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Eva1 u a t i o n  o f  t he  F e a s i b i l  i t y  o f  a  

Automobile head1 i g h t i n g  systems have employed two beams f o r  many years .  I n  

REPORT DATE 

theory ,  such a  sys tem p r o v i  des the  requ i  r e d  balance between v i  s i  b i  1  i t y  and g l  a re  

p r o t e c t i o n  t h a t  i s  r e q u i r e d  f o r  e f f e c t i v e  n i g h t t i m e  v e h i c l e  ope ra t i on .  So l ong  

as most h i gh  speed d r i v i n g  can be done on h i gh  beam, t he  system w i l l  work w e l l  and 

the  c h a r a c t e r i s t i c s  o f  t he  low beam a r e  l e s s  impor tan t .  However, d r i v i n g  con- 

d i t i o n s  c o n f r o n t i n g  most m o t o r i s t s  today a l l o w  l i t t l e  use o f  t h e  h i g h  beam. I n  

a d d i t i o n ,  i t  appears t h a t  many m o t o r i s t s  do n o t  use t h e i r  h i gh  beam, even when 

d r i v i n g  cond i t i ons  p e m i  t. Thus many d r i v e r s  are,  e f f e c t i v e l y ,  ope ra t i ng  t h e i r  

veh ic les  as though i t  had b u t  one beam. That be ing  t he  case, i t  i s  v i t a l  

t h a t  t he  low beam be designed t o  serve as adequately as poss ib l e  under t he  v a r i e t y  

of d r i v i n g  cond i t i ons  when i t  i s  a c t u a l l y  be ing  used. Th is  s tudy sought ways t o  

b r i n g  about improvement i n  the  present  low-beam system t o  b e t t e r  f i t  i t  f o r  use 

under a  wide v a r i e t y  o f  d r i v i n g  cond i t i ons .  

There were f o u r  major s teps t o  t he  s tudy.  These were: 

1. A rev iew o f  t h e  l i t e r a t u r e  i n  areas such as h e a d l i g h t i n g  and v i s u a l  percep- 

t i o n  was c a r r i e d  ou t .  Contacts were a1 so es tab l  i shed  w i t h  r ep resen ta t i ves  

o f  t h e  1  i g h t i n g  i n d u s t r y .  

2. A computer see ing-d is tance model was used t o  eva lua te  a  number o f  cand i -  

date  beam. pa t t e rns .  Based on these r e s u l t s ,  t h ree  beams were se lec ted  

f o r  f u r t h e r  eva lua t i on .  

3.  The t e s t  headlamps were f a b r i c a t e d .  

4. The t e s t  beams were evaluated, us ing  s u b j e c t i v e  and o b j e c t i v e  methods, i n  

comparison w i t h  a  s tandard SAE low beam. 

Step one p rov ided  a  base l i ne  o f  i n f o rma t i on  f o r  t he  conduct o f  t he  r e s t  o f  t he  

s tudy.  I n d u s t r y  r ep resen ta t i ves  supp l i ed  many h e l p f u l  suggest ions.  
( C o n t i n u e  o n  addi  t i  a n a l  p a g e s )  - I 
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Step two started w i t h  a methodical evaluation of night visibility 
requirements. On this basis a variety of isocandela diagrams were 
prepared, representing possible a1 ternative ways in which the visi - 
bility requirements might  be met. 

These hypothetical lighting systems were then evaluated by means 
of two computer-based n i g h t  visibility models. One of these, developed 
by HSRI, calculates visibility distance t o  different targets a t  vari- 
ous positions relative t o  the roadway with and without glare frum an 
approaching vehicle. The second model , developed a t  Ford Motor Co., 

produces a single figure of merit which represents the percent of  

miles drtven over a representative roadway network during which visi- 
b i l  i t y  and discomfort-glare criteria were sirnul taneously met. 

The results of the simulation activities, combined with subjec- 
tive analysis of factors t h o u g h t  t o  be important, led t o  recommenda- 
tions for three candidate systems for testing. Roughly, the three 
systems were as fo1 lows: 

1. A similar pattern t o  the SAE low beam, b u t  with upgraded 
intensity. 

2 .  A beam which provided more light t o  the right of the road. 

3 .  A beam which provided more 1 ight t o  the le f t  of the road. 

:n step three the required lamps were fabricated and photometered. 
Other equipment wa$ readied for the field evaluation. 

I n  step four the evaluation was carried ou t .  The f i r s t  test  
measured seeing distances provided t o  various "real is t ic"  targets 
set a t  various points on a network of public roads. The targets con- 

sisted of items such as parked cars, pedestrians, signs, and pieces of 
roadway debri s . 

The subjects in this test were run under a "semi-alerted" condi- 
tion. By this is meant they were not  t o l d  the true purpose of the 
s tudy .  Rather, they were t o l d  t h a t  the study was for the purpose of 
eval uating driving strategy under a variety of circumstances. The 

subjects were t o l d  t o  look for and respond t o  (by pressing a b u t t o n )  



" s i g n i f i c a n t "  ob j ec t s  i n  t h e  roadway environment. V i s i b i l i t y  data 

were taken w i t h o u t  t h e i r  knowledge on s t r a i g h t - f l a t  and curved sec- 

t i o n s  and w i t h  and w i t h o u t  g l a re .  

The r e s u l t s  i n d i c a t e  t h a t  t he  system approx imat ing an upgraded 

SAE low beam a f f o r d s  a  s l i g h t  improvement i n  v i s i b i l i t y  compared w i t h  

the c u r r e n t  low beam, w h i l e  the o thers  d i d  no t .  The r e s u l t s  d i d  

d i f f e r  somewhat, depending on t h e  t a r g e t  considered and road geometry. 

A s u b j e c t i v e  eva lua t i on  was a l s o  c a r r i e d  ou t .  Subjects drove 

w i t h  each beam over  a  v a r i e t y  o f  roads and were asked t o  r a t e  t he  

i 11 umi n a t i o n  p rov ided  t o  va r ious  p a r t s  o f  t h e  d r i v i n g  environment . 
These data compare we1 1  w i t h  t he  o b j e c t i v e  r e s u l t s  . 

The r e s u l t s  o f  t h i s  s tudy suggest t h a t  a t  l e a s t  one of the beams 

t es ted  may o f f e r  a  s l i g h t  improvement over  t h e  p resen t  low beam. 

Fu r t he r  research on t h i s  concept seems wor thwh i le .  
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1.0 INTRODUCTION 

Th i s  r e p o r t  covers an eva lua t i on  o f  the  f e a s i b i l i t y  o f  a s i n g l e  - 
beam headl i g h t i n g  system. The Nat iona l  Highway T r a f f i c  Sa fe ty  Adminis- 

t r a t i o n  sponsored t he  work under c o n t r a c t  DOT-HS-7-01554. The 

U n i v e r s i t y  of Michigan Highway Safety  Research I n s t i t u t e  completed 

t h e  work. 

1.1 P r o j e c t  Ob jec t i ves  

The p r o j e c t  aimed t o :  

9 Determine i 11 uminat ion requirements f o r  n i g h t t i m e  d r i v i n g .  

a Develop a1 t e r n a t i  ve s i  ngle-beam pa t t e rns  t o  meet these 

requ i  rements . 
9 Evaluate a l t e r n a t i v e  single-beam concepts i n  a f i e l d  t e s t .  

1 .2  Background 

Automotive headl amps worldwide are,  and have been f o r  many years ,  

two- leve l  systems. The d r i v e r  i s  o f f e r e d  a cho ice between a low o r  

meet ing beam, designed t o  p rov ide  some v i s i b i l i t y  w i t h  minimum g l a r e  

t o  approaching d r i v e r s ,  and a h i gh  beam, designed t o  p rov i de  maximum 

v i s i b i l i t y  i n  t h e  absence o f  o the r  veh i c l es .  

C lea r l y ,  t he  low beam, whether SAE o r  ECE design, does n o t  pro-  

v i de  adequate see ing d is tance  f o r  safe ope ra t i on  a t  h i ghe r  speeds. 

Th is  two-beam system works b e s t  where most high-speed d r i v i n g  can be 

done on h i gh  beams. However, i n  many areas o f  the  coun t ry ,  t r a f f i c  

cond i t i ons  a re  such t h a t  h i gh  beams can r a r e l y  be used. Fur ther ,  t he re  

i s  some evidence (Hare & Hemion, 1968) t h a t  many d r i v e r s  do n o t  use t he  

h i gh  beam even under cond i t i ons  where i t  would be poss ib l e  t o  do so. 

For a l l  i n t e n t s  and purqoses, persons who cannot o r  do n o t  

use t h e i r  h i gh  beam a re  d r i v i n g  w i t h  a single-beam system. Given 

t h a t  t h i s  i s  the  case f o r  many d r i v e r s ,  i t  i s  reasonable t o  ask 

whether the  present  low-beam design i s  the  bes t  compromise f o r  a sys- 

tem i n  which i t  i s  t he  o n l y  beam used. The research descr ibed i n  t h i s  

r e p o r t  was designed t o  exp lo re  t h i s  quest ion.  



1.3 Studv Aooroach 

As the  background s e c t i o n  imp1 i e s  , automotive head1 i g h t i n g  i s  a  

very  l a r g e  and complex problem. Furthermore, s i nce  Americans ' n i g h t -  

t ime d r i v i n g  needs and h a b i t s  a re  c o n s t a n t l y  changing, headlamp 

designs t h a t  were adequate a  number of years  ago a re  no l onge r  ade- 

quate, thus the  s o l u t i o n  t o  t he  problem i s  complex. Because t h e  problem 

i s  so d i f f i c u l t ,  our  approach d i d  n o t  s e t  ou t  t o  generate an " u l t i m a t e "  

s o l u t i o n .  Instead,  we sought o u t  ways o f  mod i f y i ng  c u r r e n t  headlamps 

t o  b e t t e r  meet contemporary requirements . Two computer s imu la t i ons  

evaluated each m o d i f i c a t i o n ' s  adequacy. A f i e l d  t e s t  compared t he  

m o d i f i c a t i o n s  t he  computer s imu la t i ons  i n d i c a t e d  were bes t ,  Thus, our  

approach sought t o  improve and update t he  c u r r e n t  s tandard and eva lua te  

the  improvements w i t h  r espec t  t o  i l l u m i n a t i o n  requirements o f  n i g h t t i m e  

d r i v i n g  and a  f i e l d - t e s t  exper iment.  

1.4 S t r u c t u r e  o f  t h i s  Report  

Subsequent sec t i ons  of t h i s  r e p o r t  d iscuss the  f o l  l ow ing  : 

e The i l l u m i n a t i o n  requirements f o r  n i g h t t i m e  d r i v i n g .  

0 A1 t e r n a t i v e  single-beam p a t t e r n s  t o  meet t he  requi rements.  

A computer s i m u l a t i o n  a n a l y s i s .  

0 F i e l d - t e s t i n g  methodology. 

F ie1  d - t e s t i n g  r e s u l  t s  . 
0 Summary and conc lus ions .  



2.0 ILLUMINATION REQUIREMENTS FOR NIGHTTIME DRIVING 

2.1 A Review of the Literature 

2.1.1 History of Head1 ightinq. The history of headl ight develop- 
ment has been treated in depth by a number of authors (e .g .  , Nel son, 
1954; Moore, 1958; Roper, 1957; Kil gour, 1960 and Meese, 1972) . A 

brief summary of this information i s  presented here for purposes 
of historical perspective. For a long  time, headlighting in the U.S. 

and Europe proceeded a l o n g  rather different paths. For this reason 
they will be dealt with separately here. 

2.1.1.1 Headlighting in the U.S. In the earliest days of 
motoring, cars typically carried no lights a t  a l l .  When lights were 
f i r s t  incorporated on vehicles early in the century, they were pri,- 
marily for marking purposes. Lights designed t o  illuminate the road 
ahead f i r s t  appeared about  1906. They used acetylene and ,  1 ike the 
f i r s t  electric lamps which became available la ter ,  had a concentrated 
beam much 1 ike a search 1 ight. The next significant development, 
which occurred about the time of World War I ,  was t o  spread the l i g h t  

o u t  t o  more uniformly illuminate the road. This was done by moulding 
prisms into the lens. The result was the f i r s t  "beam pattern" t h a t  
might properly be called such. Further developments continued, 
resulting in substantial improvements in light distribution and inten- 
si ty.  

Unfortunately, in this era there was a pro1 iferation of  beam 
patterns, lamp sizes, and shapes which n o t  only made headl ighting 
expensive, b u t  made i t  difficult t o  replace components when necessary. 

In  the middle 1930's work began toward the development o f  what 
we know today as the sealed beam, a concept which f i r s t  was intro- 
duced on 1939 model cars. The sealed beam is probably the most 
significant single development t o  occur in headl ighting. I t  solved 
some serious problems associated with aging of  the lamp unit, virtu- 
a1 l y  guaranteeing consistent, good qual i t y  head1 ighting throughout 

the l i fe  of the unit. A t  the same time, units were standardized, 
resul ting i n  high qual ity , readily available, low-cost headlamps for 
a11 vehicles. 



The n e x t  major  advance occurred i n  the  1955 model year ,  when an 

improved sealed beam was in t roduced f e a t u r i n g  a " f og  cap" over  t h e  

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

a iming became a v a i l a b l e  as a f e a t u r e  on sealed beam u n i t s .  

The four-headlamp system was in t roduced on some models o f  1957 

cars .  Th i s  system reduced t he  need f o r  compromise i n  l ens  design 

and f i l a m e n t  p o s i t i o n  necess i t a ted  by us ing  t h e  same u n i t  t o  produce 

bo th  low and h i g h  beams. \ 

I n  1959 a new two-headlamp system was brought  o u t  f e a t u r i n g  a 

s i g n i f i c a n t l y  improved low beam. This  low beam was equ i va len t  i n  

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

t h e  h i gh  beam cou ld  n o t  q u i t e  match t h e  performance of t he  f o u r -  

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

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

o f  h i ghe r  f i l a m e n t  wattages. 

2.1.1.2 Head1 i g h t i n g  i n  Europe. The h i s t o r y  of  European 

head1 i g h t  development gene ra l l y  para1 l e l s  t h a t  o f  t h e  American exper i  - 
ence. The most s i g n i f i c a n t  d i f f e r e n c e  came about w i t h  t he  development 

o f  t he  so -ca l l ed  Graves "an t i - dazz le "  bu lb ,  which was pa ten ted  i n  1920. 

The concept was adopted f o r  use i n  England and became known as t h e  

Lucas-Graves system, i n  Germany as t h e  Osram-Bi 1 ux system, and i n  

Ho l land  as t h e  Phi 1 ips-Duplo system. 

The Graves bu lb  prov ides a s imple and inexpensive way of g r e a t l y  

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

s h i e l d  surrounds t he  f r on t ,  s i des ,  and bottom of t h e  low-beam f i  1 ament. 

p reven t i ng  any l i g h t  f rom be ing  p r o j e c t e d  d i r e c t l y  forward o r  t o  t he  

lower  p o r t i o n  of  t he  r e f l e c t o r .  Th i s  system r e s u l t s  i n  a beam p a t t e r n  

cha rac te r i zed  by a very  sharp h o r i z o n t a l  c u t - o f f .  Compared w i t h  an 

American low beam, i t  i s  s i g n i f i c a n t l y  l e s s  g l a r i n g .  

I n  1953-54 a number of l i g h t i n g  t e s t s  were c a r r i e d  o u t  under t he  

auspices o f  the  C I E  ( I n t e r n a t i o n  Commission on I l l u m i n a t i o n ) .  These 

t e s t s  have been descr ibed by de Boer (1955, 1956). As p a r t  o f  t h i s  



program, comparisons were made between American and European 1  i gh t i ng 

systems. The r e s u l t s  showed t h a t  v i s i b i l i t y  d is tances on t he  l e f t  

s i d e  o f  t he  road were comparable under most cond i t i ons  tes ted .  

However, s ince  t he  American low beam was asymmetrical ( i . e . ,  i t  

d i r e c t e d  t he  most i n t ense  p o r t i o n  o f  t h e  beam t o  t h e  r i g h t ) ,  i t  pro-  

duced g rea te r  v i s i b i l i t y  d is tances on t h e  r i g h t  s i d e  o f  t he  road. As 

a  r e s u l t ,  i t  was recommended t h a t  changes be made t o  t he  Graves bu lb  

t o  a l l o w  more 1  i g h t  t o  be p ro j ec ted  t o  t he  r i g h t .  Th is  was accom- 

p l i s h e d  by removing a  p o r t i o n  o f  t h e  s h i e l d  on one s ide ,  The sharp 

c u t - o f f  c h a r a c t e r i s t i c  was re ta i ned .  However, i n s tead  o f  p resen t ing  

a  f l a t ,  symmetr ical  appearance when p r o j e c t e d  a g a i n s t  t he  w a l l  o r  

screen, i t  now appeared f l a t  on the  l e f t  w i t h  a  15' upward s l a n t  on 

the  r i g h t .  Th is  r ev i sed  concept became t h e  European s tandard.  

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

h i g h - i n t e n s i t y  p o r t i o n s  above h o r i z o n t a l  be ing  c u t  o f f  a t  + l o .  Th is  

produces a  shape approx imat ing t h e  l e t t e r  "Z," i n s tead  of a  sha l low 

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

r e a r  view m i r r o r s  o f  veh i c l es  ahead. 

The nex t  major advance i n  European head1 i g h t i n g  came w i t h  the  

i n t r o d u c t i o n  of i o d i n e  (halogen) sources. The f i r s t  ment ion o f  

these i n  t he  l i t e r a t u r e  occurs i n  t he  e a r l y  1 9 6 0 ' ~ ~  a1 though t h e i r  

i n t r o d u c t i o n  d i d  n o t  come u n t i l  sometime l a t e r .  

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

chemical r e a c t i o n  which causes vapor ized tungsten t o  r edepos i t  on 

t h e  f i l a m e n t  i t s e l f  r a t h e r  than on t he  g lass envelope. Thus, t h e  

problem o f  bu lb  b lacken ing  i s  e l im ina ted .  It a l s o  makes i t  poss ib l e  

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

ment, which simp1 i f i e s  the  problem of focus ing  t he  beam. Because t he  

f i l ament  must be operated a t  a  much h i ghe r  temperature i n  o rde r  t o  b r i n g  

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

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

came t o  be c a l l e d  qua r t z - i od i ne  o r  quartz-halogen. More r e c e n t l y ,  

e s p e c i a l l y  i n  t he  U.S., h igh-temperature g lass has been used r a t h e r  

than qua r t z .  



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

years s i nce  t h e  halogen concept was f i r s t  i n t r oduced  f o r  use on 

headlamps. E a r l i e r  ve rs ions  cou ld  use o n l y  a  s i n g l e  f i l a m e n t  i n  t h e  

bu lb ,  making i t  appl i cab1 e  o n l y  f o r  f o u r  -1 amp systems. Present  

ve rs ions  i nco rpo ra te  two f i l amen ts ,  so t h a t  bo th  h i gh  and low beams 

can be generated f rom a  s i n g l e  source. 

2 . 1 . 2  Research on Head l i gh t i ng  E f f ec t i veness .  As noted i n  t h e  

preceding s e c t i o n ,  developments t o  date have r e s u l t e d  i n  two s i g n i f i -  

c a n t l y  d i f f e r e n t  headl i g h t i n g  systems, one descr ibed i n  SAE standards 

and adopted by t h e  U.S. government and t h e  o t h e r  descr ibed  i n  ECE 

documents and r e q u i r e d  i n  most i f  n o t  a l l  o f  con t i nen ta l  Europe. The 

f a c t  t h a t  t h i s  d i f f e r e n c e  o f  o p i n i o n  e x i s t s  should p rov ide  some warn- 

i n g  t o  persons concerned w i t h  improvements i n  h e a d l i g h t i n g  t h a t  

agreement on a  "be t te r i i  system w i l l  n o t  come e a s i l y .  

The l i t e r a t u r e  reviewed i n  t h e  f o l l o w i n g  s e c t i o n  i s  concerned 

w i t h  var ious  eva lua t i ons  o f  low-beam systems. I n e v i t a b l y ,  g iven  t h e  

con t roversy  over  SAE and ECE approaches, many o f  t he  s tud ies  a re  

comparisons between t he  two, designed t o  "prove" one o r  t h e  o t h e r  

b e t t e r .  

A1 though t h e r e  have been a  number o f  i n v e s t i g a t i o n s  pu rpo r ted l y  

aimed toward improv ing headl i g h t i n g ,  t h e  qua1 i ty of many o f  these 

leaves a  g r e a t  deal t o  be des i red.  Mat te rs  such as photometry, aim, 

and c o n t r o l  o f  vo l t age  a re  o f t e n  s l i g h t e d .  A wide v a r i e t y  o f  t a r g e t s  

and t e s t  techniques a re  used. I n  view o f  these problems, t h e  d isa -  

greement i n  r e s u l  t s  from one s tudy t o  another  i s  understandable.  

Research on d r i v e r  v i s i o n  p rov ided  by headlamps under meet ing 

cond i t i ons  f i r s t  began appearing i n  p r i n t  p r i o r  t o  World War 11. 

Most o f  t h i s  work had t o  do w i t h  t r a d e - o f f s  between g l a r e  and i n t e n -  

s i t y  (Bauma, 1936; Roper and Howard, 1938; and Roper and Sco t t ,  1939), 

a l though t he  f i r s t  work w i t h  p o l a r i z e d  h e a d l i g h t i n g  was a l s o  c a r r i e d  

o u t  du r i ng  t h i s  per iod .  However, the  b u l k  o f  t h e  work was conducted 

i n  t he  post-war era.  



One o f  t he  most s i g n i f i c a n t  o f  the  e a r l y  r e p o r t s  concerning low - 
beam pa t t e rns  i s  t h a t  o f  H a r r i s  (1954).  He summarizes a  g rea t  deal 

o f  i n f o rma t i on  about headl i g h t i n g  i n  t he  e ra  immediately a f t e r  World 

War 11. The paper conta ins a  r e p o r t  o f  an i n v e s t i g a t i o n  c a r r i e d  ou t  

a t  t he  Road Research Laboratory  comparing American, B r i t i s h ,  and two 

types o f  European headl i g h t s .  The t e s t s  H a r r i s  descr ibes were semi- 

dynamic, Sn t h a t  t he  exper imental  v e h i c l e  was moving b u t  t he  g l a r e  

source was no t .  A s i n g l e  t a r g e t  was employed, which was placed 10 

f e e t  behind the  g l a r e  lamps and 10 f e e t  i n t o  t he  lane used by t he  

t e s t  veh i c l e .  The t a r g e t  i n  t h i s  ins tance  was an o b j e c t  1.5 f e e t  

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

se lec ted  t o  be t he  most d i f f i c u l t  t o  see. Hence the  seeing d is tances 

measured were minimums. The r e s u l t s  f rom these t e s t s  were used t o  

generate curves showing t he  t r a d e - o f f  between g l a r e  and v i s i  b i  1 i t y  

d is tance  f o r  the  s p e c i f i e d  t a r g e t  o b j e c t .  These curves were used t o  

c a l c u l a t e  minimum seeing d is tances f o r  the  f o u r  beams o f  i n t e r e s t .  

