b j e c t s ,  F igure  4 2  shows mean r a t i n g  g iven  each beam 

c o n f i g u r a t i o n  under each exper imenta l  c o n d i t i o n .  A s  would be 

expec ted ,  t h e r e  i s  a  h igh  c o r r e l a t i o n  between r a t i n g s  of  g l a r e  and 

v i s i b i l i t y .  The p o l a r i z e d  system (number 7 )  was r a t e d  s i g n i f i -  

c a n t l y  poore r  t h a n  any o t h e r  i n  i l l u m i n a t i o n  under b o t h  opposed 

and unopposed c o n d i t i o n s .  For bo th  l e v e l s  of l a t e r a l  s e p a r a t i o n ,  

t h e  6014 and H 4  h igh  beams were r a t e d  s i g n i f i c a n t l y  more g l a r i n g .  

RELIABILITY:  COMPARISON STUDY AND STUDIES AND 2 

The s u b s t a n t i a l  change i n  methodology used i n  s t u d y  5 compared 

w i t h  t h o s e  which had preceded it r a i s e s  a  q u e s t i o n  r e g a r d i n g  r e p e a t -  

a b i l i t y  of r e s u l t s ,  The 6 0 1 4  lamps were used i n  s t u d y  5 i n  p a r t  

t o  p rov ide  an answer t o  t h i s  q u e s t i o n .  

F i g u r e s  43 and 4 4  coixpare v i s i b i l i t y  d i s t a n c e s  measured i n  

s t u d i e s  1 and 5 (7 - foo t  l a t e r a l  s e p a r a t i o n )  f o r  t h e  6014 low and 

h igh  beams f o r  a  p a r t i c u l a r  s e t  of t a r g e t  c o n d i t i o n s  r e p e a t e d  i n  

b o t h  s t u d i e s ,  The same d a t a  from s t u d i e s  2 and 5 (36- and 30-foot 

l a t e r a l  s e p a r a t i o n ,  r e s p e c t i v e l y )  a r e  reproduced i n  F igures  45 and 4 6 ,  

An examinat ion of F i g u r e s  43-46 w i l l  r e v e a l  t h a t  t h e  shapes  

of t h e  curves  compare w e l l ,  and t h a t  minima occur  a t  t h e  same 

l o n g i t u d i n a l  s e p a r a t i o n .  However, p a r t i c u l a r l y  i n  t h e  c a s e  of t h e  

low beams, t h e r e  i s  a  c o n s i s t a n t  v i s i b i l i t y  d i s t a n c e  d i sc repancy  

7 1  



TABLE 15. Analysis of Variance of Visibility Distance Data - 
Study 5, Type-I1 Target, No-Glare Runs Only 

* * 
A . . . . . . . . . . . . . .  1(.70i32. 7 21005.3.  1  3 . 3 0 1 ~  
A L.............. i,,) 3i.lc165. ./ 7 5 2 7 2 t j e t ' i  1, .D 

T O T A L  O . l 5 f i ~ o S G ?  0 6  (3 '5 

P<Ul1I-;E;! O F  PF.;JLI C A T  I O l J i j  1 

A - Beam 
B - Subjects 

TABLE 16. Analysis of Variance of Ratings of Illumination 
Effectiveness of Beams - Study 5, Glare Runs. 

S O U R C E  OF  

V A R I A T I O N  

D I V I S I O N  OF V A R I A N C E  

S U M S  C F  DEGREES OF M E A N  R A T I O  

S Q U A R E S  FAEEDOM SQUARES 

Ce....*e....*o. 5.727272 1 5.727272 4.7779 

CD e . e e e + e e a e e . e  1 1  eY870 1 10 1 198701 0 • 0 

BCee...eeeeeese 4.688312 1 4.688312 3.1806 

BCD.  . . + + . e . e e e .  14.74026 10 1.474026 1.1165 

T O T A L  685.9868 30 7 

NUMBER O F  R E P L I C A T I O N S  1 

* p 5 ~ .  05  

**p50.  01 

A - Lamp 
B - Lateral Separation Distance 
C - Longitudinal Separation Distance 
D - Subjects 
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TABLE 17.  Analysis of variance of Ratings of Illumination 
Effectiveness of Beams - Study 5, No-Glare Runs 
Only. 

2 Lib I tC  i: o r -  

V k k  [ A T  Ili11 

A - Lamp 
B - Subjects 

TABLE 18. Analysis of Variance of Ratings of Discomfort 
Glare - Study 5 .  

D I V I S I O N  OF V A R I A N C E  

SOURCE OF 
VARIATION 

SUMS OF D E G R E E S  OF MEAN RAT 10 
SOUARES F R E E D O M  SQUARES 

A*............. 486.4480 6 81.07466 45 . 139**  
ADme*.......... 107.7662 6 0 1 .796 103 0 10 

TOTAL 910.4250 30 7 

NUMBER O F  R E P L I C A T I O N S  1 

A - Lamp 
B - Lateral Separation Distance 
C - Longitudinal Separation Distance 
D - Subjects 
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Figure 42. Mean ratings, relative to low beamto£ opposed and unopposed illumination, and 
glare at 7' and 36' lateral vehicle separation distances in study 5. 
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t a r g e t  on r i g h t  s i d e ,  down p o s i t i o n ,  1 2 %  r e f l e c t a n c e .  
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t a r g e t  on r i g h t  s i d e ,  down p o s i t i o n ,  12% r e f l e c t a n c e .  
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of about 10-15%, the longer visibility distances being obtained 

in study 5. This discrepancy seems less true in the case of the 

high beams, particularly at the 30-36 foot lateral separations. 

The difference observed in this comparison is greater than 

that found in the reliability test run as part of study 2, although 

perhaps it is not large when considered in the context of the 

methodological differences. Still, it would be useful to know pre- 

cisely why the difference occurred. 

The consistency of the visibility distance difference, espe- 

cially in the case of the low beams, implies that it does not 

result from random error. There are a number of possible reasons 

for such a difference to occur, but the fact that it was more pro- 

nounced in the case of the low beam suggests an aim problem. The 

aim of all lamps was checked mechanically prior to each night's 

testing. However, substantial changes in the beam direction are 

possible that could not be detected mechanically (Olson and Mortimer, 

1973). Aim changes would be expected to have more effect on low 

beam performance than high beams, due to the sharper gradients 

characteristic of the former. Thus, aim changes are a distinct 

possibility in accounting for the visibility distance differences, 

but this is not certain at this time. 

STUDY 6 

This study measured discomfort glare associated with a variety 

of headlamp beams by noting the relative frequency with which 

other drivers requested dimming (by flashing their lights) under 

normal driving conditions on three types of roads. 

METHOD 

The beams used were the same as used in field test 5 except 

that the high beam using the type-IV lamps was not used. Another 

beam combination was included (6014 and H both on low beam) which 4 
showed four lights but produced low glaring intensities. 

The data were collected after dark from 9:30 p.m. to as late 
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a s  3:00 a.m. on t h r e e  t y p e s  of r o a d s  i n  t h e  Ann Arbor a r e a .  The 

t h r e e  roads  were: (1) f o u r - l a n e  d i v i d e d  highway, ( 2 )  two-lane 

r u r a l  r o a d ,  and ( 3 )  two-lane s t r e e t  i n  town. I t  was no ted  whether  

t h e  s u b j e c t  c a r s  were encountered  i n  s t r a i g h t  s e c t i o n s  o r  i n  a  

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

The t o t a l  number of  c a r s  met i n  each lamp-road c a t e g o r y  

v a r i e d  c o n s i d e r a b l y  b u t  was g e n e r a l l y  i n  excess  of 1 0 0 .  Dropped 

from t h e  t o t a l s  were a l l  c a r s  which approached t h e  meet w i t h  t h e i r  

h igh  beams on and d i d  n o t  f l a s h .  

RESULTS 

The r e s u l t s  of t h e  s tudy  a r e  summarized i n  F i g u r e  47. The 

f requency of  dimming r e q u e s t s  was about  50% on t h e  freeway and 9 0 %  

f o r  two-lane r o a d s  f o r  t h e  H4 high  beam. Other  r e sponses  were 

much lower.  I n t e r e s t i n g l y ,  t h e  f r e q u e n c i e s  a r e  about  t h e  same 

f o r  t h e  6014 h i g h  a s  f o r  t h e  dua l  low beam a l though  t h e  l a t t e r  was 

f a r  l e s s  g l a r i n g .  Th i s  i n d i c a t e d  t h a t  r e q u e s t s  f o r  dimming a r e  

i n f l u e n c e d  by t h e  number of lamps l i g h t e d  a s  well a s  a c t u a l  g l a r e  

l e v e l s .  

The a n a l y s i s  of  r e sponses  by road  geometry r e v e a l e d ,  a s  rnight 

have been expec ted ,  t h a t  compla in t s  were more f r e q u e n t  on r i g h t -  

hand curves  than  on s t r a i g h t  s e c t i o n s  o r  l e f t - h a n d  curves .  

STUDY 7 

The purpose  of t h i s  s t u d y  was t o  s u b j e c t i v e l y  compare t h e  

g l a r e  produced i n  a  r e a r v i e w  m i r r o r  by v a r i o u s  h e a d l i g h t i n g  systems.  

METHOD 

With t h e  e x c e p t i o n  of t h e  polarized beam, all of t h e  l i g h t i n g  

systems used i n  t e s t  5 were a l s o  used i n  t h i s  t e s t .  The p o l a r i z e d  

sys tem was r e p l a c e d  by a  beam composed of two 6014 and two H lamps, 4 
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on low beam. I n  s t u d y  6 ,  checking  t h e  r e s p o n s e s  of  oncoming t r a f -  

f i c ,  t h i s  doub le  low beam combinat ion  had e l i c i t e d  abou t  t h e  same 

p e r c e n t a g e  of dimming r e q u e s t s  a s  t h e  6014 h igh  beam. I t  was 

t h o u g h t  u s e f u l  t o  de te rmine  whether  e q u i v a l e n t  r e s u l t s  would be 

o b t a i n e d  i n  t h i s  d i f f e r e n t  c o n t e x t .  

The t e s t  was r u n  on t h r e e  d i f f e r e n t  roads :  a  d a r k ,  l i g h t l y  

t r a v e l l e d ,  two-lane r u r a l  road;  a  f o u r - l a n e  urban s t r e e t ,  u n l i g h t e d  

b u t  w e l l  t r a v e l l e d ;  a b r i g h t l y - l i g h t e d ,  h e a v i l y  t r a v e l l e d  f o u r -  

l a n e  urban  s t r e e t .  

The s u b j e c t  d rove  t h e  l e a d  c a r .  H e  was accompanied by an 

e x p e r i m e n t e r  who r e a d  t h e  i n s t r u c t i o n s ,  r e c o r d e d  d a t a  and gener-  

a l l y  moni tored  t h e  s u b j e c t ' s  performance.  Another  c a r ,  equipped 

w i t h  t h e  l i g h t i n g  sys t ems ,  fo l lowed a t  a s e p a r a t i o n  of  3-5 c a r  

l e n g t h s .  

The b a s i c  t a s k  f o r  t h e  s u b j e c t  was t o  compare t h e  g l a r e  from 

t h e  e x p e r i m e n t a l  beams w i t h  t h e  g l a r e  from a  s t a n d a r d  p a i r  o f  

4000 low beams, He used a  9 -po in t  r a t i n g  s c a l e  r a n g i n g  from - 4  

( g l a r e  i s  e q u i v a l e n t  t o  no l i g h t s  a t  a l l )  t h rough  0 ( g l a r e  i s  

same a s  t h a t  p r o v i d e d  by t h e  4000 r e f e r e n c e  beams) t o  + 4  ( g l a r e  

i s  e x t r e m e l y  d i s c o m f o r t i n g ) .  Normally t h e  4 0 0 0  low beams were 

showing on t h e  f o l l o w i n g  c a r .  On command from t h e  e x p e r i m e n t e r  

i n  t h e  l e a d  c a r ,  t h e  expe r imen te r  i n  t h e  f o l l o w i n g  c a r  swi t ched  

t o  t h e  d e s i r e d  beam and,  a  few seconds  l a t e r ,  back a g a i n  t o  t h e  

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

was r e c o r d e d  by t h e  e x p e r i m e n t e r .  

The e i g h t  beam c o n d i t i o n s  were p r e s e n t e d  t w i c e  i n  random 

o r d e r  t o  each  s u b j e c t  u s i n g  t h e  day s e t t i n g  on t h e  i n s i d e  r e a r -  

view m i r r o r  and once  u s i n g  t h e  n i g h t  s e t t i n g .  The o u t s i d e  r e a r -  

view m i r r o r  was t u r n e d  down s o  t h a t  i t  c o u l d  n o t  be  used .  A 

t o t a l  of e i g h t  s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  s t u d y ,  t a k i n g  abou t  

t h r e e  h o u r s  each.  A l l  lamps were c a r e f u l l y  aimed mechan ica l ly  

and checked v i s u a l l y  b e f o r e  t h e  t e s t s .  



RESULTS 

The r e s u l t s  of  t h e  s t u d y  a r e  summarized i n  F igure  48. Each 

p o i n t  r e p r e s e n t s  t h e  mean of 16 judgments on t h e  day s e t t i n g  

( 2  judgments from each of 8  s u b j e c t s )  and 8 judgments on t h e  n i g h t  

s e t t i n g .  The t h r e e  l i n e s  r e p r e s e n t  t h e  ambient l i g h t i n g  condi-  

t i o n s  d e s c r i b e d  e a r l i e r .  However, t h e  d i f f e r e n c e s  between t h e  

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

The r e s u l t s  of t h i s  s t u d y  can be compared w i t h  t h e  opposing 

c a r  g l a r e  r a t i n g s  made i n  s tudy  5 ( F i g u r e  4 2 ) .  The s i x  l i g h t i n g  

systems t e s t e d  f o r  g l a r e  i n  bo th  s t u d i e s  a r e  ranked i n  t h e  same 

o r d e r  i n  both  t e s t s .  With t h e  excep t ion  of t h e  most g l a r i n g  

s y s t e m ,  t h e r e  was a  tendency t o  r a t e  t h e  systems a s  a,bout e q u a l  

t o  normal low beams i n  t e s t  5 ,  where i n  t h i s  t e s t  they  were r a t e d  

more g l a r i n g .  Th i s  may be a t t r i b u t a b l e  t o  t h e  use  of  a  p a i r  com- 

p a r i s o n  t echn ique  i n  t h e  p r e s e n t  t e s t  a s  opposed t o  r e l y i n g  on t h e  

s u b j e c t ' s  memory i n  t e s t  5 .  

I t  w i l l  be no ted  t h a t  t h e  d u a l  low beam (6014 low + H 4  low) 

was r a t e d  about  e q u a l  t o  t h e  6014 low by i t s e l f  and on ly  s l i g h t l y  

more g l a r i n g  than  t h e  4 0 0 0  comparison lamps, This  i n d i c a t e s  t h a t  

t h e  s u b j e c t s  were responding t o  a c t u a l  g l a r e  l e v e l s  and n o t  t o  t h e  

number of  lamps. 

The g l a r e  r a t i n g s  were a l s o  uni formly g r e a t e r  w i t h  t h e  m i r r o r  

i n  t h e  "day" ( -  80% r e f l e c t i v i t y )  t h a n  " n i g h t "  ( =  4 %  r e f l e c t i v i t y ) ,  

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

DISCUSSION 

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

d i s t a n c e  provided by a  number of headlamp systems under a  v a r i e t y  

of c o n d i t i o n s .  The fo l lowing  s t a t e m e n t s  summarize t h e  r e s u l t s  of 

t h i s  r e s e a r c h .  

