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INTRODUCTION 

It has l o n g  been r e a l i z e d  t h a t  t h e  low-beam h e a d l i g h t i n g  s y s t e m  

used on automobi les i n  t h e  U n i t e d  S t a t e s  i s  n o t  a d e q u a t e  f o r  some 

d r i v i n g  cond i t i ons .  As a  r e s u l t ,  a  g r e a t  deal  o f  e f f o r t  has g o n e  i n t o  

t r y i n g  t o  improve h e a d l i g h t i n g  i n  recen t  years. I n  s u m m a r i z i n g  t h i s  

work, i t  seems f a i r  t o  say t h a t  no comple te ly  s a t i s f a c t o r y  changes h a v e  

resu l ted,  and t h a t  s i g n i f i c a n t  problems remain. 

I n  O c t o b e r ,  1979 ,  t h e  N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  

A d m i n i s t r a t i o n  (NHTSA) en te red  i n t o  a  c o n t r a c t  w i t h  t h e  Highway S a f e t y  

Research I n s t i t u t e  (HSRI) t o  c a r r y  ou t  a  research e f f o r t  w h i c h  w o u l d  

p rov i de  recommendations f o r  improvements t o  t h e  photometr ics  o f  1  ow-beam 

headlamps. 

There a re  two phases t o  t h e  con t rac t .  Phase I i s  an i n f  o r m a t  i on -  

ga the r i ng  e f f o r t .  The  i n t e n t  i s  t o  p u l l  t o g e t h e r  a l l  a v a i l a b l e  

i n f o r m a t i o n  r e l e v a n t  t o  automot ive head l igh t ing ,  i d e n t i f y  a r e a s  w h e r e  

i n f o r m a t i o n  i s  s t i l l  requ i red,  des ign and c a r r y  ou t  s t u d i e s  t o  s u p p l y  

t h a t  in fo rmat ion ,  and t h e n  make recommendations f o r  m o d i f i c a t i o n s  t o  t h e  

low-beam p a t t e r n  which should improve i t s  performance. I n  Phase 11, t h e  

proposed system w i  11 be comprehens i ve ly  evaluated. 

Th i s  r e p o r t  covers Phase I a c t i v i t i e s .  I t  w i l l  d e s c r i b e  t h e  

background work, t h e  proposed system mod i f i ca t i ons ,  and ways  i n w h i  c h  

they  can be achieved i n  hardware. 

EFFECTIVENESS OF FORWARD ILLUMINATION 

One o f  t h e  f i r s t  t asks  under taken i n  t h i s  r e s e a r c h  e f f o r t  was a  

l i t e r a t u r e  review. As anyone who has worked on t h e  problem knows, t h e r e  

i s  a  vast  l i t e r a t u r e  on automot ive head l igh t ing .  I n  add i t i on ,  t h e r e  i s 

s u b s t a n t i a l  l i t e r a t u r e  on var ious  aspects o f  v i s i o n  w h i c h  r e l a t e  t o  

seeing w h i l e  d r i v i n g  a t  n ight.  There a re  two r a t h e r  i n t e r e s t i n g  aspects 

t o  t h i s  i n f o rma t i on :  

1. The vast  bu lk  o f  i t  was generated subsequent t o  t h e  development 

of t h e  sealed beam system used on cars  i n  t h e  U.S. a t  present. 

2. V i r t u a l l y  a11 o f  i t dea ls  o n l y  w i t h  i l l u m i n a t i o n  p r o j e c t e d  i n t o  

a  r e l a t i v e l y  smal l  area ahead o f  t h e  car. 



To b e t t e r  understand why t h i s  s i t u a t i o n  came a b o u t  i t  w i  11 be  

h e l p f u l  t o  b r i e f l y  rev iew t h e  h i s t o r y  o f  headlamp deve lopment  i n  t h i s  

country.  

The f i r s t  headlamps (as d i s t i n g u i s h e d  f rom marker lamps) a p p e a r e d  

i n  1906. These were acety lene powered ,  a n d  p r o v i d e d  a  r e l a t i v e l y  

t i g h t l y  focused beam. As t h e  years  w e n t  by,  h e a d l a m p s  became m o r e  

powerful. A lso  more people were d r i  v i  ng a t  n ight.  Two problems became 

ev iden t :  F i r s t ,  i l l u m i n a t i o n  was needed i n  p laces o t h e r  than  s t r a i g h t  

ahead. Second, excessive g l a r e  was be ing p rov ided  t o  oncoming d r i ve rs .  

Dur ing t h e  f i r s t  wo r l d  war, manufacturers began  t o  m o u l d  p r i s m s  

i n t o  headlamp lenses, spreading t h e  i l l u m i n a t i o n  over  a  w ider  area i n  an 

e f f o r t  t o  p rov i de  more adequate v i s i b i l i t y .  Th is  marked t h e  b e g i  n n i  n g  

o f  an e ra  o f  g rea t  p r o l i f e r a t i o n  i n  headlamp s i zes ,  shapes ,  a n d  beam 

patterns.  There were a  number o f  se r ious  problems: 

1. It was easy f o r  d i r t  and mo is tu re  t o  ge t  i n t o  t h e  lamp housing, 

reduc ing l i g h t  output,  d i s t o r t i n g  t h e  beam pa t t e rn ,  a n d  a c c e l  e r a t i  n g  

d e t e r i o r a t i o n  o f  t h e  r e f  1  e c t o r  surface. 

2. Because o f  t h e  f a c t o r s  l i s t e d  i n  i t e m  1, t h e  headlamp's  1  i g h t  

ou tpu t  was reduced and i t s  beam p a t t e r n  changed as t he  veh i c l e  aged. 

3. Tungsten from t h e  f i l ament  depos i ted on t h e  i n t e r i o r  o f  t h e  

bulb, causing i t  t o  blacken as i t  aged, w i t h  a  consequent r e d u c t i o n  i n  

1 i gh t  output. 

4. The g rea t  number o f  lamp s izes  and s h a p e s  made i t  somewhat  

d i f f i c u l t  and c o s t l y  t o  secure rep1 acement components. 

5. Some beam pa t t e rns  were f e l t  t o  be b e t t e r  t han  others. 

S t a r t i n g  i n  t h e  mid-19301s, a  subs tan t i a l  program was i n i t i a t e d  i n 

an e f f o r t  t o  f i n d  s o l u t i o n s  t o  t h e  problems mentioned above.  Some of  

t h e  work was ob jec t i ve ,  e. g., t e s t s  o f  t a r g e t - d e t e c t i  on d i s t a n c e .  

However, much o f  i t  was sub jec t i ve ,  based on var ious demonstrat ions and  

a  consensus o f  t h e  committee persons involved. For  example, o b j e c t  i ve 

da ta  were c o l l e c t e d  t o  e v a l u a t e  v i s i b i l i t y  and  d i s a b i l i t y  g l a r e .  

D iscomfor t  g lare ,  pe r i phe ra l  and foreground i l l u m i  n a t i o n ,  e f f e c t s  o f  

h i l l s  and curves, and a d v e r s e  w e a t h e r  p e r f o r m a n c e  w e r e  e v a l u a t e d  



sub jec t i ve l y .  What was d e s i r a b l e  a l s o  had t o  be mod i f i ed  based on cost,  

hardware and power c o n s t r a i  nts. The r e s u l t  o f  t h i s  development p r o c e s  s  

was a  two-lamp, two-beam l i g h t i n g  system which came t o  b e  c a l l  e d  t h e  

"sea l  ed beam, " f i r s t  i ntroduced on 1939 cars. 

Beyond quest ion,  t h e  sealed beam r e p r e s e n t s  t h e  l a r g e s t  s i n g l e  

advance i n  automot ive h e a d l i g h t i n g  t o  date. I t  so lved  t h e  d e t e r i o r a t i o n  

problems and p rov ided  a  r e l a t i v e l y  good beam p a t t e r n  w i t h  u n i t s  w h i c h  

were r e a d i l y  a v a i l a b l e  a t  l ow cost. 

An SAE standard was developed ( 5 - 5 7 9 )  t o  e n s u r e  t h a t ,  w h o e v e r  

undertook t h e  manufacture o f  headlamps, t h e i r  o u t p u t  w o u l d  c l o s e l y  

approximate t h a t  which was f e l t  t o  be d e s i r a b l e  i n  t h e  o r i g i n a l  system. 

Numerous m o d i f i c a t i o n s  have been made t o  t h e  s tandard o v e r  t h e  y e a r s .  

Some were made t o  pe rm i t  what were judged t o  be improvements i n  t h e  beam 

c h a r a c t e r i s t i c s .  O ther  m o d i f i c a t i o n s  were made i n  an e f f o r t  t o  " t i g h t e n  

up" t h e  standards and reduce t h e  v a r i a n c e  p o s s i b l e  i n  m a n u f a c t u r e d  

un i t s .  Th i s  SAE standard was i nco rpo ra ted  i n t o  Federa l  Mo t  o r  V e h i  c l  e  

Safety Standard (FMVSS) 108. 

I n  sum, t h e  bas ic  h e a d l i g h t i n g  system i n  use i n  t h i s  coun t ry  t o d a y  

has been i n  ex i s t ence  more than  f o r t y  years.  I t  was de  v e l  o p e d  b y  a  

process many would l a b e l  " u n s c i e n t i f i c . "  I n  f a i r n e s s  t o  t h e  p e r s o n s  

invo lved,  i t  must be admi t ted t h a t  most o f  t h e  methods, though  p e r h a p s  

crude, were reasonably e f f ec t i ve ,  and t h e  people i n v o l  ved  p r o d u c e d  a  

good product  i n  a  r e m a r k a b l y  s h o r t  t i m e .  However ,  t h e  l a c k  o f  

documentation concern ing t h e  bas i s  f o r  va r ious  dec is ions  i s  a  problem t o  

persons a t t emp t i ng  t o  understand t h e  present  system a n d  s e e k  ways  o f  

improv ing it. Th i s  d e f i c i e n c y  w i l l  b e  n o t e d  o c c a s i o n a l l y  i n  t h e  

f o l l o w i n g  sect ion,  where t h e  low-beam system w i l l  be d i  s c u s s e d  f r o m  a  

pe rspec t i ve  of t h e  v i sua l  requirements o f  t h e  fo rward  f i e l d .  

DISTRIBUTION OF ILLUMINATION 

A bas i c  re ference t o o l  i n  headlamp design i s  t h e  H-V diagram, where 

t h e  h o r i z o n t a l  and v e r t i c a l  axes correspond t o  planes p a s s i n g  t h r o u g h  

t h e  cen te r  of t h e  headlamp. The H p lane  i s  para1 l e l  t o  t h e  road su r f ace  

a n d c o i n c i d e s  w i t h  t h e  h o r i z o n  a t  i n f i n i t e  d i s t ance .  The  V p l a n e  i s  



perpendicular t o  the road surface and coincides with the road center a t  

in f in i te  distance. 

Figure 1 shows an H-V diagram superimposed over  a p i c t u r e  of a 
f l a t ,  straight roadway segment. While i t  i s  recognized t h a t  not many of 

the world's roadways are perfectly f l a t  and straight, t h i s  i s  a b e t t e r  
approximation of a typical roadway environment than any o t h e r  s i n g l e  
configuration. As a basis for  headlamp design i t  i s  a good s t a r t i n g  
point. 

I t  will be noted that the V axis i s  marked with distances ( in  f ee t )  
corresponding t o  points on the road surface ahead of the lamp (assumi n g  

a mounting height of about 24 inches [61 cm]). A dashed l ine appears in 
the upper l e f t  quadrant, which corresponds to  the trajectory of the eyes 
of an approaching driver (assumed eye height about 42 inches [I07 cm]). 
This i s  also marked with distances. The diagram assumes one head1 amp, 

th is  being located in the center of the right-hand lane. 

I n  considering beam distributions i t  i s  convenient t o  t a l k  about 

different parts of the forward f i e l d  a s  though they  a r e  s e p a r a t e  
entit ies.  To some extent they are. However, t h e r e  i s  c o n s i d e r a b l e  
i nteract ion, for  two reasons: 

First, due t o  changes in roadway alignment o r  a hos t  of f a c t o r s  

affecting lamp aim, illumination intended for  one area w i l l  end u p  in  
another, a t  least  for  brief periods of time. 

Second, there are limits to  what can be accomplished with hardware. 
Thus, changes in i l  luminance intended for  one area wi 11 inevitably a l t e r  
i 1 lumi nance di rected t o  surroundi ng areas as we1 1. 

In the discussion which follows, various areas of the forward f ie ld  
will largely be dealt with individually. Interactive e f f e c t s  w i l l  be 
d i  scussed where appropriate. 

There i s  no generally accepted way of dividing the forward f i e l d  

fo r  purposes of discussing headlamp beams. Many persons r e f e r  t o  t h e  
foreground and the upper l e f t  and right quadrants as being significantly 
different areas. That practice i s  followed in this  report, except t h a t  

we shall also describe a "zone of c r i t ica l  seeing, " which i s  an a r e a  
extending across the figure from l e f t  to  right, parallel t o  the H a x i s ,  



Figure 1. H-V diagram superimposed on road scene. Distances on V axis and 
eye trajectory are in feet.  



and extending from t h e  H a x i s  down about 1-1/2 deg rees .  T h i s  i s  t h e  

zone w i t h i n  which c r i t i c a l  ob jec t s  must be detected and i d e n t i f i e d  i f  

t h e  d r i v e r  o f  t h e  veh i c l e  i s  t o  deal  w i t h  them e f f e c t i v e l y .  

Foreground Area 

For  purposes o f  t h i s  r e p o r t  t h e  foreground wi 11 be de f ined  as t h a t  

p o r t i o n  o f  F i gu re  1 which i s  shown ou ts ide  t h e  hatched area i n  F igu re  2. 

It con ta ins  one t e s t  p o i n t  from FMVSS 108, as f o l l ows :  

4 0 - 4 R  12,500 cd  max 

V isua l  Needs. There i s  some d e b a t e  c o n c e r n i n g  t h e  v a l u e  o f  

i l l u m i n a t i o n  i n  t h e  f o r e g r o u n d  a rea .  I n  o u r  o p i n i o n ,  f o r e g r o u n d  

i l l u m i n a t i o n  i s  impor tant  f o r  a t  l e a s t  two reasons. F i r s t ,  t h e r e  i s  

evidence (e. g., Rockwell, e t  al., 1977) t h a t  pe r i phe ra l  v i s i o n  i s  an a i d  

t o  l a t e r a l  stat ion-keeping. That i s ,  be ing a b l e  t o  d e t e c t  t h e  l a n e  

edges c l o s e  t o  t h e  c a r  p e r i p h e r a l l y  i s  a  use fu l  cue f o r  b a s i c  v e h i c l e  

con t ro l .  