The c a l c u l a t e d  seeing d is tances a re  reproduced i n  Table 2.1 

TABLE 2.1. Ca lcu la ted  Minimum Seeing Distances 
f o r  Various Lamps (From H a r r i s  [1954 ] ) .  

*These were both symet r i ca l  beam pa t t e rns  which d i f f e r e d  
s l i g h t l y  i n  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  

Lamp 

B r i t i s h  

American 

European B* 

European A* 

These data i n d i c a t e  t h a t ,  f o r  t he  cond i t i ons  spec i f i ed ,  the t h ree  
types of lamp d i f f e r  r e l a t i v e l y  l i t t l e ,  when p r o p e r l y  aimed. The 

Seeing Dis tance 

Correct  -0.5' 
a1 ignment misaim 

158 132 

149 122 

150 116 

145 109 

Reduced 
values due 
t o  misaim 
(per  cen t )  

8 2 

82 

7 7 

7 5 



American and B r i t i s h  beams, which a r e  gene ra l l y  s i m i l a r ,  d i f f e r  r e l a -  

t i v e l y  l i t t l e  under cond i t i ons  of i n c o r r e c t  a l ignment  as we1 1. The 

European beams, w i t h  t h e i r  sharper c u t o f f ,  a re  more a f f e c t e d  by 

misaim. 

One o f  t he  most comprehensive e a r l y  h e a d l i g h t i n g  research e f f o r t s  

was t h a t  c a r r i e d  o u t  by t he  "Working Group Brussels  , 1952, " The 

i n t e n t  was t o  a r r i v e  a t  a  gene ra l l y  acceptable and improved h e a d l i g h t  

beam p a t t e r n .  The program proved t o  be so ex tens ive  t h a t  i t s  comple- 

t i o n  was d i s t r i b u t e d  among t h e  n a t i o n a l  committees o f  Germany, England, 

France, The Nether lands, and t h e  Un i ted  S ta tes .  For purposes o f  t h i s  

survey t h e  most s i g n i f i c a n t  r e s u l t s  a re  summarized i n  F igures 2.1 and 

2.2, which have been adapted from Kazenmaier (1956). These curves 

show v i s i  b i  1  i ty  d is tances measured f o r  t h e  symmetrical European beam 

i n  use a t  t h a t  t ime meet ing a  s i m i l a r  beam, as w e l l  as f o r  a  U.S. 

sea led beam meet ing a  s i m i l a r  beam. It w i l l  be noted t h a t  t h e  

European beam a f f o r d e d  s i g n i f i c a n t l y  g rea te r  v i s i b i l  i ty  down the  l e f t  

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

cen te r  o f  t h e  road. However, t h e  U.S. beam prov ided  s i g n i f i c a n t l y  

g rea te r  v i s i b i l i t y  d is tance  down the  r i g h t  s i d e  o f  t he  road. 

One ques t ion  which t he  e f f o r t s  o f  t h i s  commission cou ld  n o t  

r eso l ve  was t h a t  o f  i l l u m i n a t i o n  d i r e c t e d  i n t o  t he  upper l e f t  quadrant 

of t he  beam p a t t e r n .  European s c i e n t i s t s  f e l t  then, as they  do now, 

t h a t  g l a r e  must be minimized, where t he  Americans f e l t  h i ghe r  g l a r e  

l e v e l s  were acceptable.  As a  r e s u l t ,  the  Europeans decided t o  s t a y  

w i t h  t h e  sh ie l ded  f i l a m e n t  concept b u t  sought a means which would 

a l l o w  g rea te r  i l l u m i n a t i o n  t o  be d i r e c t e d  down the  r i g h t  s i de  o f  t he  

road. Th is  m o d i f i c a t i o n  has been descr ibed by de Boer (1956).  The 

s o l u t i o n  was t o  remove p a r t  o f  t he  f i l ament  s h i e l d  on one s i d e  so 

t h a t  h i g h - i n t e n s i  t y  i 11 uminat ion was d i r e c t e d  above t h e  h o r i z o n t a l  

down the  r i g h t  s i d e  o f  t h e  road. Because o f  t h e  change i n  the  f i l a -  

ment s h i e l d ,  i t  was necessary t o  modi fy  t he  lens  somewhat. A t  t he  

same t ime the  bu lb  mounting was redesigned t o  ensure g rea te r  accuracy 

i n  f i l a m e n t  p o s i t i o n .  The r e s u l t  o f  t h i s  program was an improved 



F igu re  2.1. V i s i  h i  1  i t y  Distances Measured t o  Targets Placed 
on L e f t ,  M idd le  and R i g h t  of t h e  Road f o r  
European Lamps Meet ing European lamps. 
(From Kazenmaier El9561 ) . 
(F i gu re  shows seeing d i s t ance  [S ich twe i  t e l  be fo re  
and a f t e r  t he  meet ing p o i n t  [ Jdea le r  Begegnungspunkt] 
f o r  t a r g e t s  on t he  l e f t  [ l i n k s ] ,  m idd le  [ M i t t e ] ,  and 
r i g h t  [ r e c h t s ]  of t h e  t e s t  veh i c l e . )  Also shown a re  
r e s u l t s  f o r  t a r g e t s  seen i n  s i l h o u e t t e  [ s i l  houettensehen] . 
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F i  gure 2.2.  V i  s i  b i  1 i ty  Distances Measured t o  Targets Pl  aced 
on L e f t ,  Middle and R igh t  o f  the  Road f o r  
American Lamps Meeting American Lamps . 
(From Kazenmaier [ I9561 ) . 
(F igure  shows seeing d is tance [ S i  chtwei t e l  be fore  
and a f t e r  the  meeting p o i n t  [Jdeal e r  Begegnungspunkt] 
f o r  t a rge ts  on the  l e f t  [ l i n k s ] ,  middle [ M i t t e l  , and 
r i g h t  [ r e c h t s ]  o f  the  t e s t  veh i c le . )  Also shown are  
r e s u l t s  f o r  t a rge ts  seen i n  s i l h o u e t t e  [s i lhouet tensehen] .  



European beam p a t t e r n  which was, i n  t he  o p i n i o n  o f  European engineers,  

capable o f  equal 1  i n g  t h e  v i s i b i l i t y  d i s tance  a f f o r d e d  by t h e  U .S. 

sea led beam t o  a1 1  areas o f  t h e  road  environment. 

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

i n  Great B r i t a i n  developed a  computat ional  technique f o r  de te rmin ing  

headlamp seeing d is tances  based on beam i n t e n s i t y  and g l a r e .  Th i s  

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

e s t i n g  s t ud ies  i nvo l ved  a  comparison o f  European and B r i t i s h  head- 

lamps on curved roads (Jehu, 1957). The r e s u l t s  o f  some o f  t h e  

c a l c u l a t i o n s  p rov ided  by Jehu a re  shown i n  Table 2.2. Note t h a t  t he  

European lamps a re  o f  t h e  o l d e r  symmetrical type. 

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

e i t h e r  system, s ince  t h e  v i s i b i l i t y  a f f o r d e d  depends on t he  d is tance  

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

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

t h a t  t h e  advantage l a y  w i t h  t h e  B r i t i s h  system, which was almost 

always b e t t e r  than t he  European i n  r e v e a l i n g  t h e  impor tan t  near-s ide 

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

t h e  road.)  Reca l l  however, t h a t  t h i s  t e s t  i n vo l ved  t he  e a r l i e r  

symmetrical European beam. The r e s u l t s  p robab ly  would have been more 

s im i  1  a r  were an a s y m e t r i  c a l  European beam used ins tead ,  

Lindae (1962) has repo r t ed  t h e  r e s u l t s  o f  t e s t s  comparing U.S. 

two- and four- lamp sealed-beam systems w i t h  t h e  European asymmetrical 

system. These r e s u l t s  a re  summarized i n  two f i g u r e s  taken f rom h i s  

r e p o r t .  F igure  2.3 shows t h e  r e s u l t s  f o r  t a r g e t s  on t he  r i g h t  hand 

s i d e  o f  t he  road. The d i f f e r e n c e s  between the  two systems appear 

min imal .  F igure 2.4 shows t he  r e s u l t s  f o r  t a r g e t s  p laced  on the  l e f t  

s i d e  o f  t h e  road. I n  t h i s  ins tance  t he re  i s  a  s u b s t a n t i a l  d i f f e r e n c e ,  

w i t h  t h e  European system produc ing about a  30% increase i n  v i s i b i l i t y  

d i s t ance  under no g l a r e  cond i t i ons  and more than a  50% improvement 

under g l a r e  cond i t i ons  . 



TABLE 2.2. Comparison of Ca lcu la ted  Seeing Distances f o r  B r i t i s h  
and European Head1 amps. (From Jehu [I9571 ) . 

Ob jec t  
p o s i t i o n  1 

I 

Nears i  de 
Ob jec t  

I 

i 
I 
I 

Ob jec t  i n  ! 
cen t re  o f  i 

r oad  I I 

I 

O f f s i d e  
o b j e c t  1 

I 

I 

i Seeing d is tances  w i t h  t h e  f o l -  
1 owing opposing beams : 

Double Lamps 

European 
versus 

European 
( f t . )  

I 

D is tance 
I 

I 

be tween o b j e c t  i Double Lamps 

and g l a r e  source Modern B r i  ti s h 
versus 

Modern B r i  t i  s h 
( f t . )  I ( f t .  ) 



Figure  2 .3 .  Seeing Dis t ances  Provided by European 
and American Head1 i g h t  Systems f o r  T a r g e t s  
on the Righ t  S i d e  o f  the Road. 
(From Lindae [I9621 ) 



Figure 2.4. Seeing Distances Provided by European 
and Ameri can Head1 i g h t  Sys terns for Targets 
on the Left Side of the Road. 
(From L i  ndae [I9621 ) 



The Psychological group a t  Uppsala in Sweden have reported 
several studies deal ing with various problems in night visibi l i ty.  
The f i r s t  comprehensive investigation of different types of head- 
lighting t o  come from t h a t  group was reported by Johansson e t  a l .  
in 1963. 

Five studies were carried o u t .  They included comparisons 

between high and 1 ow beams, symnetri cal and asymmetri cal headl amps, 
and different target reflect ivi t ies.  The investigators used a semi- 
dynamic technique which was different from that usually employed, i n  
t h a t  the criterion was the distance t o  a target a t  the moment i t  
could no longer be seen by the subjects. The authors argue t h a t  this 

i s  a better way of assessing visibi l i ty distance than trying to measure 
the f i r s t  moment that a target can be detected, The subjects were 
seated in a motor vehicle which was s t a t i c  throughout the study. A 

glare car was positioned ahead of them on the road. The subjects 
were asked to indicate the furthest targets that could be discerned 
without the headl ights of the glare vehicle being on. The glare- 
vehicle headlights were then switched on and a: new set  of measures 
were taken. The glare vehicle then accelerated and drove toward the 
subject vehicle, the subjects being required t o  indicate the most 
distant target which they could discern as the glare vehicle 
approached. 

The rationale Johansson gives for using the procedure described 
i s  that variance associated w i t h  the "surprise" appearance of a target 
i s  minimized. He argues that this makes i t  easier t o  distinguish 
between various t es t  conditions. This i s  a debatable point. The . 

major variance in a study of this type i s  associated with the level 
of confidence a t  which a subject will respond. This problem is  no 
different for descending than for ascending format. Further, the 
use of a descending format will result in significantly longer visi- 
bil i t y  distances, which make i t  more diff icult  t o  compare these 
results with others. 



Certain resul t s  of the Johansson e t  a1 . study could have been 
expected. For example, detection distances increased as target 
reflectivity increased. I t  was also found that visibi l i ty for 
objects on the near side of the road (right side in U S . )  were 
greater with an asymmetrical than with a symmetrical low beam. 
Results concerning visibi l i ty with h i g h  beams were somewhat sur- 
prising. These data indicate t h a t  high beams meeting high beams gave 
longer visibi 1 i ty distances thnawghout the meeting situation than  
did low beams meeting low beams. The measured visibi l i ty distances 
for low beams were about 25 meters maximum, 20 meters minimum. For 
the high beams, visibi l i ty distances varied from about 55 meters 
maximum to about 25 meters minimum. These results differ from 
those reported by other investigators and may be attributable to the 
different method01 ogy employed. 

Tests comparing the British headlighting system commonly used 
in the early 1960's with the asymmetrical European system of the same 
era have been reported by Fosberry and Moore (1963). The results were 
gathered using semi-dynamic tests  similar t o  those used by Harris 
(1954), described earl ier .  The target was a board 18 inches high, 
having 7% reflectivity. Seeing distances for objects on the near side 
(right side for U.S. use) were quite similar for al l  units tested. 
The seeing distances t o  objects in the center of the road were quite 
comparable as well. The authors note: "with such very different 
beams, i t  i s  indeed surprising t h a t ,  in terms of seeing distances, 
differences are only marginal." 

One of the f i r s t  tests  of visibi l i ty distance provided by quartz- 
halogen European lamps compared t o  American sealed beams has been 
reported by Roper and  Meese (1965). These tests  were conducted using 
two vehicles, both of which were i n  motion a t  speeds of  40 m p h .  Tar- 
gets consisted of 16" squares having 7% reflectivity se t  on the right 
side of the road. Subjects were instructed t o  indicate when they had 

detected the presence of a target by pushing a b u t t o n .  Figure 2.5 

shows the results of this t es t .  Relatively l i t t l e  difference was 



Figure 2.5. Seeing Distances t o  Targets on the  R igh t  Side 
o f  t he  Road Provided by American and European 
Low Beams. (From Roper and Meese [I9651 ) 



found between the two systems, perhaps 10% a t  maximum. However, t h e  

U.S. lamp was c o n s i s t e n t l y  b e t t e r  than the  European,except a t  t he  

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

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

Faul kner and 01 der (1967) i n v e s t i g a t e d  var ious  1  i g h t i n g  cond i t i ons  

i n c l u d i n g  B r i t i s h -  and European-style low beams. The authors  do n o t  

s p e c i f y  whether convent ional  tungsten- o r  quar tz -  halogen- sources were 

used i n  t h e i r  European lamps. It i s  c l e a r  t h a t  t h e  asymmetrical 

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

unusual. It was f o u r  f e e t  h igh ,  r ec tangu la r  i n  shape and had on t he  

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

cou ld  be moved t o  var ious p o s i t i o n s .  The task  g iven t h e  sub jec ts  was 

two-fold.  F i r s t  they had t o  d e t e c t  t h e  presence o f  the  t a r g e t  i t s e l f ,  

and second they  had t o  recognize the  o r i e n t a t i o n  o f  t he  p r o j e c t i o n .  

The resu l  t s  a re  repo r ted  i n  terms of d e t e c t i o n  and r e c o g n i t i o n  

d is tances.  The t a r g e t  cou ld  be p laced i n  any o f  s i x  p o s i t i o n s ,  

rang ing  from 400 f e e t  i n  f r o n t  of t he  g l a r e  source t o  about 300 f e e t  

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

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

g rea te r  de tec t i on  d is tances than d i d  the  B r i t i s h  low beam. These 

d i f f e rences  were g rea tes t  when the  t a r g e t  was p o s i t i o n e d  j u s t  i n  

f r o n t  o f  and j u s t  behind the  g l a r e  veh i c l e .  

The recogni  t i o n - d i s t a n c e  data a re  d i f f e r e n t .  I n  t he  f i r s t  

p lace,  t he  r e c o g n i t i o n  d is tances a r e  about o n e - f i f t h  as l ong  as the  

d e t e c t i o n  d is tances.  It was a l s o  found t h a t  t he  r e c o g n i t i o n  d is tances  

were s u b s t a n t i a l l y  g rea te r  f o r  t he  B r i t i s h  low beam when the  t a r g e t  

was pos i t i oned  i n  f r o n t  o f  the g l a r e  v e h i c l e  and somewhat g rea te r  f o r  

t he  European low beam when the  t a r g e t  was pos i t i oned  behind t he  g l a r e  

veh i c l e .  

The s tudy by Faul kner and Older  r a i s e s  an i n t e r e s t i n g  ques t ion  

about the  c r i t e r i a  employed i n  h e a d l i g h t i n g  s tud ies .  As was noted 

e a r l i e r ,  d e t e c t i o n  d is tance  i s  t he  usual way i n  which h e a d l i g h t  



performance i s  measured. However, s imply  d e t e c t i n g  an o b j e c t  may n o t  

be enough. I t  i s  a1 so necessary f o r  the d r i v e r  t o  i d e n t i f y  an o b j e c t  

s u f f i c i e n t l y  we1 1 t o  determine whether i t  c o n s t i t u t e s  a problem o.r 

no t .  The e x t e n t  t o  which t h i s  i d e n t i f i c a t i o n - d e c i s i o n  process can be 

s imulated i n  an a r t i f i c i a l  experiment i s  quest ionable.  I t  remains 

one o f  t he  unresolved (and l a r g e l y  unexplored) issues i n  headl i g h t i n g  

research. 

The f i r s t  exper imental  comparison between convent ional  tungsten 

and quartz-halogen European beams was repo r ted  by Rumar (1970). Th is  

s tudy was c a r r i e d  ou t  us ing  a semi-dynamic procedure. A s t a t i c  g l a r e  

ca r  was employed, w i t h  the  sub jec ts  be ing  d r i v e n  down a two-lane road 

toward the g l a r e  car .  A t a rge t -de tec t i on  c r i t e r i o n  was used. The 

sub jec ts  were requ i red  t o  press a bu t t on  when they detected r e l a t i v e l y  

smal l ,  4% r e f l e c t a n c e  t a rge t s  placed a long the  r i g h t  edge o f  t h e  road. 

The r e s u l t s  i n d i c a t e d  t h a t  t he  new halogen lamps on h igh  beam pro-  

duced about a 25% improvement i n  v i s i b i l i t y  d is tance .  When meet ing 

o t h e r  cars  w i t h  low beams the  halogen lamp was s t i l l  supe r i o r  t o  t he  

convent ional  tungsten lamp. 

I n  a general a r t i c l e  concerning problems o f  n i g h t  v i s i b i l i t y ,  

C h r i s t i e  and Moore (1970) make re fe rence  t o  experiments c a r r i e d  o u t  

a t  the  Road Research Laboratory  i n  Great B r i t a i n  comparing the  r e l a -  

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

re fe rence  t o  t he  work o f  Faul kner and Older mentioned e a r l i e r ,  

C h r i s t i e  and Moore c l a i m  t h a t  t he  European quartz-halogen headl amp 

i s  t o  be p r e f e r r e d  f o r  a1 1 cond i t i ons  of roadway 1 i g h t i n g ,  - i f  good 

aiming can be ensured. Th is  i s  an impor tan t  cond i t i on .  The authors  

recognize t h a t  t he re  a re  subs tan t i a l  d i f f i c u l t i e s  i n  ma in ta i n i ng  

headlamp aim under a1 1 d r i v i n g  cond i t i ons .  The paper goes on t o  d i s -  

cuss var ious ways of improv ing headl i g h t  aim, i n c l u d i n g  devices which 

compensate au toma t i ca l l y  f o r  changes i n  veh i c l e  a t t i t u d e .  

The Southwest Research I n s t i t u t e  has conducted a number o f  head- 
l i g h t i n g  s tud ies .  The i r  purpose was t o  measure t h e  performance o f  

present-day 1 i g h t i n g  systems and recommend improvements. Th is  work 



has been summarized by Hull, e t  a l .  (1971). The conditions under 
which the t e s t s  were conducted used two cars on a s t ra ight ,  f l a t  
road with both experimental and glare cars i n  motion. The resu l t s ,  
for a 7% reflectance, pedestrian size target s e t  on the right edge 
of the road, are summarized in Table 2 . 3 .  

The high beam comparisons are not surprising, given the fac t  
that  there i s  a substantial intensity difference between the two 
systems. The comparison between the low beams indicates tha t ,  for 
the conditions tested, seeing distance differences are mi nor. 

One of the most interesting reports in recent years comparing 
various low-beam headlighting systems i s  by Rumar, e t  a1 . (1973). 
This was a semi-dynamic simulation in which the subjects rode i n  a 
car which was driven toward a stationary glare vehicle positioned in 
the center of the l e f t  lane. The distance a t  which the subjects 
could detect dark obstacles placed along the right edge of the road 
was measured. For no-glare s i tuat ions,  the resul ts  indicate that  a 
European high beam provided approximately 15% more vis ibi l  i t y  dis- 
tance to the t e s t  object on s t raight  roads, while on sharp curves 
differences between European and U .S .  h i g h  beams are negl igi  b l  e .  
For low beams, the results indicate that on s t raight  roads a U.S. low 
beam provided greater glare and, as a consequence, somewhat less 
seeing distance (about 10%) than a European beam. I t  was also found 
that a U.S. low beam provided a greater percentage increase in vis i -  
bil i ty distance than a European low beam as target re f lec t iv i ty  was 
increased. On curved roads the two low beam systems gave roughly the 
same performance, except for sharp curves to  the l e f t ,  where a U.S. 

low beam provided somewhat better visibil  i t y .  

This report ,  coming from an organization which has done much 
careful work on head1 ighting over a period of years, and from a 
country (Sweden) which uses the European system, has added fuel t o  
the controversy concerning European and U.S. low-beam patterns, 
since i t s  authors infer a substantial superiority for the U.S. low 
beam. In this  respect, the report differs  from other reports 



TABLE 2.3. V i s i b i l i t y  Distances Measured f o r  Two Head1 amp Systems 
Based on Tests Ca r r i ed  Out a t  Southwest Research I n s t i t u t e .  
(From H u l l ,  e t  a1 . [I9711 ) 

Distances a re  i n  f ee t .  

I 

Test  
Condit ions 

Facing G la re  
Car w i t h  
I d e n t i c a l  Lamps 

Unopposed 

Low Beams 
! 

U.S. European 

362 1 356 
I 

Hiqh Beams 

434 

U.S. 