LAMP SYSTEMS 

Under no-glare  c o n d i t i o n s ,  t h e  major f a c t o r  a f f e c t i n g  v i s i b i l -  

i t y  d i s t a n c e  i s  beam i n t e n s i t y  i n  t h e  d i r e c t i o n  of  t h e  t a r g e t .  When 
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approaching such a  system, however, t h e  h igh  g l a r e  l e v e l s  b r i n g  

abou t  a  s t e e p  d e c l i n e  i n  v i s i b i l i t y  d i s t a n c e  s o  t h a t ,  even d i s -  

r e g a r d i n g  d i scomfor t  g l a r e  e f f e c t s ,  b e t t e r  performance may be  

achieved w i t h  a  beam o f  much lower o u t p u t .  I n  an a t t e m p t  t o  

s o l v e  t h i s  problem, meeting beams have g r e a t l y  reduced o u t p u t  

above t h e  h o r i z o n t a l  and c o n c e n t r a t e  most l i g h t  t o  t h e  r i g h t  s i d e  

of t h e  l a n e .  Such beams a r e  s i g n i f i c a n t l y  i n f e r i o r  t o  h igh  beams 

under no-g la re  c o n d i t i o n s  b u t  s u p e r i o r ,  a t  l e a s t  on two-lane r o a d s ,  

when meeting a n o t h e r  v e h i c l e .  

The European h i g h  beam, wi th  i t s  much g r e a t e r  l i g h t  o u t p u t ,  

provided g r e a t e r  v i s i b i l i t y  on ly  of  t h e  type- I1  t a r g e t  t h a n  t h e  

American h igh  beam under no-glare  c o n d i t i o n s .  The European low 

beams used i n  t h e s e  t e s t s  provided less v i s i b i l i t y  d i s t a n c e  t h a n  

t h e  comparable 7-inch d iamete r  U.S. low beam, 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  l a n e ,  even though t h e  l a t t e r  was more g l a r i n g .  

The p o i n t  a t  which d r i v e r s  f e e l  t h e  beams from an oncoming 

v e h i c l e  a r e  uncomfortable has  been shown by t h i s  r e s e a r c h  t o  be 

h i g h l y  v a r i a b l e .  Dimming should  be  done i n  r e sponse  t o  d i s a b i l i t y  

g l a r e  c r i t e r i a ,  i . e . ,  t h e  p o i n t  a t  which it becomes e a s i e r  t o  s e e  

w i t h  low beam lamps. I n  p r a c t i c e ,  t h i s  i s  an i m p o s s i b i l i t y  s o  

d i scomfor t  g l a r e  c r i t e r i a  o r  " r u l e  of thumb" judgments de termine  t h e  

a c t u a l  dimming p o i n t .  The r e s u l t  i s  t h a t  most dimming i s  done t o o  

soon o r  t o o  l a t e  (by d i s a b i l i t y  g l a r e  c r i t e r i a ) ,  e x a c e r b a t i n g  t h e  

problems a s s o c i a t e d  w i t h  t r y i n g  t o  s e e  a t  n i g h t .  

LATERAL SEPARATION 

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

i n c r e a s e d  t h e r e  i s  an i n c r e a s e  i n  v i s i b i l i t y  w i t h  a l l  beams, show- 

i n g  t h a t  t h e  e f f e c t  of  g l a r e  i s  reduced.  The i n c r e a s e  i s  s m a l l e s t  

f o r  meeting beams and t a r g e t s  on t h e  r i g h t .  For  example, by com- 

p a r i n g  t h e  mean v i s i b i l i t y  d i s t a n c e s  o b t a i n e d  w i t h  t h e  6014 low and 

h i g h  beams f o r  l e f t  and r i g h t  t a r g e t s  a t  7 '  and 3 6 '  l a t e r a l  separa -  

t i o n s  ( F i g u r e s  1 3 ,  2 1 ) , i t  i s  seen  t h a t  fo r  t h e  36'  l a t e r a l  separa -  

t i o n  t h e  increment  i n  mean v i s i b i l i t y  d i s t a n c e s  compared t o  t h e  7 '  



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

i s  10% and 22% f o r  low beams and 26% and 36% f o r  h i g h  beams. Tha t  

t h e r e  i s  l i t t l e  e f f e c t  o f  l a t e r a l  s e p a r a t i o n  on low beam v i s i b i l i t y  

o f  t a r g e t s  on t h e  r i g h t  i s  a l s o  shown i n  F i g u r e  22,  where t h e r e  i s  a  

l a r g e  e f f e c t  of  t a r g e t  r e f l e c t a n c e  b u t  a  q u i t e  s m a l l  e f f e c t  o f  

l a t e r a l  s e p a r a t i o n .  By c o n t r a s t ,  F i g u r e  23 shows t h a t ,  i n  t h e  same 

c o n d i t i o n s ,  h i g h  beam v i s i b i l i t y  does  i n c r e a s e  a s  l a t e r a l  s e p a r a t i o n  

i s  i n c r e a s e d  from 7 '  t o  3 6 ' .  The same k i n d s  of e f f e c t s  were 

o b t a i n e d  f o r  t h e  v a r i o u s  mee t ings  and h i g h  beams e v a l u a t e d  i n  s t u d y  

5 ( F i g u r e  3 8 ) .  

The r e s u l t s  show t h a t  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  p r o v i d e s  

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

t a r g e t s  p o s i t i o n e d  on t h e  l e f t  o f  t h e  l a n e ,  f o r  bo th  low and h i g h  

beams, p a r t i c u l a r l y  f o r  t h e  l a t t e r ,  While t h e  r e s u l t s  o f  U.S. 

(6014)  low and h i g h  beam meet ings  showed t h a t  v i s i b i l i t y  was g r e a t e r  

t h roughou t  t h e  meet ing  w i t h  h i g h  beams a t  36 '  l a t e r a l  s e p a r a t i o n ,  

t h e  minimum v a l u e s  n e a r  t h e  meet ing  p o i n t  a r e  n o t  much d i f f e r e n t .  

Th i s  s u g g e s t s  t h a t  h i g h  beam d i s a b i l i t y  g l a r e  e f f e c t s  were sub- 

s t a n t i a l ,  even a t  36 '  l a t e r a l  s e p a r a t i o n ,  and dimming t o  low beam 

would b e  a p p r o p r i a t e  f o r  v i s u a l  comfor t .  The r e s u l t s  o f  s t u d y  5 

( F i g u r e  38) show t h a t  a t  t h e  30'  l a t e r a l  s e p a r a t i o n  u s e d ,  h i g h  

beam v i s i b i l i t y  d i s t a n c e s  were somewhat less t h a n  f o r  low beams, 

r e i n f o r c i n g  t h e  s u g g e s t i o n  t h a t  dimming t o  low beam i s  a p p r o p r i a t e ,  

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

The U.S. h i g h  beam p rov ided  g r e a t e r  mean s e e i n g  d i s t a n c e s  

between 1500 '  and 200'  b e f o r e  t h e  meet ing  p o i n t  t h a n  t h e  more 

powerfu l  European (H4) h i g h  beam a t  b o t h  7 '  and 30 '  l a t e r a l  sepa-  

r a t i o n  d i s t a n c e s ,  showing t h a t  i n c r e a s i n g  t h e  h i g h  beam i n t e n s i t y  

from p r e s e n t  U.S. l e v e l s  can be  d e t r i m e n t a l  t o  v i s i b i l i t y  a t  up t o  a  

median s e p a r a t i o n  of  3 0 ' .  

The l a t t e r  c o n c l u s i o n  i s  suppor t ed  by t h e  g l a r e  d i s c o m f o r t  

e v a l u a t i o n s .  G l a r e  d i s c o m f o r t  r a t i n g s  ( F i g u r e  4 2 )  showed t h a t  



both  t h e  U.S. and European h igh  beams were cons ide red  s i g n i f i -  

c a n t l y  more g l a r i n g  t h a n  t h e  o t h e r  beams a t  7 '  and 30'  l a t e r a l  

s e p a r a t i o n ,  w i t h  t h e  European beam r a t e d  a s  more g l a r i n g ,  That  

t h e  European h i g h  beams provided more g l a r e  d i scomfor t  t h a n  t h e  

u .S .  h igh  beam i s  a l s o  shown i n  t h e  road t es t  r e s u l t s  ( ~ i g u r e  4 7 ) .  

These f i n d i n g s  on s e e i n g  d i s t a n c e  a t  t h e  r i g h t  s i d e  of t h e  

l a n e  and g l a r e  d i scomfor t  show t h a t  t h e  l a c k  of use  o f  h igh  beams 

by d r i v e r s  when meeting o t h e r  v e h i c l e s  i s  g e n e r a l l y  a p p r o p r i a t e ,  

u n l e s s  t h e  median s e p a r a t i o n  i s  s u b s t a n t i a l l y  g r e a t e r  than  3 0 ' .  

Based on t h e  r e s u l t s  of t h e s e  tests  w i t h  p r e l i m i n a r y  v e r s i o n s  

of a  mid beam, i t  would appear  t h a t  it w i l l  p rov ide  i n c r e a s e d  

v i s i b i l i t y  compared t o  p r e s e n t  low beams d u r i n g  meet ings ,  and 

w i t h o u t  opposing t r a f f i c  p rov ides  v i s i b i l i t y  d i s t a n c e s  ( F i g u r e  4 0 )  

comparable t o  c u r r e n t  h igh  beams a t  t h e  r i g h t  of t h e  l a n e .  Such 

a  beam would be ve ry  s u i t a b l e  on d i v i d e d  highways, b u t  cou ld  a l s o  

be used on a t  l e a s t  s t r a i g h t  s e c t i o n s  of two-lane roads .  

TARGET LOCATION 

The c l o s e r  a  t a r g e t  i s  t o  a  g l a r e  source ,  t h e  more d i f f i c u l t  

it i s  t o  s e e  w i t h  any beam system. Under no-glare  c o n d i t i o n s  t h e  

p o s i t i o n  o f  a t a r g e t  i n  t h e  l a n e  does n o t  m a t t e r  w i t h  symmetrical  

h igh  beam sys tems,  b u t  t a r g e t s  t o  t h e  r i g h t  a r e  more e a s i l y  seen  

w i t h  asymmetr ica l  low beam systems.  The c l o s e r  a  t a r g e t  i s  t o  t h e  

road  s u r f a c e  t h e  f u r t h e r  away it  can be seen w i t h  any beam t e s t e d  

under bo th  g l a r e  and no-glare  c o n d i t i o n s .  

TARGET REFLECTIVITY 

Within l i m i t s ,  t h e  h i g h e r  t h e  r e f l e c t i v i t y  of  a  t a r g e t ,  t h e  

g r e a t e r  t h e  d i s t a n c e  a t  which it can be i n t e r p r e t e d .  I n  extreme 

c a s e s ,  t h e  t a r g e t  i t s e l f  can become a  g l a r e  s o u r c e ,  r educ ing  i t s  

i n t e r p r e t a b i l i t y .  T h i s  i s  what was happening i n  t h e  c a s e  of  t h e  

type- I11  t a r g e t  used i n  s t u d y  3 .  While t h e  t a r g e t  cou ld  be  seen  

a t  g r e a t  d i s t a n c e s ,  t h e  back-glare  i n t e r f e r e d  w i t h  i t s  i n t e r -  

p r e t a t i o n  u n t i l  t h e  s u b j e c t s  were much c l o s e r  t h a n  i n  t h e  c a s e  

of t h e  type- I1  t a r g e t .  



GENERAL CONCLUSIONS 

Differences in methodology preclude comparisons of visibility 

distance between this and other studies. It is worth noting that 

significant improvements in visibility distance associated with 

greater lateral separation have been reported by other investiga- 

tors as well (e.g., Webster and Yeatman, 1968; Frederiksen and 

Jorgensen, 1972; Powers and Solomon, 1965). On the other hand, 

the data reported in this paper clearly indicate that, in a two- 

lane situation, better visual performance will be achieved by 

switching from high to low beams at some point. This is at vari- 

ance with the findings of other investigators (e.g., Strickland 

et al., 1968; Rumar, 1970a). 

However, since there are many reasons why such differences 

are found it suggests the need for a more uniform testing procedure. 

One of the reasons for undertaking these studies, was to 

attempt to develop a reasonable testing procedure for the evaluation 

of visibility distances and glare effects. Therefore, preliminary 

tests were conducted (Appendix C) to evaluate a number of alter- 

native types of headlamp test visibility targets, on the basis of 

which the type-I target was developed. It is believed that this 

target would form a suitable general purpose target for use in such 

tests, as a baseline against which headlighting tests made by 

different persons or agencies and in different locations, can be 

compared. This testing procedure has been found to be reliable, 

in that it gives reasonably consistent results in spite of changes 

in test site, vehicle closing speeds and test subjects. 

Use of this procedure would not preclude the additional use 

of other test targets which may be felt to have greater face- 

validity. It is only suggested here that the type of target and 

general testing approach that has been described in this report be 

also used as one of the test conditions. 



The r e s u l t s  o f  t h e s e  t e s t s  have a l s o  shown t h a t  t h e  proce-  

d u r e  has  e v i d e n t  v a l i d i t y ,  s i n c e  it d i s c r i m i n a t e s  r easonab ly  

e f f e c t i v e l y  between d i f f e r e n t  t y p e s  o f  beams. The f i n d i n g s  

i n d i c a t e  t h a t  t h e  s p e c i f i c  U.S. low beam employed, when compared 

w i t h  t h e  s p e c i f i c  European low beam, provided  g r e a t e r  v i s i b i l i t y  

bo th  d u r i n g  and a f t e r  a  meet ing w i t h  a n o t h e r  v e h i c l e  equipped 

w i t h  t h e  same t y p e  of headlamps. T h i s  should  n o t  be t aken  a s  

s t r o n g  ev idence  t h a t  d i f f e r e n c e s  between t h e  U.S. and ECE meet ing 

beams a r e  n e c e s s a r i l y  meaningful .  A s  d i s c u s s e d  i n  a n o t h e r  eva lua-  

t i o n  (Mortimer and Becker ,  1 9 7 4 a ) ,  r e s u l t s  a r e  s t r o n g l y  dependent  

upon t h e  s p e c i f i c  lamps s e l e c t e d  of  a  g iven  t y p e ,  n o t w i t h s t a n d i n g  

t h e  f a c t  t h a t  t h e y  meet t h e i r  r e s p e c t i v e  pho tomet r i c s  s t a n d a r d s .  

~t appea r s  t o  be r easonab ly  s a f e  t o  conclude ,  w i t h  r e f e r e n c e  

t o  meet ing beams, t h a t  a  type  of mid beam c o n f i g u r a t i o n  would 

p rov ide  added s e e i n g  d i s t a n c e  i n  t h e  l a n e  and t o  t h e  r i g h t  of  t h e  

l a n e  compared t o  conven t iona l  U.S. o r  European low beams, O v e r a l l  

c o n s i d e r a t i o n s  a f f e c t i n g  t h e  performance of  such a  beam, i n c l u d i n g  

headlamp aim and t h e  e f f e c t s  upon g l a r e  produced i n  r ea rv iew 

m i r r o r s  o f  p reced ing  v e h i c l e s ,  need t o  be g iven  p a r t i c u l a r  a t t e n -  

t i o n  ( e . g . ,  Mortimer and Becker,  1974b1, a s  a  p a r t  of  t h e  devel -  

opment of  a  s a t i s f a c t o r y  mid beam p a t t e r n .  

Bes ides  t h e  development of a  s a t i s f a c t o r y  h e a d l i g h t i n g  see ing-  

d i s t a n c e  t e s t  procedure ,  t h i s  s t u d y  has  a l s o  employed p rocedures  

f o r  t h e  e v a l u a t i o n  of d i s c o m f o r t  g l a r e ,  bo th  from opposing v e h i c l e s  

and t h e  e f f e c t s  produced by r e f l e c t i o n s  of headlamp beams i n  

i n t e r i o r  and e x t e r i o r  r ea rv iew m i r r o r s .  These t echn iques  have 

a l s o  been found t o  be q u i t e  e f f e c t i v e  and s e n s i t i v e  t o  changes 

i n  t h e  beam c o n f i g u r a t i o n s .  These t y p e s  of t e s t s  should  form a  

p a r t  of  most beam e v a l u a t i o n s ,  s i n c e  d i scomfor t  g l a r e  i s  one of  

t h e  impor tan t  f a c t o r s  t h a t  s e t  a  l i m i t  upon beam c h a r a c t e r i s t i c s .  

F i n a l l y ,  a  major o b j e c t i v e  of  t h e  d e t a i l e d  exper iments  con- 

duc ted  i n  s t u d i e s  1 - 4 ,  was t o  o b t a i n  d a t a  t h a t  could  be used f o r  

v a l i d a t i o n  o f  an a n a l y t i c a l  model t o  p r e d i c t  s e e i n g  d i s t a n c e s .  