Second, foreground i l l u m i n a t i o n  i s  a l s o  h e l p f u l  (under s low d r i v i n g  

cond i t i ons )  i n  avo id ing  obstac les such as chuck ho les and road debris. 

Reference i s  sometimes made t o  t h e  need  f o r  " c o n t i n u i t y "  i n  

i l l u m i n a t i o n  i n  t h e  fo rward  f i e l d .  There i s  no research ev idence ,  b u t  

many l i g h t i n g  engineers f e e l  t h a t  a  h i g h  d e g r e e  o f  u n i f o r m i t y  i n  

i l l u m i n a t i o n  i n  t h i s  area i s  d e s i r a b l e  (as exempl i f i ed  by t h e  ECE beam). 

Th is  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  evaluate,  and may s i m p l y  r e f l e c t  a  

preference f o r  t h a t  t o  which people have become accustomed. 

I l l u m i n a t i o n  Levels. The SAE low beam was d e s i g n e d  t o  p r o v i d e  

l e v e l s  o f  foreground i l l u m i n a t i o n  m i n i m a l  l y  a d e q u a t e  f o r  t h e  needs  

descr ibed above. Th is  was based on an assumption t h a t  h i g h e r  1  e v e 1  s  

would reduce t h e  v i s i b i l i t y  o f  more d i s t a n t  objects.  

The t e s t i n g  on which t h e  present  foreground i l l u m i n a t i o n  l e v e l  i s 

based was e n t i  r e l y  s u b j e c t i  ve. I n  o u r  o p i n i o n ,  t h e  f o r e g r o u n d  

i l l u m i n a t i o n  prov ided by t h e  SAE l o w  beam does  r e p r e s e n t  a  b a r e l y  

adequate minimum. S i g n i f i c a n t  r educ t i on  i n  f o r e g r o u n d  i 11 umi  n a t i o n  

below t h a t  represented by t h e  present  SAE low beam would be inadvisable.  



Figure  2 .  Foreground zone. 



Higher illumination levels may be possible or desirable. The q u e s t i o n  

i s  whether there should be an upper 1 imt. 

The ECE beam p a t t e r n  p rov ides  a h ighe r  l e v e l  of foreground 
i l  lumi nation than the SAE. Among concerns which have been expressed are 
that i t s  high luminance foreground a l te rs  the dark adaptation l e v e l  of 
the driver, making i t  more d i f f icu l t  for  him/her t o  detect low-cont r a s t  
objects in the f a r  field. Only one study seems t o  have i n v e s t i g a t e d  
th i s  problem specifically (Huculak, 1978). The d a t a  tend  t o  show an 
inverse relationship between foreground luminance and d e t e c t i o n  
distance, b u t  the differences are small. Huculak s t a t e s :  "Only i n  
extreme s i t u a t i o n s  such as  t h o s e  concern ing  o l d e r  d r i v e r s  with 
pronounced glare sensit ivity or high-i ntensity beams aimed excess  i  vely 
downward could i t  be a f a c t o r  i n  reducing  t h e  d i s t a n c e s  a t  which 
obstacles are detected" (p .  17).  We agree. However, high foreground-  
illumination levels offer no obvious benefit, and o l d e r  persons  (and 
some younger persons) with "pronounced" glare sensit i  vi t y  do d r i  ve a t  
night. Therefore, relatively 1 ow foreground-i 1 lumi nati o n  1 e vel s seem 
desirable, with those represented by t h e  p r e s e n t  E C E  c o n f i g u r a t i o n  
constituting an upper limit. 

I t  has a l s o  been sugges ted  t h a t  high l e v e l s  of foreground 
illumination tend t o  draw the eye of the driver t o  the foreground a n d  

away from areas where attention should be directed. Research o n  t h i s  
problem was carried o u t  as part of the current NHTSA-funded p r o j e c t .  
These data suggest that t h i s  i s  not  a problem, a t  l e a s t  u p  t o  l e v e l s  
represented by the current E C E  low-beam system. 

Peripheral Foreground 

The peri pheral foreground area constitutes those portions of Fi gure 

1 which are outside the hatched area in Figure 3. This  i n c l u d e s  t w o  
FMVSS 108 t e s t  points as follows: 

2 D - 15 L and 15 R 700 cd m i n  

Visual Needs. Illumination i n  t h e s e  a r e a s  can be h e l p f u l  i n  
locating driveways, and making low-speed t u r n s .  I t  may a l s o  be 
beneficial in driving a t  higher speeds o n  winding roads. 
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Figure 4 .  Upper l e f t  q u a d r a n t .  



Warning and r e g u l a t o r y  s igns  a re  always made w i t h  r e t r o r e f  1  e c t  i ve 

mate r ia l s .  The Manual o f  Uni form T r a f f i c  Con t ro l  Devices r e q u i r e s  t h a t  

a l l  freeway gu ide s igns be e i t h e r  i l l u m i n a t e d  o r  f u l l y  r e f l e c t o r i z e d .  

S ign ing  p r a c t i c e s  i n  t h e  U n i t e d  S t a t e s  v a r y  f r o m  s t a t e  t o  s t a t e .  

However, w i t h  t h e  growing c o s t  o f  ene rgy ,  many t r a f f i c  e n g i n e e r i n g  

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

il lumi n a t i o n  and r e l y i n g  on r e f l e c t o r i z a t i o n .  S ince r e f l e c t o r i z e d  s igns  

d e r i v e  t h e i r  lumi nance from t h e  headlamps of approaching vehic les,  some 

i l l u m i n a t i o n  must be d i r e c t e d  toward them. Reduc ing  i l l u m i n a t i o n  i n  

t h i s  area w i l l  reduce t h e  t a r g e t  value o f  s igns and t h e i r  l e g i b i l i t y  a s  

wel l .  

Some g a i n s  may b e  h a d  t h r o u g h  t h e  u s e  o f  m o r e  e f f i c i e n t  

r e t  r o r e f  1  ec t  i ve ma te r i  a1 s  and/or more f requen t  rep1 acement o f  mater i a  1. 

However, t r a f f i c  eng ineer ing  agencies h a v e  t h e  same c o n s t r a i n t s  as  

v i r t u a l l y  a l l  o t h e r  government u n i t s ,  i n  t h a t  they  have m o r e  p r o b l e m s  

t h a n  funds t o  so lve  them. Hence, i t  can be a n t i c i p a t e d  t h a t  many s i  gns  

w i  11 have lower  l e v e l s  o f  r e f l e c t i v i t y  than  i s  des i rab le .  

I l l u m i n a t i o n  Levels. The e f f e c t s  o f  b o t h  d i sab i  1  i t y  and d i  scomfort  

g l a r e  have been s t u d i e d  ex tens ive ly .  S o p h i s t i c a t e d  mode l  s  h a v e  b e e n  

developed which p r e d i c t  g l a r e  e f f e c t s  w i t h  cons iderab le  p rec is ion .  The 

problem i s  no t  l ack  o f  knowledge, a t  l e a s t  as concerns d i s a b i l i t y  g lare,  

bu t  an i n a b i l i t y  t o  weigh t h e  t r a d e - o f f s  prov ided by var ious r e a l - w o r l d  

d r i v i n g  cond i t i ons  and a r r i v e  a t  an op t ima l  so lu t ion .  

The problem i s  w e l l  i l l u s t r a t e d  b y  F i g u r e  5, t a k e n  f r o m  M o o r e  

(1958). The f i g u r e  shows t h e  v i s i b i l i t y  d i s tance  t o  a  l o w - c o n t r a s t  

t a r g e t  as a  f u n c t i o n  o f  i l l u m i n a t i o n  d i r e c t e d  toward i t  and i l l u m i n a t i o n  

d i r e c t e d  toward t h e  observer ' s  eyes. For  example, i f  20 ,000  c a n d e l a s  

were d i r e c t e d  toward t h e  t a rge t ,  and n o n e  t o w a r d  t h e  o b s e r v e r ,  t h e  

t a r g e t  was v i s i b l e  a t  about 325 feet.  I f  t h e  i 1  l u m i  n a t i o n  d i r e c t e d  

toward t h e  observer i s  on l y  5% (1,000 candelas) o f  t h a t  d i r e c t e d  toward 

t h e  t a rge t ,  d e t e c t i o n  d i s t ance  i s  reduced by about one- th i rd .  

It w i l l  a l s o  be noted f rom an exam ina t i on  o f  F i g u r e  5 t h a t  t h e  

d i s a b l i n g  e f f e c t s  o f  g l a r e  a re  non-1 i near. The cu r ren t  FMVSS 108 g  1  a r e  

maximums a re  700 candelas a t  lo up and 1-l/zO l e f t  and 1,000 candelas a t  

1/2O up and 1-1/2' l e f t .  These values l i m i t  t h e  i n t e n s i t y  t h a t  c a n  b e  
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d i r e c t e d  toward t h e  c r i t i c a l  area a t  1/2O down, 1-112' r i g h t .  Whi le  t h e  

standards a l l o w  20,000 candelas a t  t h i s  po in t ,  engineers f i n d  t h e y  c a n  

p rov i de  on ly  12,000 t o  14,000 candelas w i t h o u t  e x c e e d i n g  t h e  g l a r e  

values mentioned above. I f  i n c r e a s e d  g l a r e  l e v e l s  w e r e  a l l  owed, 

p ropo r t i ona l  increases i n  u s e f u l  i l l u m i n a t i o n  would be p o s s i b l e .  F o r  

example, i f  t h e  g l a r e  values cou ld  be doubled, t h e  inc rease  p o s s i b l  e i n 

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

s u b s t a n t i a l l y .  M o o r e ' s  d a t a  s u g g e s t  t h a t  a  d o u b l i n g  o f  p r e s e n t  

i n t e n s i t y  l e v e l s  would improve no-g lare seeing d is tances  by a  b o u t  15%, 

and, even under meet ing c o n d i t i o n s ,  t h e r e  w o u l d  b e  a  n e t  g a i n  i n  

v i s i b i l i t y .  

Thus, i t  migh t  appear t h a t  t h e  s o l u t i o n  t o  t h e  i n a d e q u a c i e s  o f  

cu r ren t  h e a d l i g h t i n g  systems i s  as s imple as "mak ing  t h e m  b r i g h t e r . "  

However, t h e r e  a re  a t  l e a s t  f o u r  s i g n i f i c a n t  p r o b l e m s  w i t h  t h i s  

approach. 

1. There would be an inc rease  i n  d i s c o m f o r t  g l a r e  i n  s t r a i g h t  

meet ing s i t ua t i ons .  

2. There i s  t h e  p o s s i b i l i t y  o f  d i s a b i l i t y  e f f e c t s  assoc ia ted w i t h  

pro1 onged exposure t o  h i g h e r  g l a r e  1  eve1 s. 

3. Performance under adverse weather cond i t i ons  w i  11 be degraded. 

4. D iscomfor t  and d i s a b i l i t y  g l a r e  e f f e c t s  a s s o c i a t e d  w i t h  

opposing d r i v e r s  passing th rough  t h e  main p o r t i o n  o f  t h e  beam ( a s  on 

curves)  would be increased g rea t l y .  

Each o f  these p o i n t s  w i l l  be discussed separa te ly  i n  t h e  f o l l o w i n g  

sec t  ion. 

1. D i s c o m f o r t  G l a r e .  D i s c o m f o r t  g l a r e  h a s  b e e n  s t u d i e d  

extens ive ly .  However, because i t  i s  a  s u b j e c t i v e  phenomenon, i t  i s  very 

d i f f i c u l t  t o  s e t  l i m i t s .  Some o f  t h e  m o s t  i m p o r t a n t  w o r k  i n  t h e  

automot i ve con tex t  has been repo r t ed  by  DeBoer (1956), who de ve 1 o  p  e d  a  

s u b j e c t i v e  sca le  f o r  t h e  assessment o f  d i scomfor t  g lare .  Th i  s  9 - p o i  n t  

sca le  ( 9  = j u s t  not iceable ,  5 = j u s t  acceptable, 1 = u n b e a r a b l e ) ,  h a s  

been used i n  a  number o f  studies. Fo r  example, i n a  diqmmi n g - r e q u e s t  

study, Bh ise  e t  a l .  (1977) c a l c u l a t e d  t h e  i l l u m i n a t i o n  a t  t h e  e y e  o f  

oncoming d r i v e r s  and compared i t  w i t h  t h e  sca le  values as determined b y  



DeBoer. They found an increase i n dimmi ng requests when i 1 1 umi na t  i on  
levels moved into the uncomfortable range (i.e., 5.0 or lower). 

DeBoer's data suggest that present U.S. low beams p rov ide  g l a r e  

levels which exceed the discomfort limit. While the discomfort glare i s  
less  than one scale point below 5, and i s  experienced for  a f a i r ly  brief 

period of time in a meet with a s ingle  v e h i c l e ,  i t  does imply t h a t  
further glare increases could present problems in pub1 i c acceptance. O n  

the other hand, data collected by Hull e t  al. (1971), based on dimmi n g  

requests, imply that glare levels up  t o  about twice t h a t  expe r i enced  

today may be possible. Hull e t  a l .  d i d  no te  i n c r e a s e s  i n  p e r c e n t  
dimming requests as glare i ncreased, b u t  the increases were mi nor u n t  i 1 

glare i ntensi ty exceeded 4,000 cd. 

I t  has long been known that experimental subjects t e n d  t o  t a i  1 o r  
t he i r  judgments t o  the range of stimuli offered.  L u l l a  and Bennet t  

(1981) wondered i f  t h i s  would apply t o  e s t i m a t e s  of t h e  b o r d e r l i n e  
between comfort and discomfort ( B C D )  in glare work and account for  some 
of the variabili ty between various studies. They used t w o  groups of 
twenty subjects each. One group made BCD judgments using a range u p  t o  
300,000 foot Lamberts, t h e  second used a range u p  t o  30,000 f o o t  

Lamberts. With a 1 0 : l  range difference, the two BCD values differed by 
7 : l .  

Lulla and Bennett's resul ts  are important, because they  i n d i c a t e  

that judgments of discomfort are dependent on context t o  a large extent. 

Thus, considerable increases in glare could very we1 1 be acceptabl e t o  
the public, a f t e r  a time. I t  may be that ,  i f  headlamp m o d i f i c a t i o n s  

which will cause significant increases in glare are contemplated, t hey  
should be phased in gradually over a period of years. 

Discomfort glare remains as a significant l imitati  o n  t o  head1 amp 

design. However, as should be clear from the discussion above, there i s  

no basis f o r s e t t i n g  anupper l imit  a t  t h i s  time. The problems i n  

designing adequate experiments are formidable, and i t  i s  evident t h e r e  
wi 11  be no genera7 agreement in the near future. 

I n  the final analysis, with current technology, better vi s i  bi 1 i t y  
can be achieved only by increasing illumination. Inevitably, t h i s  w i l l  



increase glare. Since current data suggest that some increases in glare 
may be feasible, i t  seems reasonable t o  fabricate systems which w i l l  
improve visibi l i t y  and t e s t  them for  public acceptance. 