328 

81 1 417 

European 

428 

1,023 



comparing European and American head1 i g h t i n g  w i t h  which t he  au thors  

a re  f a m i l i a r .  However, an exp lana t i on  may be found i n  pho tomet r i c  

data f o r  t he  t e s t  lamps. Isocandela diagrams prov ided  i n  t h e  r e p o r t  

show t h a t  t h e  European lamps se lec ted  ( a t  l e a s t  t he  one which i s  pre-  

sented i n  t h e  f i g u r e )  had an o u t p u t  c l ose  t o  t he  minimum prescr ibed ,  

w h i l e  t h e  American u n i t  shown had s p e c i f i c a t i o n s  which were a t  o r  

exceeded t he  maximum a1 lowed under SAE r e g u l a t i o n s  . A d d i t i o n a l  l y  , 
f o r  some reason, t he  maximum i n t e n s i t y  p o i n t  o f  t he  European u n i t  

was o r i e n t e d  more than 3' t o  t h e  r i g h t  i n s t e a d  o f  between 1-zO, as 

i n d i c a t e d  i n  t h e  s p e c i f i c a t i o n s .  The maximum i n t e n s i t y  p o i n t  of  t he  

American u n i t  was a l s o  aimed somewhat down and t o  t h e  r i g h t  r e l a t i v e  

t o  t h e  s p e c i f i c a t i o n s ,  b u t  t he  h i g h - i n t e n s i t y  zone was l e a s t  near t h e  

edge o f  t h e  roadway. 

Assuming t he  second lamp i n  each p a i r  was approx imate ly  t h e  same 

as t h e  one f o r  which isocandela diagrams a r e  prov ided,  i t  i s  ques t ion-  

ab le  whether t he  t e s t  descr ibed  by Rumar e t  a l .  can be t r u l y  charac- 

t e r i z e d  as a  comparison of U.S. versus European beam pa t t e rns .  It 

was more a  comparison o f  d i f f e r e n t  beam i n t e n s i t i e s .  

Ohlon and Zaccher in i  (1972) have repo r ted  a  fo l low-up  of  t h e  

Rumar e t  a l .  paper j u s t  descr ibed.  They performed a  mathematical 

ana l ys i s  o f  t he  see ing-d is tance  data i n  an e f f o r t  t o  determine why 

t h e  observed d i f f e r e n c e s  came about. The authors  accompl i shed t h i s  

by ana l yz i ng  t he  ill urnination d i r e c t e d  down the  road a t  va r ious  

he igh t s  above t h e  roadway sur face  and c o r r e l a t e d  1  umi nous i n t e n s i t y  

w i t h  seeing d is tance .  I t  was found t h a t  the  maximum c o r r e l a t i o n  

between these values occur red  a t  a  h e i g h t  corresponding approx imate ly  

t o  t he  top  of t h e  one-meter - ta l l  t a r g e t s  used by Rumar e t  a l .  The 

authors  conclude t h a t  the  s u p e r i o r i t y  o f  t h e  U.S.  beam i n  these t e s t s  

i s  a t t r i b u t a b l e  t o  l i g h t  em i t t ed  j u s t  below the  h o r i z o n t a l .  On a 

bas i s  o f  these observa t ions  t h e  authors  recommend a  new passing-beam 

design. A rough approx imat ion o f  t h i s  may be v i s u a l i z e d  by t a k i n g  a  

t y p i c a l  European low beam and s h i f t i n g  i t  somewhat t o  t he  l e f t .  



The h e a d l i g h t i n g  research program c a r r i e d  o u t  a t  t he  Highway 

Safe ty  Research I n s t i t u t e  of t he  U n i v e r s i t y  o f  Michigan was one of  

t h e  most comprehensive t o  date (e.g., Mor t imer  and Olson, 1974). I t  

was d i v i d e d  i n t o  t h r e e  phases. I n  Phase 1, f i e l d  t e s t  da ta  were 

c o l l e c t e d  u t i l i z i n g  f u l l y  dynamic s imu la t ions .  Var iab les  t e s t e d  

i n c l  uded head1 amp beam, speed, l a t e r a l  separa t ion  and t a r g e t  r e f l e c -  

t i v i t y .  These r e s u l t s  were used t o  a i d  i n  t h e  development of a  com- 

p u t e r  seeing d i s tance  model i n  Phase 2.  I n  Phase 3, t he  model was 

v a l i d a t e d  by c r e a t i n g  new beam pa t t e rns  and v e r i f y i n g  t h a t  the  model 

was capable of  p r e d i c t i n g  t he  v i s i  b i  1  i ty  d is tance  which they  p rov ided .  

The t a r g e t s  used i n  t he  HSRI t e s t s  were d i f f e r e n t  from those 

used i n  any o t h e r  s i m i l a r  program. I t  posed an i d e n t i f i c a t i o n  task  

t o  the  sub jec ts ,  r a t h e r  than s imple de tec t i on .  Th i s  was done p r i -  

m a r i l y  because p i l o t  t e s t i n g  determined t h a t  such a  t a r g e t  reduced 

t h e  exper imental  var iance.  No i n t e r a c t i o n  e f f e c t  o f  beam and t a r g e t  

t ype  was noted, such as repo r ted  by Faulkner and Older  (1967). The 

t a r g e t  a l s o  had i t s  own background. Th is  had t h e  impor tan t  b e n e f i t  

o f  p rese rv i ng  t a r g e t  c o n t r a s t  regard less  o f  t he  ac tua l  environmental  

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

A number o f  d i f f e r e n t  l i g h t i n g  systems were t e s t e d  i n  var ious  

phases o f  t he  program, The r e s u l t s  i n d i c a t e d  t h a t  a  three-beam sys- 

tem would be optimum, It would c o n s i s t  o f  a  low beam having a  f l a t  

t op  sharp c u t o f f  l i k e  t h e  o l d  s t y l e  European low beam; a  mid-beam 

which adds a  r e l a t i v e l y  powerful  spot  lamp l i k e  p a t t e r n  t o  t he  r i g h t  

s ide;  and a  European s t y l e  h igh  beam. 

Mid-beam systems were h e l d  as a  promis ing improvement i n  head- 

1  i g h t i n g  f o r  some t ime.  The major problems are :  

1. Technica l  d i f f i c u l t i e s  i n  t r y i n g  t o  ge t  t h ree  beams 

from a  two-lamp system. 

2. P r a c t i c a l  d i f f i c u l t i e s  i n  p o t e n t i a l  abuse o r  confu- 

s i o n  r e s u l t i n g  from t h e  g rea te r  complex i t y  of  t he  

sw i t ch ing  system. 



Because of these problems recen t  research i n  headl i g h t i n g  has 

been d i r e c t e d  back t o  more convent ional  channels, t r y i n g  t o  f i n d  a  

b e t t e r  compromise f o r  t h e  meet ing beam. 

One o f  t h e  most s i g n i f i c a n t  and comprehensive headl i g h t i n g  

research e f f o r t s  i n  r ecen t  years  has been c a r r i e d  o u t  a t  Ford Motor 

Company (Bhise, e t  a1 . 1977). I n  the  f i r s t  s tage o f  t h i s  e f f o r t  a  

seeing-d is tance model was developed, somewhat 1  i ke t h e  one developed 

a t  H S R I .  The model was v a l i d a t e d  i n  a  v a r i e t y  o f  s i t u a t i o n s  t o  

ensure t h a t  t he  v i  s i  b i  1  i ty d is tances  p r e d i c t e d  corresponded t o  those 

measured i n  ac tua l  d r i v i n g  s i t u a t i o n s .  A computer s i m u l a t i o n  o f  a  

"s tandard ized t e s t  r o u t e N  was then developed, over  which cars  cou ld  

be " d r i v e n "  w i t h  any h e a d l i g h t i n g  system o f  i n t e r e s t .  The t e s t  

r o u t e  c o n s i s t s  of  a  s e r i e s  o f  highway sec t i ons  i n  t h e  form of 

environmental  parameters which a r e  thought  t o  have an in f luence  on 

v i s u a l  performance and n i g h t  d r i v i n g .  I t  inc ludes  such f a c t o r s  as 

pavement, 1  ane 1  i ne, and t a r g e t  r e f 1  ectance, road geometry, 1  ane 

c o n f i g u r a t i o n ,  ambient ill uminat ion, as we1 1  as g l a r e  from f i x e d  

l i g h t i n g  and t r a f f i c .  The authors  f e e l  t h a t  t h e  s tandard ized  t e s t  

r o u t e  i s  a  r ep resen ta t i on  o f  a  t y p i c a l  American n i g h t - d r i v i n g  env i ron-  

ment. I t  i s  based on a  s e r i e s  o f  f i e l d  surveys which covered 

thousands o f  m i l e s  o f  ac tua l  highways. 

When var ious  h e a d l i g h t i n g  systems a re  r u n  thraugh t he  s tandar-  

d i zed  t e s t  rou te ,  t he  model ou tpu ts  a  f i g u r e  o f  m e r i t .  Th is  f i g u r e  

o f  m e r i t  i s  t h e  percentage o f  t he  d i s tance  t r a v e l e d  by the  s imu la ted  

d r i v e r  on t h e  s tandard ized  t e s t  r o u t e  i n  which the  seeing d i s tance  t o  

pedes t r ians  and pavement l i n e s  and t h e  d i scomfo r t - g l a re  l e v e l s  

exper ienced by opposing d r i v e r s  s imul taneously  meet c e r t a i n  accep- 

tance c r i t e r i a .  

As a  f i n a l  s t ep  i n  t h e  Ford program a  l a r g e  number o f  d i f f e r e n t  

1  i g h t i n g  c o n f i g u r a t i o n s  were t es ted .  It was found t h a t  t he  f i gu re -o f -  

m e r i t  ou tpu t  o f  t he  model d i f f e r e d  very  l i t t l e ,  i n d i c a t i n g  t h a t  

va r ious  headl i g h t i n g  systems produce bas i ca l  l y  t he  same performance. 

What t he  research seems t o  show i s  t h a t  d r i v e r  v i s u a l  performance on 



t he  highway a t  n i g h t  i s  more s e n s i t i v e  t o  environmental  cond i t i ons  and 

t he  d r i v e r ' s  v i s u a l  c a p a b i l i t y  than t o  t he  range o f  c h a r a c t e r i s t i c s  

e x h i b i t e d  by e x i s t i n g  and proposed headl i g h t i n g  systems. Th is  work 

suggests t h a t  no s i g n i f i c a n t  advances i n  n i g h t  v i s i b i l i t y  can be 

expected through changes i n  h e a d l i g h t i n g  technology o f  the  usual s o r t .  

Only by s o l u t i o n s  such as t h a t  p o t e n t i a l l y  a v a i l a b l e  through t he  use 

o f  p o l a r i z a t i o n  can s i g n i f i c a n t  improvements i n  n i g h t  v i s i b i l i t y  be 

brought  about. 

As had been noted a l ready,  every research e f f o r t  i n  t h e  f i e l d  

o f  v e h i c l e  headl i gh t i ng  has re1  i e d  on seeing-d is tance c r i t e r i a  us ing  

sub jec t s  who were f u l l y  a l e r t e d  t o  t h e  na tu re  o f  t he  t e s t  and t h e  

response expected f rom them. There a re  two major  problems w i t h  t h i s  

approach which have concerned i n d i v i d u a l s  t r y i n g  t o  do research i n  

headl i g h t i n g .  One o f  these problems i s  f a i r l y  obvious. The f u l l y  

a l e r t e d  sub jec t  w i l l  " de tec t "  a  g iven t a r g e t  a t  a  s u b s t a n t i a l l y  

g rea te r  d is tance  than would be expected o f  a  person under normal 

d r i v i n g  cond i t i ons .  Th is  f a c t  was c l e a r l y  demonstrated by Roper and 

Howard (1938), who found t h a t  i d e n t i c a l  t a r g e t s  were detected a t  

tw i ce  the  d is tance  when t he  sub jec ts  were l o o k i n g  f o r  them as con- 

pared w i t h  a  s i t u a t i o n  where t h e  sub jec ts  were n o t  aware of t h e  

f a c t  t h a t  t h e r e  was a  t a r g e t  i n  f r o n t  o f  them. 

The o t h e r  problem i s  a  b i t  more sub t l e .  L i t t l e  i s  known about 

the  na tu re  o f  the  i n fo rma t i on  which i s  r e q u i r e d  i n  o rde r  t o  success- 

f u l l y  operate a  motor veh ic le ,  o r  t he  way which i t  i s  secured and 

u t i l i z e d .  I t  may w e l l  be t h a t  t h e r e  a re  aspects of headlamp p e r f o r -  

mance which a r e  of  consequence b u t  which a re  over looked i n  t h e  t r a d i -  

t i o n a l  headl i g h t i n g  exper iment.  Whi le these a re  very  r e a l  problems, 

t he re  i s  no easy way o f  r e s o l v i n g  them. 

A promis ing new approach was at tempted r e c e n t l y  by the  Honeywell 

Corpora t ion  (Gra f  and Krebs, 1976) under c o n t r a c t  t o  t he  Nat iona l  

Highway T ranspo r ta t i on  Safety Admin i s t r a t i on .  Honeywell has 

developed an eyed f i x a t i  on-record ing dev ice which can be mounted i n  

an automobi le and operated so t h a t  i t  i s  poss ib l e  t o  keep t he  sub jec t  



unaware o f  the  f a c t  t h a t  eye f i x a t i o n s  are  being recorded. Graf  and 

Krebs used t h i s  machine i n  a  s tudy which attempted t o  measure the 

de tec t ion  d is tance o f  ob jec ts  which appeared normal t o  the  roadway 

environment ( roadside junk, mai 1  boxes, signs, man-sized dummy). The 

subjects were no t  aware o f  the t r u e  purpose o f  the  study. Thus, i t  

was thought t h a t  eye - f i xa t i on  pa t te rns  and de tec t i on  distances should 

be representa t ive  o f  what happens i n  the  r e a l  wor ld.  A wide v a r i e t y  

o f  headl i g h t i n g  systems were u t i  1  i zed, ranging f r o m  standard U .S. 

and European low beams t o  very powerful h igh beams. 

Graf and Krebs r e p o r t  no s i g n i f i c a n t  d i f fe rences i n  t a r g e t  

de tec t ion  d is tance as a  f u n c t i o n  o f  the  various head l i gh t i ng  systems 

employed. Given the  range o f  pa t te rns  and i n t e n s i t i e s  i n c l  uded, 

t h i s  r e s u l t  i s  unexpected and q u i t e  d i f f e r e n t  from data c o l l e c t e d  i n  

o ther  s tud ies  us ing s i m i l a r  lamps. However, Graf and Krebs argue 
t h a t  these r e s u l t s  are r e a l i s t i c ,  due t o  the  una ler ted  s t a t e  of 

t h e i r  subjects.  

I t  may be t h a t  Graf and Krebs are co r rec t ,  t h a t  there  i s  no 

re1 a t i o n s h i  p  between headl amp i n t e n s i t y  and ta rge t -de tec t i on  d is tance.  

This  imp l i es  t h a t  a g reat  deal o f  t ime, e f f o r t  and money has been 

wasted t r y i n g  t o  develop improved 1  i g h t i n g  systems over the years. 

I t  a1 so imp1 i e s  t h a t  much s t ra tegy  regarding improvements i n  v i s i -  

b i l i t y  w h i l e  d r i v i n g  a t  n i g h t  needs t o  be rev ised.  

However, the  present authors f e e l  t h a t  i t  would be a ser ious e r r o r  

t o  accept t he  r e s u l t s  o f  the Honeywell study w i thou t  f u r the r  v e r i f i -  

ca t i on ,  There are  two major problems: 

1. The resu l  t s  a re  con t ra ry  t o  expectat ions concerning the  

performance o f  the  human perceptual system based on great  numbers o f  

s tudies c a r r i e d  ou t  under l abo ra to ry  and f i e l d  cond i t ions .  A l t e r i n g  

the i n t e n s i t y  o f  veh i c le  headlamps w i l l  produce p red i c tab le  changes 

i n  t a r g e t  luminance and con t ras t  c h a r a c t e r i s t i c s .  It i s  no t  c l e a r  

why the response l e v e l s  expected based on these o ther  s tudies should 

be completely upset simply because the  subjects were no t  aware of the 

data being taken. 



2. Because "de tec t i on "  had t o  be i n f e r r e d  from eye f i x a t i o n  

pa t te rns ,  Gra f  and Krebs faced a  fo rm idab le  problem i n  t h e  da ta  
0 

a n a l y s i s  phase. They decided t h a t  cont inuous f i x a t i o n  w i t h i n  t 1 

o f  t he  t a r g e t  f o r  seven o r  more v ideo frames (115-120 m i l  1  iseconds) 

would be taken as evidence o f  de tec t i on .  Th is  i s  a  r a t h e r  a r b i t r a r y  

d e f i n i t i o n .  More impor tan t ,  i t  assumes t h a t  t he  e n t i r e ,  complex p ro -  

cess o f  i n f o r m a t i o n  a c q u i s i t i o n  w h i l e  d r i v i n g  i s  a  s imp le  "go-no go" 

p r o p o s i t i o n ,  i . e n ,  t a r g e t s  a re  e i t h e r  de tec ted  o r  n o t  detected.  Th is  

i s  p robab ly  n o t  an adequate model. It seems reasonable,  f o r  example, 

t h a t  t he  search s t r a t e g y  and t he  importance a t tached  t o  o b j e c t s  near 

t h e  road would change depending on t he  f i e l d  o f  v iew a f f o rded .  Thus, 

a  d r i v e r  cou ld  become aware t h a t  "something" i s  ahead, a longs ide t he  

road, a t  a  g r e a t  d i s t ance  on h i gh  beams. However, s i nce  the  

"something" appears t o  pose no problem i t  may be g iven  l i t t l e  a t t e n -  

t i o n  u n t i l  l a t e r .  

2.1.3 Conclusions. As w i l l  be c l e a r  from the  preceding 

summary, a g r e a t  deal  o f  work has gone i n t o  t he  i s sue  o f  improv ing 

low beam h e a d l i g h t i n g .  I t  should a l s o  be c l e a r  t h a t  t he re  i s  s t i l l  

much disagreement among i n v e s t i g a t o r s  regard ing  beam i n t e n s i t i e s  and 

d i s t r i b u t i o n .  The ch ie f  obs tac les  t o  agreement i n  t h e  f u t u r e  a re :  

a. Lack o f  an agreed-upon c r i t e r i a  f o r  h e a d l i g h t i n g  

e f f ec t i veness  . 
b. Lack o f  agreement concerning g l a r e  l e v e l s ,  e s p e c i a l l y  as 

i t  invokes d iscomfor t  g l  are .  

c .  D i f f i c u l t i e s  i n  ba lanc ing  c o n f l i c t i n g  s i t u a t i o n s  brought  

about by changes i n  road geometry. 

2.2 Human V isua l  Performance and N igh t t ime D r i v i n g  

2.2.1 I n t r o d u c t i o n .  Under i d e a l  cond i t i ons  t he  human eye i s  

remarkably 1  i g h t  s e n s i t i v e .  I f  t h e  f o l  l ow ing  cond i t i ons  ho ld ,  an 
observer  can de tec t  a  f l a s h  o f  l i g h t  con ta i n i ng  o n l y  90 quanta of 

1  i g h t  60% of the  t ime (Hecht, e t  a1 . , 1942). 

a. the  observer  i s  f u l l y  dark-adapted, and 



b. t he  s t imu lus  f l a s h  i s  presented 20' n a s a l l y  f rom the  

f i x a t i o n  p o i n t ,  and 

c.  t he  s i z e  o f  t he  f l a s h  i s  l o ' ,  and 

d. the  d u r a t i o n  o f  t he  f l a s h  i s  1 msec, and 

e. the  c o l o r  of  t h e  f l ash  i s  green (510nm), and 

f. the  observer  i s  asked t o  pay a t t e n t i o n  o n l y  t o  

d e t e c t i n g  t h e  f lash,  and 

g. the  s t imu lus  f l a s h  t o  be de tec ted  i s  presented i n  an 

otherwise dark  f i e l d .  

In comparison, "a t y p i c a l  l i g h t e d  f l a s h l i g h t  bu lb  r a d i a t e s  about 2 x 

1015 quanta every m i  11 isecond (Cornsweet, 1970, p. 2 5 ) .  " 

However, cond i t i ons  ou t s i de  research 1  abora to r ies  a r e  always 1  ess 

than i d e a l .  I n  t he  s i t u a t i o n  a t  hand (an automobi le d r i v e r  du r i ng  

n i g h t t i m e ) ,  

a )  t he  d r i v e r  i s  gene ra l l y  n o t  f u l l y  dark-adapted (Cole,  

1972; Schmidt, 1966), 

b )  the  l o c a t i o n  o f  t he  r e l e v a n t  t a r g e t s  i s  gene ra l l y  

unpred ic tab le  w i t h i n  a  r a t h e r  l a r g e  area, 

c )  the  s i z e  o f  the r e l e v a n t  t a r g e t s  covers a  wide range, 

d )  the  c o l o r  o f  t he  r e l e v a n t  t a r g e t s  covers a  wide range, 

e )  t he  d r i v e r  i s  occupied w i t h  severa l  o t h e r  simultaneous 

tasks (e.g., c o n t r o l 1  i n g  t he  veh i c l e ,  convers ing w i t h  

passengers, 1  i s  t e n i  ng t o  the  rad io ,  daydreaming, e t c .  ) , 
and 

f )  a  v a r i e t y  o f  t a r g e t s  compete f o r  the  d r i v e r ' s  a t t e n t i o n  as 
we1 1  as cons t i  t u t e  p o t e n t i a l  g l a r e  sources. 

I t  i s  then n o t  s u r p r i s i n g  t h a t  the ac tua l  n i g h t t i m e  v i s u a l  performance 

of d r i v e r s  i s  s u b s t a n t i a l l y  worse than under t he  i d e a l  cond i t i ons  

c rea ted  i n  the  l a b o r a t o r y .  Therefore,  head1 i g h t i n g  systems a re  

employed t o  p rov ide  s u f f i c i e n t  l e v e l  o f  i l l u m i n a t i o n  t o  per form the 

d r i v i n g  task s a f e l y  and e f f i c i e n t l y .  The remainder o f  t h i s  s e c t i o n  



deals w i t h  the  f o l l o w i n g  re levan t  issues a f f e c t i n g  the  design o f  an 

e f f i c i e n t  headlamp: n igh t t ime  vs. daytime v i s ion ,  g la re ,  and age of 

t he  observer. 