Development of this model, and the comparisons against the field 

test data obtained in this study, are shown elsewhere (Mortimer 

and Becker, 1 9 7 3 )  and indicate that the computer simulation model 

is an effective tool for the evaluation of headlamp beam perfor- 

mance. The model provides an opportunity to make preliminary 

evaluations of headlamp beams, so that a reduced number of condi- 

tions need to be confirmed in subsequent field tests. 



REFERENCES 

Adler, B. & Lunenfeld, H. Three Beam Headlight Evaluation, U.S. 
Dept. of Transportation Contract No. DOT-HS-238-2-411, Air- 
borne Instrument Laboratories, Cutler-Hammer, Inc., 1973 

Bouma, P.J. Characteristics of the Eye with Special Reference to 
Road Lighting, Phillips Technical Review, 1:102-106, 1936 

Cadena, D.G. & Hemion, R.H. Disability Glare Effects From Vehicle 
Headlights & Fixed Overhead Street Lighting, Southwest Research 
Institute. Contract No. CPR 11-4126, Report IV, AR-700, 
Sept, 1969. 

Christie, A.W., Ashwood, J.E. & Symons, R.D.H. Visual Acuity 
in Yellow Headlights. Road Research Laboratory. RRL Report 
LR 156. 1968 

Esch, R.E. Impact of 5 0 ,  55 or 60 MPH Statewide Speed Limit. Mich 
Dept of State Highways & Transportation. Statewide Studies 
Unit, Lansing, Mich. Nov. 1973. 

Faulkner, C.R. & Older, S.J. The Effects of Different Systems of 
Vehicle Lighting on a Driver's Ability to See Dark Objects 
in Well Lit Streets. Road Research Laboratory. RRL Report LR 
113, 1967 

Forsgren, J.B. & Thorell, M. The Relationship Between Glare & 
Detection Luminance Threshold in a Simulated Car Meeting 
Situation. Dept of Psychology, U of Uppsala, Uppsala, Sweden 
Report 92, 1970 

Frederiksen, E. & Jorgensen, N.O. The Effect of Glare on Visual 
Distances in the Traffic . ~adet For Trafiksikkerhed Sforskiving 
Report 12, Copenhagen, 1972. 25-76 

Helmers, G. & Rumar, K. Obstacle Visibility in Rural Night Driv- 
ing as Related to Reflective Qualities of the Road Surface 
Dept of Psychology, U of Uppsala, Uppsala, Sweden Report 
137 1973 

Hemion, R.H. Disability Glare Effects During a Transition to 
Polarized Vehicle Headlights. Southwest Research Institute 
Proj No 11-1908. Jan. 1969a 

Hemion, R.H. Night visibility Improvement Through Headlight Glare 
Reduction. Southwest Research Institute SwRI Proj No.11-1908 
Contract No. CPR 11-4126 Suit. 1969b 

Hemion, R.H. & Hull, R.W. Optimum Two-Lamp Headlighting System. 
Southwest Research Institute. Contract No. DOT-HS-024-2415. 
Report No. DOT HS-800 090. July 1973 



~ ~ 1 1 ,  R.W., Hemion, R.H., Cadena, D.G. and Dial, B.C. vehicle 
Forward Lighting Performance & Inspection Requirements. 
Southwest Research Institute Report No. 16093. Contract No. 
AR-814, July, 1971. 

Jehu, V.S. A Method of Evaluating Seeing Distances on a Straight 
Road for Vehicle Meeting Beams. Transactions of the Illumina- 
ting Engineering Society, London, 20(21), 1955, 57-68. 

Johansson, G., Rumar, K., Forsgren, J.B. and Snoborge, M. Sum- 
maries of Methods and Results from the Uppsala Experiments 
with a new System of Polarized Headlights. Psychology 
Department University of Uppsala, Uppsala, Sweden, 1969. 

Michigan State Highway Department, Michigan Manual of Uniform 
Traffic Control Devices, 1963. 

Mortimer, R.G. and Becker, J.M. Computer Simulation to Predict 
Night Driving Visibility as a Function of Headlamp Beams. IDBRA, 
First International Conf. on Driver Behavior, ~Grich, 
October 1973. 

Mortimer, R.G. and Becker, J.M. Computer Simulation of Current 
U.S. and European Headlamp Meeting Beams, and a Proposed 
Mid Beam. Society of Automotive Engineers, Report No. 740311, 
February 1974 (a) . 

Mortimer, R.G. and Becker, J.M. Some Operational Considerations 
Affecting the Performance of Current and Proposed Headlamp 
Beams. Annual Mtg., Highway Research Board, January 1974(b). 

National Joint Committee on Uniform Traffic Control Devices, 
Manual on Uniform Traffic Control Devices for Streets and 
Roads, U.S. De~t. of Commerce, Bureau of Public Roads. 

Ohlon, R. and Zaccherini, F. Design Considerations for a New 
Passing Beam, Statens Provningsanstalt/Rapport, C-Ra-233, 
p.  69-350, 1972-08-08. 

Olson, P.L. and Mortimer, R.G. Investiqation of Some Factors 
Affecting the Aim of Headlamps, HSRI, University of Michigan, 
Report No. UM-HSRI-HF 73-13, 1973. 

Powers, L.D. and Solomon, D. Headlight Glare and Median Width, 
Highway Research Record, No. 70, 1963, 1-28. 

Roper, V.J. and Howard, E.A. Seeing with Motor Car Headlamps, 
Illuminating Engineering, 33:412-328, 1938. 



Roper, V.J. and Scott, K.D. Silhouette Seeing with Motor Car 
Headlamps, IES Transactions, 34:1073-1083, 1939, 

Roper, V.J. and Scott, K.D. Seeing with Polarized Headlamps, 
IES Transactions, 36(12):205-218, 1941. 

Roper, V.J. and Meese, G.E. More Light on the Headlighting 
Problem, Highway Research Record, No. 70, 1963, 29-34. 

Rumar, K. Halogen and Conventional Continental European Headlights; 
a Comparison of Visibility Distances, Department of 
Psychology, University of Uppsala, Uppsala, Sweden, Report 94, 
1970 (a). 

Rumar, K. Effectiveness of Old, New and Future Motor-car 
Lighting, Proceedings of the Tenth International Study Week 
of Traffic and Safety Engineering, Theme 1II:Recent Develop- 
ments in Methods of Improving Night Visibility, 1970(b). 

Rumar, K., Forsgren, J.B., Thorell, M. and Johansson, G. 
Experimental Studies of a Polarized Headlight System V. 
Report 87, Department of Psychology, University of Uppsala, 
Uppsala, Sweden, 1970. 

Rumar, K., Helmers, G. and Thorell, M. Obstacle Visibility with 
European Halogen Ha and American Sealed Beam Lamps, Report 
No. 133, ~e~artment of Psychology, University of Uppsala, 
Uppsala, Sweden, 1973. 

Schwab, R.N. Night Visibility for Opposing Drivers with High and 
Low ~ e a d l i ~ h t  Beams, ~ i ~ h w a ~  ~esearch- ~ecord, No. 70, i965, 
87-88. 

Strickland, J., Ward, B. and Allen, M.J. The Effect of Low vs. 
High Beam Headlights and Ametropia on Highway Visibility at 
Night, American Journal of Optometrics, v 45, 80-85, 
February 1968. 

Webster, L.A. and Yeatman, F.R. An Investigation of Headlight 
Glare as Related to Lateral Separations of Vehicles, 
University of ~llinois, Engineering Experiment Station, 
Bulletin 496, 1968. 



Appendices 



Appendix A 

DIMl3NSIONAL DRAWINGS OF THE THREE TYPES 
OF TARGETS USED I N  THE TESTS 



F i g u r e  A . 1 .  Type-I t a r g e t  s u p p o r t  s t r u c t u r e :  f r o n t  view 
w i t h o u t  t a r g e t  f a c e  i n s e r t .  
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F i g u r e  A . 2 .  Type-I t a r g e t  s u p p o r t  s t r u c t u r e :  s i d e  view. 
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Figure A . 3 .  Type-I1 target: front view. 
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Appendix B 

INSTRUCTIONS TO THE TEST SUBJECTS 



INSTRUCTIONS FOR STUDIES 1 - 4 

I n  t h i s  experiment we a r e  t r y i n g  t o  l e a r n  how wel l  one can 

see  i n  d r i v i n g  a t  n igh t .  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  o r  a given run,  you 
are asked t o  d e t e c t  t h e  o r i e n t a t i o n  of one of two types  of 

t a r g e t s .  

The t a r g e t s  i n  t h e  e a s t  l a n e  look l i k e  t h i s  sketch (show). 

Your t a s k  i s  t o  t e l l  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 ane .  To do t h i s ,  d r i v e r s ,  you should p r e s s  wi th  

your thumb, f i rmly ,  on e i t h e r  t h e  r i g h t  o r  l e f t  horn bu t ton ,  a s  

app rop r i a t e ,  and you, passenger,  should move t h e  switch on t h e  

box you have e i t h e r  t o  t h e  r i g h t  o r  l e f t .  We want you t o  

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 an e r r o r ,  c o r r e c t  it as soon a s  poss ib l e .  Do no t  hold t h e  

switches  down any longer  than r equ i r ed  t o  make a response.  

For both e a s t  and west l a n e  you should p o s i t i o n  your c a r  

s o  t h a t  t h e  dashed l a n e  d i v i d e r  i s  pass ing  under your l e f t  shoulder .  

This i s  important .  The t a r g e t s  i n  t h e  e a s t  l ane  a r e  pos i t i oned  

so  t h a t  you run d i r e c t l y  over them. A s  you approach them, a t  

a d i s t a n c e  of about 80  f e e t  they w i l l  c o l l a p s e  so  it i s  only 

necessary t h a t  you be s u r e  no t  t o  h i t  them with  your wheels a s  

you pass  over .  

The t a r g e t s  i n  t h e  west  l a n e  a r e  along t h e  r i g h t  edge of 

t h e  road. They look something l i k e  t h i s  ske tch  (show). I f  t h e  

t o p  of t h e  ba r  i s  t i l t e d  r i g h t ,  respond r i g h t  and i f  t h e  t op  
of t h e  ba r  i s  t i l t e d  l e f t  respond l e f t .  

A run 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  course  

and t h e  o t h e r  c a r  a t  t h e  f a r  end of t h e  course  f ac ing  us.  

Each c a r  i n d i c a t e s  it i s  ready t o  run by switching o f f  i t s  

headlamps. Car 1, i n  which odd numbered s u b j e c t s  r i d e ,  w i l l  

then t u r n  on its headlamps. When car 2 t u r n s  on i t s  headlamps 

both d r i v e r s  a c c e l e r a t e  moderately t o  about 3 2  mph and r e l e a s e  



t h e  a c c e l e r a t o r .  The c a r s  w i l l  s low down a  l i t t l e  u n t i l  t h e  

au tomat ic  speed c o n t r o l  d e v i c e  t a k e s  hold .  P l e a s e  keep your 

f o o t  comple te ly  o f f  t h e  a c c e l e r a t o r  peda l  dur ing  t h e  run  and 

t h e  c a r  w i l l  ma in ta in  a  s t e a d y  speed.  Respond a s  soon as you can 

t o  each t a r g e t ,  a s  a l r e a d y  exp la ined .  

A s  t h e  c a r s  approach each o t h e r  t h e  g l a r e  from t h e  o t h e r  

c a r ' s  headlamps may r e a c h  a  p o i n t  where i t  i s  caus ing  discom- 

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

" g l a r e . "  You may n o t  f i n d  it  t o  be  a  problem on a l l  runs .  

Record " g l a r e "  o n l y  i f  t h e  oncoming headlamps a r e  caus ing  more 

d i scomfor t  t h a n  you would c a r e  t o  t o l e r a t e .  

INSTRUCTIONS - OVERHEAD SIGN 

On t h e  n e x t  set  of r u n s  t h e  r o a d s i d e  t a r g e t s  i n  t h e  west 

l a n e  w i l l  be  r e p l a c e d  w i t h  a  s i n g l e  overhead t a r g e t .  This  

t a r g e t  looks  l i k e  t h i s  s k e t c h  (show).  I f  t h e  b a r s  of t h e  "E" 

a r e  p o i n t e d  r i g h t ,  i n d i c a t e  r i g h t ;  i f  they  a r e  p o i n t e d  l e f t ,  

i n d i c a t e  l e f t .  This  t a r g e t  w i l l  be d i r e c t l y  over  t h e  l a n e  

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

o t h e r  s i d e  of  t h i s  road w i l l  remain t h e  same. 



TYPE-I TARGET 

" LEFT" 

"RIGHT" 



TYPE-I1 TARGET 

"RIGHT" 

" LEFT" 





INSTRUCTIONS FOR STUDY 5 

I n  t h i s  expe r imen t  we a r e  t r y i n g  t o  l e a r n  how w e l l  one can  

see i n  d r i v i n g  a t  n i g h t .  You w i l l  be d r i v i n g  t h i s  c a r  i n  a  

s t r a i g h t  l i n e  t o  t h e  o t h e r  end of  t h e  t r a c k .  You s h o u l d  use  t h e  

w h i t e  l i n e s  i n  t h e  c e n t e r  o f  t h e  t r a c k  a s  a  gu idance  such  t h a t  

t h e  l e f t  whee ls  o f  t h e  v e h i c l e  a r e  a d j a c e n t  t o  t h e  edge  o f  t h e  

w h i t e  l i n e  a t  a l l  times. I n  t h i s  way you w i l l  be  aimed s t r a i g h t  

down t o  t h e  o t h e r  end of  t h e  t r a c k .  

There  a r e  a  number of  v i s u a l  t a r g e t s  p o s i t i o n e d  on t h e  r i g h t  

edge  of  t h e  l a n e  i n  which you w i l l  b e  t r a v e l i n g .  There  i s  a l s o  

one a d d i t i o n a l  ( l i n e )  t a r g e t  which w i l l  be p o s i t i o n e d  on t h e  

r i g h t  s i d e .  

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

a  l i n e  w i t h  a s q u a r e  a t  e i t h e r  t h e  l e f t  o r  t h e  r i g h t  end. We 

want you ( d r i v e r )  t o  f i r m l y  d e p r e s s  t h e  r i g h t  o r  l e f t  horn  s w i t c h  

on t h e  s t e e r i n g  wheel c o r r e s p o n d i n g  t o  t h e  p o s i t i o n  o f  t h e  s q u a r e .  

With t h e  s q u a r e  on t h e  r i g h t  d e p r e s s  t h e  r i g h t  s w i t c h ,  o r  t h e  

l e f t  s w i t c h  i f  t h e  s q u a r e  i s  on t h e  l e f t .  The p a s s e n g e r  shou ld  

push h i s  s w i t c h ,  h e l d  by thumb and i n d e x  f i n g e r ,  i n  t h e  c o r r e s -  

ponding  d i r e c t i o n  when you can  d e t e r m i n e  t h e  t a r g e t ' s  p o s i t i o n .  

We want you t o  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  i t  i s  p o s s i b l e  f o r  you t o  i d e n t i f y  t h e  d i r e c t i o n  i n  which t h e  

s q u a r e  i s  o r i e n t e d .  Avoid making e r r o r s .  I f  you do  make an 

e r r o r  c o r r e c t  i t  a s  soon a s  it i s  e v i d e n t  t o  you by d e p r e s s i n g  

t h e  s w i t c h  once a g a i n .  Do n o t  h o l d  t h e  s w i t c h  down l o n g e r  t h a n  

n e c e s s a r y  t o  make a  r e sponse .  

While you a r e  l o o k i n g  a t  t h e  o r i e n t a t i o n  o f  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  you shou ld  a l s o  o c c a s i o n a l l y  l ook  f o r  t h e  

l i n e  t a r g e t ,  which i s  p o s i t i o n e d  abou t  10 f e e t  above t h e  ground 

and t o  t h e  r i g h t  o f  t h e  l a n e  i n  which we s h a l l  be  d r i v i n g .  ( T h i s  

t a r g e t  h a s  a l i n e  whose t o p  i s  o r i e n t e d  t o  t h e  r i g h t  o r  l e f t . )  



I f  it i s  p o i n t i n g  t o  t h e  r i g h t  depress  t h e  r i g h t  s i d e  swi tch  

twice  i n  quick  success ion .  Correspondingly,  i f  t h e  l i n e  i s  

p o i n t i n g  t o  t h e  l e f t  push t h e  l e f t  s i d e  swi tch  t w i c e ,  i n  quick  

s u c c e s s i o n ,  a s  soon a s  you can determine  t h e  o r i e n t a t i o n .  