2. Long-term exposure. The question of cumu 1 a t  i ve d i s ab i  1 i t y  

effects from long-term exposure t o  glare i s  a d i f f i c u l t  one, and has 
been a subject of concern for  some time. The most comprehens i ve s tudy  
of the problem has been reported by S c h i f l e t t  e t  a l e  (1969) .  They 

investigated changes in t h e i r  subjects on a number of measures under 
both real and simulated driving conditions, as a function of t ime  and 

glare level. Some of the findings are suggestive of a d e t e r i o r a t i o n  
effect associated with prolonged exposure t o  high levels of gl  a r e ,  b u t  

the results are generally n o t  s t a t i s t i ca l ly  s i g n i f i c a n t .  Thus, t h e  
issue remains unresolved, even fo r  g l a r e  l e v e l s  e q u i v a l e n t  t o  high 
beams. No guidance a t  a l l  i s  available fo r  modest increases  i n g l a r e  
levels such as will be proposed in t h i s  report. 

3. Adverse weather. Performance i n  adverse weather i s a des i g n  

consideration of considerable importance. In g e n e r a l ,  i l l u m i n a t i o n  
directed above horizontal i s  backscattered under conditions such as fog, 
resulting in loss of v is ib i l i ty  distance. I t  should be noted t h a t  
ear l ie r  versions of the sealed beam system projected considerably more 
l ight  above h o r i z o n t a l ,  e s p e c i a l l y  t o  t h e  r i g h t  of t h e  V a x i s .  
Deli berate steps were taken t o  reduce th i s  illumination, primarily based 
on bad-weather performance considerations. Unfortunately , t e c h  n i ques 

for  deciding a priori when the problem has become excessive are lacking, 
so i t  i s  necessary t o  engage in real-world testing. 

4. Exposure to  maximum beam intensity. Cons idera t i  o n  of t h o s e  
situations in which the fu l l  beam intensity reaches the eyes of oncoming 
drivers i s  also important in lamp design. An  approach such as doubling 
the lamp output would push the t o t a l  i l l u m i n a t i o n  a t  t h e  p o i n t  of 
maximum intensity up close t o  that  provided by the high beams, a 1 eve1 

which experience suggests would be unacceptable for  meetings on cur ves. 
Present maximum 1 ow-beam intensi t ies  are apparently acceptabl e by t h i s 
criterion. Therefore, a solution may l i e  not  in s imple  i n c r e a s e s  o f  

illumination, b u t  in a rearrangement so  t h a t  p r e s e n t  maximums a r e  
a1 lowed to  penetrate further down the road. 



Moore's data suggest an a l t e r n a t i v e  pa th  t o  improved v i  s i b i 1 i ty. 

Since t h e  c u r r e n t  g l a r e  values i n  FMVSS 108 f a l l  on a r e l a t i v e l y  s t e e p  

p o r t i o n  o f  t h e  curves i n  F i gu re  5, i t  i s  apparent t h a t  modest reduc t ions  

i n  g l a r e  can b r i n g  a b o u t  s i g n i f i c a n t  i m p r o v e m e n t s  i n  v i s i b i  1 i t y  

distance. This, i n  f ac t ,  i s  t h e  approach favored by t h e  Europeans, who 

l i m i t  i l l u m i n a t i o n  p ro j ec ted  i n t o  t h e  upper l e f t  quadrant t o  a maximum 

o f  about 440 candelas. Given t h e  s h i e l d e d  f i l a m e n t  s o u r c e  u s e d  by 

European manufacturers, i t  i s  f e a s i b l e  t o  reduce g l a r e  w h i l e  ma in ta i n i ng  

r e l a t i v e l y  h i gh  l e v e l s  o f  t a r g e t  area il lumi nat ion.  That t h e  t e c h n i q u e  

w o h s  i s  conf i rmed by F i gu re  6. For  t a r g e t s  t o  t h e  l e f t  s i d e ,  t h e  

U.S. and European beams y i e l d e d  about t h e  same v i s i b i l i t y  d i s t a n c e s  

under no-g lare cond i t i ons ,  bu t  t h e  European lamp was about 20-30% b e t t e r  

near  t h e  meeting po in t .  For  t a r g e t s  on t h e  r i g h t  side, t h e  U. S. 1 amp 

was s l i g h t l y  b e t t e r  under no g l a r e  and s l i g h t l y  w o r s e  u n d e r  maximum 

g l  a re  condi t ions.  

It i s  c l e a r  t h a t  t h e  European sh ie lded- f i l ament  approach c o u l d  b e  

adapted t o  t h e  U. S. sealed-beam concept (e. g., t h e  r e c e n t l y  i n t r o d u  c e d  

C i  b i e  "BOBI" lamps), a l l o w i n g  reduced glare,  and/or h i ghe r  i n t  ens  i t i e s  

i n  c r i t i c a l  seeing areas. As w i l l  be noted l a t e r ,  t h i s  i s  one  o f  t h e  

hardware implementat ions we suggest. There a re  disadvantages, howe v e r y  

i n c l u d i n g  h i ghe r  u n i t  cos ts  and increased power consumption. 

To summarize: 

1. Through l ong  experience, i t  i s  apparent t h a t  t h e  pub1 i c  f i n d s  

present  g l a r e  1 eve ls  acceptable. Some a v a i l a b l e  evidence suggests t h a t  

increases would be feas ib le .  Th i s  would a l l o w  i n c r e a s e s  i n  " u s e f u l "  

i l l u m i n a t i o n  (i.e., t h a t  d i r e c t e d  i n t o  t h e  zone o f  c r i t i c a l  see ing)  a n d  

improve v i s i b i l i t y  f o r  veh i c l e  operators. 

Desp i te  much research over  a p e r i o d  o f  many years, t h e r e  i s  s t  i 11  

no consensus r e g a r d i n g  a n  u p p e r  l i m i t  f o r  g l a r e  b a s e d  o n  e i t h e r  

d i s a b i l i t y  o r  d i scomfor t  cons iderat ions.  Based on  t h e  e v i d e n c e ,  t h e  

authors  f e e l  t h a t  s i g n i f i c a n t  i n c r e a s e s  i n  g l a r e  a r e  f e a s i b l e .  A t  

present, t h e  increases should  be no more than  100%. Such a n  i n c r e a s e  

would be w e l l  sho r t  o f  l e v e l s  which have provoked l a r g e  i n c r e a s e s  i n  

dimming requests  i n  s t ud ies  such as t h a t  o f  H u l l  e t  a l .  ( 1 9 7 1 ) ,  and  

would a l l o w  q u i t e  s i g n i f i c a n t  improvements i n  useful  i l l u m i n a t i o n .  
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2. Reducing g l a r e  below p r e s e n t  l e v e l s  ( w h i l e  h o l d i n g  o t h e r  

i l l u m i n a t i o n  cons tan t )  i s  a  way o f  improv ing s e e i n g  d i s t a n c e  t h a t  i s  

u n l i k e l y  t o  cause problems i n  p u b l i c  a c c e p t a n c e .  Howeve r ,  i t  w i  11 

r e s u l t  i n  t h e  l o s s  o f  some u s e f u l  i n f o r m a t i o n  i n  t h e  u p p e r  l e f t  

quadrant. 

On balance, t h e  authors  of t h i s  r e p o r t  b e l i e v e  i t  i s  p r e f e r a b l e  t o  

a t tempt  t o  improve v i s i b i l i t y  by i nc reas ing  i n t e n s i t y  i n  c r i t i c a l  see ing 

areas, accep t ing  t h e  f a c t  t h a t  g l a r e  l e v e l s  w i l l  increase, r a t  h e r  t h a n  

by a t tempt ing  t o  reduce g lare.  

Upper R igh t  Quadrant 

The upper r i g h t  hand quadrant i s  t h a t  p o r t i o n  of F i gu re  1 which i s  

o u t s i d e  t h e  hatched area i n  F i g u r e  7. 

Two FMVSS 108 t e s t  p o i n t s  a re  i n  t h i s  area. These a re  as f o l l o w s :  

1 / 2 U -  1 R t o 3 R  2,700 c d  max 

10 U - 90 U  125 c d  max 

V isua l  Needs. I n  t h i s  q u a d r a n t  a p p e a r  n o t  o n l y  p o r t i o n s  o f  

overhead guide s igns  b u t  a l s o  a l l  ground-mount gu ide signs, a l m o s t  a1 1  

r e g u l a t o r y  and warning signs, and post-mounted de l inea to rs .  

I 1  1  uminat ion Levels. The adequate d e t e c t i o n  and i d e n t i f i c a t i o n  o f  

t r a f f i c  c o n t r o l  dev ices i s  an impor tan t  aspect o f  v e h i c l e  c o n t r o l  a t  

n ight .  I l l u m i n a t i o n  d i r e c t e d  i n t o  t h i s  quadrant ought t o  be adequate t o  

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

d e l i  neators  have been designed, a t  l e a s t  t o  some ex ten t ,  w i  t h  p r e s e n t  

l e v e l s  o f  i l l u m i n a t i o n  i n  mind. Therefore, t h e  i l l u m i n a t  i on  d i  r e c t e d  

i n t o  t h i s  quadrant by t h e  present  SAE low beam should  be r e g a r d e d  as  a  

m i  nimum. 

I nc reas ing  i l l u m i n a t i o n  i n  t h i s  q u a d r a n t  w o u l d  a s s i s t  i n  t h e  

de tec t ion ,  i d e n t i f i c a t i o n ,  and l e g i b i  1  i t y  o f  t h e  d e v i  c e s  d e s c r i  b e d  

e a r l i e r ,  e s p e c i a l l y  b y  o l d e r  d r i v e r s .  Howeve r ,  t h e r e  a r e  t h r e e  

impor tan t  cons idera t ions  which 1  i m i  t il lumi n a t i o n  i n  t h i s  quadrant. 



4 . A  

F igure  7 .  Upper r i g h t  quadrant. 



These are:  

1. G la re  p rov i ded  approaching d r i  vers on curves. 

2. Performance under adverse weather condi t ions.  

3. Glare  i n  t h e  m i r r o r s  o f  preceding d r i ve rs .  

The problems o f  i l l u m i n a t i o n  i n  t h i s  quadrant a re  c l o s e l y  l i n k e d  

w i t h  what i s  done i n  t h e  zone o f  c r i t i c a l  seeing. Therefore, they  w i  1 1  

be cons idered t o g e t h e r  i n  t h e  f o l  1 owing sect ion.  

Zone o f  C r i t i c a l  Seeing 

The zone o f  c r i t i c a l  see ing i s  t h a t  p o r t i o n  of F i gu re  1 o u t s i d e  t h e  

hatched area i n  F i g u r e  8. Roughly, i t  extends from a p o i  n t  3 0  m e t e r s  

(100 f e e t )  i n  f r o n t  o f  t h e  c a r  t o  t h e  hor izon. I t  i n c l u d e s  s i x  t e s t  

po i  n t  s i n FMVSS 108 : 

1/2 D - 1 1/2 L t o  L 2,500 cd  max 

I D - 6 L  750 cd  min 

1 1/2 D - 9 L and 9 R 750 c d  min 

1/2 D - 1 1/2 R 20,000 cd  max 
8,000 c d  m i  n 

1 1 / 2 D - 2 R  15,000 cd  min 

V isua l  Needs. Th i s  i s  a zone o f  " c r i t i c a l  see ing"  i n t h a t  i t i s 

t h i s  area i n  which c r i t i c a l  t a r g e t s  must be de tec ted  and i d e n t i f i e d  i f  

t h e  d r i v e r  i s  t o  deal  w i t h  them e f f e c t i v e l y  a t  a l m o s t  a l l  d r i v i n g  

speeds. The " t a r g e t s "  i n c l u d e  pedestr ians,  va r ious  vehic les,  a n i  ma1 s, 

pavement-mounted d e l i n e a t i o n  and o t h e r  road markings such as c ross  walks 

and r a i l  road warnings, c o n s t r u c t i o n  zone b a r r i c a d e s  and  c h a n n e l  i z i n g  

devices, po t  holes, and misce l laneous debr is.  C lea r l y ,  t h i s  i s  a z o n e  

where i l l u m i n a t i o n  l e v e l s  should be as h i gh  as p r a c t i c a l .  

I l l u m i n a t i o n  L e v e l s .  The  z o n e  o f  c r i t i c a l  s e e i n g  i s  shown 

ex tend ing  across t h e  f u l l  w i d t h  of t h e  f i e l d .  Th i s  i s  app rop r i a t e  when 

cons ide r i ng  mob i le  ob jects ,  moving a t  ang les  t o  t h e  v e h i c l e ' s  p a t h .  

However, mob i le  ob jec t s  moving p a r a l l e l  t o  t h e  v e h i c l e ' s  path, and f i x e d  



Figure  8. Zone of cri t ical  seeing. 



objects ,  a re  o n l y  o f  concern i f  they a re  i n  o r  near  t h e  t r a v e l e d  1  ane. 

Fur ther ,  assuming low beams a re  used t o  avo id  p r o v i d i n g  excess ive g l  a r e  

t o  oncoming d r i v e r s ,  and h i g h  beams would b e  u s e d  o t h e r w i s e ,  m o b i l e  

ob jec t s  coming f r o m  t h e  l e f t  s i d e  a r e  l a r g e l y  c a r e d  f o r  by  t h e  

approaching t r a f f i c .  Thus, t h a t  p o r t i o n  o f  t h e  zone t o  t h e  r i g h t  o f  t h e  

V a x i s  can and should  be accorded more weight  i n  low-beam design. 

A g lance a t  t h e  FMVSS 108 standards makes i t  c l e a r  t h a t  t h e  present  

low beam does at tempt  t o  p r o v i d e  r e l a t i v e l y  h i gh  l e v e l s  o f  i l l u m i n a t i o n  

i n  t h a t  p a r t  o f  t h e  zone t o  t h e  r i g h t  o f  t h e  V axis. The q u e s t i o n  i s ,  

can t h e  l e v e l s  o f  i l l u m i n a t i o n  i n  t h i s  a r e a  be  m o d i f i e d  t o  i m p r o v e  

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

c o n s i d e r a t i o n s ? .  The r e s t  o f  t h i s  r e p o r t  w i l l  be devoted t o  t h i s  issue. 

A p rev ious  s tudy o f  low-beam h e a d l i g h t i n g  ( H a l s t e a d - N u s s l o c h  e t  

al., 1980) c a r r i e d  ou t  by HSRI, f e a t u r e d  an eva lua t ion ,  b y  a c o m p u t e r  

see ing-d is tance model, o f  a  g r e a t  number o f  conceptual  beam p a t t e r n s .  