2.2.2 Niqht t ime vs. Daytime V is ion .  The human v i sua l  system i s  

a h i g h l y  adapt ive mechanism. V i s ion  operates, t o  one ex ten t  o r  

another, over a nea r l y  11 l o g  u n i t  range of background luminance 

l e v e l  (Cole, 1972). To hand1 e t h i s  wide v a r i e t y  o f  l umi nance condi - 
t i ons ,  the  human r e t i n a  contains two types o f  l i g h t  s e n s i t i v e  

receptors:  rods and cones. The two classes o f  receptors compliment 

each o ther  i n  t h e i r  c a p a b i l i t i e s .  Cones mediate v i s i o n  under T moderate- 

t o  high-1 uminance l e v e l s  (mesopi c  and photopic  condit ions')  which 

inc lude day and most o f  n i g h t  d r i v i n g  s i t u a t i o n s  (Cole, 1972; 

P ro jec to r  and Cook, 1972; Schmidt, 1966) w h i l e  rods mediate v i s i o n  

under low 1 uminance l e v e l s  (sco top ic  cond i t i ons )  , b u t  c o n t r i b u t e  t o  

mesopic v i s i o n  as we1 l . 
Dark adaptat ion ( regenerat ion of l i g h t  s e n s i t i v i t y  a f t e r  expo- 

sure t o  b r i g h t  l i g h t )  fo l lows a d i f f e r e n t  t ime course fo r  cones than 

f o r  rods. Two aspects o f  the  dark adaptat ion are  of i n t e r e s t  here, 

F i r s t ,  the  regenerat ion of cones i s  e s s e n t i a l l y  complete i n  about 5 

minutes, w h i l e  i t  takes about 25-30 minutes o f  darkness f o r  rods t o  

reach the assymptot ic value. Second, there  i s  crossover between the  

absolute s e n s i t i v i t i e s  of rods and cones. For t he  f i r s t  7-8 minutes 

a f t e r  exposure t o  a b r i g h t  l i g h t ,  the  cones are more s e n s i t i v e  than 

rods, wh i l e  a f t e r  t h a t  pe r iod  o f  t ime i n  darkness the rods become 

more s e n s i t i v e  than the cones. Since the  average n i g h t  d r i v i n g  

e n t a i  1s frequent exposures t o  head1 i g h t s  of  oncoming t r a f f i c ,  complete 

dark adaptat ion i s  r a r e l y  a t t a i n e d  by d r i v e r s ,  thereby f u r t h e r  extend- 

i n g  the range o f  d r i v i n g  s i t u a t i o n s  where cones a re  more s e n s i t i v e  

than rods. 

'scotopic cond i t ions  : lom6- cd/m2, 
3 1 2 Mesopic cond i t ions :  10- - 10 cd/m , 

5 2 Photopi c  cond i t ions  : 10' - 10 cd/m (Cole, 1972).  



The cones a re  respons ib le  f o r  c o l o r  v i s i o n .  While c o l o r -  

v i s i o n  th resho l  d  va r i es  w i t h  d u r a t i o n  of exposure, t he  s i z e  o f  t he  

t a r g e t ,  and the  p a r t i c u l a r  c o l o r  (Connors , 1968; Connors , 1969), 
2  as a  r u l e  o f  thumb a  va lue o f  .04 f t - L  ( - 1 4  cd/m ) i s  sometimes 

taken as a  1  i m i t i n g  luminance f o r  r e l i a b l e  c o l o r  v i s i o n  (Richards, 

1968). I n  general  , c o l o r  v i s i o n  i s  degraded a t  i n t e rmed ia te  mesopic 

l e v e l s  and i s  absent a t  low mesopic and sco top i c  l e v e l s .  

V isual  a c u i t y  ( t h e  a b i l i t y  t o  r eso l ve  small d e t a i l s )  va r i es  as a  

f u n c t i o n  o f  the  luminance l e v e l .  The b e s t  v i s u a l  a c u i t y  i s  reached 

a t  high* o r  in termediate91 uminance l e v e l s  and t he  poores t  a t  low- 

luminance l e v e l s  (Cole, 1972; Richards, 1967). For example, a t  t he  
2 luminance l e v e l  o f  1 cd/m t h e  sma l l es t  r eso l ved  v i s u a l  angle i s  

2 
around 250 microrad ians,  w h i l e  a t  .1 cd/m i t  increases t o  about 500 

microrad ians (Moon and Spencer, 1944). I t  f o l l o w s  t h a t  a  d e t a i l  which 

can be d i s t i n g u i s h e d  du r i ng  t he  day migh t  be below a c u i t y  th resho l  d  

a t  n i g h t .  

Cont ras t  s e n s i t i v i t y  ( s e n s i t i v i t y  t o  simultaneous 1  uminance 

d i f ferences)  v a r i e s  w i t h  t he  background 1  uminance (B l  ackwel l  , 1972; 

Richards, 1967; Wright,  1976). As t h e  luminance l e v e l  ( L )  of t he  

background decreases, t h e r e  i s  an inc rease  i n  AL/L , t h e  1  umi nance 

d i f f e r e n c e  t h resho l  d  expressed as a  p r o p o r t i  on o f  t he  background 1  umi - 
nance. Consequently, a  t a r g e t  which du r i ng  t he  day can be d i s t i n -  

guished from i t s  background on t h e  bas is  o f  luminance c o n t r a s t  alone, 

can become i n d i s t i n g u i s h a b l e  from i t s  background i n  t he  n i g h t .  

Other v i sua l / pe rcep tua l  s k i 1  1s which d e t e r i o r a t e  w i t h  a  decrease 

i n  luminance l e v e l  a re  est imates of s i ze ,  d is tance ,  and speed (Wr ight ,  

1976), r e s u l t i n g  i n  l e s s  v e r i d i c a l  judgments du r i ng  the  n i g h t  than 

du r i ng  t he  day. 

2.2.3 Glare.  Low luminance l e v e l s  c rea te  i d e a l  cond i t i ons  f o r  

g l a re ,  which occurs i f  the 1  uminance of  a 1  i g h t  c l ose  t o  the  1  i n e  of 



s i g h t  i s  s u b s t a n t i a l l y  above t h e  luminance o f  t h e  background. S ince 

the ambient luminance l e v e l  i s  low du r i ng  the  n i g h t ,  any i n tense  

source of  l i g h t  (e.g., head1 i g h t s  o f  oncoming ca rs )  has t he  p o t e n t i a l  

of becoming a  g l a r e  source. 

Glare can have psycho log ica l  e f f e c t s  ( d i scomfo r t  g l a r e )  ev i den t  

i n  r e p o r t s  o f  d i scomfo r t  o r  annoyance, and performance e f f e c t s  

( d i s a b i l i t y  g l a r e )  e v i d e n t  i n  decrements i n  v i s u a l  performance. Whi le 

d i scomfo r t  g l a r e  i s  p r i m a r i l y  due t o  t h e  i n t e n s i t y  o f  t h e  l i g h t  source, 

d i s a b i l i t y  g la re .  " i s  caused by s c a t t e r i n g  o f  l i g h t  w i t h i n  t h e  eye so 

t h a t  a  v e i l i n g  o f  l i g h t  i s  superimposed over  bo th  t he  t ask  and t he  

background, e f f e c t i  v e l y  r a i s i n g  background 1  uminance and reduc ing 

c o n t r a s t  (Cole, 1977, p . l ) . "  I n  a d d i t i o n  t o  the  s c a t t e r  caused by t he  

s t r u c t u r e  o f  t he  eye, a d d i t i o n a l  s c a t t e r  i s  t h e  r e s u l t  o f  the  1  i g h t  

t r a v e r s i n g  automobi le w indsh ie lds  (A1 l e n  , 1969, 1974) and spec tac le  

lenses (Cole,  1977). Cones possess a  c e r t a i n  l e v e l  o f  p r o t e c t i o n  

aga ins t  d i s a b i l i t y  g l a re ,  s i nce  they a r e  maximal ly s e n s i t i v e  t o  1  i g h t  

i n c i d e n t  a long  t h e i r  main a x i s  and a re  s u b s t a n t i a l l y  l e s s  s e n s i t i v e  t o  

l i g h t  f a l l i n g  o b l i q u e l y  (as t he  sca t t e red  l i g h t  does). On the  o t h e r  

hand, rods a re  l e s s  d i r e c t i o n a l  l y  s e n s i t i v e ,  c o n t r i b u t i n g  t o  t he  

n i g h t t i m e  s u s c e p t i b i l  i y  t o  g l a r e  (Cole, 1977). 

There i s  no general  agreement on the  i n t e r r e l a t i o n  between 

d i  sabi  1  i t y  and d i scomfo r t  g l a re .  For example , Schmidt (1966) argues 

t h a t  " a l l  d i s a b i l i t y  g l a r e  i s  a l s o  d iscomfor t  g l a r e ,  b u t  g l a r e  can 

cause d i scomfo r t  w i t h o u t  i m p a i r i n g  v i s u a l  func t ions  (p. 12) . "  

However, t he re  i s  a l s o  evidence (Mortimer & Olson, 1974) t h a t  d i s -  

a b i  1  i ty  g l a r e  can occur w i t h o u t  d iscomfor t  g l a re .  

Several at tempts have been made t o  o b t a i n  gu ide l i nes  f o r  preven- 

t i o n  o f  d i scomfo r t  and d i s a b i l  i t y  g l a re .  Schmidt-Clausen and 

B r i nde l  s  (1974), f o r  example, developed a  general  formula f o r  assess- 

i n g  d i scomfo r t  g l a r e  t a k i n g  i n t o  account g l a r e  ill uminance, adap ta t ion  

luminance, angle of g l a r e ,  and number of  g l a r e  sources. S i m i l a r l y ,  
Hartman (1963) has computed t h e  maximum source i 11 uminances n o t  caus ing 

d i s a b i l  i ty g l a r e  f o r  d i f f e r e n t  g l a r e  angles and background 1  uminances. 



2.2.4 Age o f  the  Observer. One o f  the  major f a c t o r s  c o n t r i b u t -  

i n g  t o  i n d i v i d u a l  d i f fe rences  i n  v i s u a l  performance i s  the  age of  t he  

observer.  The human eye undergoes severa l  anatomical changes as i t  

ages. For example , the  pupi  1  s i z e  decreases ( B i  r r e n  e t  a1 . , 1950) , 
the  lens  becomes ye1 low (Weale, 1963) and ca ta rac t s  become more 

frequent (Duke-El der , 1969). 

As a  consequence o f  these and o t h e r  anatomical changes, t he re  

a re  decrements i n  a  range o f  v i s u a l  c a p a b i l i t i e s  assoc ia ted  w i t h  

advanced age: Dark adap ta t ion  i s  l e s s  e f f i c i e n t  (Robertson & Yudkin, 

1944), v i s u a l  a c u i t y  worsens (Zerbe & H o f s t e t t e r ,  1958), t he  s i z e  o f  

the a c t i v e  v i s u a l  f i e l d  decreases (Burg, 1968), s e n s i t i v i t y  t o  s h o r t  

wave1 engths decreases (Crawford, 1949) and suscep t i  b i  1  i t y  t o  g l a r e  

increases (Wolf , 1960). 

2.2.5 Conclusions. I n  sumary ,  a  decrease i n  t h e  luminance 

l e v e l  a t  n i g h t  r e s u l t s  i n  d e t e r i o r a t i o n  of  c o l o r  v i s i o n ,  a  decrement 

i n  v i s u a l  a c u i t y ,  r educ t i on  i n  c o n t r a s t  s e n s i t i v i t y ,  and l e s s  v e r d i c a l  

s i ze ,  d is tance ,  and speed est imates.  It i s  obvious t h a t  p r o v i d i n g  

more i l l u m i n a t i o n  would compensate ( a t  l e a s t  i n  p a r t )  f o r  these n i g h t -  

t ime decrements i n  human v i s u a l  performance. An inc rease  i n  i l l u m i n a -  

t i o n ,  w h i l e  b e n e f i c i a l  t o  a1 1  observers,  would have t he  most profound 

e f fec t  on marg ina l l y -per fo rming  i n d i v i d u a l s  (e  .g., a  l a r g e  p r o p o r t i o n  

of  t he  e l d e r l y ) .  On t he  o the r  hand, these b e n e f i t s  have t o  be 

weighed c a r e f u l l y  aga ins t  t he  de t r imenta l  e f f e c t s  of g1 a re .  The 

problem o f  p r o v i d i n g  more l i g h t  f o r  improvement o f  a  v a r i e t y  o f  v i s u a l  

funct ions and a t  the  same t ime avo id ing  g l a r e  i s  t he  main design 

problem of head1 i gh ti ng research. 

2.3 An Analys is  o f  t he  N igh t t ime D r i v e r ' s  V isual  F i e l d  

Given the  potency o f  t h e  g l  a r e - i l l  uminat ion t r a d e - o f f ,  beam 

pa t t e rns  should be designed t o  i l l u m i n a t e  areas o f  t he  d r i v e r ' s  f i e l d  

o f  view where c r i t i c a l  t a r g e t s  are,  and keep i l l u m i n a t i o n  t o  a  minimum 

i n  areas t h a t  produce g l a r e  t o  o t h e r  d r i v e r s .  Our ana l ys i s  of the 

n i gh t t ime  d r i v e r ' s  v i sua l  f i e l d  thus sought t o :  

e i d e n t i f y  c r i t i c a l  t a rge t s  ( i  .e., those t h a t  must be seen) f o r  

n i g h t t i m e  d r i v e r s  



e determine t he  l o c a t i o n s  o f  t h e  c r i t i c a l  t a r g e t s  f o r  c lues  

about what areas o f  t h e  d r i v e r ' s  v i s u a l  f i e l d  must be 

i 11 umi nated . 
e determine what areas o f  t h e  f i e l d  o f  view l ead  t o  

increased g la re ,  f o r  c lues  about areas o f  the  d r i v e r ' s  

v i s u a l  f i e l d  where ill uminat ion should be reduced. 

Head1 i g h t i n g  i s  a  complex sub jec t  area, i n  t h e  sense t h a t  a  

g r e a t  number o f  v a r i a b l e s  must be considered. In any p r o j e c t  o f  

reasonable scope t h e  i n v e s t i g a t o r  must choose which of these v a r i  - 
ab les t o  emphasize. I n  t h i s  case a dec i s i on  was made t o  concen t ra te  

on d e f i n i n g  t h e  l o c a t i o n  o f  c r i t i c a l  t a r g e t s  and des ign ing  beams t o  

ill uminate them under r e l a t i v e l y  s t r a i g h t  road  cond i t i ons .  The 

authors  recognize t h a t  t h i s  approach leaves much ground y e t  t o  be 

covered. However, i t  was f e l t  t h a t  t h i s  was a reasonable f i r s t  s tep .  

I f  the  r e s u l t s  a re  promis ing,  f u r t h e r  work i s  j u s t i f i e d .  

2.3.1 C r i t i c a l  Targets and The i r  Locat ions i n  N igh t t ime D r i v i n g .  

To complete t he  t r a c k i n g  task  o f  d r i v i n g ,  d r i v e r s  must see de l  inea-  

t i o n .  Signs p rov ide  i n fo rma t i on  f o r  decis ion-making and guidance. 

Pedest r ians,  animals,  parked o r  s t a l l e d  veh i c l es ,  deb r i s ,  and potho les 

must be seen t o  be avoided. To adequately d r i v e  a t  n i g h t ,  d r i v e r s  

must see t he  t a r g e t s  l i s t e d  i n  Table 2-4 i n  s u f f i c i e n t  t ime t o  r e a c t .  

Knowing where c r i t i c a l  t a r g e t s  f a l l  i n  t h e  d r i v e r ' s  f i e l d  o f  

view, w i l l  a i d  i n  des ign ing  a beam t o  e f f e c t i v e l y  i l l u m i n a t e  them. 

Bhise e t  a1 . , (1977) analyzed where pedes t r ians  were l o c a t e d  j u s t  

p r i o r  t o  be ing  h i t  by a d r i v e r  a t  n i g h t .  F igure  2.6 shows t h e i r  

r e s u l t s :  the  reg ions  o f  t he  beam p a t t e r n  where pedest r ians must be 

seen t o  be avoided, and hence areas where l i g h t  should be d i r ec ted .  

No a v a i l a b l e  data,  u s e f u l l y  l o c a t e  s t a l l e d  o r  parked veh i c l es  p r i o r  

t o  n i g h t t i m e  crashes. However, i t  i s  probably  reasonable t o  assume 

t h a t  they would most l i k e l y  be i n  t h e  pathway o f  t he  v e h i c l e  o r  o f f  

t o  t he  r i g h t  s ide .  



TABLE 2.4. C r i t i c a l  Targets i n  N igh t t ime D r i v i n g .  

TARGET 

Del i n e a t i  on and roadway 
contours 

Signs 

Pedestr ian/animal s  

Parked o r  s t a l l e d  veh ic les  

Debr is  on road/potholes 

PURPOSE 

Perceptual  
i n p u t  t o  t r a c k i n g  task  

I n fo rma t i on  f o r  r o u t e  guidance, 
dec i s i on  making, warning, e t c .  

Avoidance 

Avoidance 

Avoi dance 





Figure 2.7 represents the region of the driver's field of view 
tha t  signs, requiring nighttime headlamp illumination, are likely t o  

fa7 1  a an son & No1 tman, 1967). I t  shows the areas the beam 

pattern should effectively illuminate for adequate sign reading. 

Figure 2.8, based on the distribution o f  eye placements in vehi- 

cles, shows the region in a driver's field of view where oncoming 

driver's eyes a re  likely to fal l .  Excessive illumination placed in 

this region produces glare for oncoming drivers. To avoid glare, 
beams should not excessively fllumlnate this region. 

2.4 Conclusion : The Compost te Picture Indicates Three Possible Ways 
t o  Add Nfghttime 11 luminatton 

Figure 2.9 shows the composite of Figures 2.6 through 2.8 along 

wiw, the fsocandela curve of a SAE 6014 low beam. The composite 

shows the following steps might improve nighttime if 1 umination in 

comparison t o  the current 6014 1 ow beam. 

r Illuminate more up and t o  the right, keeping the beam 
within the driver's lane. 

s Illuminate more t o  the lef t ,  b u t  under the oncoming driver's 

region of sight. 

e Combine the two described above, i . e . ,  if 1 uminate more to  
the right and up, and down and left. 

We call these three concepts , respecti ve fy, more i 1 1 urnination t o  
the right, more illumination t o  the lef t ,  and more illumination to  
both the left  and right. 
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3.0 ALTERNATIVE BEAM PATTERN EXAMPLES FULFILLING 
THE ILLUMINATION REQUIREMENTS 

This  s e c t i o n  descr ibes examples o f  beam pa t t e rns  t h a t  f u l  f i  11 

t he  i 11 uminat ion requirements out1 i ned  i n  Sec t ion  2. Both H S R I  

s t a f f  and head1 i g h t - i n d u s t r y  exper ts  worked on developing the  a1 t e r -  

n a t i v e  beams. H S R I  s t a f f  aimed t o  modi fy  t he  c u r r e n t  SAE low beam 

and h igh  beams t o  f u l f i l l  t he  i l l u m i n a t i o n  requirements.  I n  develop- 

i n g  t h e i r  example s i  ngle-beam pa t t e rns ,  i n d u s t r y  exper ts  worked f rom 

c u r r e n t  U. S. h i gh  and 1 ow beams, c u r r e n t  European 1 ow beams, and the  

mid-beam o f  the  3-beam system considered i n  t he  U.S. du r i ng  t h e  l a t e  

1960's and e a r l y  1970 I s .  

Since much o f  t h e  design work stemmed f rom the  c u r r e n t  U .S. low 

beam, and s ince  i t  served as a standard i n  the  exper imental  evalua- 

t i o n ,  we w i l l  f i r s t  compare i t  w i t h  t he  i l l u m i n a t i o n  requirements.  

F igure  3.1 shows the  isocandela contours f o r  a  6014 low beam lamp. 

( I t  i s  recognized t h a t  an automobi le has a t  l e a s t  two lamps. For 

purposes o f  c l a r i t y ,  comparisons here  w i l l  be made us ing  se lec ted  

isocandela contours f rom a s i n g l e  lamp.) 

F igure  3.2 shows t he  6014 beam p a t t e r n  p ro jec ted  on t he  ill umi - 
n a t i o n  requirements o f  F igure  2.4. Areas of  dense pedes t r ian  con- 

cen t ra t i on ,  i n  bo th  t he  r i g h t  and l e f t  halves o f  t h e  f i e l d  o f  view, 

and s igns appear n o t  t o  be complete ly  i l l u m i n a t e d .  The f i g u r e  

i n d i c a t e s  the  low beam migh t  be improved by ill uminat ing f a r t h e r  down 

the  road t o  the  r i g h t ,  p i c k i n g  up bo th  pedest r ians and s igns,  and t o  

the l e f t ,  b u t  s t a y i n g  o u t  of t he  oncoming d r i v e r ' s  lane .  

H S R I  and i n d u s t r y  developed seven examples o f  each of  the t h ree  

isocandela concepts. These a r e  l abe led  A through G r e s p e c t i v e l y .  

We now discuss each example. To p rov ide  c o n t i n u i t y ,  we r e t a i n  t he  

beam-1 abel s  as o r i g i n a l l y  assigned throughout the  remainder of the 

r e p o r t .  







3.1 More Illumination to the R i g h t  and Down the Road 

HSRI and industry experts created four examples of th is  single- 
beam concept. Systems C ,  E, F, and G a1 1 project more illumination 
than the current low beam in the area down the road and t o  the r ight .  

Figure 3.3 shows the isocandela contours for system C projected 
onto the illumination requirements. I t  shows fa i r ly  good coverage of 
pedestrian and signs . 

Figure 3.4 shows system E's isocandela contours. I t ' s  hot-spot 
aims more towards center. Figure 3.4 shows system E aims somewhat 
above the pedestrian concentration, b u t  affords adequate coverage of 
signs. 

Figures 3.5 and 3.6 shows the isocandela contours for system F .  

System F i s  a three-lamp, mid-beam system. Two of the lamps, one of 
which i s  represented in the Figure 3.5, are standard 1 ow beams. 
Figure 3.6 projects system F's third lamp, a mid-beam, onto the i l l u -  
mination requirements. I t  shows system f i l l  uminates the pedestrian 
and sign areas very we1 1 . 

Figures 3.7 and 3.8 show the isocandela contours for  system G ,  

a two-lamp assymetric system. Both lamps i l l  uminate the right pedes- 
t r ian and sign areas f a i r ly  well, and the right lamp provides some 
i 11 umi nation to  the 1 e f t  pedestrians. 

Table 3.1 shows some photometric s t a t i s t i c s  on systems C ,  E y  F ,  
and G.. The s t a t i s t i c s  include the hot-spot location, the candela 
value a t  the hot-spot, and the average candela value in a standar- 
dized grid1 around the hot-spot. 