A run 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  l ane .  There 

may o r  may n o t  be ano the r  c a r  f a c i n g  us i n  t h e  o t h e r  l a n e .  When 

e v e r y t h i n g  i s  ready i n  t h i s  c a r  I w i l l  t u r n  o f f  i t s  h e a d l i g h t s ,  

When e v e r y t h i n g  i s  ready i n  t h e  second c a r  t h e  h e a d l i g h t s  on it 

w i l l  a l s o  be t u r n e d  o f f .  I w i l l  t hen  ask you i f  you a r e  ready t o  

s t a r t  t h e  run.  When you a r e  ready I w i l l  t u r n  t h e  h e a d l i g h t s  on 

aga in  on t h i s  c a r  and a t  t h a t  t i m e  t h e  d r i v e r  w i l l  a c c e l e r a t e  t h i s  

c a r  up t o  a  speed of about  32  miles  pe r  hour and then  r e l e a s e  t h e  

a c c e l e r a t o r .  The c a r  w i l l  then reduce i t s  speed a l i t t l e  u n t i l  

t h e  automat ic  speed c o n t r o l  dev ice  t a k e s  hold .  Continue t o  keep 

your f o o t  completely 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  mainta in  

a  s t eady  speed. Respond a s  soon a s  you can t o  each t a r g e t  a t  t h e  

r i g h t  s i d e  of  t h e  l a n e  and t h e  l i n e  t a r g e t  by d e p r e s s i n g  t h e  l e f t -  

r i g h t  s w i t c h e s ,  a s  a l r e a d y  expla ined.  Remember, respond once on ly  

t o  each of t h e  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  and respond 

twice  i n  quick  success ion  t o  t h e  overhead t a r g e t .  

On t h o s e  r u n s  when t h e  h e a d l i g h t s  of t h e  o t h e r  c a r  a r e  

l i g h t e d  I want t h e  d r i v e r  only  t o  l e t  me know when you f i n d  t h e  

l i g h t  from t h e  headlamps of  t h e  o t h e r  c a r  t o  be b r i g h t e r  than you 

c a r e  t o  t o l e r a t e  and t o  be caus ing e x c e s s i v e  v i s u a l  d i scomfor t  o r  

annoyance. When t h i s  p o i n t  of g l a r e  d i scomfor t  occurs  c a l l  o u t  

" g l a r e . "  On some runs  you may n o t  f i n d  t h e  o t h e r  c a r ' s  headlamps 

caus ing  e x c e s s i v e  d i scomfor t ,  i n  which c a s e  you do n o t  respond,  

Respond on ly  i f  and when t h e  o t h e r  c a r ' s  headlamps a r e  caus ing  

you more d i scomfor t  than  you would c a r e  t o  t o l e r a t e  a s  t h e  c a r s  

approach each o t h e r .  



A t  t h e  c o n c l u s i o n  o f  each  run  you w i l l  be  a sked  t o  make a  

r a t i n g  of t h e  e f f e c t i v e n e s s  w i t h  which t h e  headlamps you have 

used  on t h a t  run  p r o v i d e  i l l u m i n a t i o n  o f  t h e  roadway and o t h e r  

o b j e c t s ,  and t o  r a t e  t h e  e x t e n t  o f  t h e  g l a r e  d i s c o m f o r t  produced 

by t h e  lamps on t h e  o t h e r  c a r .  I n  o r d e r  t o  make t h e s e  r a t i n g s  

you w i l l  u s e  t h e  i n s t r u c t i o n s  shown w i t h  t h e  r a t i n g  s h e e t .  Your 

r a t i n g s  w i l l  b e  w r i t t e n  down by each  of you i n d e p e n d e n t l y  u s i n g  

t h e  pad of  pape r  p rov ided .  

90 you have any q u e s t i o n s ?  

We s h a l l  f i r s t  make some p r a c t i c e  r u n s  s o  t h a t  you can  

become f a m i l i a r  w i t h  t h e  comple te  p rocedure .  I f  you a r e  n o t  

c l e a r  on what you a r e  supposed t o  be  do ing  p l e a s e  l e t  me know 

a s  soon a s  p o s s i b l e .  We want you t o  remain a s  a t t e n t i v e  a s  you 

can  t h r o u g h o u t  t h i s  t e s t  and t o  respond  a s  soon as  p o s s i b l e ,  

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

of  t h e  t a r g e t s .  



TEST 5: RATINGS 

Rate the lamps you have just been using on this last run, 

with reference to the low beam headlights now used in the U.S. 

such as on your own car and other cars, for: 

1. The effectiveness of the test lamps in providing 

illumination of the road and other obj'ects. 

2 .  The degree of glare discomfort experienced from the 

headlights of the other car. 

Use the rating scales shown below to select one of the values. 

I. Very 'Much Very Much 
Less Effective More Effective 

1 2  3 5 6 7 
i I 

I 
I I 

I I 
U.S. LOW Beam 

EFFECTIVENESS IN PROVIDING ILLUMINATION 

G. Very Much 
Less Discomfort 

Very Much 
More Discomfort 

U.S. Low Beam 

DEGREE OF GLARE DISCOMFORT 

Show your ratings by writing the appropriate numbers (1-7) 

on the pad, one number for illumination (I) effectiveness and 

one for glare (G) discomfort. Do not discuss your ratings until 

the whole test is completed. 



APPENDIX C 

PRELIMINARY EVALUATION OF TARGETS FOR 
USE I N  HEADLAMP BEAM FIELD TESTS 



Appendix C 

PRELIMINARY EVALUATION OF TARGETS FOR 
USE I N  HEADLAMP BEAM FIELD TESTS 

PRELIMINARY CONSIDERATIONS 

A number o f  b a s i c  c o n s i d e r a t i o n s  were f e l t  t o  be impor tan t  

i n  t h e  development of s u i t a b l e  t a r g e t s  f o r  use  i n  t h e  f i e l d  t e s t s .  

Ta rge t s  were t o  have a  p rope r ty  such t h a t  t h e i r  v i s i b i l i t y  was 

independent  o f  l i m i t a t i o n s  of t h e  d r i v e r ' s  v i s u a l  a c u i t y ,  the reby  

i n d i c a t i n g  some minimum s i z e  requirements .  I n  a d d i t i o n ,  t a r g e t s  

should  have t h e  c a p a b i l i t y  of  p rov id ing  v a r i a b l e  r e f l e c t a n c e  char-  

a c t e r i s t i c s ,  so t h a t  t h i s  v a r i a b l e  could  be s t u d i e d ,  s i n c e  t h e  

photometr ic  s t udy  de sc r i bed  i n  Appendix D i n d i c a t e s  t h a t  o b j e c t s  

i n  t h e  d r i v e r ' s  f ie ld-of-view can a t t a i n  d i f f e r e n t  r e f l e c t a n c e  

va lues .  Ta rge t s  t h a t  a r e  s u i t a b l e  f o r  use  i n  t h e s e  tests  should  

be capab le  of  be ing  p o s i t i o n e d  i n  v a r i o u s  l o c a t i o n s  abou t  t h e  l a n e  

be ing  used by t h e  d r i v e r .  P r e f e r a b l y ,  t h e  t a r g e t s  should n o t  be 

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

o r  by t h e  background l i g h t i n g  provided by o t h e r  sou rce s ,  s i n c e  t h i s  

would l e a d  t o  e v a l u a t i o n s  t h a t  a r e  independent  of  t h e  i l l u m i n a t i o n  

provided by t h e  headlamps under t e s t .  Obviously, a most impor tan t  

p rope r ty  of  t e s t  t a r g e t s  i s  t h a t  they  should  n o t  p rov ide  spu r ious  

d a t a ,  such a s  being d e t e c t e d  by t h e  shadow which they  c a s t  on t h e  

background r a t h e r  than  be ing  seen d i r e c t l y  by t h e  i l l u m i n a t i o n  

provided by t h e  beams on t h e  t e s t  c a r .  To t h e  e x t e n t  t h a t  t a r g e t s  

can meet t h e  above r e s t r i c t i o n s ,  they  should  r e p r e s e n t  a s  much a s  

p o s s i b l e ,  o b j e c t s  t h a t  a r e  impor tant  t o  d r i v e r s  i n  terms of s a f e t y ,  

DEVELOPMENT OF PRELIMINARY TEST TARGETS 

Using an evo lu t i ona ry  approach,  f ou r  t ypes  of  test t a r g e t s  

were developed f o r  t h i s  p r e l im ina ry  eva lua t i on .  

1. V e r t i c a l  Targe t .  Th i s  t a r g e t  c o n s i s t e d  o f  a  r e c t a n g u l a r  

pane l  f o u r  i nches  i n  width  which was made up i n  t h r e e  s i z e s ,  a s  

measured i n  h e i g h t  from t h e  ground t o  t h e  t op  of  t h e  t a r g e t  s t r u c -  

t u r e :  ( a )  sma l l ,  1 2  i n c h e s ,  (b) medium, 27 i n c h e s ,  (c )  t a l l ,  3 7  

i n ches .  

1 0 9  



These t a r g e t s  were comprised of a  pane l  4 i n c h e s  wide and 

e i t h e r  12 i n c h e s  ( s m a l l ) ,  2 0  i n c h e s  (medium), 32 i n c h e s  ( t a l l )  i n  

l e n g t h  i n  t h e  v e r t i c a l  dimension.  They c a r r i e d  a  b o r d e r  one 

i n c h  wide a l o n g  a l l  t h e  s i d e s ,  which was p a i n t e d  a  b l a c k  w i t h  

r e f l e c t a n c e  of  abou t  6 .5%.  The a r e a  i n s i d e  t h e  r e c t a n g l e  was p a i n t e d  

a  f l a t  g r e y ,  of v a r y i n g  r e f l e c t a n c e  v a l u e s  between 16-98%. 

Examples of  t h e s e  t a r g e t s  a r e  shown i n  F i g u r e  C . 1 ,  i n  each of  

t h e  t h r e e  s i z e  c a t e g o r i e s  used.  

2 .  Up/Down Targe t .  T h i s  t a r g e t  was made up w i t h  two s i z e s  

of  t a r g e t  f a c e s ,  e i t h e r  of  which could  be p o s i t i o n e d  i n  an up o r  

a  down p o s i t i o n .  The t a r g e t  c o n s i s t e d  o f  a  v e r t i c a l  s u p p o r t  26 

i n c h e s  l ong ,  mounted on a  f l a t  board .  The t a r g e t  f a c e s ,  which 

cou ld  be a t t a c h e d  t o  t h e  v e r t i c a l  member such t h a t  t h e i r  c e n t e r  

was e i t h e r  6  i n c h e s  o r  2 4  i n c h e s  above t h e  pavement, were each  4 

i n c h e s  i n  t h e  v e r t i c a l  dimension and 4 o r  12 i n c h e s  i n  t h e  

h o r i z o n t a l  d i r e c t i o n  when i n  p o s i t i o n .  The s u p p o r t i n g  s t r u c t u r e  

was p a i n t e d  f l a t  b l a c k  ( 3 %  r e f l e c t a n c e )  w h i l e  t h e  t a r g e t  f a c e s  were 

made up w i t h  r e f l e c t a n c e s  between 5-98%.  A s k e t c h  o f  t h i s  t a r g e t  

i s  shown i n  F i g u r e  C . 2 .  

3 .  P e d e s t r i a n  T a r g e t .  A t a r g e t  r e p r e s e n t a t i v e  of  t h e  approxi -  

mate a r e a  of  s u r f a c e  which would be p r e s e n t e d  t o  a  d r i v e r  by a  

p e d e s t r i a n  was c o n s t r u c t e d  o f  a  s h e e t  of  plywood 16 i n c h e s  i n  wid th  

and 7 2  i n c h e s  i n  l e n g t h ,  i n  t h e  v e r t i c a l  dimension. A s u i t a b l e  

s t a n d  was developed t o  s u p p o r t  t h i s  board .  The board  was p a i n t e d  

a  f l a t  g r e y  having  r e f l e c t a n c e s  of 14% and 2 2 % .  

4 .  Choice P o s i t i o n  T a r g e t .  A t a r g e t  was c o n s t r u c t e d  which 

r e q u i r e d  t h e  o b s e r v e r  t o  make a  cho ice  conce rn ing  an a s p e c t  of t h e  

t a r g e t ' s  d e t a i l .  The t a r g e t  c o n s i s t e d  of a 2 4  inch  squa re  board 

suppor t ed  i n  a  v e r t i c a l  o r i e n t a t i o n .  T h i s  background was p a i n t e d  

b l a c k ,  w i t h  a  r e f l e c t a n c e  of  about  6 . 5 % .  A second board ,  16 i n c h e s  

s q u a r e ,  was p i v o t e d  a t  t h e  c e n t e r  of t h e  s u p p o r t i n g  board  s o  t h a t  

i t  cou ld  be  r o t a t e d .  The i n n e r  board  had two l i n e s ,  each  4 i n c h e s  



Figure C.1 .  The verticzl targets. 
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Figure C.2. Dimensions of the up/down target. 



F i g u r e  C . 3 .  The choice target. 



i n  w id th  a l o n g  o p p o s i t e  s i d e s ,  w i t h  t h e  r ema in ing  8- inch w i d t h  i n  

t h e  c e n t e r  p a i n t e d  a  f l a t  b l a c k  o f  6 . 5 %  ( F i g u r e  C . 3 ) .  

The two p a r a l l e l  l i n e s  on t h e  r o t a t a b l e  boa rd  were p a i n t e d  

i n  v a r i o u s  r e f l e c t a n c e s  between 10-98%. 

VISIBILITY DISTANCE EVALUATIONS 

An au tomob i l e  was d r i v e n  towards  one o f  t h e  s e l e c t e d  tes t  

t a r g e t s  l o c a t e d  a t  t h e  r i g h t  edge o f  t h e  r o a d ,  u s i n g  a  f l a t  sec-  

t i o n  of  roadway where t h e r e  was no oppos ing  t r a f f i c .  The v e h i c l e  

was equipped  w i t h  a  f i f t h  wheel and d i s t a n c e  c o u n t e r .  A s  soon a s  

t h e  s u b j e c t  was a b l e  t o  d e t e c t  a  p a r t i c u l a r  t a r g e t  h e  d e p r e s s e d  

a  s w i t c h  and t h e  d i s t a n c e  from t h e  t a r g e t  a t  which t h e  s u b j e c t  

responded  was measured.  

For  each  t a r g e t ,  v a r i o u s  r e f l e c t a n c e  v a l u e s  were u s e d ,  t o  

e v a l u a t e  s e e i n g  d i s t a n c e s  w i t h  low and h i g h  beams. A number of  

t r i a l s  were run  f o r  each  t a r g e t ,  u s i n g  two s u b j e c t s .  

RESULTS 

The mean v i s i b i l i t y  d i s t a n c e s  w i t h  t h e  v e r t i c a l  t a r g e t s  a r e  

shown i n  F i g u r e  C . 4  f o r  low and h igh  beams. I t  w i l l  be  n o t e d ,  

t h a t  w i t h  low beams, t h e r e  i s  no c o n s i s t e n t  e f f e c t  o f  t a r g e t  

r e f l e c t a n c e ,  o r  t a r g e t  v e r t i c a l  s i z e ,  

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

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

w i t h  t a r g e t  v e r t i c a l  d imens ion .  