Several o f  t h e  more p romis ing  ideas  were f u r t h e r  exp lo red  i n  t h i s  study. 

One o f  t h e  bes t  o f  t h e  s y s t e m s  e v a l u a t e d  b y  H a l s t e a d - N u s s l o c h  e t  

al.  (based on t h e  computer analyses) was a c t u a l l y  a  mid beam (which was 

r e f e r r e d  t o  as system "F"  i n  t h a t  study).  That i s ,  i t  c o n s i s t e d  o f  a  

normal SAE low beam, as w o u l d  b e  p r o v i d e d  b y  t w o  s t a n d a r d  u n i t s ,  

combined w i t h  a  s i n g l e  h i g h - i  n t e n s i t y  (78,000 cd  maximum), f a i r l y  narrow 

beam u n i t  aimed s l i g h t l y  r i g h t  and down. 

As would be expected, based on i t s  output, such a  combinat ion w i  1  1  

y i e l d  r i g h t - s i d e  v i s i b i l i t y  d i s tances  a p p r o x i m a t e l y  e q u a l  t o  a h i  gh  

beam. A t  t h e  same time, t h e  sharp cu to f f  c h a r a c t e r i s t i c  t o  t h e  1  e f t  

s i d e  ho lds  g l a r e  c l o s e  t o  normal low-beam l eve l s ,  a t  l e a s t  f o r  s t r a i g h t  

road s i t ua t i ons .  

Fo r  a  mid-beam, t h i s  i s  a  good combination. For  a  low beam, w h i  c h  

cannot be dimmed, i t  has se r i ous  de f i c i enc i es .  The  m a j o r  p r o b l e m  i s  

t h a t  i t  i s  s imply  t o o  b r i g h t  f o r  s i t u a t i o n s  such as f o l l o w i n g  a n o t h e r  

c a r  o r  meet ing o t h e r  veh i c l es  on curves. I t  w o u l d  p r o b a b l y  p r e s e n t  

problems under adverse weather cond i t i ons  as wel l .  However, t h e  concept 

i s  i n t r i g u i n g ,  s i nce  i t  p laces maximum a d d i t i o n a l  i l l u m i n a t i o n  where i t  

i s  most needed. The ques t i on  i s  whether t h e  i n t e n s i t y  o f  t h e  a d d i t i o n a l  



beam cou ld  be r e d u c e d  t o  a c c e p t a b l e  l e v e l s  a n d  s t i l l  p r o v i d e  a  

wor thwh i le  improvement i n  v i s i b i l i t y  distance. 

To s tudy t h i s  poss i  b i  1  i ty, t h e  HSRI computer seei  ng-di stance mode 1  

was used (Mort imer and Becker, 1973). Th i s  model a c c e p t s  u p  t o  f i ve 

d i f f e r e n t  lamps on each o f  two vehicles.  Each lamp can have a  d i f f e r e n t  

beam p a t t e r n  and can be aimed s e p a r a t e l y .  I f  d e s  i r e d ,  e a c h  1  amp ' s  

i n t e n s i t y  can be ad jus ted  above o r  below t h a t  o r i g i n a l l y  spec i f ied .  For  

purposes o f  t h i s  eva luat ion,  t h e  model was se t  up w i t h  a  s t a n d a r d  S A E  

low beam, supplemented by t h e  mid-beam i n s t a l l e d  on t h e  l e f t  ( d r i v e r ' s )  

side. Runs were made w i t h  t h e  mid beam a t  100% ( 6 0 , 0 0 0  c d  maximum),  

75%, 50%, and 25%, and compared w i t h  t h e  u n a l t e r e d  l o w  beam. T h e s e  

r e s u l t s  a re  shown i n  F igu re  9. 

F igure  9  shows v i s i b i l i t y  d i s t ance  t o  a  low-cont rast  (10%)  t a r g e t  

(see F igu re  C - 1  i n  Appendix C f o r  a  photograph o f  t he  t a r g e t )  p l aced  o n  

t h e  r i g h t  edge of t he  road. Two i d e n t i c a l l y  e q u i p p e d  v e h i c l e s  a r e  

assumed, approaching one another  on a  two- lane road. I t  w i l l  b e  n o t e d  

t h a t  t h e  una l t e red  low beam prov ides  a  maximum v i s i b i l i t y  d i s t a n c e  o f  

about 80 meters, t h e  60,000 c d  mid beam a  b i t  more than  100 meters. The 

d i f f e r e n c e  i s  about 30%. As noted e a r l i e r ,  t h e  60,000 c d  u n i t  y i  e l  ds  

v i s i b i l i t y  d is tances approx imate ly  e q u a l  t o  h i  gh-beam p e r f o r m a n c e .  

Reducing t h e  mid-beam t o  25% o f  t h e  maximum s e t t i n g  r e d u c e s  t h e  

v i s i b i l i t y  d is tance  g a i n  by about ha l f .  

A low-beam isocandela diagram on which t h e  computer s i m u l a t i o n  i s  

based i s  i l l u s t r a t e d  i n  F igu re  10. Obviously, two such u n i t s  a re  used.  

The mid-beam c o n f i g u r a t i o n  t e s t e d  ( a t  t h e  25% l e v e l )  i s  shown i n  F i  g u r e  

11, t o  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  amount  a n d  l o c a t i o n  o f  t h e  

a d d i t i o n a l  i l l u m i  nation. The maximum i n t e n s i t y  i s  equal t o  o r  l e s s  than  

t h e  h i g h - i n t e n s i t y  zone o f  a  s i n g l e  low-beam un i t .  

The m o d i f i c a t i o n  t o  t h e  low-beam l i g h t i n g  system d e s c r i b e d  a b o v e  

w i l l  p rov ide  a  s i g n i f i c a n t  i n c r e a s e  i n  v i s i b i l i t y  d i s t a n c e  t o  a n  

impor tan t  p o r t i o n  o f  t he  fo rward  f i e l d .  To do so requ i res  an i n c r e a s e  

i n  i l l u m i n a t i o n  a t  and above h o r i z o n t a l  on t h e  r i g h t  s i d e  o f  t h e  road .  

Table 1 i s  a  candela m a t r i x  f o r  t h e  s t a n d a r d  l o w  beam on  w h i c h  t h e  

computer p r e d i c t i o n s  a r e  based. Table 2  i l l u s t r a t e s  t h e  modi f i c a t  i ons  

necessary t o  achieve t h e  r e s u l t s  i n  F igu re  9. Both Table 1 and T a b l e  2 
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i l l u s t r a t e  one headlamp f rom a  system composed o f  two i d e n t i c a l  u n i t s .  

Thus, Table  2 combines T a b l e  1 a n d  o n e - h a l f  t h e  i n t e n s i t y  o f  t h e  

mod i f i ed  mid-beam shown i n  F i gu re  11. 

Based on t h e  a n a l y s i s  p r e s e n t e d  t o  t h i s  p o i n t ,  t h e  p r o p o s e d  

m o d i f i c a t i o n  t o  t h e  low-beam system appears promising. However, t h e r e  

a re  a  v a r i e t y  o f  o t h e r  cons idera t ions  which m u s t  b e  r e v i e w e d  b e f o r e  

a r r i v i n g  a t  a  f i n a l  recommendation. The next sec t i on  o f  t h e  r e p o r t  w i l l  

deal  w i t h  these concerns. 

CHESS Evaluat ion.  CHESS i s  an  a c r o n y m  f o r  t h e  C o m p r e h e n s i  ve 

Headlamp Environment Systems S imu la t i  on, a  c o m p u t e r - b a s e d  head1  amp 

eva lua t i on  system, developed a t  Ford Motor Company (Bhise e t  al., 1977). 

The system incorpora tes  a  see ing-d is tance m o d e l ,  somewhat  1  i k e  t h a t  

developed a t  HSRI (Mor t imer  and Becker, 1973). I t  d i f f e r s  f r o m  o t h e r  

models i n  t h a t  i t  i n c l u d e s  a  s t a n d a r d i z e d  t e s t  r o u t e .  The  r o u t e  

cons i s t s  o f  a  se r i es  o f  highway sec t ions  i n  t h e  fonn  o f  e n v i r o n m e n t a l  

parameters which are thought  t o  have an i n f l u e n c e  on v i sua l  pe r f o rmance  

and n i g h t  d r i v i ng .  I t  inc ludes  such f a c t o r s  as pavement, l ane  l i n e  and  

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

i l l u m i n a t i o n ,  and g l a r e  f rom f i x e d  l i g h t i n g  and t r a f f i c .  

When a  h e a d l i g h t i n g  system i s  r u n  through t h e  s t a n d a r d i z e d  t e s t  

route,  t h e  model ou tpu ts  a  " f i g u r e  o f  mer i t .  " Th i s  f i g u r e  o f  m e r i t  i s 

t h e  percent  o f  t h e  d i s t ance  t r a v e l e d  on t h e  t e s t  r o u t e  du r i ng  which t h e  

seeing d i s t ance  t o  pedes t r ians  and pavement 1  ines  and  t h e  d i  s comf  o r t  

g l a r e  l e v e l s  exper ienced by opposing d r i v e r s  s i m u l t a n e o u s l y  m e e t  t h e  

acceptance c r i t e r i a .  

Wi th  t h e  generous coopera t ion  o f  persons a t  Ford, t h e  proposed low- 

beam system descr ibed i n  Table 2 was eva luated us ing  CHESS. The r u n s  

were made w i t h  p e r f e c t  aim and a  random misaim cond i t i on .  The r e s u l t s  

a re  summarized i n  Table 3. 

Table 3  shows, a t  t h e  top, var ious measures on t h e  p r o p o s e d  l o w -  

beam mod i f i ca t ion .  Below a r e  fou r  beams f r om t h e  F o r d  1  i b r a r y ,  f o r  

purposes o f  comparison. L a s t l y  i s  t he  t ype  "F" system evaluated i n  t h e  

s tudy by Halstead-Nussloch e t  al.  (1979) r e f e r r e d  t o  e a r l  i e r .  ( N o t e  

t h a t  t h e  "F" system was no t  t h e  " s i n g l e  beam" t e s t e d  i n  t h a t  s t u d y .  





Table 3 

Resul ts  o f  CHESS Evaluat ions 
- -- --- - -  - ................................................................................................... 

IF igure  o f  M e r i t  1 Percentage of I Percent o f  Encounters Meet ing V i s i b i  1 i ty 
I--------------- l Oppos i ng D r i  vers l C r i t e r i a  w i t h  Random Misaim 
I I I Discomforted I----------------------------------------------- 

System I I I---------------- I Unopposed Encounters I Opposed Encounters 
l Pe r fec t  l Random l I I-----------------------+----------------------- 
I A i m  IMisaiml Pe r fec t  1 Random I D e l i  neat ion lPedest r ians I D e l i  nea t ion  IPedestr ians 
I I I A i m  IMisaim I Detected I Detected I Detected I Detected 

------------------+--------+------+--------+-------+-----------+-----------+-----------+----------- 
I I I I I I I I 

Proposed Mod i f i ed  I I I I I 1 I I 
u Low Beam 1 71.3 1 66.8 1 2.7 1 9.3 1 86.6 1 47.3 1 85.5 1 34.0 
c-. I I I I I I I I 

4652 Low Beam 1 69.8 167.1 1 2.4 1 9 . 21  88.3 1 43.7 I 86.2 1 28.2 
I I I I I I I 1 

4000 Low Beam I 69.1 165.7 1 1.0 1 9 . 0 1  85.4 1 43.5 1 76.3 1 23.5 
I I I I I I I I 

6014 Low Beam 1 69.7 1 66.1 1 1.3 1 10.3 1 86.7 1 47.3 1 84.8 1 31.0 
I I I I I 

ECE Low Beam I I I I I 
(H-4) 1 66.6 1 62.9 1 0 1 8.1 1 85.6 

I I I I I 
Type "F" Beam frornl I I I I 
Hal stead-Nussl och, I I I I I 
e t  al. 1 74.5 170.1 1 4.2 1 13.9 1 88.8 
............................................................ 



Rather i t  was the mid-beam which served as the s tar t ing poi n t  f o r  t h e  

beam being considered in the present study.) 

An examination of Table 3 indicates that the proposed low beam i s  

generally better than the comparison low beams on most measures,  
although the differences are n o t  large. The largest d i f f e r e n c e  i s  i  n 
the percent of pedestrians detected under opposed conditions. T h  i  s  i  s  
expected since the beam was designed t o  provide additional i  1 lumi na t i  o n  
in the right shoulder area from which pedestrians are apt t o  emerge. 

As a supplement t o  th i s  analysis, CHESS was also used t o  e v a l u a t e  
various intensity and aim modifications. To do this ,  two s tandard  low 
beams were used (4000 and H 4656) and the modified system simu 1 a t  ed by 
adding a mid beam a t  t h e  a p p r o p r i a t e  i n t e n s i t y .  A number of 
combinations of intensity and aim were run. The results i nd ica te  t h a t  
the figure of merit can be increased ( t o  72.3)  by increasing the output  
by 66% and moving the aim one degree  r i g h t  and down. Due t o  t ime 
constraints, there has been no immediate follow-up t o  t h e s e  f i n d i n g s .  
However, i t  would be desirable t o  evaluate th i s  configuration as part of 
the subjective phase of the f i e ld  study. 

Note in Table 3 that  the type "F"  beam i s  much the best, based o n  
t h i s  analysis. As mentioned ear l ier ,  the authors re jec ted  t h e  use of 
such a mid-beam, based on glare under some conditions and  probable poor 
performance in adverse weather. Assuming t h a t  t h e  r e j e c t i o n  was 
correct, t h i s  suggests that  CHESS has some 1 imitations as an evaluat i o n  
device, a t  least  when dealing with a beam characterized by a very high 
intensity, highly localized hot spot. 

Despite the possible limitation noted in the preceding paragraph,  
the CHESS evaluation provides some further evidence tha t  t h e  proposed 
modification t o  the low-beam system has merit and will improve nighttime 
vis ibi l i ty  for  drivers. 

Glare to  Preceding Drivers. A comparison of t h e  s t a n d a r d  and 

modified low-beam patterns as shown in Tables 1 and 2 in the l o  u p ,  o 0  
t o  lo right area reveals that the l a t t e r  has about two t o  four times the 
intensity 'of the former. This will cause a s i g n i f i c a n t  i n c r e a s e  i n  
glare f o r  persons located in t h a t  a rea .  Many such persons ( e m  g . ,  



pedestr ians,  d r i v e r s  o f  ca rs  seeking t o  cross t h e  road) have no need t o  

look a t  t h e  headlamps con t inuous ly  and can escape t h e  e f f e c t s  s imp l y  b y  

l ook i ng  elsewhere. There is,  however, a  s i g n i f i c a n t  g r o u p  o f  p e r s o n s  

who cannot look away and may be exposed t o  t h e  g l a r e  i l l u m i n a t i o n  f o r  

f a i r l y  long per iods  o f  time, i.e., d r i v e r s  o f  preceding cars. 