Of the example systems dfrecting more l ight  to the r igh t ,  systems 
F and G are most intense, and project more illumination in areas of 

 he standardized grid had 63 points a t  half-degree resolution 
within f_ 2 degrees horizontal and + 1 degree vertical of the 
hot-spot. 
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t he  f i e l d  o f  view where many s i g n i f i c a n t  t a r g e t s  l i k e l y  w i l l  f a l l .  

S im i lu taneous ly ,  systems F and G do n o t  add a g r e a t  deal of g l a r e  

i l l u m i n a t i o n  i n t o  t h e  oncoming d r i v e r ' s  l i n e  o f  s i g h t .  

TABLE 3.1. Photometr ic s t a t i s t i c s  on systems C, E, F y  and G. 

3.2 More I l l u m i n a t i o n  t o  t h e  L e f t  

HSRI and i n d u s t r y  exper ts  c rea ted  two examples of t h i s  s i n g l e -  

beam concept. Sys tems A and B bo th  p r o j e c t  more i l l u m i n a t i o n  t o  t he  

l e f t .  

Sys tem 

C 

E 

F (mid-beam lamp) 

G ( l e f t  lamp) 

G ( r i g h t  lamp) 

Standard 6014 low beam 

F igure  3.9 p l o t s  the  isocandela  contours f o r  system A. Al though 

more i n t ense  than a s tandard low beam i n  t he  r i g h t  p o r t i o n  o f  the  

f i e l d  o f  view, i t ' s  p a t t e r n  i n  the  r i g h t  i s  comparable t o  the  6014 

low beam. System A a l s o  more i n t e n s e l y  i l l u m i n a t e s  t h e  area t o  the  

l e f t  and under t h e  oncoming d r i v e r s  1  i n e  o f  s i g h t .  

Because i t  a l s o  i s  more i n t ense  i n  t he  r i g h t  h a l f ,  system A ' s  

coverage o f  t he  pedes t r ian  areas i n  bo th  t he  r i g h t  and l e f t  halves 

represents  an improvement over  t he  s tandard low beam. Coverage o f  

s igns a l s o  improves. 

Hot-Spot 
Loca t i on 

 OR, 1°D 

O'R, .5OD 

 OR, 1 . 5 ' ~  

4.s0R, 1 . 5 ' ~  

2.5'~, 2'0 

zOR, 1 . 5 ' ~  

Hot-Spot 
Candela 

- 40,000 

40,000 

78,000 

60,000 

65,000 

28,000 

Average Candel a  
Around Hot-Spot 

15,800 

12,800 

38,700 

41,800 

35,400 

19,800 





Figure 3.10 displays the isocandela contours fo r  system B. Sys- 

tem B aims more toward the vanishing point than the current  low beam. 

I t  shows be t t e r  coverage of the pedestrian areas i n  both halves of the 
f i e l d  of view. 

Table 3-2 shows the photometric s t a t i s t i c s  on systems A and B. 
System B has l e s s  average in tens i ty  than the standard low beam, whi  1e 

system A i s  more intense.  

TABLE 3-2. Photometric s t a t i s t i c s  fo r  systems A and 8. 

3 . 3  Mare Illuminatfon t o  Both the Left  'and Right 

Figure 3.11 shows the isocandel a contours fo r  system D. I t ' s  
hot-spot i s  located a b i t  higher than the 6014. The area of intense 

Sys tem 

A 
B 

Standard 6014 
low beam 

illumination around the hot-spot i s  smaller. The contours c loses t  t o  

Hot-Spot 
Candel a 

40,000 

40,000 

28,000 

Hot-Spot 
Location 

 OR, 1 . 5 ' ~  

O'R, I'D 

 OR, 1.5'0 

the hot-spot have a cha rac t e r i s t i c  "U" shape, providing i l l  urnination 
to  both the r i gh t  and l e f t  while leavfng a weakly illuminated "trough" 

Average Candela 
Around Hot-Spot 

25,600 
15,800 

19,800 

corresponding t o  the  t ra jec tory  of the oncoming dr iver  ' s  eyes. 







Table 3-3 compares system D's photometric s t a t i s t i c s  with those 

of the 6014 standard low beam. I n  general, system D i s  much less 

intense than the standard low beam. 

Table 3-3. Photometric s t a t i s t i c s  for  system D .  

I n  sum, HSRI and industry experts developed seven examples of 

single-beam concepts. Table 3-4 compares the photometric s t a t i s t i c s  

of the seven examples. Systems F and  G are the most intense, followed 

by system A .  System D i s  the leas t  intense, providing even less 

average illumination than a standard 6014 low beam. 

I 
! Hot-Spot Hot-Spot 

Candela 

30,000 

28 ;OOO 

Sys tern 

D 
Standard 6014 
low beam 

Average Candel a 
Around Hot-Spot 

11,400 

19,800 

Location 

 OR, ~ O D  

Z O R ,  1.5'0 



TABLE 3-4. Photometr ic s t a t i s t i c s  f o r  a1 1 a1 t e r n a t i v e  single-beam 
sys tems . 

F (mid-beam) I  OR, 1 . 5 ' ~  1 78,000 1 38,700 

Sys tern 

G l e f t  1 4 . i 0 ~ ,  1.5'0 1 60,000 1 41,800 

G r i g h t  1 2 . 5 ' ~ ~  2 ' ~  1 65,000 1 35,400 

Hot-Spot 
Loca ti on 

Standard 6014 
1 ow beam / 2 ° ~ , 1 . 5 0 ~  1 28,000 1 19,800 

Hot-Spot 
Candel a 

Average Candela 
Around Hot-Spot 





4.0 COMPUTER SIMULATION ANALYSIS 

Two computer simulations evaluated the seven alternative single- 
beam systems. One simulation, developed a t  HSRI (described in 
Mortimer and Becker, 1973' and Becker and Mortimer, 1974), predicted 
the seeing distance afforded by each beam. This section describes 
the results from the HSRI simulation. The other simulation, developed 

a t  the Ford Motor Company (described in Bhise e t  a1 . , 1977), computes 
a figure of merit that reflects the adequacy of illumination each 
system provides for nighttime driving. The results of the Ford 
simulation are reported in Appendix A .  

4.1 HSRI Simulation Analysis Procedures 

The HSRI computer program simulates a car meeting situation. I t  

"drives" two vehicles towards each other, and every 100 or 50 fee t ,  
predicts a t  what distances the subject driver can see the target given 
the lamps on his/her car and the glare lamps. Figure 4-1 plots 
three example results from the HSRI simulation. The abscissa i s  the 
distance between the subject's car and  the glare car. The ordinate 

reflects the distance t h a t  the target i s  visible t o  the subject 
driver. Example curve 1 shows the driver saw the target throughout 
the meeting, b u t  suffered some effects of glare for short separation 
distances. The second curve shows glare became so severe that the 
driver could no t  see the target a t  about 1,800 feet from the glare 
car. Curve 3 shows that glare did no t  prevent the driver from seeing 
the target until the vehicles met. 

We transformed the series of visibil i ty distances computed i n  the 
meeting situation for each target into a visibi l i ty score. To compute 
the visibi l i ty score, we divided the minimum visibi l i ty distance i n  

that meeting by the maximum visibi l i ty distance, and  then 
multiplied that ratio by the average visibi l i ty distance through the 
meeting. 

Expressed in a formula: 

X Average Visibility Score = 



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

Figure 4.1. Graphic representation o f  HSRI computer simulation results . 



The v is ib i l i ty  score ref lects  both the range and the average score, 

and furthermore, can go t o  zero i f  glare obscures the target a t  any 
point in the meeting. 

We used the HSRI simulation t o  compute 15 v is ib i l i ty  scores for 
each of the seven single-beam systems described in section 3. Four 

real -world targets were simulated: road delineation, signs, potholes, 
pedestrians, and animals . Table 4-1 shows target characteristics.  
We computed two v is ib i l i ty  scores for the road delineation, one each 
for the center1 ine and shoulder s t r ipe .  Two scores represented, 

respectively, the v is ib i l i ty  of a seven-foot sign on the right shoulder 
and s ix feet  t o  the right of that shoulder. Three scores predicted 
the v is ib i l i ty  of potholes in the two t i r e  tracks and lane center. 
In the case of 8% reflective pedestrians and animals, we computed nine 
visi bi 1 i t y  scores for three vertical and three horizontal positions . 
The nine scores were reduced to three by taking the average of the 
three vertical -location scores a t  each horizontal 1 ocation. In a 
similar manner, we reduced the fifteen v is ib i l i ty  scores for the 20% 
reflective pedestrian and animals to five. 

Table 4-2 shows the v is ib i l i ty  scores for each system a t  each 
location. Figures 4-2 through 4-6 give a graphic representation of 
these scores (system H i s  the 6014 low beam control) .  Upon inspection 
of this  table and these graphs, systems F and G appear t o  have the 
highest scores, followed closely by system D ,  system A, and the 6014 
control . 

An analysis of the average visibility-score -rank each system 
achieved across the 15 scores shows a profile similar to that seen 
through inspection. Table 4-3 shows the average ranks. By inspection 
of this  table,  systems F ,  G ,  and D appear to cluster a t  the t o p ,  
followed by system A and the 6014 low beam. Systems B ,  C ,  and E are 
clearly the worst. 

To compare HSRI simulation results with the Ford resu l t s ,  we 
p u t .  together Figure 4-7 based on the i r  report. This figure shows 





TABLE 4-2. Visibility scores from HSRI computer riilnulation (nunlbers represent predicted v i s i b i l i t y  distances). 

A 

B 

C 

D 

E 

F 

G 

6014 low 

-- 

Road Delineation 

Center- 
1 ine Shoulder 

252 231 

143 296 

151 293 

309 404 

192 2 54 

34 7 447 

278 407 

291 400 

Shoulder shoulder 

282 297 

274 286 

244 260 

296 30 3 

239 249 

311 348 

3 10 34 7 

292 295 

Potholes 

L e f t  Right 
t i r e  Lane t i r e  
track Center track 

80 152 202 

53 109 147 

50 101 140 

143 190 198 

63 103 154 

97 203 248 

102 154 211 

99 148 201 

8% Ref lect ive  
Pedestrians 8 Animals 

Lane Right 6 '  r i g h t  o f  
Center Shoulder shoulder 

109 146 107 

147 132 0 

78 145 102 

0 189 199 

89 140 95 

148 0 0 

138 2 20 193 

126 197 0 

20% Ref lect ive  Targets 

Oncoming 6 '  r i g h t  

Shoulder Center Center Shoulder Shoulder 













TABLE 4-3. Average v i s i b i l  i ty -sco re  ranks across t he  15 t a r g e t  l o c a t i o n s .  

Sys tern 

A 

B 

C 

D 

E 

F 
G 

6014 low beam (H)  

Average V i s i b i l i t y  
Score Rank 

4.3 

6.1 

6.9 

2.9 

6.3 

2.4 

2 .1  

4.9 



Figure  4.7. Comparison o f  t he  Ford s imu la t i ons  f i g u r e s  o f  m e r i t  of 
headlamp systems under p e r f e c t  aim (dashed 1 i n e s )  and 
misaim (sol  i d  1 i n e s )  , 



t h a t  system F was b e s t  (system G was n o t  eva lua ted  by Ford) ,  f o l l owed  

by system A and t h e i r  1  ow beam c o n t r o l  . The 1 a rges t  d iscrepancy 

between the  Ford and HSRI  r e s u l t s  was t h a t  system D performed as 

p o o r l y  as systems B and C i n  Ford 's  r e s u l t s ,  whereas i t  performed 

about as w e l l  as systems F and G i n  t he  HSRI s imu la t i on .  

Ove ra l l ,  t he  H S R I  s i m u l a t i o n  o rders  t h e  beams as: 

The Ford s i m u l a t i o n  (which d i d  n o t  eva lua te  G )  o rders  them as : 

4.2 NHTSA Dec is ion  on Systems t o  Tes t  

H S R I  presented t he  r e s u l t s  o f  t h e  computer-s imulat ion analyses 

t o  NHTSA i n  a  pub1 i c  b r i e f i n g .  NHTSA decided, on t h e  bas i s  o f  t h i s  

and o t h e r  in fo rmat ion ,  t o  f i e l d  t e s t  systems A, D, and G i n  a compari- 

son w i t h  t he  6014 low beam. HSRI then arranged t o  acqu i re  t he  lamps. 

System.A was c l ose  enough t o  t he  d i s t r i b u t i o n  o f  a  s tandard 6014 

u n i t  t h a t  i t  cou ld  be e f f e c t i v e l y  s imu la ted  by runn ing  a 6014 a t  15.8 

v o l t s  . 
Systems D and G were custom f a b r i c a t e d  by headlamp manufacturers.  

System G, as de l i ve red ,  departed s i g n i f i c a n t l y  from the  in tended 

des ign b u t  was f e l t  t o  be c l ose  enough t o  t e s t .  The isocandela con- 

t ou rs  o f  system G a re  shown i n  F igures 4.8 and 4.9 f o r  t h e  r i g h t  and 

l e f t  lamps r e s p e c t i v e l y .  These should be compared w i t h  F igures 3.7 

and 3.8. The d i f ferences between the  design and de l  i v e r e d  system can 

be b r i e f l y  summarized by say ing  t h a t  t he  l a t t e r  prov ides l e s s  i l l u m i n a -  

t i o n  and more g l a r e  than t he  former,  









5.0 FIELD EVALUATIONS OF THE EXPERIMENTAL BEAMS 

HSRI t es ted  systems A, D, and G i n  two f i e l d  t e s t s .  We compared 

t he  v i s i b i l i t y  each system a f f o rded  w i t h  the  performance o f  a  6014 low 

beam c o n t r o l .  The f i r s t  f i e l d  t e s t  eva luated v i s i b i l  i t y  d is tances f o r  

severa l  types o f  ob j ec t s  us ing  semi-a1 e r t e d  d r i v e r s  i n  severa l  d i f f e r -  

e n t  road s i t u a t i o n s .  The second f i e l d  t e s t ,  us ing  in formed d r i v e r s ,  

p rov ided  s u b j e c t i v e  r a t i n g s  o f  system performance. 

5.1 De tec t ion  Dis tance Study 

5.1.1 Subjects .  Twelve males between t h e  ages o f  19 and 25 

r e c r u i t e d  on t he  U n i v e r s i t y  o f  Michigan campus p a r t i c i p a t e d .  A l l  had 

had a t  l e a s t  5,000 m i l es  o f  n i g h t  d r i v i n g  experfence and 20,000 m i l es  

o f  t o t a l  d r i v i n g  exper ience. Subjects  were se lec ted  t o  have v i s u a l  

a c u i t y  o f  20/20 o r  b e t t e r  under h i g h  luminancelh igh c o n t r a s t  condi -  

t i o n s .  S u b j e c t ' s  v i s u a l  a c u i t i e s  were a1 so measured under cond i t i ons  

of low c o n t r a s t  and/or low luminance. S t i m u l i  were presented a t  a  

c o n t r a s t  o f  22 .5 : l  i n  h i gh -con t ras t  c o n d i t i o n  and a t  1 . 3 : l  i n  low- 

c o n t r a s t  cond i t i ons  . I n  h igh-1 uminance cond i t i ons  t he  1  uminance o f  t h e  

s t imu lus  surround was 47 f t - L  w i t h i n  one degree o f  t he  s t imu lus  and 

33.5 f t - L  beyond one degree. I n  low-luminance cond i t i ons  the  surround 

was a t  ,063 f t - L  w i t h i n  one degree. Beyond one degree, luminance was 

too  low t o  be r e l i a b l y  measured. The medians and ranges f o r  t h e  sub- 

j e c t s  on t he  measures are g iven  i n  Table 5.1. 

5.1.2 Route. Tes t ing  was c a r r i e d  o u t  on a  26 m i l e  course o f  two- 

lane  paved road i n  a  r u r a l  area. The course formed a  c losed  ioop,  and 

was d i v i d e d  i n t o  two 13-mi le ha lves.  A map o f  t he  course i s  inc luded  

i n  Appendix C. 

The course was f r e e  o f  s t r e e t  1  i g h t s ,  and c a r r i e d  very  1  i t t l e  

t r a f f i c .  It conta ined l a r g e  sec t ions  o f  s t r a i g h t ,  f l a t  road, and the  

sur rounding area was l a r g e l y  f r e e  o f  houses and o t h e r  b u i l d i n g s .  

Features o f  the  course were predominant ly  g e n t l e  h i l l s ,  curves, and 

road s igns  such as s t op  s igns,  speed l i m i t ,  and passing-zone demarca- 

t i o n  s igns .  



TABLE 5.1. D i s t r i b u t i o n s  o f  s u b j e c t ' s  a c u i t y  measurements under 
var ious  1  i g h t i n g  cond i t i ons .  

Acu i t y  Measures 

Highest  Lowest Median 

High o v e r a l l  1  uminance 

High c o n t r a s t  201 10 20120 201 14 

Low c o n t r a s t  20 /  12 201 35 20120 

Low o v e r a l l  1  umi nance 

High c o n t r a s t  

Low c o n t r a s t  

The t e s t i n g  was done i n  d r y  weather, w i t h  no fog, and w i t h  very 

l i t t l e  moonl ight .  

5.1.3 Equipment, Ins t rumenta t ion ,  and Experimental  Team. Four 

automobiles were i nvo l ved  i n  t h e  experiment. One was always d r i v e n  

by t he  sub jec t ,  w h i l e  the  o t h e r  t h ree  were d r i v e n  by s t a f f  and 

used i n  s e t t i n g  up d e l i b e r a t e l y  p laced t a r g e t s .  The s u b j e c t ' s  

c a r  was a  1971 Plymouth Fury s t a t i o n  wagon t h a t  had been s p e c i a l l y  

equipped f o r  h e a d l i g h t i n g  s tud ies  (see F igure  5 . 1 ) .  A metal  frame 

was mounted across t h e  f r o n t  end o f  the  v e h i c l e  t o  a l l o w  up t o  four  

h e a d l i g h t  p a i r s  t o  be mounted a t  the same t ime. For t h i s  study, t h ree  

head1 i g h t  p a i r s  were mounted: exper imenta l  system G , experimental  

system 0, and s tandard 6014 lamps. A1 1  lamps were mounted i n  approx i -  

ment ly s tandard p o s i t i o n s .  The d is tance  from the  cen te r  o f  each lamp 

t o  t he  road sur face  was 25 inches. S t a r t i n g  from the  most l a t e r a l  

p o s i t i o n ,  t he  sequence o f  lamps on the d r i v e r ' s  s i d e  of the  v e h i c l e  

was: system G, system 0, and 6014. On the  passenger 's s ide ,  s t a r t i n g  



Figure 5.1. Subject 's  vehicle. 



f rom t h e  lamp neares t  t he  v e h i c l e  m i d l i n e  and proceeding l a t e r a l l y ,  

t h e  sequence was a l s o  s,ystem G, system D, and 6014. Thus, t he  d i s -  

tance between the  lamps i n  each sys tem was cons tan t  and t he  midpo in ts  

of  two o f  the  systems were o f fse t  s l i g h t l y  f rom the  m i d l i n e  o f  t he  

veh ic le .  Between-lamp d is tance  was 56 inches. The m idpo in t  of  system 

G was o f f s e t  e i g h t  inches t o  t he  d r i v e r ' s  s i d e  o f  t he  v e h i c l e  m id l i ne ,  

and t he  midpoi,nt of  t he  6014 p a i r  was o f f s e t  t h e  same d is tance  t o  t h e  

o t h e r  s ide.  Headlamps were aimed t o  manufac tu re r ' s  s p e c i f i c a t i o n s .  

The power t o  a l l  lamps was c o n t r o l l e d  from the  exper imente r ' s  

s t a t i o n  i n  t he  r e a r  sea t  (see F igure  5.2) .  Vol tage t o  each lamp 

cou ld  be ad jus ted  w i t h  a  p r e c i s i o n  o f  L . O 1  v o l t .  A l l  lamps were run  

a t  12.80 v o l t s ,  except  t h a t  the  6014 lamps were a l s o  operated a t  15.80 

v o l t s  t o  produce a  t h i r d  exper imental  beam pa t t e rn ,  designated as 

system A. 

The s u b j e c t ' s  s t a t i o n  was t he  d r i v e r ' s  seat .  The s u b j e c t  had a  

s tandard a r r a y  o f  c o n t r o l s  and d isp lays ,  w i t h  the  excep t ion  t h a t  he 

had no c o n t r o l  over  the  headl i g h t s  (see F igure  5.3). A pushbutton 

was mounted on one o f  t he  spokes o f  t he  s t e e r i n g  wheel, where the  sub- 

j e c t  would conven ien t l y  reach i t  w i t h  h i s  thumb w h i l e  s t i l l  g rasp ing  

the  wheel (see F igure  5.4) .  C los ing  t h e  pushbutton s t a r t e d  two d i g i t a l  

counters mounted a t  t h e  exper imenter 's  s t a t i o n .  One was used as 

a  10-mi 11 isecond counter ,  w h i l e  the o t h e r  counted wheel rev01 u t i o n s  . 
The counters thus prov ided t ime and d is tance  measurements w i t h  p r e c i -  

s ions o f  .01 second and one wheel pu lse  (3,365 f t . )  r e s p e c t i v e l y .  

Stop and r e s e t  bu t tons  f o r  t he  counters were mounted a t  t he  expe r i -  

menter 's s t a t i o n .  

The o t h e r  t h ree  veh ic les  used were each equipped w i t h  one o f  the  

exper imental  headl i g h t  systems. A 1975 Ford Maverick (F igu re  5.5) 

was equipped w i t h  system G.  A 1979 Chevro le t  Impala s t a t i o n  wagon 

(F igure  5.6) had system D. F i n a l l y ,  a  1976 Plymouth Salon sedan 

(F igu re  5 .7)  was equipped w i t h  s tandard 6014 lamps t h a t  cou ld  be 

operated a t  e i t h e r  12.8 v o l t s  o r  15.8 v o l t s ,  thus p r o v i d i n g  t he  s tan-  

dard ( c o n t r o l )  beam p a t t e r n  o r  exper imental  system A. These cars  were 



Figure 5.2. Experimenter's panel for cont ro l  1 i ng  1 ights . 



Figure 5.3. Sub jec t 's  s t a t i o n .  



F i g u r e  5 .4 .  S u b j e c t  w i t h  thumb on b u t t o n ,  





Figure 5.6. Target-placing car w i t h  system D. 