F i g u r e  C . 5  shows t h e  v i s i b i l i t y  o b t a i n e d  on low beams w i t h  

t h e  up/down t a r g e t  when t h e  c e n t e r  o f  t h e  t a r g e t  f a c e  i s  l o c a t e d  

e i t h e r  a t  2 4  i n c h e s  above t h e  pavement o r  6 i n c h e s  above t h e  

pavement,  a s  a  f u n c t i o n  of  r e f l e c t a n c e  and t a r g e t  h o r i z o n t a l  

l e n g t h s  o f  4 and 1 2  i n c h e s .  For  b o t h  low and h i g h  beams ( F i g u r e  

C . 6 )  i t  can  be  s e e n  t h a t  t h e r e  i s  a  r e a s o n a b l y  c o n s i s t e n t l y  g r e a t e r  

v i s i b i l i t y  f o r  t h e  t a r q e t  f a c e  i n  t h e  "down" p o s i t i o n  ( i . e . ,  w i t h  

t h e  c e n t e r  a t  6 i n c h e s  above t h e  pavement) t h a n  w i t h  t h e  t a r g e t  
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f a c e  i n  t h e  upper p o s i t i o n  ( i . e . ,  w i t h  t h e  c e n t e r  of t h e  t a r g e t  

f a c e  a t  2 4  i nches  above t h e  pavement) .  Th i s  e f f e c t  i s  more c l e a r l y  

shown i n  t h e  h igh  beam d a t a .  I n  a d d i t i o n ,  when t h e  h o r i z o n t a l  

dimension of t h e  t a r g e t  was i n c r e a s e d  from 4 i nches  t o  1 2  i n c h e s  

t h e r e  was a l s o  an i n c r e a s e  i n  v i s i b i l i t y .  There was a l s o  a  s t r o n g  

e f f e c t  of t a r g e t  r e f l e c t a n c e ,  a s  would be expec ted .  

Mean v i s i b i l i t y  d i s t a n c e s  ob ta ined  wi th  t h e  p e d e s t r i a n  and t h e  

cho ice  t a r g e t s  a r e  shown i n  F igu re  C . 7 .  I n  bo th  c a s e s ,  v i s i b i l i t y  

was a f f e c t e d  by t a r g e t  r e f l e c t a n c e  and t h e  d i f f e r e n c e s  between t h e  

low and h igh  beams a r e  a l s o  c l e a r - c u t .  

CONCLUSIONS 

Based upon t h e  f i n d i n g s  of t h e s e  p i l o t  t e s t s ,  i t  was concluded 

t h a t  a l l  o f  t h e s e  t a r g e t s  l e n t  themselves  i n  some measure a s  be ing  

s u i t a b l e  f o r  h e a d l i g h t i n g  f i e l d  t e s t s .  However, t h e r e  were d i f f e r -  

ences  i n  t h e  r e l i a b i l i t y  of t h e  d a t a  ob ta ined .  Thus, t h e  v e r t i c a l  

t a r g e t  was d i s c a r d e d  from f u r t h e r  t e s t i n g  because it d i d  n o t  p rov ide  

a  c l e a r - c u t  e f f e c t  o f  r e f l e c t a n c e  w i t h  low beams, i n d i c a t i n g  l a c k  of 

s e n s i t i v i t y  i n  expec ted  d a t a  t o  e v a l u a t e  beam and o t h e r  e f f e c t s .  

I n  a d d i t i o n ,  it was no ted  t h a t  w i t h  t h i s  t a r g e t  t h e r e  was some 

tendency f o r  shadows t o  be c a s t  on t h e  road ,  a l l owing  t h e  t a r g e t  t o  

be d e t e c t e d  on t h a t  b a s i s  r a t h e r  t han  on t h e  i l l u m i n a t i o n  of t h e  

c e n t r a l  p o r t i o n  of t h e  t a r g e t  f a c e .  

The f i n d i n g s  wi th  t h e  up/down t a r g e t  appeared t o  be  reason-  

a b l y  c o n s i s t e n t ,  based on t h e  l i m i t e d  d a t a  c o l l e c t e d .  I n  bo th  

low and h igh  beams t h e r e  was an e f f e c t  of t a r g e t  r e f l e c t a n c e ,  

w i t h  t h e  cu rves  showing a p p r o p r i a t e  shapes .  I n  a d d i t i o n ,  t h i s  

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

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

upper p o s i t i o n ,  w i th  i t s  c e n t e r  a t  2 4  i nches  above t h e  pavement, 

p rovided  less v i s i b i l i t y  f o r  e i t h e r  beam t h a n  the  t a r g e t  f a c e  i n  

t h e  lower p o s i t i o n .  
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Figure C.7.  Mean visibility distance of pedestrian and choice 
targets as a function of reflectance, . .  with . low' 
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One purpose  of  having  a  t a r g e t  w i t h  t h e  c a p a b i l i t y  of  moving 

t h e  t a r g e t  f a c e  t o  an upper o r  lower p o s i t i o n  i s  t o  e n s u r e  t h a t  

beam e v a l u a t i o n s  t a k e  i n t o  account  t h e  requi rement  of  beams t o  

p r o v i d e  i l l u m i n a t i o n  n e a r  t h e  road  s u r f a c e ,  f o r  v e h i c l e  gu idance ,  

a s  w e l l  a s  above t h e  s u r f a c e  f o r  o b s t a c l e  d e t e c t i o n .  I t  would 

a l s o  be  impor t an t  t o  avoid  us ing  a t a r g e t  which may l e a d  t o  

d e s i g n  o f  a  beam which does  n o t  p rov ide  adequate  i l l u m i n a t i o n  on 

t h e  pavement, w h i l e  p r o v i d i n g  good i l l u m i n a t i o n  o f  o b s t a c l e s  which 

p r o t r u d e  some d i s t a n c e  above t h e  pavement. I n  t h i s  r e s p e c t  i t  i s  

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

C l e a r  discriminations were a l s o  o b t a i n e d  between low and h igh  beam 

e f f e c t i v e n e s s .  

I t  i s  concluded t h a t  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 i s  t a r g e t  

would make it s u i t a b l e  f o r  use  i n  h e a d l i g h t i n g  f i e l d  t e s t  e v a l u a t i o n s ,  

when s i l h o u e t t e  s e e i n g  c o n d i t i o n s  a r e  n o t  i n v o l v e d ,  S i n c e  t h a t  

poses  a  p o t e n t i a l  drawback o f  t h i s  s p e c i f i c  t a r g e t , i t  sugges t ed  t h a t  

t h e  c h a r a c t e r i s t i c s  of  t h i s  t a r g e t  should  be u t i l i z e d  b u t  i n  a  d i f -  

f e r e n t  format .  

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

i t  provided  good d i s c r i m i n a b i l i t y  based upon performance w i t h  low 

and h i g h  beams, and i n d i c a t e d  a p p r o p r i a t e  e f f e c t s  due t o  d i f f e r e n c e s  

i n  r e f l e c t a n c e .  However, t h i s  t a r g e t  s u f f e r s  from shadows c a s t  

on t h e  background which may c a u s e  s p u r i o u s  d e t e c t i o n  r e s p o n s e s  t o  

be made, I n  a d d i t i o n ,  it i s  c l e a r l y  v i s i b l e  i n  s i l h o u e t t e  s e e i n g  

c o n d i t i o n s .  

I n  o r d e r  t o  overcome some of t h e  fo rego ing  d i s a d v a n t a g e s  of  

d e t e c t i o n  t a r g e t s ,  which were found i n  t h e  p reced ing  t h r e e  t y p e s  

of t a r g e t s ,  t h e  cho ice  t a r g e t  was developed.  Responses o b t a i n e d  

w i t h  t h i s  t a r g e t  were c o n s i s t e n t  i n  terms of  t h e  e f f e c t s  of t a r g e t  

r e f l e c t a n c e  and t h e  e f f e c t s  of headlamp beams. However, t h i s  

t a r g e t  d i d  n o t  f a c i l i t a t e  t h e  e v a l u a t i o n ,  which was f e a s i b l e  w i t h  



t h e  up/down t a r g e t ,  of t h e  e f f e c t s  of beams bo th  c l o s e  t o  t h e  

pavement and a t  some p o i n t  above t h e  pavement. I t  was no ted  t h a t  

t h e  responses  made w i t h  t h i s  t a r g e t  were g e n e r a l l y  c o n s i s t e n t ,  

and they  were n o t  a f f e c t e d  by many of  t h e  o t h e r  drawbacks asso-  

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

Based on t h e  fo rego ing  f i n d i n g s ,  it was determined t h a t  t h e  

major t a r g e t  t o  be  used i n  t h e  h e a d l i g h t i n g  f i e l d  t e s t s  should  

embody t h e  major advantages  of t h e  t a r g e t s  e v a l u a t e d  i n  t h e s e  

s t u d i e s .  Thus, t h e  t a r g e t  should  be a  choice- type  of  t a r g e t ,  

r e q u i r i n g  an  i d e n t i f i c a t i o n  of  t a r g e t  d e t a i l  o r  o r i e n t a t i o n .  I n  

a d d i t i o n ,  t h e  t a r g e t  f a c e s  should  be a b l e  t o  be p o s i t i o n e d  c l o s e  

t o  t h e  pavement and a t  some d i s t a n c e  above i t ,  The t a r g e t  should  

be one t h a t  c a r r i e s  i t s  own background, s o  t h a t  it i s  n o t  a f f e c t e d  

by s i l h o u e t t e  s e e i n g  o r  by t h e  c o n t r a s t  w i t h  t h e  road  o r  shou lde r .  

These c o n s i d e r a t i o n s  l e d  t o  t h e  development of t h e  type-I  t a r g e t  

d e s c r i b e d  e a r l i e r  ( F i g u r e  6 ) .  I n  a d d i t i o n ,  s i n c e  t h e r e  was a  

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

p o s i t i o n e d  i n  t h e  l a n e  used by t h e  t e s t  c a r ,  t h e  type-I  t a r g e t  

was modif ied a s  shown i n  F i g u r e  7 .  

A d d i t i o n a l  c o n s i d e r a t i o n s  of d r i v e r s '  v i s i b i l i t y  r equ i rements  

sugges ted  t h a t  two o t h e r  t a r g e t s  would be  r e q u i r e d ,  s i m u l a t i n g  

a s p e c t s  of road  s i g n s  and r o u t e  guidance s i g n s .  Such t a r g e t s  were 

subsequen t ly  developed f o r  use  i n  t h e  tes ts  t h a t  were c a r r i e d  o u t ,  

and a r e  shown i n  F i g u r e s  9 and 1 0 .  



Appendix D 

REFLECTANCE OF SOMB OBJECTS I N  A 
DRIVER'  S VISUAL ENVIRONLYENT 



MEASUREMENTS OF PAVEMENT DIRECTIONAL 
REFLECTANCE AND OF OTHER OBJECTS 

Pavement reflectance is not a useful unit by which to infer 

the amount of light a driver of a vehicle receives, as the inci- 

dent and viewing angles affect the perceived luminance of roadway 

and various objects. Therefore, King and Finch (1968) formulated 

that: 

Pavement Luminance = Directional Reflectance Factor x 
Horizontal Illumination. 

This equation can be used to convert illumination in foot-candles 

incident upon a surface to the luminance in foot-lamberts that 

will be received by the human eye. It should be clear that the 

Directional Reflectance Factor (DRF) is specified to a particular 

angle of incidence and angle of observation. 

A comprehensive investigation of pavement luminance was 

reported by King and Finch (1968). Using incident angles of 5-88O 

and horizontal angles of 0-360°, they simulated viewing distances 

of 50-600 feet by varying the height of the measuring instrument. 

Data were presented for a sample of in-service asphaltic concrete 

pavement worn for about four years. Attempting to relate the 

angular variables to typical highway usage, it was determined 

that the roadway more than about 25 feet ahead of a vehicle would 

receive light from the headlights at less than a 5 O  angle of 

incidence, Angles of incidences of headlights for roadway dis- 

tances of 50-600 feet would typically be 2' 17' to 0' 11'. Thus, 

data cited for incidence angles of 5' will only approximate that 

which might be obtained in an actual automobile situation. For 

a horizontal angle of O0 and vertical angle of 5' the Directional 

Reflectance Factor (DRF) was found to vary from .04 to .015 for 

simulated viewing distances of 50 to 600 feet. The DRF is not 

appreciably affected by changes in the horizontal angle for low 

vertical angles (including 5'). 

For distances of 50-600 feet horizontal angles of 160-180° 

would provide DRF approximately equal to those obtained with a 



h o r i z o n t a l  a n g l e  o f  0'. Thus t h e  DRF o f  t h e  roadway sample used  

i s  p r a c t i c a l l y  a  c o n s t a n t  w i t h  a  v a l u e  o f  .04-,015 depending on 

d i s t a n c e  (50-600 f e e t )  f o r  h o r i z o n t a l  a n g l e s  r e p r e s e n t a t i v e  o f  

o n e ' s  own h e a d l i g h t s  and t h o s e  o f  oppos ing  au tomob i l e s .  

For  example,  a  headlamp p r o v i d i n g  1 f t - c  o f  i l l u m i n a t i o n  on 

a s p h a l t i c  c o n c r e t e  pavement ahead o f  an  au tomobi le  d r i v e r  would 

p r o v i d e  a  d r i v e r  w i t h  between .04-.015 FL of  luminance.  Th i s  

luminance would be  p rov ided  r e g a r d l e s s  of  whether  t h e  i l l u m i n a -  

t i o n  was p rov ided  by t h e  d r i v e r ' s  own headlamps o r  t h o s e  o f  an 

oncoming c a r .  

Measurements t a k e n  by HSRI of  pavements were a t  50 f e e t  d i s -  

t a n c e  (photometer  t o  o b j e c t )  w i t h  a  0 '  h o r i z o n t a l  a n g l e  and a  

6 O  v e r t i c a l  a n g l e  of  i n c i d e n c e .  ( I t  was n o t  conven ien t  t o  u s e  a  

s m a l l e r  v e r t i c a l  a n g l e  of i n c i d e n c e . )  For  an a s p h a l t i c  c o n c r e t e  

s u r f a c e  ( ex t r eme ly  worn) a  D i r e c t i o n a l  R e f l e c t a n c e  F a c t o r  (DRF) 

of  .09 was found. For  a  smoother ( l e s s  p i t t e d )  worn a s p h a l t  

s u r f a c e  covered  w i t h  a l i g h t  c o a t i n g  of  sand a  DRF of  . l o  was 

de te rmined .  The s o u r c e  of  t h e  v a r i a t i o n  o f  t h e  pavement DRF' 

v a l u e s  between King and F inch  and HSRI i s  n o t  known, b u t  may well 

be  i n  p a r t  caused  by v a r i a t i o n s  between l a b o r a t o r y  p rocedure  and 

f i e l d  measurement t e c h n i q u e s .  

Computed v a l u e s  of DRF f o r  t h e s e  and o t h e r  f i e l d  measurements 

a r e  g iven  i n  Table  D . l  and a r e  i n  g e n e r a l  agreement w i t h  t h o s e  

r e p o r t e d  by Forbes  (1966)  shown i n  Table  D.2. 

Other  work by F inch  and Marxheimer (1952)  d e a l i n g  w i t h  pave- 

ment r e f l e c t a n c e  used d r y ,  damp, and wet s u r f a c e s .  Worn p l a n t -  

mixed a s p h a l t  s u r f a c i n g  was found t o  have a  d i f f u s e  r e f l e c t a n c e  

of 6 %  d r y  and 3 %  damp (measurements made by Baumgartner Ref lec-  

t o m e t e r  w i t h  a n g l e  of i n c i d e n c e  3 0 ' ) .  Worn a s p h a l t i c  c o n c r e t e  

was found t o  have a d i f f u s e  r e f l e c t a n c e  of  1 1 - 1 4 %  d r y ,  8-10% damp 

and 5% w e t .  Worn P . C .  c o n c r e t e  was found t o  have a  d i f f u s e  

r e f l e c t a n c e  of 24-27% d r y  and 1 2 %  w e t  (Tab le  ~ . 3 . ) .  



The Directional Reflectance Factors for these materials are 

also shown. While P.C. concrete was found to have the highest 

brightness factor, wet asphaltic concrete had a greater DRF than 

wet P.C. concrete. The latter effect was caused by the light 

color stone aggregate. In all comparisons the plant-mixed asphalt 

surface had the lowest reflectance values. 

RETRO-REFLECTIVE SIGNS 

Retro-reflective signs are not diffuse reflectors and thus 

total reflectivity is not an appropriate measurement unit for 

them. For such signs light is returned near the axis of the 

incident light, Information on reflective efficiency of retro- 

reflective signs is provided in an article by Elstad, Fitzpatrick 

and Woltman (1962). More recent information is provided by 

Youngblood and Woltman (1971) in an artic'le which specifies the 

sign luminance provided by headlamps for distances of 150-1500 feet. 