The l i t e r a t u r e  rev iew c a r r i e d  o u t  as p a r t  o f  t h i s  s tudy f a i l e d  t o  

uncover any cmprehens i  ve s t ud ies  concerned s p e c i f i c a l  l y  w i t h  d iscomfor t  

and d i s a b i l i t y  g l a r e  f rom r e a r  view mir rors .  The re  w e r e  t w o  s t u d i e s  

which repo r t ed  measures of r e a r  v i e w  m i r r o r  g l a r e  l e v e l s ,  b u t  n o t  

e f f e c t s  ( A d l e r  and  L u n e n f e l d ,  1 9 7 3 ;  M i l l e r  e t  a l . ,  1 9 7 4 ) .  

Recommendations f o r  maximum l e v e l s  (5,000 cd) were made i n  o n e  s t u d y  

( H u l l  e t  al., 1971), based on 1  i m i  t e d  s u b j e c t i v e  data. There have ,  o f  

course, been ex tens ive  s t ud ies  o f  d i scomfor t  and d i  s a b i  1  i t y  g l a r e  i n 

o t h e r  contexts ,  and mathematical models have been p roposed  t o  p r e d i  c t  

t h e  e f f e c t s  i n  a  v a r i e t y  o f  s e t t i n g s  (e.g., Fry, 1954, S c h m i d t - C l a u s e n  

and Bindels ,  1977). However, t h e  r e a r  view m i r r o r  g l a r e  s i t u a t  i on h a s  

c e r t a i n  unique p roper t ies ,  and i t  was thought d e s i r a b l e  t o  conduct some 

exper imental  measurements. Four s t ud ies  were c a r r i e d  ou t :  

1. D i  sabi  1  i t y  g l a re :  

a. Laboratory  measurements o f  t h e  e f f e c t s  o f  g l a r e  on t a r g e t  

de tec t  ion. 

b. F i e l d  s tudy t o  con f i rm  l a b o r a t o r y  resu l t s .  

c. Laboratory  measurements of t r a n s i t i o n a l  d i  sabi  1  i t y  e f fec ts .  

2. D iscomfor t  g l  are:  

F i e l d  s tudy o f  d i scomfor t  g lare.  

Reports o f  these s tud ies  a re  a t tached as appendices. I n  b r i e f ,  t h e  

f i n d i n g s  a re  as f o l l ows :  

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

a p p r o x i m a t i n g  p r e s e n t  l o w  beams. F u r t h e r  i n c r e a s e s  i n  g l a r e  

i l l u m i n a t i o n  can on ly  make t h e  s i t u a t i o n  worse. However, a  s o l u t i o n  i s  

a v a i l a b l e  through use o f  t h e  s o - c a l l  e d  2 -way  i n t e r i  o r  m i  r r o r  a n d  

j u d i c i o u s  aiming o f  t h e  ou ts ide  m i r r o r  on t h e  d r i v e r ' s  side. Add i t i ona l  



work on m i r r o r  r e f l e c t i v i t y  l e v e l s  t o  r e d u c e  t h i s  p r o b l e m  seems 

des i rab le ,  bu t  i s  no t  abso lu te l y  necessary. 

T r a n s i t i o n a l  d i s a b i l i t y  g l a r e  e f f e c t s  a re  not  s i g n i f i c a n t  a t  t h e  

l e v e l s  o f  concern i n  t h e  des ign o f  t h i s  headlamp beam. 

Discomfor t  g l a r e  e f fec ts  a re  s i g n i f i c a n t ,  especi a1 l y  on r e l a t i  v e l y  

l ong  exposure ( i .  e. , severa l  m i  nutes). Again, t h e  e f f e c t  can be reduced 

o r  e l  i m i  nated by app rop r i a t e  use of i n t e r i o r  and e x t e r i o r  m i  r r o r s .  

I n  sum, f u r t h e r  increases i n  g l a r e  d i r e c t e d  toward t h e  r e a r  v i e w  

m i r r o r s  o f  l ead ing  veh ic les  seems t o l e rab le ,  i f  i t  p r o v i d e s  a g e n u i n e  

g a i n  i n  v i s i b i l i t y  d istance. However, two-way i n t e r i o r  m i r r o r s  s  hou  1 d  

be r e q u i r e d  equipment, and f u r t h e r  study o f  m i r r o r  r e f l e c t i v i  t y  1 e  v e l  s  

i s  des i rab le .  

Misaim. It has been shown t h a t  headlamps a re  o f t e n  b a d l y  a imed.  

Th i s  comes about f o r  t h r e e  reasons (see Olson and Mortimer, 1973): 

1. There a re  a  number o f  sources o f  aim variance. 

2. Some o f  these sources a re  d i f f i c u l t  t o  con t ro l .  

3. Veh ic le  owners a re  u n l i k e l y  t o  n o t i c e  and/or do any th ing  a b o u t  

t h e  problem unless i t  i s  ext remely  se r ious  o r  provokes l a r g e  numbers o f  

d i  mmi ng requests from o t h e r  d r i  vers. 

L i m i t s  on low-beam aim have been developed by t h e  SAE (J599d). The 

recommendations a re  t h a t  a im i s  cons idered adequate i f  i t i s w i t  h i  n  4 

inches a t  25 f e e t  (about 0.8') i n  any d i r e c t i o n  f rom c o r r e c t  aim. 

S ince misaim i s  a  f a c t  o f  l i f e  which i s  no t  l i k e l y  t o  be r e s o l  ved  

i n  t h e  near fu tu re ,  i t  i s  impor tan t  t h a t  i t s  e f f e c t s  be c o n s i d e r e d  i n  

t h e  eva lua t i on  o f  any proposed l i g h t i n g  system. Th i s  was done,  u s i n g  

t h e  computer seei ng-distance model mentioned e a r l i e r .  

F i gu re  12 compares t he  m o d i f i e d  a n d  s t a n d a r d  l o w  beams u n d e r  

cond i t i ons  o f  misaim down one degree. Th i s  f i g u r e  s h o u l d  b e  c o m p a r e d  

w i t h  F i gu re  9. There i s  a  cons iderab ly  l o s s  i n  v i s i b i l i t y  d i s t ance  f o r  

bo th  systems, about 24 meters f o r  t h e  mod i f ied  and 29 m e t e r s  f o r  t h e  

standard low beam. The mod i f i ed  low-beam i s  s u b s t a n t i a l l y  b e t t e r  t h a n  

t h e  standard low beam under t h i s  cond i t i on ,  t h e  d i f f e r e n c e  b e i n g  a b o u t  

3G% a t  maximum. 





F igu re  13 i l l u s t r a t e s  t h e  performance of bo th  systems a t  one degree 

m i  saim up. Under t h i s  c o n d i t i o n  t h e r e  i s  no d i f fe rence  between t h e  t w o  

systems because t h e y  d i f f e r  l i t t l e  t o  t h e  l e f t  o f  t h e  V a x i s  a n d  t h e  

h i gh - i  n t e n s i t y  zone o f  t h e  mod i f i ed  system has about t h e  same maximum as 

t h a t  o f  t h e  s t anda rd  sys tem.  O v e r a l l ,  u p w a r d  m i s a i m  r e s u l t s  i n  

improvements i n  no-g lare v i s i b i l i t y  d i s tance  f o r  b o t h  s y s t e m s  a n d  a n  

increased d i s a b i l i t y  g l a r e  e f f e c t .  

F i gu re  14 i l l u s t r a t e s  t h e  performance o f  bo th  systems a t  one degree 

o f  misaim l e f t .  The e f f e c t  i s  more pronounced on t h e  m o d i f i e d  s y s t e m ,  

as would be expected based on i t s  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 cs ,  b u t  

t h e  d i f f e r e n c e  i s  s l i g h t .  The mod i f i ed  system i s  s t i l l  s u p e r i o r  o v e r a l l  

t o  t h e  s tandard system. 

Misaim t o  t h e  r i g h t  was c o n s i d e r e d  i n  t h e  C H E S S  e v a l u a t i o n  

d iscussed e a r l i e r .  I t  w i  11 be r e c a l l e d  t h a t  moving t h e  mod i f i ed  s y s t e m  

r i g h t  improved i t s  performance, e s p e c i a l  l y  when i t s  i n t e n s i t y  was 

i ncreas ed. 

I n  sum, f o r  t h e  cond i t i ons  i n v e s t i g a t e d ,  t h e  m o d i f i e d  l o w  beam 

performs no worse than  t h e  p resen t  low beam and, f o r  mos t  c o n d i t i o n s ,  

outperforms t h e  present  low beam. Thus, misaim seems t o  pose no spec ia l  

d i f f i c u l t i e s  f o r  t h e  proposed system. 

Performance as A f f ec ted  by Adverse Weather Cond i t i ons .  As n o t e d  

e a r l i e r  (p. 16), one o f  t h e  c o n s t r a i n t s  i n  l ow -beam d e s i g n  i s  t h a t ,  

under adverse weather cond i t i ons ,  l i g h t  p ro j ec ted  above h o r i z o n t  a1 c a n  

be det r imenta l .  The proposed m o d i f i c a t i o n  t o  t h e  low-beam s y s t e m  w i  1  1  

p r o j e c t  more l i g h t  above h o r i z o n t a l  and has t h e  p o t e n t i a l  f o r  m a k i  n g  

v i  s i b i l  i ty  worse under adverse weather cond i t i ons .  

The p r imary  problem i s  t h a t  t h e r e  i s  no way t o  e v a l u a t e  t h i s  

phenomenon s h o r t  o f  f a b r i c a t i n g  t h e  system a n d  t e s t i n g  i t  u n d e r  t h e  

cond i t i ons  o f  i n t e r e s t .  Th i s  w i l l  be a  necessary and impor tan t  p a r t  o f  

Phase I 1  o f  t h i s  p ro jec t .  

Performance as A f f e c t e d  by Mounting Height. Federal  Motor Vehi  c l  e  

Sa fe ty  Standard (FMVSS) 108 s p e c i f i e s  h e a d l a m p  m o u n t i n g  h e i g h t s  as  

f o l l o w s :  



Minimum 24 inches 

Maximum 54 inches 

I n  each case t h e  measurement i s  made f rom t h e  road su r f ace  t o  t h e  c e n t e r  

o f  t h e  1  ens. 

European (ECE) standards a re  somewhat d i f f e r e n t .  

Minimum 500 mm 

Maximum 1200 mm 

The measurements a re  made t o  t h e  bottom o f  t h e  r e f l e c t o r  i n  t h e  m i n i  mum 

case, t o  t h e  t o p  o f  t h e  r e f l e c t o r  i n  t h e  maximum case. 

The U.S. and ECE minimum values a re  close. Given a  7 - i  n c h  r o u n d  

lamp, f o r  example, t h e  ECE minimum corresponds t o  23.2 i n c h e s  t o  t h e  

c e n t e r  o f  t h e  lens. Us ing t h e  sma l l es t  r ec tangu la r  lamps, t h e  m i n i m u m  

corresponds t o  about 21.7 inches  t o  t h e  cen te r  o f  t h e  lens. 

There i s  a  g r e a t e r  d i f f e r e n c e  i n  t h e  maximum s p e c i f i c a t i o n s .  F o r  

example, us i ng  a  7- inch round lamp, t h e  ECE maximum y i e l d s  a  m o u n t i  ng  

h e i g h t  o f  43.7 inches t o  t h e  cen te r  o f  t h e  lens. 

Most passenger ca rs  have headlamps mounted near  t h e  minimum height .  

The s u b s t a n t i a l  range o f  mounti n g  h e i g h t s  a1 1  owed i s n e c e s s a r y  t o  

accommodate t h e  manufacturers o f  heavy vehi c l  es ,  e s p e c i  a1  l y  t r u c k s .  

Truck manufacturers t y p i c a l l y  b u i l d  a  1  i m i  t e d  number o f  b o d i  es ,  w h i  c h  

a re  p laced on d i f f e r e n t  suspension systems and wheel s izes,  depending on 

des ign  capac i ty .  As a  r e s u l t ,  headlamps f o r  a  p a r t i c u l a r  body t ype  may 

end up a t  any p o i n t  i n  a  r a t h e r  broad range o f  mounting h e i g h t s .  T h e  

s i t u a t i o n  a t  present  i n  t h e  U.S. i s  such t h a t  a  s i g n i f i c a n t  narrowing o f  

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

manufacturers. 

Manufactur ing cons ide ra t i ons  aside, these  a re  s t r ong  pros and c o n s  

i n  t h e  ma t t e r  of a l l o w i n g  mounting h e i g h t s  which a re  a c t u a l l y  above t h e  

r o o f  l e v e l  o f  many c a r s .  On t h e  p o s i t i v e  s i d e  a r e  v i s i b i l i t y  

cons idera t ions ,  w h i l e  on t h e  nega t i ve  s i d e  a re  g l a r e  c o n s i d e r a t i o n s .  

These p o i n t s  w i l l  be reviewed i n  some d e t a i l  i n  t h e  f o l l o w i n g  sect ion.  
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F i g u r e  14. Comparison o f  d e t e c t i o n  d i s tances  p r o v i d e d  by m o d i f i e d  and s tandard  low 
beam systems misaimed l e f t  lo. Type 1 t a r g e t s  a t  lo%, r i g h t  s i d e  o f  road.  
Simulates meet ing  between two i d e n t i c a l  systems on a  s t r a i g h t ,  f l a t  road. 



Because t h e  low beam i s  aimed a t  an a n g l e  down, i n c r e a s i n g  i t s  

mounting he igh t  w i l l  i nc rease  t h e  d i s t a n c e  down t h e  r o a d  a t  w h i c h  

var ious p o r t i o n s  o f  t h e  beam i n t e r s e c t  t h e  pavement. Th i s  w i l l  i m p r o v e  

v i s i b i l i t y  distance. F igures  15 t h r o u g h  1 7  h a v e  been  p r e p a r e d  t o  

i l l u s t r a t e  t h i s  e f f ec t .  The f i g u r e s  a re  d e r i v e d  by u s e  o f  t h e  HSRI 

computer seei  ng-distance model (Mor t imer  and Becker, 1973). It assumes 

t h e  use o f  a  low-con t ras t  t a r g e t  (10% t y p e  I t a r g e t  as  d e s c r i b e d  i n  

Mor t imer  and 01 son, 1974). The headlamp mounting and d r i v e r  eye he igh ts  

a re  as f o l  1  ows : 

Mount i ng EY e  
L i n e  - Height  Height  

M i  dd l  e  40" 60" 

Bottom 24" 42" 

The t r aces  represent  t h e  v i s i b i l i t y  d i s tances  r e s u l t i n g  f rom a  m e e t i n g  

by two i d e n t i c a l l y  equipped veh ic les  on a  s t r a i g h t ,  f l a t  road, us i ng  t h e  

mod i f i ed  low beam descr ibed i n  Table 2. 