Figure 5 . 7 .  Target-placing car ' w i  t h  system A and 6014 control. 



used as sources o f  g l a r e  o r  as parked-vehic le t a r g e t s  as c a l l e d  fo r  

by the  experimental  design . 
Each o f  the f o u r  veh ic les  was equipped w i t h  a two-way rad io ,  

a1 lowing c o m u n i c a t i o n  between veh ic les  t o  he lp  coordinate the  setup 

o f  p laced ta rge ts .  Two hand-held rad ios  were a l so  used so t h a t  

s taf f  who were se rv ing  as pedestr ians cou ld  s tay  i n  communica- 

t i o n .  The r a d i o  i n  t he  s u b j e c t ' s  car  was equipped w i t h  an earphone 

so t h a t  the  experimenter cou ld  mon i to r  communications w i t h o u t  t he  

s u b j e c t ' s  knowledge. I n  the  few instances i n  which the experimenters 

had t o  send a message, i t  was sent  us ing a simple code by c l o s i n g  

the  m i  crophone swi tch  . 
I n  a d d i t i o n  t o  the  sub jec t ,  s i x  people were invo lved i n  each 

session as experimental  s t a f f .  An experimenter rode i n  the  s u b j e c t ' s  

veh i c le ,  gave i n s t r u c t i o n s  t o  t h e  sub jec t ,  c o l l e c t e d  data, and was 

the o n l y  member o f  t he  s t a f f  t h a t  a sub jec t  was aware of before the  

end o f  an experimental  session. The r e s t  o f  t he  s t a f f  cons is ted  o f  

the  th ree  d r i v e r s  o f  t he  ta rge t -p lac ing  cars and two r i d e r s  who served 

as pedestr ians t o  be detected by the  sub jec t .  

5.1.4 Design. Four beam pat te rns  were used: standard 6014 low 

beams and th ree  experimental  patterns designated A, D, and G.  The 
dependent measure was de tec t i on  d is tance fo r  se lec ted  examples o f  

ob jec ts  comnonly encountered on roadways, re fe r red  t o  here as detec- 

t i o n  ta rge ts .  Four k inds of de tec t i on  ta rge ts  were used: s igns,  

parked cars,  pedestr ians, and common roadside debr is  ( four  t i r e - t r e a d  

scraps, two o l d  muf f le rs ,  one crumpled p a i n t  bucket,  and one sec t i on  

of exhaust p ipe ) .  The ta rge ts  were placed on the  r i g h t  shoulder i n  

f i v e  d i f f e r e n t  road s i t u a t i o n s :  l e v e l  s t r a i g h t ,  l e v e l  s t r a i g h t  w i t h  

g l a r e  source present,  downgrade beyond a h i  11 c r e s t ,  r i g h t  curve, and 

l e f t  curve. See Figures 5.8, 5.9, and 5.10 fo r  examples o f  t a r g e t  

placements. The o v e r a l l  design was an incomplete l ayou t  se lec ted  

from the complete f a c t o r i a l  combination of these th ree  fac tors  w i t h  



Figure 5 -8. Debris placement. 



Figure 5.9. Parked car placement. 



Figure 5.10. Glare car with pedestrian target. 



subjects (beam x object x road situation x subject). Two patterns of 
presentations were selected and each was given t o  half the subjects. 
The patterns were constructed by combining the selections from object x 

road situation given in Figure 5.11 with beam patterns. Half of the 
subjects received A1 ternative A selections with two of the beams and 

A1 ternative B with the other two systems. The other ha1 f o f  the subjects 

had this pattern reversed. Order of beams was balanced across subjects 
in a Latin-square pattern. 

5.1.5 Procedure. Each subject participated in two sessions. 
The f i r s t  consisted of a series of visual tests and an  interview 
about past driving experience. Subjects who  did not meet the criteria 
mentioned above (Section 5.1.1) were not used in the second sessions. 

The second session was a night-driving session. Each subject 

was run on a separate night. Sessions began as soon as i t  was 
fully dark. Subjects were instructed t o  drive as they normally would, 
and t o  do two additional things as they drove: 1) t o  respond t o  any 

feature of the visual field t h a t  attracted their attention as drivers 
by pushing the b u t t o n  attached t o  their steering wheel as soon as they 
detected the feature, and  by giving a verbal identification for i t ,  

and 2 )  t o  rate the discomfort they experienced when they looked 
into an oncoming pair of headlights by assigning i t  a number between 
1 and 9. They were to1 d t h a t  1 corresponded t o  "no noticeable discom- 
for t ,"  9 t o  "intolerable discomfort," and 5 t o  "maximum acceptable 
discomfort. " 

Each subject drove the test  route twice, thus covering a t o t a l  
of 52 miles. Each of the four 13-mile sections was assigned t o  a 
different head1 i g h t  beam pattern, and contained a selection of planted 
targets, as specified i n  the design. Each of the 13-mile sections 
was divided into two approximately equal subsections, yielding a 
t o t a l  of 8 subsections. This division into subsections was done 
for practical reasons having t o  do with placing planted targets, 
and was irrelevant t o  the design. 

For each subsection, the procedure was as follows: The subject 
and  the experimenter who was riding with the subject, waited a t  the 



ALTERNATIVE A :  

Road S i t u a t i o n  

S t r a i g h t  

S t r a i g h t ,  g l a r e  

Hill 

R igh t  curve 
Left c u r v e  

TYPE OBJEC1 
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X 
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X 

X 
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ALTERNATIVE B :  

OBJECT TYPE 

S t r a i g h t ,  g l a r e  1 X I ! I X I  

Road S i t u a t i o n  

S t r a i g h t  

F igure  5.11. Combinations o f  l e v e l s  of o b j e c t  and road s i t u a t i o n  
used in incomple te  l a y o u t  f o r  d e t e c t i o n -  d i s t a n c e  
s t u d y  . 
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beg inn ing  o f  t he  subsect ion w h i l e  t he  f i v e  a s s i s t a n t s ,  us ing  t he  o t h e r  

t h r e e  cars ,  s e t  up t he  proper  t a r g e t s  f o r  t h a t  subsect ion.  (Appendix 

B i s  a  course guidebook used by t h e  a s s i s t a n t s  i n  p l a c i n g  t a r g e t s  a t  

t he  p roper  l o c a t i o n s .  Appendix C i s  an example s e t  o f  i n s t r u c t i o n s  
f o r  t h e  s t a f f  t h a t  c o n s t i t u t e s  a  set-up p r o t o c o l  f o r  one condi -  

t i o n  i n  t he  design.) When the  t a r g e t s  were ready, one o f  the  s t a f f  

s i gna led  t he  s u b j e c t ' s  v e h i c l e  by r a d i o .  The exper imenter then 

d i r e c t e d  t he  s u b j e c t  t o  s t a r t  d r i v i n g .  (Thraughout the exper iment 

t he  sub jec t  was unaware o f  t he  a c t i v i t i e s  o f  t he  s ta f f .  The 

w a i t i n g  per iods ,  each approx imate ly  f o u r  minutes long,  were exp la ined  

t o  t h e  s u b j e c t  as be ing  necessary t o  a l l o w  t h e  exper imenter t o  per fo rm 

var ious  checks on t he  s u b j e c t ' s  veh ic le . )  When the  s u b j e c t  reached t he  

end of a  subsect ion, the  exper imenter  d i r e c t e d  him t o  p u l l  o f f  o f  t he  

road f o r  another b r i e f  layover .  The setup f o r  the  nex t  subsect ion 

then began. 

When a  p laced t a r g e t  i nvo l ved  a  source o f  g l a r e ,  the  c a r  w i t h  t he  

same headlamp system as t he  s u b j e c t ' s  c a r  was us ing  f o r  t h a t  s e c t i o n  

was employed t o  p rov ide  the  g l a r e .  The g l a r e  ca r  was p o s i t i o n e d  j u s t  

o f f  o f  the  road on t he  l e f t  ( f rom t h e  s u b j e c t ' s  p o i n t  o f  v iew) and 

d i r e c t l y  across f rom the  o b j e c t  o r  pedes t r ian  t h a t  the  sub jec t  was 

supposed t o  d e t e c t  (see F igure  5.10). The c a r  was parked r a t h e r  than 

moving f o r  s a f e t y  reasons and because o f  t he  t i m i n g  d i f f i c u l t y  i n v o l v e d  

i n  a r rang ing  a  meet ing o f  the  s u b j e c t  ca r  and a  moving g l a r e  ca r .  

When the  p laced t a r g e t  was a  p iece  of  road debr is ,  t he  o b j e c t  

was p laced on the  shoulder  a t  the  edge o f  t he  paved road  surface 

( f i g u r e  5.8). Pedest r ians p o s i t i o n e d  themselves on t he  shoulder ,  

wa lk ing  s l ow l y  toward t he  sub jec t  v e h i c l e  as i t  approached them. 

Each t ime t he  s u b j e c t ' s  response was t o  a  t a r g e t  designated i n  

t he  design, t he  exper imenter recorded t he  t ime  and d is tance  from the  

s u b j e c t ' s  b u t t o n  press u n t i l  t he  s u b j e c t ' s  v e h i c l e  reached t he  t a r g e t .  

The sub jec t  of course d i d  n o t  know which fea tu res  o f  t he  v i s u a l  f i e l d  
were designated t a r g e t s ,  and h i s  i n s t r u c t i o n s  were t o  respond t o  any 



a t t e n t i o n - g e t t i n g  fea tu res .  A l l  of h i s  non- ta rge t  responses were 

ignored. S i m i l a r l y ,  the  s u b j e c t ' s  g l a r e  d i scomfo r t  r a t i n g s  f o r  t he  

p laced  g l a r e  cars  were recorded, and h i s  o t h e r  r a t i n g s  were ignored.  

As a second measure o f  g l a r e  from the  h e a d l i g h t i n g  systems, each 

t ime t he  s u b j e c t ' s  v e h i c l e  met an oncoming ca r  (except  f o r  t he  

planned meetings w i t h  another  exper imental  v e h i c l e )  the  experimenter, 

r i d i n g  w i t h  the  subject ,  recorded whether o r  n o t  t he  oncoming d r i v e r  

made a dimming request  w i t h  a  high-beam f l a s h .  

5.1.6 Resul ts .  One t ype  o f  ob ject - -debr is- -went  undetected on 

47% o f  t he  occasions t h a t  i t  was presented. Since i t  drew so few 

responses, i t  was n o t  i nc l uded  i n  t he  ana l ys i s  of  d e t e c t i o n  d is tances .  

Mean de tec t i on  d is tances f o r  the  four headl i g h t  systems are  pre-  

sented i n  Table 5.2 and F igure  5.12. These means represen t  the 

o v e r a l l  design c o l  lapsed over  road s i t u a t i o n s  , t a r g e t  types, and 

sub jec ts .  Ana lys is  o f  var iance showed the  main e f f e c t  of  the  head- 

l i g h t  system t o  be s t a t i s t i c a l l y  s i g n i f i c a n t ,  F (3, 33) = 2.95, p < .05. 

TABLE 5.2. Mean de tec t i on  d is tance  f o r  each headl i g h t  system. 

Head1 i gh t  System 

6014 low 

System A 
System G 

Distance ( f t . 1  1 

I System D 



601 4 SYSTEM SYSTEM SYSTEM 
LOW A G D 

HEADLIGHT SYSTEM 

Figure 5.12. Mean detection distance for each head1 i g h t  sys tern. 
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Means f o r  each l e v e l  o f  road  s i t u a t i o n  and t a r g e t  type 

a r e  g iven  i n  Table 5.3 and 5.4, and i n  F igures 5.13 and 5.14. The 

e f f e c t s  o f  road  s i t u a t i o n ,  F (4,44) = 60.31, p  < ,001, and t a r g e t ,  

F ( 2 , 2 2 )  = 146.3, p < ,001, were h i g h l y  s i g n i f i c a n t .  

TABLE 5.3. Mean d e t e c t i o n  d is tances  i n  each road s i t u a t i o n .  

Road S i t u a t i o n  Dis tance ( f t .  ) 

S t r a i g h t  547 

S t r a i g h t  w i t h  g l a r e  377 

H i l l  322 

R igh t  curve 164 

L e f t  curve 200 

TABLE 5.4. Mean d e t e c t i o n  d i s tance  f o r  eac,h type  o f  d e t e c t i o n  t a r g e t .  

I 
Targe t  

Sign 

Parked c a r  

Pedes tri an 

Dis tance ( f t . )  

6  15 

40 1 
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STRAIGHT STRAIGHT H I L L  R I G H T  L E F T  
WITH CURVE CURVE 

GLARE 
ROAD S I T U A T I O N  

F i g u r e  5.13. Mean d e t e c t i o n  d is tances  i n  each road  s i t u a t i o n .  



S I G N  PARKED PEDESTRIAN 
CAR 

TARGET TYPE 

F igu re  5.14. Mean d e t e c t i o n  d i s tance  f o r  each t ype  of  d e t e c t i o n  t a r g e t .  
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Two i n t e r a c t i o n s  a re  of p o t e n t i a l  i n t e r e s t  i n  e v a l u a t i n g  t he  

var ious headl i g h t i n g  systems : headl i g h t i n g  system w i t h  road s i t u a t i o n  

and headl i g h t i n g  system w i t h  t a r g e t  type. The mean d e t e c t i o n  d i s -  

tance f o r  each system and each road s i t u a t i o n  a re  g iven  i n  Table 5.5 

and F igure  5.15. The i n t e r a c t i o n  t r e n d  i n  these data i s  n o t  

s t a t i s t i c a l l y  r e l i a b l e ,  F (12, 132) = 1.39, p  > .lo. The means f o r  

each system and each t a r g e t  t ype  a r e  g iven  i n  Table 5.6 and F igure  

5.16. The i n t e r a c t i o n  o f  these two f a c t o r s  i s  a l s o  n o t  r e l i a b l e ,  

F (6,66) = -98, p > .25. 

TABLE 5.5. Mean de tec t i on  d is tances f o r  each h e a d l i g h t  system i n  
each road s i t u a t i o n  .* 

* Distances are i n  f e e t .  

Road S i t u a t i o n  

S t r a i g h t  

S t r a i g h t  w i t h  
g l a r e  

H i  11 

L e f t  curve 

I 
R igh t  curve 

TABLE 5.6. Mean d e t e c t i o n  d is tances f o r  each headl i g h t  system and 
each type of t a rge t . *  

Headl i gh t  System 

* Distances a re  i n  f e e t .  

6014 Low 

584 

439 

34 1 
169 

183 

Target  

Sign 

Parked c a r  

Pedest r ian 

System A 

640 

44 1 

32 1 
156 

224 

Headl i gh t  Sys tern 

6014 Low System A System G System D 

688 

414 
9 6 

System G 

606 

404 

324 
147 
242 

, 
711 625 i 433 

I 

448 1 437 1 I 308 
113 1 112 7 0 

System D 

356 

223 

300 
191 
156 



HEADLIGHT SYSTEM: 

6014 LON 

4 SYSTEM A 

SYSTEM G 

A SYSTEM D 

STRAIGHT STRA I GHT HILL RIGHT LEFT 
WITH CURVE CURVE 

GLARE 

ROAD SITUATION 

Figure 5.15. Mean de tec t i on  d is tances for each head1 i g h t  system i n  
each road s i  t u a t i  on. 



HEADLIGHT SYSTEM: 

S IGN 

- 

6014 LOW 

SYSTEM A 

SYSTEM G 

SYSTEM D 

PARKED PEDESTRIAN 
CAR 

TARGET TYPE 

Figure 5.16. Mean detection distances for each headlight system and 
each type o f  target. 



S u b j e c t ' s  r a t i n g s  o f  d i scomfo r t  g l a r e  upon encounter ing t he  

var ious  h e a d l i g h t  systems a re  presented i n  Table 5.7. The e f f e c t  o f  

h e a d l i g h t  system i n  these data i s  h i g h l y  s i g n i f i c a n t ,  F (3,  9 )  = 27.5, 

p  < ,001. The o t h e r  measure o f  g l a re ,  dimming requests  by oncoming 

d r i v e r s ,  i s  r e p o r t e d  i n  Table 5.8. (Th i s  t a b l e  ca tegor izes  t he  730 

meetings between t he  s u b j e c t  v e h i c l e  and veh i c l es  n o t  i n t e n t i o n a l  l y  

i n v o l v e d  i n  t he  exper iment t h a t  occur red  du r i ng  t he  12 n i g h t s  of  

t e s t i n g . )  

TABLE 5.7. Mean g l a r e  r a t i n g s  f o r  each h e a d l i g h t  system. 

Head1 i gh t  System Rat ing  

6014 Low 4.50 

System A 5.46 

System G 6.63 

System D 6.63 

Note: Scale ranges f rom 1 ("no n o t i c e a b l e  d iscomfor t , "  
through 5  "maximum acceptable d iscomfor t , "  t o  
10 " i n t o l e r a b l e  d i s c o m f o r t " ) .  

Table 5.8. Oncoming cars  ca tegor ized  f o r  each head1 i g h t  system by 
whether o r  n o t  they  gave a  dimming request .  

I 

Dimming reques t  

No reques t  
_ _ _ .  _ _ _  __ _ 

To ta l  oncoming cars  

Headl i gh t Sys tern 

6014 Low 

1 

179 _ _ _ _ 
180 

System D 

0 

195 _- .. -._ , ---- 
195 

To ta l  
Requests 

24 

706 
-,--.-- - 

730 
4 

System A 

10 

168 
- -_  I - I 

178 

System G 

13 

164 
. I - ._. * _. 

177 



5 . 2  Subjective-Rating Study 

5.2.1 Subjects. Four males between the ages of 19 and 30, 

recruited on the University of Michigan campus, were paid for their 
participation. A11 met the same cri teria as the subjects in the 
detection-distance study. None had served as subjects in t h a t  study. 

5 .2 .2  Route. Testing was done on a 20 mile course. The course 
formed a closed loop, and  was divided into four sections of approxi - 
mately equal length. Each section was typical of  a different type of 
road: 1)  an unlighted rural road with many hi l l s  and curves, 2 )  an  
urban and residential area with some street  1 ighting, 3) an unlighted, 
straight rural road, and 4)  an  unlighted, major divided highway. 

Traffic was light on a l l  sections of the route a t  the time of 

testing. Testing was done in dry weather, with no fog, and very 
l i t t l e  moonlight. 

5.2.3 Equipment, The 1971 Plymouth Fury station wagon used i n  

the detection-distance study was used, equipped with the four head- 
1 ight systems as described above. 

5 .2 .4  Procedure. Each subject drove the test-course loop four 
times. An experimenter rode with him and switched the headl ighting 

systems before each quarter section of the loop. Headlighting sys- 
tems were balanced across route sections for each subject in a 
Latin-square pattern. Subjects thus used each system four times, 
each time on a different type of road. 

Before beginning the driving sessions, the subjects were acquainted 
with a se t  of six scales t o  be used in rating the headl i g h t  systems. 
Subjects were asked t o  select a number from 0 t o  10 t o  represent a 
headlight system's performance from "extremely poor" t o  "extremely 
good" on dimensions identified as: 1) overall illumination, 2 )  fore- 
ground illumination, 3) illumination t o  the l e f t ,  4 )  illumination t o  
the right,  5 )  maximum distance down the road receiving illumination, 
and 6 )  illumination of  overhead signs. The form t h a t  subjects used 
i n  giving their ratings appears as Appendix D. 



Subjects  were i n s t r u c t e d  t o  s imp ly  d r i v e  the  t e s t  course, pay ing  

a t t e n t i o n  t o  t h e  h e a d l i g h t  p a t t e r n  and keeping the  s i x  r a t i n g  sca les 

i n  mind. They were g iven  a  r a t i n g  form t o  f i l l  o u t  a f t e r  each q u a r t e r  

s e c t i o n  o f  t he  course. They were t o l d  t h a t  t h e  h e a d l i g h t  system would 

be changed f o r  each q u a r t e r  sec t i on ,  b u t  they  were n o t  in formed about 

the  t o t a l  number o f  systems, and the  systems were n o t  i d e n t i f i e d  f o r  

them. 

5.2.5 Resu l ts .  The sca le  f o r  i l l u m i n a t i o n  o f  overhead s igns  

drew very  few responses and was dropped from the  a n a l y s i s  of  r e s u l t s .  

Mean r a t i n g s  f o r  each system on each sca le  a re  presented i n  Table 5.9 

and F igure  5.17. These means a re  co l l apsed  over  t ype  o f  road. 

Separate analyses o f  var iance f o r  each r a t i n g  sca le  y i e l d e d  s i g n i f i -  

c a n t  main e f f e c t s  of  h e a d l i g h t  system i n  each case (.see Table 5.10). 

Main e f f e c t s  o f  road types and road  t ype  x  h e a d l i g h t  system i n t e r -  

a c t i o n s  d i d  n o t  approach s i g n i f i c a n c e .  

Table 5.9. Mean r a t i n g s  f o r  each h e a d l i g h t  system on f i v e  sca les .  

I 6.00 
I 

Ove ra l l  ! 7.50 ' 5.94 4.44 1 

i I Head1 i gh t sys tem 

I I 
Foreground 1 6.81 1 7.75 I 6.81 1 , 5.81 / 

I I 

i 
I 

1 6014 Low 
I 

1 TO l e f t  ! I 5.25 j 6.63 7.00' , 5.44 1 

System A 1 System G System D . 
I I 

I 
I I 

' 7.94 
I 

I To r i g h t  I 6.63 
i i I i 6.38 1 : 5.00 j 

I I 
' Maximum d i s tance  I 5.89 I 7.44 I 5.63 I 3.19 i 

I 

(9  = ext remely  good, 1 = ext remely  poor)  
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Figure 5.17. Mean ratings for each headlight system on f i v e  scales. 



TABLE 5.10. F r a t i o s  f o r  main ef fects  of  head1 i g h t i n g  system from 
separate analyses of var iance f o r  f i v e  r a t i n g  sca les .  

5.2.6 Specia l  Reanalysis.  The computer ana l ys i s  gave us reason 

t o  a n t i c p a t e  t h a t  system G would p rov ide  a  s i g n i f i c a n t  improvement 

over t he  s tandard 6014. The data f rom the  var ious  f i e l d  t e s t  suggest 

o therwise.  As was noted e a r l i e r ,  t h e  lamps as d e l i v e r e d  d i f f e r e d  i n  

s i g n i f i c a n t  respects  f rom the s p e c i f i c a t i o n s  on which t he  computer 

ana l ys i s  was based. 

j Scale 
! 