CONCLUSIONS 

Most of the natural and man-vehicle objects in a driver's 

field-of-view have reflectance factors of around 0.10, including 

many types of pavement. Road delineation by striping can increase 

the reflectance of the important road center and edges to about 

0.20-0.30, though wear reduces the maximum value. Pedestrian 

clothing is frequently of very low reflectance. These data 

should be helpful in selecting reflectance values for headlighting 

test targets. 



TABLE D . 1 .  D i r e c t i o n a l  Ref l ec t ance  F a c t o r s  
Measured f o r  Various Objec t s .  
(Hor izon ta l  Angle = 0°, Source 
V e r t i c a l  Angle = 6 O ,  Receiver  
V e r t i c a l  Angle = 4') 

Targe t  DRF - 
Asphal t  Aggregate 

White s t r i p e  . 1 8  
New yel low s t r i p e  .31  
Old yel low s t r i p e  .18 
Black s t r i p e  .03 
Pavement .09 

O l d  Asphal t  

Pavement 
Yellow s t r i p e  

New Asphal t  

Pavement . 01  

White Vinyl  Tape .05 

Cement 

Pavement 
White s t r i p e  
Black s t r i p e  
Curb 
Bridge abutment* 

D i r t  

Roadside 
Roadway 

Greenery 

Grass 
Weeds 

C lo thes  

Blue j eans  
White T - s h i r t *  

- -  - 

"Receiver  a n g l e  i s  0 " .  



TABLE D.2. R e f l e c t a n c e  F a c t o r s  Given by Forbes (1966) 

T a r a e t  

P i n e  Trees 

Grass 

Grass 

F o r e s t  

D i r t  

Asphal t  

Concre te  

p e d e s t r i a n s  

P e d e s t r i a n s  

Long, dormant,  p a l e  g reen  

Lush g r e e n ,  c l o s e l y  mowed 

Mixed green 

Packed, ye l lowish  

O i l y  w i t h  d u s t  f i l m  

White aged 

Median of 54 w i n t e r  c o a t s  

5 t h  p e r c e n t i l e  w i n t e r  c o a t s  



TABLE D.3. Percent Diffuse Reflectance(R) and Directional 
Reflectance Factors* ( k )  of Three Types of Worn 
Pavement in Dry, Damp and Wet Condition 
(Adapted from Finch and Marxheimer, 1 9 5 2 )  

*At 2'  receiver vertical angle. 

Dry 
Damp 

Wet 

Pavement 

Pre-Cast 
Concrete 

R K 

24-27 0.40 
- - 

1 2  .07 

plant-Mixed 
Asphalt 

R K 

6 -05 

3 .02 
- - 

Asphaltic 
Concrete 

R K 

11-14 .20 

8-10 .10 

5 ,09 
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Appendix E 

COMPARISON OF DAY AND NIGHT CRASHES TO DISCERN 
THE CONTRIBUTION OF VEHICLE HEADLIGHTING 



SUMMARY 

Crash d a t a  from t h r e e  sources  - Washtenaw County, Oakland 

County and t h e  Na t iona l  Accident  Summary (1969) - have been 

e x t e n s i v e l y  analyzed t o  d e f i n e  c h a r a c t e r i s t i c s  of n i g h t  c r a s h e s .  

The o b j e c t i v e  has been t o  provide  a  b e t t e r  unders tanding of  t h e  

c o n d i t i o n s  surrounding n i g h t  c r a s h e s  and t h e  n a t u r e  of d e f i c i e n c i e s  

i n  v e h i c l e  h e a d l i g h t i n g ,  i f  d i s c e r n a b l e  from t h e  d a t a .  

The b a s i c  methodology has  been a  comparison of day and n i g h t  

c r a s h e s  over  a  l a r g e  number of v a r i a b l e s .  I n  t h i s  manner i t  i s  

p o s s i b l e  t o  i d e n t i f y  combinat ions of c o n d i t i o n s  t h a t  a r e  over- 

involved i n  c r a s h e s  occur r ing  dur ing  darkness  r e l a t i v e  t o  c r a s h e s  

n o t  i n v o l v i n g  darkness .  

S i n g l e - v e h i c l e  c r a s h e s  i n v o l v i n g  a l c o h o l  occur  much more 

f r e q u e n t l y  a t  n i g h t .  However, head-on and s i d e  swipe a lcoho l -  

r e l a t e d  c r a s h e s  a l s o  occur more f r e q u e n t l y  a t  n i g h t .  A l a r g e r  

pe rcen tage  of n i g h t ,  s i n g l e - v e h i c l e  c r a s h e s  occur red  on c i t y  

s t r e e t s  compared t o  r u r a l  roads .  

The l e v e l  of  d e t a i l  i n  t h e  d a t a  does n o t  suppor t  any a n a l y s e s  

t o  de termine  any d i r e c t  e f f e c t s  of l i g h t i n g  on c r a s h  occurrence .  

I n  a d d i t i o n ,  p e r s o n a l  c o n v e r s a t i o n s  wi th  HSRI c r a s h  i n v e s t i g a t o r s  

f a i l e d  t o  p rov ide  any p a r t i c u l a r  c a s e s  i n  which l i g h t i n g  was 

d i r e c t l y  i m p l i c a t e d  a s  t h e  major c a u s a l  f a c t o r .  Th i s  does n o t  

n e c e s s a r i l y  mean t h a t  l i g h t i n g  i s  n o t  an impor tant  f a c t o r  i n  c r a s h  

p reven t ion .  I t  may be due t o  an i n a b i l i t y  t o  c l e a r l y  i d e n t i f y  i t s  

e f f e c t .  There fo re ,  t h e  r e s u l t s  of t h i s  a n a l y s i s  should be seen a s  

an i d e n t i f i c a t i o n  of t h e  problems - i n  terms of c r a s h  c h a r a c t e r i s -  

t i c s  - t h a t  l i g h t i n g  should be des igned t o  reduce.  

WASHTENAW COUNTY AND NATIONAL ACCIDENT SUMMARY ANALYSIS 

The f i r s t  s t e p  i n  t h e  a n a l y s i s  p rocess  c o n s i s t e d  of an 

a n a l y s i s  of t h e  1 9 7 0  Washtenaw County c r a s h e s  us ing  t h e  A I D  (Auto- 



matic Interaction Detector) algorithm. The dependent variable 

for this analysis was a binary variable assigning crashes to 

either darkness or daylight. For this analysis crashes occurring 

at dusk were excluded. The result of that analysis is a measure 

of the percentage of crashes - within subsets defined by various 
combinations of variables - occurring at night (~igure E.l). 

The most important predictor of night crashes was alcohol 

involvement. This was followed by essentially a split between 

single vehicle and multiple vehicle crashes. Head-on and side 

swipe crashes were included with run-off the road crashes in a 

group having 73% of its crashes occurring at night. Thus it can 

be seen that night crashes tend to have two major characteristics - 
they involve drinking and they tend to be single-vehicle crashes. 

TO a somewhat lesser extent head-on crashes are also more likely 

to occur at night. Tables E.5-E.8 show a detailed identification 

of the variables used in the AID run and an indication of the per- 

centage of night crashes occurring, within the four major subgroups 

at various levels of these crash identifying variables. 

Tables E.l and E.2 provide additional analysis of ambient 

lighting by crash type for both the National Accident Summary 

file and the Washtenaw County crash file. The statistic presented 

in the cells is an involvement ratio. If there was no relation- 

ship between lighting and crash type all of these ratios would be 

1.0. Ratios larger than 1.0 identify crash type by lighting com- 

binations that occur more often than would normally be expected. 

The conclusion again is that single-vehicle crashes occur more 

frequently at night. Additional analysis of the National Accident 

Summary file also indicate that 49% of the rural single-vehicle 

crashes occur at night, whereas 40% of kne urban single-vehicle 

crashes occur at night. 

OAKLAND COUNTY CRASH ANALYSIS 

Oakland County crashes which occurred on different road 

types were also analyzed to identify conditions under which 



lighting may have been a factor. A dependent variable - percent 
of crashes occurring at night - was used in a dummy variable 

multiple regression model, for single-vehicle crashes only. The 

data used for this analysis are shown in Table E.3. This regres- 

sion model indicated that only the drinking variable had a statis- 

tically significant effect on the prediction of percentage of 

crashes at night. The statistical significance test used an 

arcsine transformation of proportion of crashes at night as the 

dependent variable, to satisfy the assumptions of the test. 

The regression model developed is as follows: 

Y = Percentage of crashes of the designated type 
which occurred at night 

xl= 1 County Road 
0 Otherwise 

X2= 1 Rural State Highway 
0 Otherwise 

X3= 1 Expressway 
0 Otherwise 

X4= 1 Straight Road 
0 Otherwise (Curve) 

X5= 1 Not Known if Drinking 
0 Otherwise 

X6= 1 Had Not Been Drinking 
0 Otherwise 

Thus the coefficients indicate the additive effect of a particular 

crash condition. For example, crashes on a rural county road 

occur 5% less frequently than do crashes on city streets. However, 

that difference is not statistically significant. Conversely, 



crashes in which the driver had not been drinking (based upon the 

police officer's judgment) occurred at night 42% less frequently. 

That difference is statistically significant. 

Table 4 was prepared to show the relationship for multiple- 

vehicle crashes between road alignment and drinking. Again, the 

proportion of drinking crashes occurring at night is quite evident. 

Thus, the analyses of the Oakland County data show that: 

1. Alcohol usage is a major predictor of single-vehicle 

night crashes given constant road type and curvature conditions. 

2. City streets had the highest percentage of night crashes. 

However, the difference was not statistically significant. 

3 .  Single-vehicle crashes on straight roads occur slightly 

more often than on curves, at night. But, the difference is not 

statistically significant. 

CONCLUSIONS 

The findings of these analyses indicate that drivers who 

have been drinking are involved in relatively more crashes at 

night than in daytime. Also, single-vehicle crashes of various 

kinds occur relatively more often at night than in daytime. 

While it might have been expected that there would be a 

greater proportion of single vehicle crashes on curves than on 

straight sections of road at night, there was a non-significant 

opposite effect. If headlighting deficiencies were important 

contributors to night, single-vehicle crashes, it might have 

been expected that this would be shown by relatively more night 

than day crashes on curves because of the more critical visibility 

and glare conditions existing on curves than straight sections 

of road at night than in the day. 

However, there were proportionately more single-vehicle 

crashes at night than in daytime. While alcohol is a known co- 

variate of these crashes, it is possible that limitations of 



v i s i b i l i t y  and g l a r e  e f f e c t s  were a l s o  involved,  b u t  a r e  hidden 

because of f a i l u r e  t o  be s p e c i f i c a l l y  r e p o r t e d .  

When t h e  e f f e c t  of a l coho l  i s  removed it  w i l l  be seen ( e . g . ,  

Table E . 3 )  t h a t  t h e  pe rcen t  of c r a s h e s  of a  given type  t h a t  occur 

a t  n i g h t  i s  s u b s t a n t i a l l y  reduced. This  can a l s o  be seen by review- 

i n g  t h e  pe rcen t  of c r a s h e s  of va r ious  k inds  t h a t  occurred  a t  n i g h t  

i n  Table E . 5 .  For example (Var iab le  35, Table E .5 ) ,  ou t -o f -con t ro l  

c r a s h e s  which d i d  n o t  invo lve  d r ink ing  a r e  no more f r e q u e n t  a t  

n i g h t  compared t o  daytime, than a r e  rear -end,  head-on, o r  i n t e r s e c -  

t i o n  c o l l i s i o n s .  S ince  out -of-cont ro l  would invo lve  h e a d l i g h t i n g ,  

t h e s e  d a t a  do n o t  provide  evidence of  t h i s .  Var iab le  42  (Table E . 5 )  

shows t h a t  a  somewhat g r e a t e r  p ropor t ion  of n i g h t ,  compared t o  day, 

c r a s h e s  involved a  sober  d r i v e r  who was l e f t  of t h e  c e n t e r  l i n e .  

Perhaps t h i s  could  be r e l a t e d  t o  head l igh t ing .  

Table E . 7  shows (Var iab les  35 and 4 2 )  s i m i l a r  e f f e c t s  f o r  

d r i n k i n g  d r i v e r s  who d i d  show a  g r e a t e r  p ropor t ion  of out -of -cont ro l  

c r a s h e s  compared t o  o t h e r  t y p e s ,  and again  more d r i v i n g  l e f t  of 

c e n t e r  v i o l a t i o n s .  The c l e a r - c u t  d i f f e r e n c e  i n  t h e s e  a lcohol-  

involved c r a s h e s  i s  t h e  f a r  g r e a t e r  p ropor t ion  occur r ing  a t  n i g h t  

than  i n  daytime i n  a l l  c a t e g o r i e s .  

Therefore ,  t h e s e  ana lyses  do n o t  provide  any i n s i g h t s  i n t o  t h e  

r o l e  of  h e a d l i g h t i n g  i n  n i g h t  c rashes .  This  was a l s o  i n f e r r e d  by 
1 Hul l  e t  a l .  (1972) who at tempted t o  e v a l u a t e  t h e  involvement of 

h e a d l i g h t i n g  f a c t o r s  i n  a c c i d e n t s ,  inc lud ing  a  comparison of  t h e  

e f f e c t s  of p e r i o d i c  v e h i c l e  i n s p e c t i o n .  The r e p o r t e d  involvement 

of  d e f e c t i v e  o r  "improper" v e h i c l e  l i g h t i n g  was q u i t e  low, and no 

d i f f e r e n c e s  were a t t r i b u t a b l e  t o  i n s p e c t i o n  programs. 

While it has n o t  been p o s s i b l e  t o  demonstrate  t h a t  c u r r e n t  

v e h i c l e  h e a d l i g h t i n g  i s  a  c o n t r i b u t o r  t o  n i g h t  c r a s h e s ,  t h e  con- 

v e r s e  cannot  be assumed t o  be t r u e .  A d i f f e r e n t  form of i n v e s t i -  

g a t i o n ,  of an i n t e n s i v e  t y p e ,  i s  needed t o  e s t a b l i s h  i f  t h e r e  

e x i s t s  a  r e l a t i o n  between p a r t i c u l a r  types  of c r a s h e s  a t  n i g h t  and 

v e h i c l e  head l igh t ing .  

' ~ ~ 1 1 ,  R.W., Hemion, R.H. and Cadena, D . G .  Guidel ines  f o r  
Improving t h e  S t a b i l i t y  of Headlamp Aim.  Rept. No. DOT HS-800-739, 
1972. 



I14ult iple V e h i c l e  I 

35% of Crashes  
when Dark 

I No Dr ink inq  I 
N = 3742 
22% of Crashes  

I 64% of  Crashes  
when Dark I 

- 

Head-on, S i d e  Swip 
Out of C o n t r o l  Lef 

4 0 %  of Crashes  
when Dark 

; 

Noted by p o l i c e  
N = 5513 
2 7 %  of Crashes  

when Dark 

- 

b 

Dr ink ing  o r  
Not Known 

o r  R igh t  
N = 720 

Rear End & 
I n t e r s e c t i o n  

' N  = 704 
55% of Craskies 

when Dark 

73% of Crashes  

, . 

F i g u r e  E . l .  R e s u l t s  of A I D  a n a l y s i s .  

I when Dark I 
h 

S i n g l e  V e h i c l e  
N = 1771 

\ - i'J = 1424 



TABLE ~.1. Comparison of  Crash Type by Ambient L i g h t i n g  Condi t ion*  

T o t a l  
Dawn Number 

D a y l i g h t  o r  Dusk Darkness Observed 

- -  6 o o  - 1 . 0 4  - - p e d e s t r i a n  579 t - -  
38 234  - .91  4 2  - 1.10 258 876 

Overturned 

Rear End 

Non-Motor - -  
Vehic l e  lg6 - .76 256 

580 - .68 Fixed O b j e c t  - - 858 

Run Off 9 6 0  = .69 
Road 1394 

- 7 4 -  - .82 
90 

Head-On 794 - - -  
830 .96 

Angle 7263  = 1.09 
C o l l i s i o n  6679 

- -  5481 - 1.04 
5263 

*Based on 1969 N a t i o n a l  Accident  Summary - T r a f f i c  U n i t s  i 100. 