The s imu la t i ons  were r u n  u s i n g  s e v e r a l  e y e  h e i g h t s  f o r  e a c h  

mounting height.  The d i f f e r e n c e s  assoc ia ted  w i t h  eye he igh t  w e r e  v e r y  

smal l  ( a b o u t  1 - 2 % ) ,  s o  a r e  n o t  r e p r o d u c e d  h e r e .  However ,  t h e  

d i f f e r e n c e s  assoc ia ted w i t h  mounting h e i g h t  a re  q u i t e  s i g n i f i c a n t .  

F igures 15 and 16 show t a r g e t s  a t  t h e  l e f t  edge and c e n t e r  o f  t h e  

road, respec t i ve ly .  As would be expected, g i ven  t h a t  t h e  d r i  v e r  m u s t  

look toward t h e  approaching headlamps t o  see t h e  t a rge t ,  t h e r e  a re  l a r g e  

d i s a b i l i t y  g l a r e  e f fec ts .  The values i n  F i g u r e  15 ( l e f t  e d g e  t a r g e t )  

a r e  t h e  same as would be obta ined w i t h  a  standard low beam. The v a l u e s  

i n  F i gu re  16 ( road c e n t e r )  a r e  about 7% higher.  Note t h a t  r o a d - c e n t e r  

t a r g e t s  can o f t e n  be seen a t  f a r  g r e a t e r  d is tances than shown, d u e  t o  

be ing  s i l h o u e t t e d  aga ins t  road i 1 lumi n a t i o n  prov ided by t h e  approach i n g  

vehic le.  The t ype  o f  t a r g e t  on which t h i s  s imu la t i on  i s  based h a s  i t s  

own background, so s i  1 houe t t e  e f f e c t s  a re  no t  considered. ) 

F i gu re  1 7  i s  f o r  a  t a r g e t  p laced on t h e  r i g h t  edge o f  t h e  road, as 

i n  F i gu re  9 shown prev ious ly .  The b e n e f i t s  o f  t h e  mod i f i ed  low beam a r e  
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maximum a t  t h i s  po in t ,  p roduc ing  a b o u t  a  15% i m p r o v e m e n t  o v e r  t h e  

s tandard low beam. 

Based on t h i s  analys is ,  t h e r e  a r e  s i g n i f i c a n t  gains i n  v i  s i  b i  1  i t y  

d i s t ance  as lamp mounting h e i g h t  increases. However, these da ta  a re  f o r  

t a r g e t s  hav ing d i f f u s e  r e f l e c t i v e  c h a r a c t e r i s t i c s ;  c o n s i d e r a t i o n  m u s t  

a l s o  be g i  ven t o  r e t r o r e f l e c t i  ve targets .  

The perce ived b r igh tness  of a  r e t r o r e f l e c t o r  depends ve ry  much on  

t h e  observa t ion  angle, which a t  a  g iven  d i s t ance  i s  d e t e r m i n e d  b y  t h e  

v e r t i c a l  spacing between t h e  headlamps and t h e  eyes  o f  t h e  o b s e r v e r .  

Th i s  r e l a t i o n s h i p  i s  i l l u s t r a t e d  i n  F i gu re  18. C lear l y ,  sma l l  c h a n g e s  

i n  observa t ion  angle  can have a  major e f f e c t  on  t h e  l u m i n a n c e  o f  a  

r e t  r o r e f  1  e c t  i ve de v i  ce. 

I n  a  t y p i c a l  automobi le t h e  eye-to-headlamp v e r t i c a l  d i  s t a n c e  i s  

about 18 inches (45.7 cm). Wi th  t h i s  spacing, viewing a  r e t r o r e f l e c t o r  

a t  500 f e e t  (152 m) produces an observa t ion  angle  o f  0.17~. 

Truck con f i gu ra t i ons  r e s u l t  i n  much g r e a t e r  d r i v e r  eye he igh t s  than 

automobiles, t y p i c a l l y  between 90 and 110 inches (229 t o  280  cm).  I f  

t h e  maximum mounting h e i g h t  f o r  headlamps i s  54 inches, a  9 0 - i  n c h  e y e  

h e i g h t  w i l l  r e s u l t  i n  a v e r t i c a l  separa t ion  o f  36  i n c h e s  (91 .4  cm).  

Th is  i s  about tw i ce  t h e  observa t ion  angle  exper ienced by t h e  d r i v e r  o f  a  

car, e. g. , 0.34' a t  500 feet .  

Based on t h e  example g iven  above ,  a n  i n s p e c t i o n  o f  F i g u r e  1 8  

suggests t h a t  observa t ion  angles o f  0 . 1 7 ~  a n d  0.34' y i e l d  s p e c i f i c  
2  

lumi nance values o f  about 310 and 150 c d / f t - c / f t  , r e s p e c t i v e l y ,  a t  a n  

entrance angle o f  0'. 

HSRI sought t o  o b t a i n  i n f o r m a t  i on  on t y p i  c a l  e y e - t  o -head1  amp 

v e r t i c a l  s e p a r a t i o n  d i s t a n c e s  on  l a r g e  t r u c k s  f r o m  U. S. t r u c k  

manufacturers. The responses i n d i c a t e  t h a t  t h e  36- i  nch example c i t e d  i s  

on t h e  low side. One m a j o r  m a n u f a c t u r e r  i n d i c a t e d  t h e  r a n g e  on  

c u r r e n t l y  produced t r u c k s  i s  33.5 t o  60.4 i n c h e s  ( 8 5  t o  153.4 cm). 

Working from these  data, t h e  observa t ion  angle f o r  a  v e r t i c a l  separa t ion  

o f  48 inches a t  500 f e e t  i s  0.46', and 0.57' f o r  60 i n c h e s .  B a s e d  on  

F igu re  18, these angles r e s u l t  i n  s p e c i f i c  luminance values o f  about 90 
2 and 65 c d / f t - c / f t  , respec t i ve ly .  Thus, a t  500 fee t ,  t h e  d r i  v e r  o f  a  
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l a r g e  t r u c k  would see a  r e t r o r e f l e c t i v e  dev ice  a t  as l i t t l e  as o n e - f i f t h  

t h e  b r igh tness  i t  would appear t o  a  t y p i c a l  c a r  d r i ve r .  

The e f f e c t  o f  eye-to-headlamp separat ions var ies  w i t h  d i  s t a n c e  t o  

t h e  r e t r o r e f l e c t o r ,  so  i t  should no t  be i n f e r r e d  t h a t  t h e  f i v e - t o - o n e  

d i f f e r e n c e  noted i n  t h e  preceding paragraph ho lds  f o r  a  I 7 c o n d i  t i ons. 

However, i t i s  c e r t a i n l y  f a i r  t o  s a y  t h a t  t h e  n e t  e f f e c t  o f  t h e s e  

var iab les  f o r  t r u c k  d r i v e r s  i s  t o  r e d u c e  t h e  e f f e c t i v e n e s s  o f  a l l  

r e t r o r e f l e c t i  ve devices i n  t h e  highway environment. For  example, s  i g n s  

have l e s s  t a r g e t  value and poorer  l e g i b i l i t y ,  d e l i n e a t i o n  c a n  b e  s e e n  

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

consp icu i t y ,  and t h e  t r u c k  d r i v e r  must be c l o s e r  t o  d e t e c t  and recognize 

them. Given t h a t  t r u c k s  h a v e  l e s s  m a n e u v e r a b i l i t y  t h a n  c a r s  a n d  

gene ra l l y  r e q u i r e  g r e a t e r  s topp ing  d is tances ,  t h i  s  i s  p r e c i  s e l y  t h e  

oppos i te  o f  what i s  des i rab le .  

Reducing ope ra to r  eye he igh t  on t r u c k s  i s  probably  no t  a  f eas  i b l  e  

approach i n  t h e  foreseeable fu ture.  Moves t o  d e c r e a s e  t h e  maximum 

headlamp mounting h e i g h t  can on ly  r e s u l t  i n  s t i l l  l a r g e r  o b s e r v a t i o n  

angles f o r  t r u c k  d r i v e r s  and make t h e  s i t u a t i o n  worse. 

The arguments f o r  reduc ing t r u c k  headlamp mounting h e i g h t  a re  based 

on g l a r e  cons iderat ions.  For  e x a c t l y  t h e  same r e a s o n  t h a t  h i g h e r  

mountings improve down-the-road v i s i b i  1  i t y ,  t h e y  i n c r e a s e  g l a r e  t o  

oncoming d r i ve rs .  Al though t h e  p o i n t  i s  obvious, documentati o n  o f  t h e  

d i s a b i l i t y  and d iscomfor t  g l a r e  i n c r e a s e s  a s s o c i a t e d  w i t h  g r e a t e r  

mounting he igh t  a re  v i r t u a l l y  nonexistent.  

To p rov ide  some da ta  on t h e  ex ten t  o f  t h e  g l a r e  e f f e c t s  r e s u l t i n g  

from h igh  mounted headlamps, t h e  H S R I  seeing-di  stance m o d e l  was used.  

These runs were made us ing  t h e  modif ied low beam descr ibed i n  Tab1 e 2 .  

Data were generated on t h e  seeing d is tances  and d i scomfo r t - g l a re  l e v e l  s  

f o r  t h e  d r i v e r  o f  a  c a r  (24- inch headlamp mounting he ight ,  4 2 - i n c h  e y e  

he igh t ) ,  f a c i n g  t h e  same con f igura t ion ,  and t w o  o t h e r s  i n  w h i c h  t h e  

headlamps o f  t h e  oncoming veh i c l e  were r a i s e d  t o  4 0  a n d  54  i n c h e s ,  

respec t i ve ly .  The v i s i b i l i t y  t a r g e t s  were p laced on t h e  r i g h t  edge o f  a 

f l a t ,  s t r a i g h t  road. These da ta  a re  summarized i n  Table 4. 



Table 4 

Di sabi 1 i ty  and Discomfort Glare Effects Associated with the Mounting 
Height of the Headlamps of an  Approaching Vehicle 

................................................................. 
I 1 Discomfort Glare 
I I - - - - - - - - - - - - - - _ - _ - - - - - - - - - - - -  

Headlamp I Minimum I Maximum I 
Mounting Height [Visibil i t y  DistancelDiscomfort GlarelDistance a t  

I I Rating 15.0 or worse 
---------------$-------------------$------------------$-------------- 

I I I 
24" I 258.5' I 4.7 1 550' 

I I I 
40" I 253.3' I 4.5 1 600' 

I I I 
54" I 248.9 I 4.4 1 650' 

------------------ 

Note: Targets are on the right side of the road. 

In examining Table 4 i t  must be remembered t h a t  t h e  vi s i  bi 1 i t y  

distances and discomfort glare ratings are fo r  the dr iver  of a normal 

passenger car facing headlamps a t  the mounting heights shown. Thus, for  

two passenger c a r s ,  with 24-inch mounting h e i g h t s ,  t h e  minimum 

vis ib i l i ty  distance i s  258.5 fee t  (78.8 meters). The maximum discomfort 

glare rating (on  the DeBoer scale described e a r l i e r )  i s  4 .7,  t h r e e -  

tenths of a scale unit worse than " just  acceptabl e. " A c o n d i t i o n  of 

" just  acceptable" or worse must be endured from a separation distance of 

550 feet  (167.6 meters) until the vehicles pass. A t  55 mph (88.5 km/hr) 

for  b o t h  vehicles th is  will require a b o u t  3.5 seconds. 

I t  i s  apparent t h a t  higher mounting h e i g h t s  o n  t h e  approaching  

vehicle will reduce the minimum visibi 1 i t y  d i s t a n c e  (by a b o u t  4 % ) ,  

increase the di scomfort glare somewhat, and  prolong the interval du r i  n g  

which glare rated " jus t  acceptable" or worse must be endured. 

A similar analysis was run with the targets placed on  the l e f t  edge 

of the road. As was noted in Figure 15,  the combination o f  r e l a t i v e l y  

low illumination in t h a t  area and smaller angles t o  t h e  g l a r e  source  

yield much shorter n o - g l a r e  d e t e c t i o n  d i s t a n c e s  and s u b s t a n t i a l  

di sabi 1 ity-glare effects. These results are summarized in Table 5. I t  



appears t h a t  t h e  c o n s e q u e n c e s  o f  i n c r e a s e d  m o u n t i n g  h e i g h t s  a r e  

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

they a re  f o r  t a r g e t s  t o  t h e  r i g h t .  

Table 5 

D i s a b i l i t y  and Discomfor t  Glare E f f e c t s  Associated w i t h  t h e  Mounting 
Height  o f  t h e  Headlamps o f  an Approaching Veh ic le  

................................................................. 
I I Discomfor t  Glare 
I I - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Headlamp I  M i  nimum I Maximum I 
Mounting Height  I V i s i b i  li t y  Dis tancelDiscomfor t  G la re lD is tance  a t  

I  I R a t i  ng 15.0 o r  worse 

Note: Targets a re  on t h e  l e f t  s i d e  o f  t h e  road. 

A f u r t h e r  cons ide ra t i on  i n  eva lua t i ng  mounting he igh t  i s  t h e  e f f e c t  

o f  road geometry. When n e g o t i a t i n g  a  l e f t  curve, t h e  d r i v e r  i s  exposed  

t o  t h e  p o s s i b i l i t y  o f  passing through t h e  h i g h - i n t e n s i t y  p o r t i o n  o f  t h e  

headlamp beams o f  oncoming vehicles. The e f f e c t  depends on t h e  geometry 

o f  t h e  meet, and present  low-beam headlamps have been designed, i n  par t ,  

w i t h  t h i s  s i t u a t i o n  i n  mind. The ques t ion  here i s  whether t h e  head1 amp 

mounting he igh ts  c h a r a c t e r i s t i c  o f  t r u c k s  make t h e  s i t u a t i o n  worse. The 

answer i s  not  simple. Should t h e  geometry o f  t h e  meet cause t h e  h i  g h -  

i n t e n s i t y  zone o f  t h e  beams t o  pass through t h e  o b s e r v e r s '  e y e s  ( o r ,  

conversely,  pass f o u r  o r  more degrees below t h e  eyes o f  t h e  o b s e r v e r )  

t h e  e f f e c t  o f  mounting he igh t  i s  neg l i g i b l e .  When t h e  eyes a re  exposed  

t o  t h e  t r a n s i t i o n  zone o f  t h e  headlamps, t h e r e  i s  a n  e f f e c t  d u e  t o  

mounting height,  which depends on t h e  separa t ion  distance. C e r t  a i  n l y ,  

g rea te r  mounting he igh t s  do not  improve t h e  curve-g la re  problem, bu t  t h e  

e f f e c t  var ies  from none t o  m i  nor. 