Ove ra l l  

Foreground 

To l e f t  

To r i g h t  

Maximum d i s tance  

The HSRI s i m u l a t i o n  was run  again a t  t h i s  p o i n t ,  us ing  data f rom 

the  lamps as de l i ve red .  These r e s u l t s  showed a  s i g n i f i c a n t  drop i n  

p r e d i c t e d  performance, c l o s e l y  approx imat ing t h a t  measured i n  t h e  f i e 1  d  

t e s t .  

1 I 

F* 1 P 

27.5 

6.7 

8.0 

13.6 

26.8 

c.001 

< .05 

c.01 

<.01 

< .001 



6.0 SUMMARY AND CONCLUSIONS 

This  s tudy sought t o  develop an improved headlamp beam f o r  use i n  

cond i t i ons  of oncoming o r  preceding t r a f f i c .  The importance o f  t he  

low o r  meet ing beam i s  e s p e c i a l l y  c l e a r  when cons idera t ion  i s  g iven t o  

the  f a c t  t h a t  many d r i v e r s  a re  r a r e l y  i n  a  s i t u a t i o n  which a l lows  use 

o f  h i gh  beams. Many o t h e r  d r i v e r s ,  f o r  some reason, do n o t  always use 

h igh  beams, even when i t  would e a s i l y  be poss ib le .  Thus, a  l a r g e  

f r a c t i o n  o f  t he  d r i v i n g  p u b l i c  has, f o r  a l l  p r a c t i c a l  purposes, a  s i n -  

g l  e- beam sys tem. 

I n  t h i s  i n v e s t i g a t i o n  two computer headlamp ' eva lua t i on  models 

were used as a  means o f  screening a  number o f  poss ib l e  beam pa t t e rns .  

The t h ree  most promis ing o f  these were f ab r i ca ted  f o r  f i e l d  t e s t .  

The f i e l d  t e s t  was run  on pub1 i c  roads, us ing  sub jec ts  who were 

n o t  aware o f  the  ac tua l  purpose of t he  t e s t ,  and t a r g e t s  which appeared 

normal t o  the  environment. A s u b j e c t i v e  eva lua t i on  was c a r r i e d  o u t  as 

we1 1  . 
The r e s u l t s  o f  t he  t e s t i n g  i n d i c a t e d  t h a t  the  b e s t  o f  t he  t e s t  

lamps was o n l y  m a r g i n a l l y  b e t t e r  (a1 though t he  di f ferences were 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 )  than t he  s tandard SAE low beam used f o r  

comparison. One of the  lamps was s i g n i f i c a n t l y  poorer  i n  many of t he  

measures. 

The f o l l o w i n g  conc lus ions a re  based on t h e  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n .  

F i r s t ,  t he  da ta  suggest t h a t  o v e r a l l  improvements i n  low-beam 

h e a d l i g h t i n g  w i l l  n o t  come e a s i l y .  This should n o t  be s u r p r i s i n g ,  

g iven the  many years of development which have gone i n t o  the  present  

system. Unless t h e r e  i s  a  s i g n i f i c a n t  "breakthrough," equ i va len t  t o  

p o l a r i z a t i o n ,  improvements i n  low-beam head1 i g h t i n g  w i l l  be modest, 

and 1  i k e l y  s h o r t  o f  what i s  r equ i red  t o  p rov ide  adequate v i s i b i l i t y  

under a1 1 d r i v i n g  condi t i o n s  . 



Second, t he  r e s u l t s  of the  s i m u l a t i o n  work, i n  p a r t i c u l a r ,  i n d i -  

c a t e  t h a t  i t  migh t  be more p r o f i t a b l e  t o  a t tempt  l o c a l  r a t h e r  than  

g ioba l  improvements. Thus, t h e  des igner  m igh t  a t tempt  t o  improve the  

1  i k e l  i hood o f  d e t e c t i n g  pedes t r ians  by d i r e c t i n g  more ill uminat ion t o  

those areas which, based on c o l l  i s i o n  data,  seem most impo r tan t  f o r  

pedes t r i an  safety .  A1 t e r n a t i v e l y ,  s i g n  v i s i b i l i t y  and edge de1 i n e a t i o n  

m igh t  be emphasized. 

Th i rd ,  a1 though the  f i e 1  d  data were d i s a p p o i n t i n g  , the  r e s u l  t s  of  

t he  computer s i m u l a t i o n  suggest t h a t  system G i s  ve ry  promis ing.  Th is  

con f i gu ra t i on  should,  i n  t h e  o p i n i o n  o f  the  i n v e s t i g a t o r s ,  be f a b r i  - 
ca ted  t o  more c l o s e l y  approximate t h e  des i r ed  photometr ics ,  and be 

f u r t h e r  eva l  uated. 

C e r t a i n  recommendations f o r  f u t u r e  research can be made, based on 

t he  i n v e s t i g a t o r s '  knowlege o f  t h e  problem area and exper ience i n  t h i s  

s tudy . 
A major  l i m i t i n g  f a c t o r  i n  h e a d l i g h t i n g  design i s  g l a r e .  Disa- 

b i l i t y  g l a r e  i s  w e l l  understood; i n  ou r  op in i on ,  d i scomfo r t  g l a r e  i s  

no t .  Given t h a t  d iscomfor t  g l a r e  i s  a  key cons ide ra t i on  i n  lamp 

design, i t  seems impe ra t i ve  t h a t  more e f f o r t  go i n t o  understanding i t. 

Data a re  needed d e f i n i n g  t h e  upper l i m i t s  o f  d i scomfo r t  g l a r e  f o r  bo th  

s h o r t -  and long- term exposure. Specia l  emphasis i n  t h i s  research should 

be g iven  t o  those persons l i k e l y  t o  be most a f f ec ted  by g l a r e  (e.g., 

the  e l d e r l y ) .  Data f rom such a  s tudy  may i n d i c a t e  t h a t  i s  i s  f e a s i b l e  

t o  inc rease  headlamp i n t e n s i t y .  A t '  t he  very  l e a s t ,  i t  would p rov ide  a 

b e t t e r  r a t i o n a l e  than i s  a v a i l a b l e  today f o r  s e t t i n g  i n t e n s i t y  l e v e l s  

f o r  1 i g h t  p r o j e c t e d  above h o r i z o n t a l  . 
Another source o f  con t roversy  i s  foreground i 11 umi n a t i o n .  It i s  

argued t h a t  h i gh  l e v e l s  o f  foreground i l l u m i n a t i o n  may: (1) r a i s e  t he  

l e v e l  of  adap ta t i on  unnecessar i l y ,  and/or,  ( 2 )  cause t he  d r i v e r  t o  

spend more t ime l o o k i n g  a t  t he  h i g h l y  i l l u m i n a t e d  area c l ose  t o  t h e  ca r  

than i s  des i r ab le .  Th is  seems t o  be a  ma t te r  o f  o p i n i o n  on l y ;  t h e  

i n v e s t i g a t o r s  a r e  aware o f  no s tud ies  on t he  issues.  I t  would n o t  be a  

d i f f i c u l t  m a t t e r  t o  i n v e s t i g a t e ,  and i t  should be done. 
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CHESS EVALUATION OF S I X  HSRI  SINGLE-BEAM HEAOLIGHT SYSTQrl OES IGNS 

Objectives 

S i x  s ing le  beam headlamp system designs and f i ve  reference systems were ana ly t i ca l  l y  

evaluated by Ford's CHESS* (Comprehensive - Head1 amp gnvi  ronment Systems - Simulat ion) 

model t o  determine the percentage o f  n i g h t  d r i v i n g  mileage w i t h  each system i n  which 

c e r t a i n  v i s i b i l i t y  and g la re  c r i t e r i a  are met. The sTx candidate s ing le  beam head- 

l i g h t  systems were developed and are cu r ren t l y  being studied by the Highway Safety 

Research I n s t i t u t e  (HSRI) of the Un ivers i ty  of Michigan under an NHTSA cont rac t  

(Evaluat ion of the F e a s i b i l i t y  of a Single Beam Head1 i g h t i n g  System, Contract No. 

DOT-HS-7-01554). Ford was asked t o  conduct the CHESS analyses by NHTSA t o  provide 

a broader data base fo r  evaulat ing and comparing the systems. 

Summary o f  F i  ndi  ngs 

The s i x  HSRI systems tested were: four new low beam designs ; a conventional low beam 

system augmented by a continuously-on midbeam ( " tu rnp ike  beam") lamp; and a cu r ren t  

low beam with very h igh  candlepower. 

The Figures-of-Meri t (ove ra l l  performance scores i n d i c a t i n g  the percentage s f  n i g h t  

d r i v i n g  mileage i n  which the v i s i b i  li t y  and g la re  c r i  t e r i a  are met) of the new low 

beam designs ranged from 60.0 t o  62.2. Current low beams range from 65.7 t o  67.1 

( A  dif ference of two Figures-of-Meri t po in ts  i s  s i g n i f i c a n t  a t  the 90% confidence 

l eve l  .) The reference low beam prov i  ded by HSRI  produced a Figure-of-Meri t o f  67.9 

even though i t s  g ia re  discomforted 16.2% o f  opposing d r i ve rs .  [Current low beams 

discomfort  from 9.0 t o  10.3% o f  opposing dr ivers  . )  The Figure-of-Meri t f o r  the 

H S R I  mid beam was 70.1 . This lamp d i  scomforted 13.9% o f  opposi ng d r i  vers . These 

1 a s t  two sys tems have r e l a t i  ve ly  h i  gh Ff gures-of-Meri t despi t e  i ncreased d i  scomfort 

glare l a rge l y  because they produce s i g n i f i c a n t  increases i n  the percentage o f  ex- 
posed pedestrians detected i n  time t o  stop. 

The CHESS Pragram 

Eval uations o f  the sys tems provided by H S R I  and a number of addi t i o n a l  reference sys tens 

were conducted w i t h  the CHESS model . CHESS was developed to  provide a more compre- 
hensive evaluat ion o f  headlamp performance than i s  possibie i n  a l i m i t e d  se t  of 

*f n ea r l  i e r  papers CHESS has been re fer red  to  as the Head1 i ght Eval ua ti on Model . 



seeing distance t e s t s  o r  s imulat ions.  I npu t  t o  the model cons is ts  of the candlepower 

pa t te rns  o f  the t e s t  head l igh t  system. This system i s  then evaluated i n  thousands of 
v i s i b i l i t y  and g l a re  " t es t s "  on a standardized t e s t  rou te  which simulates the broad 

range o f  cond i t i ons  encountered i n  n i g h t  d r i v i n g .  The output  of the model, termed 

the "Figure of Meri t , "  i s  the percentage of d istance t rave led  on the standardized t e s t  

route i n  which t he  c r i t e r i a  o f  lane 1 i ne  and pedest r ian v i s i b i l i t y ,  and opposing d r i v e r  

g la re  are simul taneously met. 

CHESS i s  based on an extensive program of road t es t s ,  surveys o f  the n i g h t  d r i v i n g  

environment and analyses of the pub1 ished 1 i tera tu re .  A de ta i l ed  desc r i p t i on  of the 

development and cha rac te r i s t i c s  o f  CHESS i s  given i n  Reference 1.  

Test Condi t i ons  

The s i x  HSRI headlamp systems along w i  t h  f i v e  systems from the Ford headlamp data 

f i l e s  were each evaluated under the 6180 i d e n t i c a l  randomly se lected encounters t h a t  

comprise s tandardi  zed t e s t  rou te  "B" . * 
Table 1 presents descr ip t ions  of the eleven systems evaluated i n  t h i s  p ro j ec t .  The 

Table gives the  values and loca t ions  of maximum candlepower po in t s  and the average 

candlepower values of each beam pa t te rn .  The energy consumed by a headlamp system 

would be d i r e c t l y  r e l a t e d  t o  the average beam candlepower. The candlepower d i s t r i -  

but ions o f  the  headlamps o f  the eleven systems are presented i n  Appendix A .  

The CHESS model was exerc ised t o  evaluate each o f  the above eleven systems under the 

f o l l  owi ng two condi t i ons : 

(a )  Per fec t  aim: This cond i t i on  assumed t h a t  a l l  headlamps 

under the s imu la t ion  were aimed proper ly ,  i .e., the 

o p t i c a l  ax is  o f  each headlamp ( t he  p o i n t  H = 0, V = 0 

on the isocandela diagram) was p a r a l l e l  t o  the veh ic le  

X ( f o r e - a f t )  ax is .  

I /  V. D. Bhise, E. I. Farber, e t  a \ ,  "Modeling V is ion  w i t h  Headl ights i n  a Systems - 
Context," presented a t  I n t e rna t i ona l  Automotive Engineering Congress and 
Exposi t ion,  Soc ie ty  of Automotive Engineers, Paper No. 770238, March, 1977. 

*Note t h a t  Route 0 i s  very s i m i l a r  t o  the Route A descr ibed i n  Reference 1 . The 
on ly  d i f ference between the routes i s  t h a t  p rev ious ly  s t a ted  speeds have been 
corrected and are s i x  m i les  per hour h igher  than i n  Route A. 





( b )  With Misaim: Th is  condi t i o n  represents  r e a l  i s t i c  

v a r i a b i l i t y  assoc ia ted  w i t h  headlamp aiming. The 

headlamp aim under t h i s  c o n d i t i o n  was t r ea ted  as 

a  random va r i ab l e .  That i s ,  the headlamp aim f o r  

each encounter was randomly se lec ted  from d i s  tri - 
bu t i ons  developed by H u l l ,  e t  a1 ( 2 ) .  

These d i s t r i b u t i o n s  i nc l ude  the  e f f e c t s  o f  veh i c l e  p i t c h  

a t t i t u d e  dev ia t i ons  which a re  due p r i m a r i l y  t o  load ing .  

The s e l e c t i o n  procedure was as fo l lows:  

(1)  Ho r i zon ta l  a im o f  each headlamp was randomly 

se l ec ted  from a  normal d i s t r i b u t i o n  w i t h  a  

mean o f  0.8 degrees r i g h t  (as seen by the  

d r i v e r )  and a  s tandard d e v i a t i o n  o f  0.86 

degrees. 

( 2 )  The v e r t i c a l  a im o f  a l l  ( i  .e., bo th )  head- 

lamps o f  each v e h i c l e  were randomly se l ec ted  

from a normal d i s t r i b u t i o n  w i t h  a  mean of 

0.73 degrees up and a  s tandard d e v i a t i o n  of 

1  .55 degrees. * 
Dur ing each model run, bo th  the  observer and on-coming veh ic les  used the  same ( i  .e. , 
i d e n t i c a l )  headlamp system. Fur ther ,  i n  a l l  the  model runs, a l l  veh ic les  used o n l y  

one beam mode. Thus, i n  evau la t i ng  systems A through E and systems 1 through 4, h i gh  

beam use was n o t  s imulated; and the systems us ing  a  mid beam, namely Systems F  and 5,  
were always s e t  on mid beam mode i .e., two low beam lamps p l us  'one mid beam u n i t .  

Resul ts 

Resul ts o f  t he  CHESS exerc ises a re  summarized i n  Table 2. Table 2 gives f o r  each of 

the e leven systems t es ted  the Figures-of-Meri t under p e r f e c t  aim and random misaim 

and, spearate ly ,  the  percentages o f  encounters i n  which the t h ree  v i sua l  environment 

c r i  ter ia--de7 i n e a t i o n  de tec t ion ,  pedes t r ian  de tec t i on  and d iscomfor t  g l a re  leve l - -were 

met under the  random misaim cond i t i on .  Also shown i s  the  percentage o f  d r i v e r s  

2/ R. W.  H u l l ,  R. H. Hemion, D. G. Cadena and B. C. D i a l ,  "Vehic le  Forward L i g h t i n g  - 
Performance and I nspec t i on  Requirements. " Southwest Research I n s t i t u t e ,  J u l y  1971 , 

*Note: Re-analysis o f  H u l l ,  e t  a1 2/ data showed t h a t  the v e r t i c a l  aim components 
o f  l e f t ,  r i g h t ,  low and h i g E  beams were h i g h l y  co r re l a ted ,  whereas the 
h o r i z o n t a l  components o f  d i  f f e r e n t  headlamps on the same v e h i c l e  were f o ~  - I 
t o  be independent. 



Table 2  

Results of CEIESS Model A u p l i c a t i o n s  

- 
Percentage of Enceunters 

Mating V i s i b i l i r l  Ctf teria 
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Encounters I E I ~ C O U I I ~ ~ ~ S  

I I 
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discomforted under perfect aim. (Note that the Figure-of-Meri t i s  the percentage 
of miles driven in which al l  three c r i te r ia  are simul taneously met.) 

T'ce four low beam systems developed by HSRI had significantly lower Figures-of-Meri t 
than current U.S. low beams. These lamps were generally comparable t o  the U.S. low 
beams in meeting the delineation and pedestrian detection cr i te r ia  in both  opposed 
and unopposed situations . However, they produced discomfort glare about twice as 
often as d i d  the current low beams. In each of the four HSRI lamps the hot-spot 
(peak candlepower point) i s  more intense and aimed closer t o  H-V (straight down the 
road) than U.S. lamps. Even w i t h  perfect aim these lamps are often discomforting 
because mild curves and h i 1  1s can place an opposing driver in the h i g h  intensity 
portion o f  the beam pattern. In fact,  systems C and 0 are more 1 i kely to produce 
discomfort when perfectly aimed than when randomly m i  saimed. 

System F, which uses a very intense mid beam unit t o  augment two current low beam 
lamps, had a Figure-of-Meri t of 70.1 w i t h  random misaim, the highest of a1 1 the lamps 
tested, and re1 iably higher than the 65.7 t o  67.1 range of the current U.S. low beam 
systems tested (Systems 1, 2 and 3 ) .  System F had a high Figure-of-Meri t despite 
dfscomforting 13.9% of opposing drivers (from 40 t o  50% more than current low beams) 
largely because i t  produced significantly more pedestrian detections in both opposed 
and unopposed situations. System F's pedestrian and delineation detection performan1:e 
was comparable to the Ford reference mid beam system (System 5 )  b u t  i t  discomfortea 
about 20% fewer drivers. 

H,SRI System A under random misaim had a Figure-of-Meri t of 67.0, a significantly higher 
value than the other HSRI low beam systems, and discomforted about 16.2% of opposing 
drivers. The overall performance of System A ,  as measured by the Figure-of-Meri t ,  i s  

comparable t o  the U.S. low beams tested despite the fact that i t  discomforts 60 t o  
80% more opposing drivers. This i s  because, 1 i ke the mid beam system, System A 

resulted in significantly more pedestrian detections than the U.S. systems. This 
lamp i s  considerably more intense than any of the low beams in the CHESS headlamp 
f i l e s .  T'he peak candlepower is  39,000 while the peak values of systems 1, 2 and 3 

range from 18,000 to 26,000 cp. The average candlepower of  this system i s  within 
10% of the three-lamp mid beam sys terns. 

I t  i s  noteworthy that the decrease in the Figure-of-Merit in going from perfect aim 
t o  random rnisairn i s  6.6 points for System A ,  whereas for the other lower intensity 
U . S .  low beams the decreases range from 2 . 7  t o  3.6 points. Evidently, System A i. 
more sensitive t o  misaim. 



APPENDIX A 

CANDLEPOWER DISTRIBUTIONS 

Notat ion:  The characters used i n  d i sp lay ing  

i n t e n s i t y  i n  candlepower (cp) i n  

each 1/2" x 1/2O region i n  the - 

beam f i e l d  are as fol lows : 

C : i n t e n s i t y  - > 20,000 cp 
B : 15,000 cp < i n t e n s i t y  < 20,000 cp - 
A : 10,000 cp < i n t e n s i t y  < 15,000 cp - 
5  : 5,000 cp < i n t e n s i t y  < 10,000 cp - 
2 :  2,000 < i n t e n s i t y <  5 , 0 0 0 ~ ~  - 
1 : 1,000 < i n t e n s i t y <  2 , 0 0 0 ~ ~  - * : 500 < i n t e n s i t y  < 1,000 cp - 

: 100 < i n t e n s i t y <  500cp  - 
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S i t e  1 r h i l l  

A - d e b r i s  
B - p e d e s t r i a n  

- downhill s i d e  of second h i l l  of course  (.9 miles from cemetery).  
- house with d r i v e  on l e f t  a t  t h e  crest of t h e  h i l l .  - DNP-NPZ s i g n s  a t  bottom of  h i l l .  - t a r g e t  a r e a  i s  about halfway between c r e s t  and DNP-NPZ s igns .  - exac t  marker is a v e r y  l a r g e  t r e e  ( 4  f t .  d iameter  t r u n k )  which 

hangs over  t h e  e n t i r e  roadway; p l a c e  t a r g e t s  next  t o  t h i s  t r e e .  
- i n  P a t t e r n  B, when r e t u r n i n g  t o  p ick  up p e d e s t r i a n ,  it w i l l  be 

necessary t o  r e t u r n  t o  t h e  n o r t h  s i d e  of b r idge  t o  n e g o t i a t e  
turnaround; avoid us ing  driveways. 



S i t e  2 1  r i a h t  curve  

A - d e b r i s  
B - parked c a r  

- a t  co rne r  of  Moorevi l le  Rd,,  r o u t e  cu rves  s l i g h t l y  t o  r i g h t  and 
becomes Macon Rd,; t h e  next  r i g h t  curve  is S i t e  2 ,  - - curve  is  immediately preceded by a  s h o r t  u p h i l l ,  

- 3/4 i n t o  t h e  curve ,  t h e r e  is a small  a r e a  of road pa tch ing- - th i s  
marks t h e  t a r g e t  a r e a  - p l a c e  t a r g e t s  no more than  50 f t .  p a s t  t h i s  a rea  of  patching,  

- i n  P a t t e r n  B,  parked c a r  must r e t u r n  t o  S i t e  f t o  p i c k  up pedes t r ; ? r  
good p l a c e  for turnaround is a t  Oak Park D r .  (2/10 mile  p a s t  
t a r g e t  s i t e  on l e f t ) ,  



S i t e  3;  s t r a i g h t  

A - g l a r e  w/ pedes t r i an  
B - g l a r e  w/ DNP-NPZ s igns  

- l oca ted  on Jordan Rd, j u s t  p a s t  Braun Rd, ( f i rs t  crossroad  on 
~ o r d a n ) .  

- f o r  p a t t e r n  A ,  set up exac t ly  between DNP-NPZ s i g n s  f o r  south- 
bound t r a f f i c  and DNP-NPZ s i g n s  f o r  northbound t r a f f i c ;  g l a r e  
should be approximately oppos i te  p e d e s t r i a n  (REMINDER1 we 
a r e  using s t a t i o n a r y  g l a r e  sources )  - f o r  P a t t e r n  B, set up oppos i te  t h e  DNP-NPZ s i g n s  f o r  south- 
bound t r a f f i c  - i n  both p a t t e r n s ,  t h e  g l a r e  c a r  w i l l  have t o  t u r n  around twice; 
it i s  suggested t h a t  Willow Rd. and Braun Rd, be used a s  turn-  
around l o c a t i o n s ,  

Q 
P? 