'cell e n t r i e s  a r e :  observed  number expec ted  number - involvement  / - 
of c r a s h e s  of  c r a s h e s  r a t i o  

The expec ted  number of c r a s h e s  i s  computed under  t h e  assumption 
t h a t  t h e r e  i s  no r e l a t i o n s h i p  between c r a s h  t y p e  and ambient  
l i g h t i n g .  An involvement  r a t i o  g r e a t e r  t h a n  one i n d i c a t e s  t h a t  
a  p a r t i c u l a r  c r a s h  t y p e  o c c u r s  more f r e q u e n t l y  under  t h e  g iven  
l i g h t  c o n d i t i o n .  



TABLE E.2. comparison of Crash Type by Ambient Lighting Condition* 

Head-On 

Side Swipe 
Same Direction 

Dawn 
Daylight or Dusk 

Side Swipe ?!= -77 6 
Opposite Direction 44 = 1.50 

out of Control 1366 - -76 - -  - -  
Right Side of Road 1807 167 - 1.02 163 

Total 14690 1326 

Total 
Number 

Darkness Observed 

Out of Control 1059 - .75 - -  
1416 

- -  
Left Side of Road 128 - 1.00 128 

Chi-Square = 817 

D.F. = 12 

a < 0.001 

*Based on Washtenaw County crashes Jan. 1968-June 1971. 

'cell entries are: observed number expected number - involvement / - 
of crashes of crashes ratio 



TABLE E.3. Oakland County 1970 Single-Vehicle  Crashes  

Road Type Alignment 

C i t y  S t r e e t  Curve 

S t r a i g h t  

County Road Curve 

S t r a i g h t  

Rura l  S t a t e  
Highway Curve 

S t r a i g h t  

Expressway Curve 

S t r a i g h t  

T o t a l  
# of 

Drinking Crashes 

Yes 77 

No 134 

Not Known 33 

Yes 496 

No 1827 

Not Known 559 

Yes 2  16 

No 363 

Not Known 8  9  

Yes 4 0 4  

Not Known 186 

Yes 

No 

Not Known 

Yes 

No 

Not Known 

Yes 

No 

Not Known 24 

Yes 107 

No 37 1 

Not Known 46 

Number 
a t  

Night  

P e r c e n t  
a t  

Night  



TABLE E.4. Oakland County 1970 M u l t i p l e - V e h i c l e  C r a s h e s  
on R u r a l  County Roads. 

T o t a l  
Road # of 
Alignment  D r i n k i n g  Crashes  

Number 
a t  I J i s h t  

Curve D r i n k i n g  6 6  

Not Dr ink ing  394 

Not Known 11 

S t r a i g h t  D r i n k i n g  431 

Not Dr ink ing  2592  

Not Known 160 

P e r c e n t  
a t  

N igh t  



Addendum 

TABLES E.5-E.8 



TABLE ~ ~ 5 .  Washtenaw County Day v s .  Night  Crashes  I r lvo lv ing  
A S i n g l e  V e h i c l e  w i t h  No Dr ink ing ,  1971. 

V a r i a b l e  8 - R e p o r t i n g  Department  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Ann Arbor  P o l i c e  258 3 3  

1 Washtenaw County S h e r i f f  713 4 4  

3  Manchester  4 25 

4 S a l i n e  

5 B r i g h t o n ,  S t a t e  P o l i c e  P o s t  12 

6 Y p s i l a n t i ,  S t a t e  P o l i c e  P o s t  26 

8 Milan 

9 Othe r  

V a r i a b l e  2 0  - Road S u r f a c e  C o n d i t i o n  
% C r a s h e s  

Code V a r i a b l e  - Number a t  Night  

1 Dry 

2 Wet 

3 Snowy o r  I c y  

4 O the r  ( e .g .  G r a v e l ,  D i r t  o r  Sand) 

9 M i s s i n g  Data  5  20  

V a r i a b l e  26  - Area of V e h i c l e  #1 H i t  
% Crashes  

Code V a r i a b l e  

Top o r  Ko l love r  

F r o n t  

Rigi l t  F r o n t  

R i g h t  S i d e  

R i g h t  Rear 

Rear 

L e f t  Rear 

L e f t  S i d e  

L e f t  F r o n t  

More Than One Major 
Damaged 

I n c l u s i v e  Area 

N u h e r  a t  N igh t  



TABLE E . 5 ,  (cont . )  

Var iab le  28 - T o t a l  Number of Vehic les  
% Crashes 

Code Var iab le  - Number a t  Night 

1 One Vehicle  Involved 1428 40  

2 Two Vehic les  Involved 3 10 35 

3 Three Vehic les  Involved 26 53 

4 Four Vehic les  Involved 1 0 

5 Five  Vehic les  Involved 2 0 

8 E igh t  o r  More Vehicles  Involved 4 25 

Var iab le  29 - T o t a l  Number of Lanes 
% Crashes 

Code Var iab le  - Number a t  Night 

2 Two Lanes 16 9 3 7 

3 Three Lanes 63 3 1  

4 Four Lanes 1298 40 

5 Five Lanes 2 0 

9 Missing Data 239 39 

Var iab le  34 - T r a f f i c  Contro l  Present?  
'k Crashes 

Code Var iab le  - Number a t  Night 

0 No T r a f f i c  Contro l  P resen t  9 4 4  30 

2 Stop Sign,  Stop-Go O f f i c e r ,  R.R. ,  
and A l l  Other 147 39 

9 Missing Data 678 42 

Var iab le  35 - Accident Diagram I n t e r p r e t a t i o n  
% Crashes 

Code Var iab le  - Number a t  Night 

1 Rear-End C o l l i s i o n  161 4 4  

2 Head-on C o l l i s i o n  16 9 43 

3 I n t e r s e c t i o n  C o l l i s i o n  3 0 8  4 7 

4 S ide  Swipe (Vehicles  Travel ing  i n  
Same Direction) 35 23 

6 Out of Contro l  (To Right  Side of Road) 570 38 

7 Out of Contro l  (To L e f t  Side of Road) 485 35 

9 F i r e  43 32 



TABLE E.5. ( c 0 n t .  ) 

V a r i a b l e  36 - Road S t r a i g h t  o r  Curve 
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

1 S t r a i g h t  Road 1297 4 0  

2  Curve Toad 448 40 

9 Mis s ing  Data  26 31 

V a r i a b l e  37 - V e h i c l e  #1 Movement 

Code V a r i a b l e  - 
% Crashes  

Number a t  N igh t  

0 Going S t r a i g h t  Ahead 1380 42 

1 Over t ak ing  Another  V e h i c l e  53 20 

2  Making R i g h t  i 'urn 8 3  3 1  

3  Making L e f t  Turn 63 52 

4 Making U-Turn 2  50 

5 Slowing,  S topp ing  o r  Remaining S topped  
i n  T r a f f i c  45 

6 S t a r t i n g  i n  T r a f f i c  3 66  

7 S t a r t i n g  from Parked  P o s i t i o n  5 20 

8 Backing 122 29  

9 Remaining Parked (With o r  Without  
V e h i c l e  Occupants )  

V a r i a b l e  38 - V e h i c l e  # 2  Movement* 
% C r a s h e s  

Code V a r i a b l e  

9 Remaining Parked  (With o r  Without  
V e h i c l e  Occupants )  

Number a t  N igh t  

V a r i a b l e  4 1  - Acc iden t  S e v e r i t y  
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

1 F a t a l  7 43 

2  I n j u r y  546 37 

3  P r o p e r t y  Damage 1218 4 0  

*For p e d e s t r i a n s  s e e  Washtenaw County D i c t i o n a r y ,  4 August  1 9 7 1 .  

1 4 4  



Var iab le  4 2  - Vio la t ion  Driver #1 
% Crashes 

Code Var iab le  - 
0 More Than One Vio la t i on  Ind ica ted  

1 Speed Too F a s t  

2 F a i l u r e  t o  Yield Right-of-way, 
F a i l u r e  t o  Stop 

3 Drove L e f t  of Center 

Number a t  Niqht 

4 Improper Overtaking 13 

5 Followed Too Closely  13 

6 Made Improper Turn o r  Fa i l ed  t o  S igna l  15 

7 Improper Parking Location 3 

8 Other 571 

9 Not Known Due t o  H i t  and Run 611 

Variable  43 - Driver #1 ~ r i n k i n g  Noted 
% Crashes 

Code Var iab le  - 
2 Had Not Been Drinking 

Number a t  Night 

Var iab le  46 - Sex of   river #1 
% Crashes 

Code Var iab le  - 
1 Male 

2 Female 

9 Missing Data 

Number a t  Night 

1269 4 3 

490 32 

1 2  4 2  

Var iab le  51 - Type of Vehicle #1 
% Crashes 

Code Var iab le  - Number a t  Night 

F u l l  S i ze  

In te rmedia te  

Compact 

Spor t s  Car 

Jeep  Type 

Uni t  o r  S t r a i g h t  Trac tor  

Truck o r  Trac tor  (Semi)  

Other o r  Not Known 



TABLE E.5. ( C O ~ C ~ .  ) 

V a r i a b l e  149 - Speed Car #1, Bracket-A 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Mph. 

1-10 Mph. 

11-20 Mph. 

21-30 Mph. 

31-40 Mph. 

41-50 Mph. 

51-60 Mph. 

61-70 Mph. 

71-80 Mph. 

81-90 Mph. 

V a r i a b l e  157 - Age D r i v e r  #1, Bracket-B 
% Crashes  

Code V a r i a b l e  Number a t  N igh t  

0-15 Yrs. 

16 Yrs. 

17 Yrs. 

18-19 Yrs. 

20-21 Yrs. 

22-24 Yrs. 

25-29 Yrs. 

30-34 Yrs. 

35-44 Yrs. 

45-54 Yrs. 



TABLE E.6. Washtenaw County Day vs .  Night Crashes Involving 
M u l t i p l e  Vehic les  wi th  No Drinking,  1971. 

Var iab le  8 - Report ing Department 
% Crashes 

Code V a r i a b l e  - Number a t  Night 

0 Ann Arbor P o l i c e  1108 20 

1 Washtenaw County S h e r i f f  

3 Manchester 

4 S a l i n e  

5 Br ighton,  S t a t e  P o l i c e  Pos t  12 

6 Y p s i l a n t i ,  S t a t e  P o l i c e  Pos t  26 737 2 6  

7 Jackson,  S t a t e  P o l i c e  Pos t  4 1  2 0 

8  Milan 

9 Other 

V a r i a b l e  20  - Road Surface  Condit ion 
% Crahses 

Code Var iab le  - Number a t  Night 

1 Dry 2309 19 

2 Wet 932 23 

3 Snowy o r  I cy  483 29 

4 Other (e.g.  Gravel ,  D i r t  o r  Sand) 1 4  21 

9 Missing Data 4 0  

V a r i a b l e  26 - Area of Vehic le  #1 H i t  
% Crahses 

Code V a r i a b l e  

0 Top o r  Rol lover  

1 F r o n t  

2 Right  F ron t  

3 Right  S ide  

4 Right  Rear 

Number a t  Night 

5 Rear 13 0 24 

6 L e f t R e a r  103 19 

7 L e f t  S ide  174 30 

8 L e f t  F ron t  568 20 

9 More Than One Major I n c l u s i v e  Area 
Damaged 2 0 1  21 



TABLE E.6. ( c o n t . )  

V a r i a b l e  28 - T o t a l  Number of  V e h i c l e s  
% C r a s h e s  

Code V a r i a b l e  Number a t  N igh t  

2  Two V e h i c l e s  Invo lved  3439 22 

3  Three  V e h i c l e s  Invo lved  263 22 

4 Four  V e h i c l e s  Invo lved  35 20 

5  F i v e  V e h i c l e s  Invo lved  4 25  

8  E i g h t  o r  Nore V e h i c l e s  Invo lved  1 0 

V a r i a b l e  29 - T o t a l  Nuriber of  Lanes 
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

2 Two Lanes  

3 Three  Lanes  

4 Four Lanes 

5 F i v e  Lanes 

9 Mis s ing  Data  291 20 

V a r i a b l e  34 - T r a f f i c  C o n t r o l  P r e s e n t ?  
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

0  No T r a f f i c  C o n t r o l  P r e s e n t  

1 T r a f f i c  C o n t r o l  Not F u n c t i o n i n g ,  
I n a d e q u a t e  o r  Obscured 

2  S t o p  S i g n ,  Stop-Go O f f i c e r ,  R . R . ,  
and A l l  O the r  

9  Mis s ing  Data  

V a r i a b l e  35 - A c c i d e n t  i l iagram I n t e r p r e t a t i o n  
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

1 Rear-End C o l l i s i o n  1210 22 

2 Head-on C o l l i s i o n  213 23  

3  I n t e r s e c t i o n  C o l l i s i o n  

4 S i d e  Swipe (Ve l l i c l e s  T r a v e l i n g  i n  
Same D i r e c t i o n )  



TABLE E .6. ( c o n t .  ) 

v a r i a b l e  35 ( c o n t . )  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

6  Out of C o n t r o l  (To R igh t  S i d e  of Road) 10 20 

7 Out of C o n t r o l  (To L e f t  S i d e  of Road) 3  33 

9 F i r e  2 2  10 

V a r i a b l e  36 - Road S t r a i q h t  o r  Curve 
% Crahses  

Code V a r i a b l e  - Number a t  Night  

1 S t r a i g h t  Road 

2 Curve Road 

9 Miss ing  Data  25 16 

V a r i a b l e  37 - V e h i c l e  #1 Movement 
% Crashes  

Code V a r i a b l e  - Number a t  N igh t  

0 Going S t r a i g h t  Ahead 2521 23 

1 Over t ak ing  Another  V e h i c l e  119 15  

2 Making R igh t  Turn 1 8 1  17 

3 Making L e f t  Turn 475 20 

4 Making U-Turn 9 11 

5 Slowing,  S topp ing  o r  Remaining Stopped  
i n  T r a f f i c  229 25 

6 S t a r t i n g  i n  T r a f f i c  42 1 4  

7 S t a r t i n g  from Park  P o s i t i o n  2 6  8 

8 Backing 1 1 4  1 7  

9  Remaining Parked (With o r  Without  
V e h i c l e  Occupants)  2 6  46 

V a r i a b l e  38 - V e h i c l e  #2  Movement* 
Po Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Going S t r a i g h t  Ahead 1943 22 

1 Over t ak ing  Another  V e h i c l e  85 28  

2 Making R igh t  Turn 19 4 19 

3 Making L e f t  Turn 673 21 

*For p e d e s t r i a n s  see Washtenaw County D i c t i o n a r y ,  4 August 1971. 
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TABLE E.6 .  (cant*) 

V a r i a b l e  38 ( c o n t . )  
% Crahses  

Code V a r i a b l e  - Number a t  Night  

4 Making U-Turn 18 

5 Slowing,  S topp ing  o r  Remaining S topped  
i n  T r a f f i c  676 

6 S t a r t i n g  i n  T r a f f i c  50 

7 S t a r t  from Parked P o s i t i o n  18  

8 Backing 85 

V a r i a b l e  4 1  - Acc iden t  S e v e r i t y  
% Crahses  

Code V a r i a b l e  - Number a t  Night  

1 F a t a l  

2  I n j u r y  

3  P r o p e r t y  Damage 2405 20 

V a r i a b l e  42 - V i o l a t i o n  D r i v e r  #1 
% Crashes  

Code V a r i a b l e  Number a t  Night  

0 More Than One V i o l a t i o n  I n d i c a t e d  224 19 

1 Speed Too F a s t  

2 F a i l u r e  t o  Y ie ld  Right-of -Way, 
F a i l u r e  t o  S t o p  

3 Drove L e f t  of Cen te r  

4 Improper Over t ak ing  

5 Followed Too C l o s e l y  256 22 

6 Made Improper Turn o r  F a i l e d  t o  S i g n a l  95  

7 Improper P a r k i n g  L o c a t i o n  a 
8  O the r  9 0 2  

9 Not Known Due t o  H i t  and Run 1089 

V a r i a b l e  43 - D r i v e r  #1 Dr ink ing  Noted 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

2  Had Not Been Dr ink ing  3742 2 1  



V a r i a b l e  46 - Sex of Dr ive r  #1 
% Crashes  

Code V a r i a b l e  - Number a t  N igh t  

1 Male 

2 Female 

9 Miss ing  Data  18  28 

V a r i a b l e  5 1  - Type of V e h i c l e  #1 
8 Crashes  

Code V a r i a b l e  

0 F u l l  S i z e  

I n t e r m e d i a t e  

Compact 

S p o r t s  Car 

Number a t  Night  

3047 2 1  

7 0 

427 22 

73 17 

4 S t a t i o n  Bus, C a r r y a l l  1 0 

5 J e e p  Type 

7 U n i t  o r  S t r a i g h t  T r a c t o r  

8 Truck T r a c t o r  (Semi) 61  11 

9 Othe r  o r  Not Known 1 1 4  23 

V a r i a b l e  149 - Speed Car #1, Bracket-A 
% Crashes  

Code V a r i a b l e  Number a t  N igh t  

0 0 Mph. 