A second ma jo r  concern f o r  g l a r e  r e s u l t i n g  f rom g r e a t e r  m o u n t i n g  

h e i g h t  occurs i n  t h e  case o f  f o l l o w i n g  a n o t h e r  v e h i c l e .  A c l o s e -  

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

m i  r r o r s  o f  a  car, even on 1  ow beam, s imp ly  because t h e  mounti n g  h e  i g h t  

a l l ows  t h e  h i g h - i n t e n s i t y  p o r t i o n  o f  t h e  beam t o  impinge d i r e c t l y  on t h e  

m i r ro rs .  

The ques t i on  o f  d i s comfo r t  and d i s a b i l i t y  g l a r e  f r om  t h e  r e a r  v i e w  

m i r r o r s  was t r e a t e d  i n  some depth as p a r t  o f  t h i s  p r o j e c t ,  a s  n o t e d  

e a r l i e r .  The conc lus ions o f  t h a t  e f f o r t  were  t h a t  r e a r  v i e w  m i  r r o r  

g l a r e  i s  a  problem even w i t h  conven t iona l  1  ow beams a t  l o w  m o u n t i n g  

heights.  However, i t  i s  a  problem which can be so lved  t h r o u g h  u s e  o f  

two-way i n t e r i o r  m i  r r o r s  and j u d i c i  ous aimi ng o f  e x t e r i o r  m i  r ro rs .  

I n  t h e  r e a r  view m i r r o r  d i s a b i l i t y - g l a r e  s tudy t h e  maximum g l a r e  

value used was about 75  lux ,  a p p r o x i m a t i n g  h i g h  beams a t  1 0 0  f e e t .  

Theo re t i ca l l y ,  low beams a t  50 f e e t  f rom a  t r u c k  c o u l d  p r o d u c e  a b o u t  

t w i c e  t h a t  value. However, t h e  c a l c u l a t i o n  i n  t h e  ? l a r e  s t udy  assumed 

t h a t  t h e  ou tpu t  o f  bo th  headlamps was v i s i b l e  t o  b o t h  e y e s  i n  b o t h  

m i r ro rs .  Th i s  i s  u n l i k e l y  t o  occur a t  very c l o s e  f o l l o w i n g  distances. 

Based on t h i s  analys is ,  i t  appears t h a t  t h e  g l a r e  f rom high-mounted 

headlamps does no t  pose a  problem s i g n i f i c a n t l y  m r e  ser ious  t h a n  f r o m  

convent iona l  low mountings on h i gh  beam. Both s i t u a t i o n s  a re  manageable 

(i.e., t h e  l ead  d r i v e r  can reduce d i s a b i l i t y  and d i s c o m f o r t  g l a r e  t o  

acceptab le  l e v e l s ) ,  assuming t h e  a v a i l a b i l i t y  o f  a  t w o - w a y  i n t e r i  o r  

m i  r r o r  and p roper  aimi ng o f  t h e  e x t e r i o r  m i  r r o r .  

To summarize t h e  i n f o r m a t i o n  which has been p r e s e n t e d  c o n c e r n i n g  

high-mounted headlamps: 

1. Headlamp mounting he igh t s  such as a r e  common on l a r g e  v e h i c l e s  

do cause increases i n  d i scomfo r t  and d i s a b i l i t y  g l a r e  f o r  d r i  v e r s  o f  

sma l l e r  veh ic les  (e.g., automobi les and m o t o r c y c l e s ) .  However ,  t h e  

a n a l y s i s  i n d i c a t e s  t h a t  t h e  increases a re  r e l a t i v e l y  sma 11, g e n e r a  1  l y  

i n f  requent, and o f  sho r t  d u r a t  i on. 

2.  From t h e  p o i n t  o f  view o f  t h e  ope ra to r  o f  t h e  1  a r g e  v e h i  c l e ,  

high-mounted headlamps improve seeing d i  s t a n c e  i n  g e n e r a l ,  a n d  a r e  

p a r t i c u l a r l y  impor tan t  i n  t h e  d e t e c t i  on, i d e n t i f i c a t i o n  and, w h e r e  



appropr ia te ,  l e g i b i l i t y  o f  r e t r o r e f l e c t i v e  ob jec t s  (e.g., d e l i n e a t i o n  

and signs).  These gains a re  s u b s t a n t i a l  and permanent. 

Therefore, based on t h e  a n a l y s i s  which h a s  b e e n  d e s c r i b e d ,  t h e  

authors  conclude t h a t  reduc ing  t h e  upper l i m i t  on  h e a d l a m p  m o u n t i n g  

he igh t s  i s  unwarranted. 

Hardware Considerat ions 

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

d e s c r i p t i o n  has been p rov i ded  o f  a  m o d i f i e d  l ow -beam h e a d 1  i g h t i n g  

system. Based o n  t h e  v a r i o u s  a n a l y s e s  c a r r i e d  o u t ,  i t  a p p e a r s  

promising, and, i n  t h e  op in i on  of t h e  i n v e s t i g a t o r s ,  w o r t h y  o f  f u l l  - 
sca l  e  eva 1  u a t  i on. 

However, as has been mentioned e a r l i e r ,  t h e r e  a re  1  i m i  t a t  i ons  t o  

what can be accomplished w i t h  hardware, and t h e  p r o p o s e d  s y s t e m  may 

present  some problems i n  t h a t  respect. I n  t h i s  sec t i on  va r ious  hardware 

op t ions  w i l l  be considered, a long w i t h  advantages and d i s a d v a n t a g e s  o f  

each. 

Rev is ions t o  Standard System.  T h e  m o s t  o b v i o u s  a p p r o a c h  t o  

b r i n g i n g  about changes t o  t h e  low-beam h e a d l i g h t i n g  system i s  t o  m o d i f y  

t h e  o p t i c s  o f  lamps t o  p rov i de  t h e  des i r ed  patterns.  Th i s  w o u l d  a1 1  ow 

t h e  cont inuance o f  t he  present  two- and four-lamp, round and rec tangu la r  

systems w i t h  w h i c h  p e o p l e  a r e  f a m i  1  i a r e  T h e r e  a r e  a  number  o f  

advantages: 

1. This  i s  probably  t h e  lowes t -cos t  a1 t e r n a t i  ve. 

2. Requires no l e a r n i n g  on t h e  p a r t  o f  t h e  pub l i c .  

3. Can be r e t r o f i t t e d  t o  o l d e r  cars. 

4. Causes no a d d i t i o n a l  problems i n  aiming. 

The f e a s i b i l i t y  o f  t h i s  approach has been r e v i e w e d  w i t h  s e v e r a l  

l i g h t i n g  engineers. There a re  two s i g n i f i c a n t  problems: 

1. R e l a t i v e l y  s h a r p  t r a n s i t i o n s  a r e  r e q u i r e d  f r o m  h i g h l y  

i l l u m i n a t e d  t o  l e s s  h i g h l y  i l l u m i n a t e d  areas. It may no t  be p o s s i b l e  t o  

e f f e c t  these  t r a n s i t i o n s  w i t h  c u r r e n t  sea led beam t e c h n o l o g y .  Thus,  

t h i s  approach may a l l o w  t h e  des i r ed  increases i n  candlepower on ly  a t  t h e  



expense o f  increases i n  g l a r e  s u b s t a n t i a l l y  g r e a t e r  than  i l l u s t r a t e d  i n  

Tab le  2. A t  t h e  t ime  t h i s  i s  be ing w r i t t e n  no p rec i se  est imates o f  t h e  

ex ten t  o f  t h e  g l a r e  inc rease  a re  ava i lab le .  P r e l i m i n a r y  i n d i  c a t i  ons,  

based on t h e  present  low beam, a re  t h a t  g l a r e  a t  some key p o i n t s  (e.g., 

lo up, 1-112' l e f t )  would approx imate ly  double. The authors f e e l  s u c h  

an i nc rease  i s  on t h e  b o r d e r l i n e  o f  a c c e p t a b i l i t y  f r o m  a  d i s a b i l i t y  

p o i n t  o f  view and may cause problems i n  p u b l i c  acceptance on a  bas i  s  o f  

d i  scomfort  g1 are. 

2. Ra i s i ng  t h e  "ho t  spo t "  area as i n d i c a t e d  i n  Table  2  may r e q u i r e  

r e p o s i t i o n i n g  t h e  low-beam f i l ament .  I n  two  l amp  s y s t e m s  t h i s  w i  11 

cause a  problem (assuming t h e  h i gh  beam r e m a i n s  as  i s ) .  One o f  t h e  

phys i ca l  c o n s t r a i n t s  i n  lamp des ign  i s  t h e  need t o  m a i n t a i n  a  m i n i m u m  

spacing between t h e  two f i l a m e n t s  t o  prevent  shor t ing.  A t  present, c o i l  

d iameters f o r  bo th  h igh-  and low-beam f i l amen ts  a re  abou t  0 .058  i nch. 

The cen te r - to -cen te r  spacing between support  posts  i s  about 0.085 i n c  h. 

Th i s  represents,  i n  t h e  o p i n i o n  o f  l i g h t i n g  engineers, about t h e  minimum 

requ i  red  spaci  ng. 

Mandatory Four-Lamp System. One o f  t h e  d i f f i c u l t i e s  i n  m o d i  f y i  n g  

t h e  p resen t  system i s  t h a t  des ign l i m i t a t i o n s  a r i s e  f r om  t h e  n e c e s s i t y  

o f  g e t t i n g  two d i f f e r e n t  beams (h i gh  and low)  f rom a  s i n g l e  lamp. I f  a  

lamp has t o  produce o n l y  a  l o w  beam, t h e  t r a n s i t i o n  c a n  be  made 

s i g n i f i c a n t l y  sharper  and t h e  problem o f  c o n f l i c t  w i t h  t h e  h i g h - b e a m  

f i l a m e n t  goes away. 

Exper ience w i t h  t h e  low-beam u n i t s  of t h e  c u r r e n t  four- lamp s y s t e m  

i n d i c a t e s  t h a t  t h e  i n t e n s i t y  a t  t h e  112' down, 1-112' r i g h t  p o i n t  can be 

s e t  about 20% h i g h e r  t h a n  i t  c a n  on  t h e  t w o - l a m p  s y s t e m  w i t h o u t  

exceeding t h e  g l a r e  l i m i t s  i n  t h e  upper l e f t  quadrant. 

The h i gh  beam f i l a m e n t  i n  t h e  low-beam u n i t  o f  t h e  four- lamp system 

fu rn i shes  some f i l l  l i g h t  f o r  high-beam o p e r a t i o n  and a l s o  p rov ides  heat  

t o  ensure t h e  u n i t  w i l l  no t  i c e  over  when u s i n g  t h e  h i g h  beam u n d e r  

w i n t e r  d r i v i n g  condi t ions.  Thus, i t s  p o s i t i o n  i s  no t  c r i t i c a l .  

Disadvantages t o  t h i s  approach i nc l ude :  

1. G la re  t o  upper l e f t  quadrant would be lower  than  t h e  t w o - 1  amp 

system, b u t  s t i l l  s i g n i f i c a n t l y  h i g h e r  t han  t h e  values shown i n  Table  2. 



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

acceptab le  by t h e  authors. But,  p u b 1  i c a c c e p t a n c e  may s t i  11 b e  a 

problem. 

2. R e t r o f i t  i s  l i m i t e d  t o  cars  hav ing four- lamp systems. 

3. Requires f u t u r e  veh ic les  t o  use a four- lamp system. t h i s  i s  a 

des ign  r e s t r i c t i o n .  It may a l s o  p r o v i d e  p r o b l e m s  i n  c o o l i n g  a n d  

stream1 i n i  ng as ca rs  grow smal l  er. 

Asymmetrical System. An asymmetrical system means t h a t  two o r  more 

lamps hav ing d i f f e r e n t  pho tomet r i c  c h a r a c t e r i s t i c s  would be used t o  make 

up t h e  beam. Th i s  approach was used i n  t h e  computer e v a l  u a t i  on  wo rk ,  

w i t h  one lamp on t h e  r i g h t  s i d e  p r o v i d i n g  i l l u m i n a t i o n  equ i va l en t  t o  two 

SAE low beams, another  lamp on t h e  l e f t  s i d e  p r o v i d i n g  t h e  a d d i t i o n a l  

"ho t  spot"  i l l l u m i n a t i o n .  Howeve r ,  t h i s  was d o n e  p r i m a r i l y  t o  

f a c i l  i t a t e  making t h e  des i r ed  m o d i f i c a t i o n s  t o  t h e  h o t  spot. 

The advantage t o  t h e  asymmetrical approach i s  t h a t  i t  would p e r m i t  

t h e  i l l um inance  t r a n s i t i o n s  i n d i c a t e d  i n  Table  2. However, t h e r e  a r e  

severa l  disadvantages: 

1. B u i l d i n g  a beam w i t h  t w o  u n i t s  h a v i n g  q u i t e  d i f f e r e n t  

c h a r a c t e r i s t i c s  makes u n i t  aim very important.  As i n d i c a t e d  e l s e w h e r e  

(Olson and Mort imer,  1 9 7 3 ) ,  a i m  i s  a s e r i o u s  l i m i t a t i o n  t o  beam 

performance and i s  no t  easy t o  improve. 

2. The system would be more d i f f i c u l t  t o  r e t r o f i t .  S a f e g u a r d s  

would be requ i r ed  t o  ensure t h a t  lamps were i n s t a l  l e d  p roper l y ,  and t h i s  

would necess i t a t e  some hardware changes i n  t h e  vehic le.  

3. The l o s s  o f  one lamp cou ld  produce major  a l t e r a t i o n s  t o  t h e  

t o t a l  beam pat tern.  

4. Cost would p robab ly  increase, s i nce  t h e  p r o d u c t i o n  s c h e d u l e  

would have t o  be expanded t o  i n c l u d e  t h e  new s y s t e m  w h i l e  t h e  o l d  

systems a re  continued. Th i s  would a l s o  i ncrease i nventory problems. 

Add-a-Lamp System. I n  t h e  1960is, Ch rys l e r  C o r p o r a t i o n  b r i e f l y  

o f f e r e d  as an o p t i o n  a "Super L igh t . "  Th i s  was a c t u a l l y  a m i  d -beam 

system, a r r i v e d  a t  by adding a lamp t o  t h e  s tandard u n i t s ,  and  m a k i n g  

t h e  necessary sw i t ch i ng  changes. The approach suggested here  w o u l d  b e  



very similar, except for  the intensity of the added uni t  a n d  t h e  f a c t  

t h a t  i t  would be required equipment, not optional. 

This i s  another version of a n  asymmetrical system. I t  achieves the 

modification by adding a separate lamp t o  the existing, standard lamps. 