S 

- - -  4 
-- - - Graun pd. - 



Site 4 1  straiaht - 

A - p e d e s t r i a n  
B - d e b r i s  

- l o c a t e d  on Jordan  j u s t  p a s t  Willow. - p l a c e  t a r g e t s  e x a c t l y  . 2 5  m i l e s  p a s t  Willow Rd. - s t a y  w e l l  b e f o r e  house on l e f t  and mailbox on r i g h t .  



S i t e 5 r  l e f t c u r v e  

A - parked c a r  
B - PWC s i g n  just p a s t  curve i s  t a r g e t  

- l o ca t ed  on l e f t  from Arkona on to  Goodrich, - p l ace  car on shou lder  j u s t  be fo r e  d i r t  spu r  merges wi th  Goodrich, 
- avoid sh in ing  h e a d l i g h t s  on nearby house i n s o f a r  a s  poss ib le .  



S i t e  6 t  riaht cume 

A - PWC s i g n  i s  t a r g e t  
B - p e d e s t r i a n  

- l oca ted  on r i g h t  from Goodrich on to  Hack, 
- p e d e s t r i a n  should be on back s i d e  of curve ,  p a s t  t h e  PWC s ign ,  

j u s t  a t  t h e  p o i n t  where t h e  curve  s t r a i g h t e n s  ou t ,  



S i t e  7 ;  l e f t  curve 

A - pedes t r i an  
0 - d e b r i s  

- l o c a t e d  on l e f t  from Hack onto  B r i t t o n ,  - t a r g e t s  should be j u s t  around curve ,  j u s t  p a s t  d i r t  spu r  merging 
wi th  B r i t t o n ,  - i n  P a t t e r n  A ,  h ide  c a r  on Hack, j u s t  around s l i g h t  r i g h t  and 
o u t  of view of westbound t r a f f i c  ( i . e , ,  s u b j e c t  c a r ) ;  a f t e r  
r e t r i e v i n g  c a r ,  n e g o t i a t e  a Y-turn on Hack -- t h i s  segment c a r r i e s  
l i t t l e  t r a f f i c ,  



Site 81 straiaht 

A - + s i g n  is  t a r g e t  
B - parked c a r  

- loca ted  on s t r a i g h t  b e f o r e  Clinton-Macon Rd. 
- f o r  P a t t e r n  B, begin slowing down a f t e r  pass ing  u p h i l l  with 

farmhouse on l e f t ,  - t a r g e t  s i te  is marked by two telephone po les  c l o s e  t o  t h e  road- 
way, one on each s i d e .  C a r e f u l l y  select a good p l a c e  t o  park 
t h e  c a r  -- you have a l i t t l e  f l e x i b i l i t y  on your placement; avoid 
proximity of  house on left, 



Site 91 s t r a i a h t  

A - d e b r i s  
B - p e d e s t r i a n  

- l oca ted  on s t r a i g h t  j u s t  p a s t  Clinton-Macon Rd, - t a r g e t  a r e a  is 4/10 mile p a s t  i n t e r s e c t i o n ;  t h e r e  a r e  two 
f o u r  f o o t  h igh  whi te  s t a k e s  (one on each s i d e  of t h e  road) 
t h a t  i n d i c a t e  a p i p e l i n e  -- t a r g e t s  should be l o c a t e d  very 
near  t h e s e  s t a k e s ,  - i n  P a t t e r n  B,  d r i v e r  wa i t s  o u t  of view on Pcnnington Rd.; when 
s u b j e c t  c a r  passes ,  d r i v e r  r e t u r n s  t o  p ick  up pedes t r i an ,  - i n  both p a t t e r n s ,  t h e r e  a r e  pick-ups which l eave  chase  c a r s  
heading North -- however, s i n c e  t h i s  occurs  a t  t h e  end of the 
ha l f - rou te ,  t h e r e  is  no need t o  t u r n  around. Simply proceed 
t o  t h e  o t h e r  s i d e  of t h e  course  v i a  Clinton-Macon o r  Hack, 



S i t e  101 h i l l  

A - s i g n  marking b r i d g e  is  t a r g e t  
B - parked c a r  

- loca ted  on downhill  p a s t  Pennington Rd, - PWC s i g n  a t  t h e  crest of t h e  h i l l ,  - one house on each s i d e  of t h e  road near  t h e  c r e s t ,  
- br idge  l o c a t e d  a t  bottom of h i l l ,  - about 300 f t ,  b e f o r e  br idge ,  t h e r e  i s  a clump of trees, bushes,  

and t a l l  g r a s s  n e a r  r i g h t  s i d e  of roadway; c a r  should be 
parked just b e f o r e  t h i s  clump, 

- a f t e r  s u b j e c t  c a r  passes ,  Chase Car 2 can proceed t o  o t h e r  side 
of course  v i a  Welch Rd, 



Site 11; straisht 

A - g l a r e  w/ parked c a r  
B - STOP AHEAD s i g n  marking Ridge Rd, is  t a r g e t  

- located on s t r a i g h t  j u s t  p a s t  Welch Rd, - t h e r e  is a row of houses on l e f t  beginning 2/10 m i l e  p a s t  
Welch; g l a r e  should be set up before t h e  proximity of t h e  
f i r s t  (northernmost) house, - it may be p o s s i b l e  t o  s e l e c t  a "dark" driveway t o  n e g o t i a t e  
turnarounds -- i f  not, it w i l l  be necessary t o  go t o  t h e  Ridge 

. Rd, i n t e r s e c t i o n ,  BE CAREFUL HERE, 



S i t e  12: s t r a i q h t  

A - parked c a r  
B - g l a r e  w/ debris  

- loca ted  approximately 4/10 mile p a s t  Welch (on Ridge Rd, ). - f o r  P a t t e r n  A ,  park c a r  i n  c l e a r i n g  ( t rampled g r a s s )  j u s t  
p a s t  p i p e l i n e  markers, - f o r  P a t t e r n  B, p l a ce  g l a r e  source between l a r g e  barn  on e a s t  
s i d e  of roadway (ba rn  roof says " ~ a r n e t t " )  and gas  p ipe l i ne  
markers. B e  s e l e c t i v e  -- you have a  l i t t l e  f l e x i b i l i t y .  Af ter  
sub j ec t  c a r  passes ,  t u r n  around a t  Welch Rd, 



S i t e  1 3 :  r i a h t  curve  

A - d e b r i s  
B - parked c a r  

- l o c a t e d  approx imate ly  4/10 mile p a s t  Clinton-Macon R d .  
- t h e  cu rve  i s  r e l a t i v e l y  s l i g h t  -- watch  f o r  it c a r e f u l l y .  
- a  clump of g r a s s ,  b r a n c h e s ,  e tc .  marks t h e  t a r g e t  s i t e .  
- i n  P a t t e r n  A ,  when r e t u r n i n g  f o r  d e b r i s ,  Clinton-Macon Rd. can 

be used  f o r  a  t u rna round .  



S i t e  1 4 :  s t r a i a h t  

A - g l a r e  w/ parked c a r  
B - g l a r e  w/ 5 s i g n  

- t h e  s i t e  f o r  P a t t e r n  A i s  a c t u a l l y  a very  g radua l  r i g h t  between 
Milan Rd. and N .  County Line Rd. ( N .  County Line = Maple) . 

- set  up a t  l e a s t  2 t e l ephone  p o l e s  b e f o r e  house on l e f t .  
- i n  P a t t e r n  B ,  se t  up o p p o s i t e q s i g n .  Try t o  avoid s t a r t l i n g  

dogs. 
- f o r  tu rnarounds ,  t h e r e  a r e  t h r e e  good l o c a t i o n s :  Milan Rd., N .  

County Line Rd., and t h e  ~ a c k / R i d g e  c o r n e r  ( S i t e  1 5 ) .  
- WARNING: S i t e  1 5  i s  very c l o s e  t o  s i t e  1 4  i n  P a t t e r n  B. 



S i t e  15:  l e f t  cu rve  

A - ~ e d e s t r i a n  
B - h e b r i s  

- l o ca t ed  a t  s h a r p  l e f t  where Hack meets Ridge, j u s t  a f t e r  t a r g e t  
s i t e  14. 

- t a r g e t s  shou ld  be p l aced  j u s t  beyond "ENTER WASHTENAW COUNTY" 
s i gn .  



S i t e  1 6 :  s t r a i a h t  

A - d e b r i s  
B - parked  c a r  

- a f t e r  s h a r p  l e f t  ( S i t e  1 5 ) ,  r o u t e  c r o s s e s  o v e r  b r i d g e ;  t a r g e t  
a r e a  i s  a p p r o x i m a t e l y  .55  mile p a s t  t h i s  b r i d g e .  

- t h e r e  i s  a s m a l l  t ree  w i t h  a  clump o f  b r a n c h e s  n e a r  t h e  roadway 
which marks t h e  t a r g e t  a r e a .  

- i f  you p a s s  DNP-NPZ and 5 s i g n s ,  you have gone t o o  f a r .  



S i t e  1 7 :  l e f t  curve 

A - parked c a r  
B - 4 s i g n  i s  t a r g e t  

- l o c a t e d  on l e f t  curve between S i t e  16 and Arkona Rd. - curve comes immediately a f t e r  S i t e  16 (2/10 mile). 
- park car well around curve ,  b u t  be fo re  - / s ign ;  d e s e r t e d  barn on 

r i g h t  s i d e  of roadway i s  a good marker -- park  j u s t  b e f o r e  o r  
nex t  t o  t h i s  barn.  



Site 18: right curve 

A - 7 sign is target 
B - pedestrian 

- located on second ,right curve past town of Moorevile. 
- pedestrian should be just around curve, but avoid silhouetting 

self with 9 sign. 



Site 19: straisht 

A - glare w/ pedestrian 
B - glare w/ debris 

- located on long straight between Moorevile and corner of 
Saline-Milan Rd. - at the west end of the straight, there are DNP-NPZ signs for 
westbound traffic. 1/10 mile east of these signs is a small 
dirt driveway which leads into a farmer's field; this dirt path 
is a good marker for the locatioh of the glare source. - the dirt drive can also be used as a turnaround. 



S i t e  20: straight 

A - "STOP AHEAD" sign is target 
B - debris 

- located on Saline-Milan straight, just southeast of Stoney Creek 
Rd . 

- target area for debris is 2/10 mile before "STOP AHEAD" sign. 
- this is a bad area for turnarounds; if necessary, go all the 
way back to Mooreville Rd. 



Site 21: straight 

A - parked car 
B - + sign is target 

- straight is located just before Moon Rd. - well before the t sign marking Moon Rd., there is a farm on the 
right followed by power lines crossing the roadway; these power 
lines make a good marker for the target area- 



Site 22: hill 

A - 4 sign 
B - parked car 

- located on downhill, past Jewell Rd. and before Milkey Rd. 
- small bridge at very bottom of hill. 
- two houses on right side of roadway. - target area is near bottom of hill, just before bridge. 
- Jewell Rd. serves as a good turnaround location. 



Site 23: straight 

A - pedestrian 
B - pedestrian 

- located on straight after Judd Rd. and before Maple Rd. 
- straight comes immediatley after a long downhill. - target area is exactly between Saline Orchard and "SPEED L I M I T  

45 AHEAD" sign. - for turnarounds, use Maple Rd. 



Site 24: hill 

A - debris 
B - pedestrian 

- located on last downhill of course, just after Maple Rd. 
- long guardrails on both sides of roadway at bottom of hill. - car can be left on Maple Rd. until subject car passes. 
- use Maple for turnarounds. 



APPENDIX C 

SET UP PROTOCOL FOR STAFF I N  F I E L D  STUDY 
INCLUDING COURSE MAP 





HALF-ROUTE I ,  PATTERN A 

Make sure you have debris, flashlights, and two-way radios. 
****** indicates subject car passing. 

Begin w i t h  2 Begin with 2 Begin with driver 
experimenters experimenters only 

Dl. Drop debris a t  U 1 .  Dropoffpedes- 1. Proceed t o  Site 
Site 1. trian a t  Site 4. - 7 ;  hide car on 

Hack and become 
pedestrian. 

m2. Drop debris a t  0. d o  Site **t*** 

Site 2 .  
parked car, 

n 3 .  Proceed t o  Site ****** 
I 3; set  up  glare 

with pedestrtan. 
****** 

0 4 .  Secure pedestrian 

5. Pick up pedes- 
t r i a n a t S i t e 4 .  

132. Secure car. 

1/4 - route layover for subject car on Clinton-Macon Road 

6. Proceed t o  Site u 11; me t  car 2 
3. Drop off debris a 3. Proceed t o  Site 

11; meet glare 
and set  up car and park 
glare w i t h  behind glare 
parked car. source. 

7 .  Pick up debris u4. Proceed t o  Site 12 ****** 
a t  Site 9. (use Welch Rd. 

shortcut); se t  u p  
parked car. 

****** 

1/2 - route layover for subject on Pennington Road - Switch Beams 



HALF-ROUTE I I , PATTERN B 

Make sure you have debris, flashlights, and two-way radios. 

****** indicates subject car passing. 

Glare Car Chase Car 1 
- - 

Chase Car 2 
Begin with driver Begin wi t h  3 Begin with driver 
only experimenters 

1. Proceed t o  Site 
1 4 ; s e t u p  ,",mei ;:fl;;bris 

1. Proceed t o  Site ODniy 13; se t  u p  
glare in front 
of sign. 

parked car. 
****** 

n. c ; s i t e  a2. c ;;bris 

parked car. 
****** 

1/4 - route layover for subject near Mooreville general store - It r-t 
2.  Drop off debris 3 .  Drop off pedes- / trian a t  Site 

3. Proceed t o  Site U a t ~ i t e 2 ' -  - 
Stoney Creek Rd. 

24 (use Maple Pd. 
18. shortcut) ; hide 

shortcut, then 
right onto 
Sal ine-Mil an). 

car on Maple and 

trian become on 5%- a ine- - 
Milan. 

****** 
3. Proceed t o  Site 4.  Drop off pedes- D - trian a t  Site 23. 

glare with 
debris. 

04. Secure debris. 

5. Pick u p  pedes- 
trian a t  Site 
18. 

6. Pick u p  debris 
a t  Site 20. 

D5. come back t o  s i t e  4. secure car. 
22; se t  up parked 
car, - 

6. Pick up  pedes- 
trian a t  Site 
23.  

1/2 - route layover for subject in Sa7ine - Switch Beams. 



HALF-ROUTE I ,  PATTERN B 

Make sure you have debris, flashlights, and  two-way radios. 
****** indicates subject car passing. 

Glare Car Chase Car 1 Chase Car 2 
Begin w i t h  driver Begin wi t h  2 Begin w i t h  2 
only experimenters experimenters 

1. Proceed t o  Site 1. Drop off pedes- 1. Drop off debris a 3; set u p  glare Q - trian a t  s i t e  I. 
in front of 
DNP-NPZ signs. 

0 2 .  , n:cri;; ;ebri s 
2. Proceed t o  Site 0 2; set u p  

2 .  Drop off pedes- a trian a t  m 6 .  
parked car. 

****** a 3. Pick u p  pedes- 03. Re turn t o  Site 
trian a t  Site 1 t o  pick u p  
6 .  pedestrian, 

4. Pick up  debris CJ a t S i t e 7 .  
4. Proceed t o  Si te 

parked car. 
****** 

1/4 - route layover for subject on Clinton-Macon Road 

4. Proceed t o  Site 
12 (via Hack/ 

05. Drop off pedes- 0 5 .  Proceed t o  Site 
trian a t  Site 9. - 10; set up parked 

Mohart/Cl i nton- Driver waits o u t  - car. 
Macon shortcut) ; of view on ****** 
set u p  glare w i t h  Pennington Rd. 
debris ****** ****** 

5. Secure debris 6. Pick up  pedes- 0 trian a t  Site 9. 
- - - -- - - - - -- - - - - -- 

1/2 - route layover for subject on Penninqton Road - Switch Beams 



HALF-ROUTE I I ,  PATTERN A 

Make sure you have debris, flashlights , and two-way radios. 
****** indicates subject car passing. 

Glare Car Chase Car 1 Chase Car 2 
Begin wi t h  2 Begin with 2 Begin with driver 
experimenters experimenters only 
1. Proceed t o  Site 1. Drop off pedes - 1 Drop off debris 3 11; meet chase 

car 2 and set  
El t r i a n a t s i t e  0 a t  Site 13. 

K- 
up glare w i t h  
parked car. 

2 .  Pick up debris 
a t  Site 13. 0 2 .  :cqi;fd!bris 

2 .  Meet glare car 
a t  Site 14; s e t  
up  parked car 
behind glare 
source. 

****** 

0 3 .  ;;;c;;; ; ~i te 
3 .  Pick up pedes- 

parked car. 
u trian a t  Site 

15. 
****** n4. Pick up  debris 

a t  Site 16. 

1/4 - route layover for subject near Mooreville general store - m 
3.  Proceed t o  Site 4. Proceed to Site 5. Drop off pedes- 

trian a t  Site 23.  
w i t h  pedestrian. parked car. 

4. Secure pedes- 5. Pick up pedes- 06. ll;ogi ;;f2f:bri s 
trian . trian from Site 

23.  Hide car on 
Maple Rd. 

0 7. Secure debris. 

1/2 - route layover for subject i n  Saline - Switch Beams 



S a l i n e  



TARGET SITES AND PLACEi"1ENTS 

Size n" Description 

1 moderate downhill a t  -90 miles; targets should be placed 
just past t h e  2nd "crestM--very large tree on right side 
of roadway is a good marker, 

A - debris 
8 - pedestrian 

2 right curve a t  1.65 miles (before corner of Oak Park Dr. 
on l e f t ) ;  targets should be placed immediately af ter  an , 

area of road patching--there i s  a wide shoulder i n  this 
area. 

A - debris 
B - parked car 

straight ,  af ter  Braun Rd; 

A - glare w/ pedes trian--pedestrian should be halfway 
between intersection and  DNP-NPZ s igns. 

8 - glare w /  signs--0NP-NPZ signs .30 miles af ter  Braun Rd. 
are targets. 

straight,  af ter  Willow Rd; targets should be placed 
approximately 114 mile past intersection. 

A - pedestrian 
8 - debris 

l e f t  curve, Arkona o n t o  Goodrich; 
A - place parked car on shoulder just before d i r t  road merges 

with main road. 
8 - PWC sign just af ter  curve i s  target. 

6 right curve, Goodrich o n t o  Hack; 
A - PWC sign af ter  curve is  target 
8 - pedestrian should be before PWC sign, b u t  careful t o  

a v o i d  silhouetting himself in sign. 

7 l e f t  curve, Hack o n t o  Britton; targets should be well 
into curve, near d i r t  road merging from right. 

A - pedestrian 
B - debris 

8 s t ra ight ,  before Cl inton-Macon Rd; 

A - + sign is target 
B - place parked car well before + sign and away from houses. 



Site d Description 

9 straight,  af ter  Cl inton-Macon Rd. ; place targets abou t  
4/10 miles past intersection, near gas pipe7 ines 

A - debris 
B - pedestrian 

10 downhill, a f ter  Pennington Rd., just before bridge 
A - "weight limit" and  "bridge warning" signs are targets 
B - park car approximately 300 f t .  before bridge 

11 straight ,  af ter  Welch Rd. 

A - parked car behind glare source should be just before 
the f i r s t  house (houses are on l e f t  of roadway) 

B - stop ahead sign before Ridge Rd. i s  target 

12 straight on Ridge Rd. af ter  Welch; place targets 
approximately 4/10 miles past Welch, well beyond PWC sign 

A - parked car 
B - glare with debris 

13 right curve, 1 / 2  mile past Clinton-Macon Rd.; place 
targets just around cruve--avoid proximity of PWC sign 

A - debris 
B - parked car 

14 straight (very slight r ight) ,  af ter  Milan Rd. 

A - parked car behind glare just before N. County Line Rd. 
B - l e f t  curve arrow i s  target behind glare--this i s  very 

close t o  target s i t e  15 

15 l e f t  curve, near Hack Rd. ; place targets well into curve 
A - pedestrian 
B - debris 

16 straight ,  1/4 mile past bridge; place targets past 
tree/branches on right side of roadway 

A - debris 
B - parked car 

17 l e f t  curve, before Arkona Rd. 

A - park car just beyond curve 
B - - j  sign is target 



Site f Description 

18 right curve ( 2 n d  right af ter  leaving Moorevil l e )  ; 

A - 9 sign i s  target 
B - pedestrian should be walking on back side of curve 

19 long s t ra ight ,  between Moorevil l e  and Sal ine-Milan Rd. ; 
targets should be located approximately 1/10 mile before 
house on right 

A - glare with pedestrian 
0 - glare with debris 

20 straight  on Sal ine-Mil an before Stoney Creek Rd. ; 

A - s t o p  ahead sign i s  target 
B - debris should be placed we1 1 before STOP AHEAD sign--tree 

on l e f t  with "84 lumber" sign makes good marker 

2 1 straight ,  before Moon Rd. ; 

A - park car well before + sign 
B - + sign for  Moon Rd. i s  target 

22 downhill, just af ter  Jewel1 Rd. 

A - -I sign marking Mil key Rd. i s  target 
B - park car away from house on right 

2 3 straight ,  1/2 mile before Maple Rd.,  a f ter  long downhill; 

A - pedestrian 
B - pedestrian 

2 4 downhill, a f ter  Maple Rd.,  guardrails on bo th  sides; 

A - debris 
B - ~edes t r i an  



APPENDIX D 

SUBJECTIVE RATING FORM 





Subiect 

Overall 

Beam 

Position in series 

illumination 

Extremely poor Extremely good 
f r I I I r I 1 i r f 
0 1 2 3 4 5 6 7 8 9 10 

Foreground illumination 

Extremely poor Extremely good 
r I 1 I I i I I I I I 
0 1 2 3 4 

Illumination to the left 

Extremely poor Extremely good 
I I i I I I i I I I t 

0 1 2 3 4 

Illumination to the right 

Extremely poor Extremely good 
1 I I I I I I I I I I 
0 1 2 3 4 5 6 7 8 9 10 

5. Maximum seeing distance 

Extremely poor Extremely goed 
I' I I I I 1 1 I I I i 

Illumination of overhead signs 

Extremely poor Extremely good 
r 1 1 I 1 I 1 1 1 1 1' 

0 1 2 3 4 5 6 7 8 9 10 