1 1-10 Mph. 

2 11-20 Mph. 

3 21-30 Mph. 

4 31-40 Mph. 

5 41-50 Mph. 

6 51-60 Mph. 

7 61-70 Mph. 98 21 

8 71-80 Mph. 5 40 

9 81-90 Mph. 50 30 



T A ~ L ~  E.6. ( c o n c l . )  

V a r i a b l e  1 5 7  - A g e  D r i v e r  # 1 ,  B r a c k e t - U  
% C r a s h e s  

Code V a r i a b l e  - N u m b e r  a t  N i g h t  

0 0 - 1 5  Y r s .  

1 16 Y r s .  

2  1 7  Y r s .  

3 1 8 - 1 9  Y r s .  4 1 4  27  

4  2 0 - 2 1  Y r s .  

5 2 2 - 2 :  Y r s .  

6 2 5 - 2 9  Y r s .  

7 30-34 Y r s .  

8 3 5 - 4 4  Y r s .  

9 4 5 - 5 4  Y r s .  



TABLE E.7. Washtenaw County Day vs .  Night Crashes  Involv ing  
Head-On, S ide  Swipe, Out -of -Cont ro l  ( L e f t  o r  R igh t )  
C o l l i s i o n s  w i t h  Drinking,  1971. 

V a r i a b l e  8 - Report ing Department 
% Crashes  

Code - V a r i a b l e  

0  Ann Arbor P o l i c e  

1 Washtenaw County S h e r i f f  

2 Dexter 

3  Manchester 

Number a t  Night 

4 S a l i n e  7  71  

5  Br igh ton ,  S t a t e  P o l i c e  Pos t  12 2  10 0 

6 Y p s i l a n t i ,  S t a t e  P o l i c e  P o s t  26 135 67 

8 Milan 11 72 

9  Other  8 2  7  0  

V a r i a b l e  20 - Road Su r f ace  Condi t ion  
% Crashes  

Code V a r i a b l e  - Number a t  Night 

1 Dry 480 73 

2  Wet 133 71  

3 Snowy o r  I c y  1 0  2  74 

4 Other  (e .9 .  Grave l ,  D i r t  o r  Sand) 4 75 

9 Miss ing Data 1 100 

V a r i a b l e  26 - Area of Vehic le  #1 H i t  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

Top o r  Rol lover  

F r o n t  

R igh t  F r o n t  

Right  S ide  

R igh t  Rear 

Rear 

L e f t  Rear 

L e f t  S ide  

L e f t  F r o n t  

More Than One Major I n c l u s i v e  Area 
Damaged 



Variable 28 - Total Number of Vehicles 
% Crashes 

Code Variable Number at Night 

1 One Vehicle Involved 

2 Two Vehicles Involved 

3 Three Vehicles Involved 

4 Four Vehicles Involved 

5 Five Vehicles Involved 

Variable 29 - Total Number of Lanes 
% Crashes 

Code Variable Number at Night 

2 Two Lanes 

3 Three Lanes 

4 Four Lanes 

5 Five Lanes 

9 Missing Data 

Variable 34 - Traffic Control Present? 
% Crashes 

Code Variable - 
0 KO Traffic Control Present 279 7 4 

2 Stop Sign, Stop-Go Officer, R.R., 
and All Other 8 9 72 

9 Missing Data 352 73 

Variable 35 - Accident Diagram Interpretation 
% Crashes 

Code Variable - Number at Night 

2 Head-on Collision 10 4 

4 Side Swipe (Vehicles Traveling in 
Same Direction) 8 2 

6 Out of Control (To Right Side of Road) 288 

7 Out of Control (To Left Side of Road) 244 

8 Rollover 2 



TABLE E.7. ( c o n t . )  

V a r i a b l e  36 - Road S t r a i g h t  o r  Curve 
% C r a s h e s  

Code - V a r i a b l e  Number a t  N igh t  

1 S t r a i g h t  Road 

2 Curve Road 

9 M i s s i n g  Data  

V a r i a b l e  37 - V e h i c l e  #1 Movement 
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

0  Going S t r a i g h t  Ahead 581  7 4 

1 O v e r t a k i n g  Another  V e h i c l e  28 75 

2 Making R i g h t  Turn 35 67 

3 Making L e f t  Turn 35 80 

5 S lowing ,  S topp ing  o r  Remaining Stopped 
i n  T r a f f i c  10 70 

6 S t a r t i n g  i n  T r a f f i c  1 100 

7 S t a r t  from Park  P o s i t i o n  5 20 

8 Backing 5 80 

9 Remaining Parked  (With o r  Wi thout  
V e h i c l e  Occupants )  20 65 

V a r i a b l e  38 - V e h i c l e  # 2  Movement* 
% C r a s h e s  

Code V a r i a b l e  - Number a t  N igh t  

0  Going S t r a i g h t  Ahead 

1 O v e r t a k i n g  Another  V e h i c l e  

2  Making , R i g h t  Turn 

3 Making L e f t  Turn 

5 S lowing ,  S topp ing  o r  Remaining S topped  
i n  T r a f f i c  12  75 

6 S t a r t i n g  i n  T r a f f i c  1 100 

7 S t a r t  f rom Park  P o s i t i o n  1 100 

8 Backing 2 0 

9 Remaining Parked  (With o r  Wi thout  
V e h i c l e  Occupants )  586 7 4 

*For p e d e s t r i a n s  see Washtenaw County D i c t i o n a r y ,  4 August  1971. 



TABLE E.7. ( c o n t . )  

V a r i a b l e  4 1  - Accident  S e v e r i t y  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

1 F a t a l  2 1  7 6  

2  I n j u r y  

3  P r o p e r t y  Damage 386 7  4 

V a r i a b l e  4 2  - V i o l a t i o n  Dr ive r  $ 1  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 More Than One V i o l a t i o n  I n d i c a t e d  1 0 2  7 8 

1 Speed Too F a s t  227 7  4 

2 F a i l u r e  t o  Yie ld  Right-of-way, 
F a i l u r e  t o  Stop 

3 Drove L e f t  of Center  39 87  

4 Improper Over taking 8 50 

5 Followed Too Close ly  1 100 

6  Made Improper Turn o r  F a i l e d  t o  S i g n a l  4 25 

7  Improper Parking Loca t ion  2 1 0 0  

8 Other  229 75 

9 Not Known Due t o  H i t  and Run 9 1  65 

V a r i a b l e  43 - Driver  #1 Drinking Noted 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

1 Had Been Drinking 497 7 4  

3 Not Known i f  Dr inking 165 70 

9 Missing Uata 5 8 7 2  

V a r i a b l e  46 - Sex of Dr ive r  #l  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

2 Female 86  65 

9 Missing Data 8 0 73 



TABLE E.7. ( c o ~ c ~ . )  

V a r i a b l e  5 1  - Type of V e h i c l e  #1 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0  F u l l  S i z e  558 74 

1 I n t e r m e d i a t e  3  66 

2 Compact 70 72 

3 S p o r t s  Car 30 80 

5 J e e p  Type 2 50 

6 Pickup o r  Pane l  1 100 

8 Truck T r a c t o r  (Semi) 5  20 

9 O the r  o r  Not Known 5 1  64 

V a r i a b l e  149 - Speed Car #1, Bracket-A 
% Crashes  

Code - 
0 

1 

2 

3 

4 

5  

6  

7  

8 

9 

V a r i a b l e  

0  Mph. 

1-10 Mph. 

11-20 Mph. 

21-30 Mph. 

31-40 Mph. 

41-50 Mph. 

51-60 Mph. 

61-70 Mph. 

71-80 Mph. 

81-90 Mph. 

Number 

19 

30 

43 

1 0 1  

129 

15 3 

8 5 

93 

17 

50 

a t  Night  

63 

63 

60 

8 1  

68  

75 

76 

7 8 

4 7 

77 

V a r i a b l e  157 - Age of D r i v e r  #1, Bracket-B 
% Crashes  

Code V a r i a b l e  - Number a t  N igh t  

0  0-15 Yrs. 2 0 

1 16 Yrs. 

2 17 Yrs. 

3 18-19 Yrs. 

4 20-21 Yrs. 

5 22-24 Yrs. 102 70 

6 25-29 Y r s .  110 77 

7 30-34 Yrs. 

8 35-44 Yrs. 

9 45-54 Yrs. 172 66 



TABLE E.8. Washtenaw County Day vs .  Nigilt Crashes  Invo lv ing  
Rear-End and I n t e r s e c t i o n  C o l l i s i o n s  w i th  
Dr inking ,  1 9 7 1 .  

Va r i ab l e  8 - Repor t ing  Department 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Ann Arbor P o l i c e  

1 Washtenaw County S h e r i f f  

2 Dexter 1 0 

4 S a l i n e  12 50 

5  Br igh ton ,  S t a t e  P o l i c e  Pos t  1 2  6  83 

6  Y p s i l a n t i ,  S t a t e  P o l i c e  P o s t  26 164 53 

8 Milan 5  60 

9 Other  2 1 4  51  

V a r i a b l e  20  - Road Sur face  Condi t ion  
% Crashes  

Code V a r i a b l e  - Number a t  Night 

1 Dry 483 53 

2  Wet 134 59 

3  Snowy o r  I c y  76 60 

4 Other  (e .g .  Grave l ,  D i r t  o r  Sand) 7 43 

9 Missing Data 4 75 

V a r i a b l e  26  - Area of Vehic le  #1 E i t  
% Crashes  

Code V a r i a b l e  - Idumber a t  Night  

Top o r  Rol lover  

F ron t  

Right  F r o n t  

Right  S ide  

Riglit Rear 

Rear 

L e f t  Rear 

L e f t  S ide  

L e f t  F r o n t  

More Than One Major I n c l u s i v e  Area 
Damaged 



TABLE E.8. (cont-1 

Variable 28 - Total Number of Vehicles 
% Crashes 

Code Variable Number at Niaht 

1 One Vehicle Involved 55 65 

2 Two Vehicles Involved 5 9 3  55 

3 Three Vehicles Involved 47 38 

4 Four Vehicles Involved 6 66 

5 Five Vehicles Involved 2 100 

7 Seven Vehicles Involved 1 0 

Variable 29 - Total Number of Lanes 
% Crashes 

Code Variable - Number at Night 

2 Two Lanes 47 61 

3 Three Lanes 47 42 

4 Four Lanes 

5 Five Lanes 

9 Missing Data 

Variable 34 - Traffic Control Present? 
Code Variable 

% Crashes 
Number at Niqht 

0 No Traffic Control Present 338 54 

2 Stop Sign, Stop-Go Officer, R.R., 
and All Other 15 3 48 

9 Missing Data 213  64 

Variable 3 5  - Accident diagram Interpretation 
% Crashes 

Code Variable - Number at Night 

1 Rear-End Collision 

3 Intersection Collision 

9 Fire 



TABLE E.8. ( c o n t . )  

V a r i a b l e  36 - Road S t r a i g h t  o r  Curve 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

1 S t r a i g h t  Road 6 2 1  55 

2 Curve Road 67 59 

9 Mis s ing  Data  1 6  4 4  

V a r i a b l e  37 - V e h i c l e  #1 Movement 
8 Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Going S t r a i g h t  Ahead 

1 Over t ak ing  Another  V e h i c l e  

2 Making R i g h t  Turn 

3 Making L e f t  Turn 

4 Making U-Turn 3 66 

5 Slowing,  S topp ing  o r  Remaining S topped  
i n  T r a f f i c  39 

6 S t a r t i n g  i n  T r a f f i c  6  

7 S t a r t  from Park  P o s i t i o n  13  23  

8  Backing 56 46 

9 Remaining Parked (With o r  Without  
V e h i c l e  Occupants )  9 3  4 4  

V a r i a b l e  38 - V e h i c l e  # 2  Movement* 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 Going S t r a i g h t  Ahead 

1 Over t ak ing  Another  V e h i c l e  

2 Making Rigl i t  Yurn 

3 Making L e f t  Turn 

4 Making U-Turn 1 

5 Slowing,  S topp ing  o r  Remaining S topped  
i n  T r a f f i c  1 1 4  

6  S t a r t i n g  i n  T r a f f i c  

7  S t a r t  from Park  P o s i t i o n  

*For p e d e s t r i a n s  s e e  Washtenaw County ~ i c t i o n a r y ,  4 August 1971. 



TABLE E.8.  ( c o n t . )  

V a r i a b l e  38 ( c o n t . )  
% Crashes  

Code V a r i a b l e  - Number a t  Night  

8 Backing 31 48 

9 Remaining Parked (With o r  Without  
V e h i c l e  Occupants)  214 62 

V a r i a b l e  4 1  - Acc iden t  S e v e r i t y  
% C r a s h e s  

Code V a r i a b l e  - Number a t  Night  

1 F a t a l  9 55 

2 I n j u r y  220 60 

3 P r o p e r t y  Damage 475 52 

V a r i a b l e  42 - V i o l a t i o n  D r i v e r  #1 
% Crashes  

Code V a r i a b l e  - Number a t  Niqht  

0 More Than One V i o l a t i o n  I n d i c a t e d  56 53 

1 Speed Too F a s t  85 69 

2 F a i l u r e  t o  Y i e l d  Right-of-way, 
F a i l u r e  t o  S t o p  

3 Drove L e f t  of C e n t e r  16 68 

4 Improper Over t ak ing  13  46 

5 Followed Too C l o s e l y  48 35 

6 Make Improper Turn,  o r  F a i l e d  t o  S i g n a l  8  64 

7 Improper Pa rk ing  Loca t ion  1 100 

8 Other  225 58 

9 Not Known Due t o  H i t  and Run 19 2 5 1  

V a r i a b l e  43 - D r i v e r  #1 Drinking  Noted 
8 Crashes  

Code V a r i a b l e  Number a t  Night  

1 Had Been Dr ink ing  337 66 

3 Not Known i f  Dr inking  183 48 

9 Miss ing  Data  184 4 2  



TABLE E . 8 .  ( c o n t . )  

V a r i a b l e  4 6  - Sex of D r i v e r  #1 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

1 Nale  

2 Female 

9  Miss ing  Data 185 4 6  

V a r i a b l e  51  - Type of Veh ic l e  $1 
% Crashes  

Code V a r i a b l e  - Piumber a t  Night  

0  F u l l  S i z e  584 55 

1 I n t e r m e d i a t e  

2 Compact 

3 S p o r t s c a r  

8 Truck T r a c t o r  

9  Other  o r  Not 

(Semi) 

Known 

V a r i a b l e  1 4 9  - Speed Car #1, Bracket-A 
% Crashes  

Code V a r i a b l e  - Number a t  Night  

0 0  Mph. 

1 1 - 1 0  Mph. 

2 11-20 Mph. 

3 21-30 Mph. 

4 31-40 Mph. 

5 41-50 Mph. 

6 51-60 Ilph. 

7 61-70 Mph. 

8  71-80 Ivlph. 

9 81-90 Mph. 



TABLE E . 8 .  (concl.) 

V a r i a b l e  157 - A g e  of D r i v e r  #1, B r a c k e t - B  
% C r a s h e s  

C o d e  V a r i a b l e  - N u m b e r  a t  N i g h t  

0 0-15 Y r s .  

1 1 6  Y r s .  

2 1 7  Y r s .  

3 18-19 Y r s .  

4 20 -21  Y r s .  

5 2 2 - 2 4  Y r s .  

6 2 5 - 2 9  Y r s .  

7 3 0 - 3 4  Y r s .  

8 3 5 - 4 4  Y r s .  

9 4 5 - 5 4  Y r s .  