The approach has some clear advantages in addition t o  making i t f a i  r l y  

easy t o  arrive a t  the desired beam pattern: 

1. Costs are f a i r ly  low. The basic lamps remain the same. A new 

lamp must be designed and fabricated t o  provide t h e  a d d i t i o n a l  high-  

intensity zone. Adding only one new lamp simplifies inventory probl ems 

as we1 1. 

2. Providing the additional high-intensity zone with a s e p a r a t e  

lamp rnakes i t  feasible t o  incorporate a "fog" sett ing for  the headlamps. 

A t  the dr iver 's  option, t h i s  would shut off the e x t r a  l a m p ,  reducing  

backscatter under bad-weather driving conditions. 

Disadvantages t o  th i s  approach include: 

1. Aiming problems, as noted fo r  the asymmetrical system. 

2. Retrofit i s  probably impractical. 

3. Having an  odd number of lamps in a n  asymmetrical arrangement  

presents appearance problems. 

Shielded Filament System. Lighting systems designed t o  meet E C E  

standards use a shielded filament. This allows a very sharp t r a n s i t i o n  

from areas of high t o  low illumination. The technique could be adapted 

t o  produce t h e  proposed beam p a t t e r n  o r  a s u f f i c i e n t l y  c l o s e  

approximation. There are several advantages: 

1. Allows good glare control with high l e v e l s  of i 1 lumi n a t i o n  

where required. 

2. Can be retrofit ted.  

3. Presents no aiming problems. I t  may be easier t o  aim visually, 

due to sharper transit ion areas, than the present low-beam system. 

Disadvantages: 

1. There i s  an inherent loss of efficiency (watts in - lumens o u t )  

with th is  approach. Consequently, energy costs w o u l d  be hi gher  than  



w i t h  sealed beam cons t ruc t ion .  I n  t h i s  connec t ion  i t  i s  w o r t h  n o t i n g  

t h a t  t h e  recen t  i n t r o d u c t i o n  o f  halogen sealed beams has made p o s s i b l e  

subs t a n t i  a1 r educ t i ons  i n  headlamp power consumpti on. Very p o s s i b l y  t h e  

use  o f  a  sh i e l ded  f i l a m e n t  on a  halogen source would do n o  w o r s e  t h a n  

inc rease  wattages t o  t h e  l e v e l  p r e s e n t l y  r e q u i r e d  b y  t u n g s t e n  s e a l e d  

beams. 

2. I t i s  no t  ce r t a i n ,  bu t  cos ts  t o  conver t  t o  p r o d u c t i o n  o f  t h i s  

t ype  o f  lamp may be h i g h e r  t han  o t h e r  a l t e r n a t i v e s .  

Summary. T h i s  s e c t i o n  h a s  r e v i e w e d  t h e  a d v a n t a g e s  a n d  

disadvantages o f  a  number o f  means by which t h e  des i r ed  m o d i f i c a t i o n s  t o  

t h e  low beam migh t  be achieved. 

Based on t h i s  review, t h e r e  seems t o  be no complete ly  s a t i s f a c t o r y  

so lu t ion .  However, t h e r e  a r e  p r a c t i c a l  means o f  coming c l o s e  t o  what i s  

desired. F u r t h e r  ana l ys i s  by competent l i g h t i n g  engineers may 1  e a d  t o  

o t h e r  suggest ions f o r  r e s o l  v i  ng t h e  hardware problem. I n  any event ,  i t 

seems d e s i r a b l e  t o  c a r r y  ou t  f u r t h e r  eva lua t i ons  under a c t u a l  opera t i n g  

cond i t i ons  t o  assess t h e  m e r i t  o f  t h e  proposed m o d i f i c a t i  on. Wi th  those  

da ta  i n  hand i t  w i l l  be p o s s i b l e  t o  make b e t t e r  d e c i s i o n s  c o n c e r n i n g  

hardware a1 t e rna t i ves .  



RECOMMENDATIONS 

This report has described a modification t o  the c u r r e n t  low-beam 
headlighting system used in the U.S. today. A number of analyses have 
been presented. In most of these the proposed system has been shown t o  
be better than the present system. In some cases the proposed system 
may be poorer, b u t  the authors feel the frequency and e x t e n t  of t h e s e  
problems do not  outweigh the benefits in other s i t u a t i o n s .  F i n a l l y ,  
there are questions 1 ike performance in adverse weat her, which can only 
be answered by f ie ld  testing under the conditions of concern. 

The report began with a s t a t e m e n t  t h a t  low-beam h e a d l i g h t i n g  
systems were not adequate for  some dri v i n g  conditions. Headlamps are an 
important safety system, and means t o  t h i s  improvement should  be of 
considerable interest. The system described in t h i s  r e p o r t  seems t o  
represent an improvement. The authors s t rongly  recommend t h a t  t e s t  
lamps be fabricated and the Phase I 1  evaluations be carried o u t .  
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APPENDIX A :  REAR VIEW MIRROR DISABILITY GLARE STUDY 

Introduction 

As noted in the main s e c t i o n  of t h e  r e p o r t ,  a r ev i ew  of t h e  

l i t e r a t u r e  uncovered no e v a l u a t i o n s  of d i s a b i l i t y  g l a r e  e f f e c t s  

associated w i t h  rear  view mirrors, although there  have been two attempts 

t o  estimate the  illumination delivered t o  t h e  d r i v e r ' s  e y e s  v i a  t h e  

mirrors (Miller e t  al.  [1974], and Adler and Lunenfeld [19731.  Us i n g  

these two descript ive e f fo r t s  as a guide, t h i s  study sought t o  measure  

the di sabi 1 i ty e f fec t s  produced by combinations of g lare  illuminance and 

angle found in rear  view mirror si tuations.  

Independent Variables 

Glare Illuminance. Four levels ,  s e l e c t e d  t o  span  t h e  r a n g e  of 

g lare  illuminance t ha t  a dr iver  might encounter i n  almost any d r i v i n g  

si tuation.  These were as follows: 

75.3 L u x  (7.0 f t - c )  approximating h i ~ h  beams a t  100 fee t  

7.75 Lux (0.72 f t - c )  

0.82 Lux (0.076 f t - c )  

0.073 L u x  (0.0068 f t - c )  approximating low beams a t  1000 fee t  

These values were measured a t  the sub jec t ' s  eyes .  A b o u t  7 0 %  of t h e  

illuminance was provided by t he  " i n t e r i o r "  m i r r o r ,  on t h e  s u b j e c t s '  

r ight ,  the  remainder by the  "exter ior"  mirror on t h e i r  l e f t .  

Glare angle. Three levels ,  selected t o  span the  range of e y e - t o -  

mi r ro r  angles encountered i n most passenger cars. The angles s e l  e c t  ed 
were 35, 45, and 55 degrees. Both mirrors were s e t  a t  t h e  same ang l  e 
f o r  a given t e s t .  

Subject age. Two groups of subjects  were used. One consi  s t e d  of 
s ix  young persons (25 years of age o r  l e s s )  and t he  other of four o l d e r  

persons (65 years of age or more). They were drawn from a samp 1 e of 
subjects which had been screened i n  terms of h i g h  and low luminance, and 
h i g h  and low contrast  visual character is t ics .  A n  attempt was made i n  



t h i s  s tudy  t o  ba lance t h e  two groups i n  terms o f  t h e i r  1  ow l u m i n a n c e  

v i s u a l  c h a r a c t e r i s t i c s .  T a b l e  A-1 i s  a  l i s t i n g  o f  t h e  s u b j e c t s  a n d  

t h e i r  r e l e v a n t  c h a r a c t e r i s t i c s .  

Tab le  A-1 

Sub jec t  C h a r a c t e r i s t i c s  

.................................................................... 
I  I I VISUAL ACU ITY 

Sub jec t  I Age I Sex I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I  I I HL-HC 1 HL-LC I LL-HC I LL-LC 

2 Note: HL = High Luminance (161 c d l ?  ) 
LL = Low Lumi nance (0.2 cd lm ) 
HC = High C o n t r a s t  (22 .5 : l )  
LC = Low C o n t r a s t  ( 1 . 3 : l )  

Dependent V a r i  ab l  e  

The measure o f  i n t e r e s t  i n  t h i s  s tudy  was t h e  luminance o f  a  d i  s c  

t a r g e t  a t  t h resho ld .  The d i s c  subtended a n  ang le  o f  0.38 degrees ( 5  cm 

a t  762 cm) and was seen a g a i n s t  a  background h a v i n g  ze ro  luminance. The 
2 2  luminance of t h e  d i s c  c o u l d  be v a r i e d  f r o m  0.737 cd/m t o  0.005 cdlm i n  

15 steps. Tab le  A-2 l i s t s  t h e  d i s c  luminance values o b t a i n a b l e  w i t h  t h e  

equi  pment used. 

The d i  sc was exposed f o r  one second on each t r i a l .  Th res  h o l  d  was 

e s t a b l i s h e d ,  i n  t h e  c o n v e n t i o n a l  way,  a s  t h e  p o i n t  a t  w h i c h  t h e  

p r o b a b i l i t y  o f  a  c o r r e c t  response was 0.5. 



T a b l e  A-2 

Luminance Values  O b t a i n a b l e  on T a r g e t  D i s c  

................................................................... 
I LUMINANCE 

F i l t e r  I - - - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I cd/m I f t - L  

2 
----------------------+-----------------------+----------------------  

I I 
0 I 0.737 I 0.215 
1 I 0.572 I 0.167 
2 I 0 .343  I 0 .100 
3 I 0.240 I 0.070 
4 I 0.185 I 0 , 054  
5 I 0.137 I 0.040 
6 1 0.087 I 0.0255 
7 I 0 ,057  I 0.0167 
8 I 0 .034  I 0.0100 
9 I 0.026 I 0.0077 

1 0  I 0.022 I C). 0065 
11 I 0.015 I 0.0043 
12  I 0.008 I 0.0024 
1 3  I 0.006 I 0.0017 
1 4  I 0.005 I 0.0015 ................................................................... 

Equipment .  F i g u r e  A - 1  i s  a s c h e m a t i c  of t h e  l a b o r a t o r y  s e t  up .  

G l a r e  was p rov ided  by a 3 5 m m s l i d e  p r o j e c t o r  ( P 2 ) .  A p l a t e  w i t h  t w o  

sma l l  h o l e s  d r i l l e d  t h r o u g h  was f i t t e d  i m m e d i a t e l y  b e h i n d  t h e  s l i d e  

p l a n e  and p r o v i d e d  two beams, which were r e f l e c t e d  by a d j u s t a b l e  m i r r o r s  

PI3 and M4 toward  t h e  g l a r e  m i r r o r s ,  M5 a n d  M6. F15 w a s  a s t a n d a r d  

a u t o m o t i v e  e x t e r i o r  m i r r o r ,  of a b o u t  45% r e f l e c t i v i t y .  M6 was a s m a l l  

t r u c k  e x t e r i o r  mi r r o r ,  o f  abou t  90% r e f l e c t  i vi t y .  They were p o s i  t i  o n e d  

t o  t h e  r i g h t  and l e f t  of t h e  s u b j e c t  a s  shown i n  F i g u r e  A-2, a n d  c o u l d  

be a d j u s t e d  t o  p r o v i d e  t h e  r ange  of a n g l e s  d e s i r e d .  

T a r g e t  d i s c  luminance  was c o n t r o l l e d  by a n o t h e r  35mm p r o j e c t o r ,  PI. 

T h i s  p r o j e c t o r  was a l s o  f i t t e d  w i t h  an a p e r t u r e  p l a t e  j u s t  b e h i  nd t h e  

s l i d e  p l a n e  t o  p r o v i d e  a very nar row beam. The beam from t h i s  u n i t  w a s  

r e f l e c t e d  by a f i x e d  m i r r o r ,  M1 a n d  i n t o  t h e  s i d e  o f  a b o x  w h i c h  

f u n c t i o n e d  a s  a l i g h t  t r a p ,  where i t  was r e f l e c t e d  from a n o t h e r  m i r r o r ,  

M2. The p o r t i o n  of t h e  d i s c  d i s p l a y  which f a c e d  t h e  s u b j e c t  c o n s i s t e d  

of  an  opaque p l a t e  w i t h  a 5 cm d i a m e t e r  h o l e  c u t  i n  i t .  T h e  h o l  e w a s  
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Figure  A-1.  Schematic o f  l a b o r a t o r y  arrangement f o r  r e a r  view m i r r o r  
d i s a b i  1 i t y  g l a r e  s tudy .  



Figure A-2 .  Photograph showing the subject's head support and glare 
mirrors, w i t h  detection target in background. 



covered with white paper, which acted as a dispersion f i l t e r  when t h e  
beam from P1 impinged on i t .  

Flat black panels were used as baffles ( B )  in s t rategic  p l a c e s  t o  

control stray light. 

Procedure. The subjects were s e a t e d  a t  a t a b l e  a n d  t h e  c h a i r  

height adjusted t o  allow the i r  chins t o  be comfortably supported on t h e  
rest provided. The instructions were read t o  them a n d  any q u e s t i o n s  

answered. The l ights  were then turned off t o  s t a r t  the dark adaptation 
period. During t h i s  period (about ten minutes) a number of p r a c t i c e  
t r i a l s  were given, t o  f a m i l i a r i z e  t h e  s u b j e c t s  with t h e  gene ra l  
procedure and e n s u r e  t h a t  t h e  i n s t r u c t i o n s  had been comple te ly  

understood. A t  t h i s  point data t r i a l s  began and continued, with s h o r t  
breaks a t  the end of each combination, until a l l  combinations had been 

tested. The ent i re  session required about two hours t o  complete. 

Each t r i a l  consisted o f  a one-second presentat ion of t h e  t a r g e t  
disc. A n  alerting tone was used, sounding two seconds before the target 
projector opened. The subject was required t o  respond by press i n g  one 
of two buttons to  indicate whether the disc had been seen cr  not .  The 

subject \./as led t o  be1 ieve that the disc would n o t  be presented on some 
t r i a l s .  This was done t o  minimize the l ike l ihood  of f a l s e  p o s i t i v e  
responses. I n  fact ,  the target was presented on a l l  t r i a l s ,  only t h e  
luminance being varied. 

The "staircase" method was used t o  collect data ( e . g . ,  D i x o n  and 

Masey, 1969).  I n  th i s  procedure a response o f  "seen" r e s u l t s  i n  t h e  
luminance of the target disc being reduced one step on the next t r i a l ,  
and increased one step following a r e sponse  o f  "no t  seen.  " I t  i s  

customary t o  run two parallel sequences, switching from one t o  the other 

o n  a random basis. This prevents the subject from becoming aware of the 

strategy bei ng empl oyed. 

Figure A-3 i s  a copy of a score sheet used i n  the study. I t  i s  for  

one of the older subjects, a glare angle of 45O, and a glare i n t ens  i t y  

of 7.75 L u x  ( the "1" a f t e r  intensity refers t o  a f i l t e r  s l i d e  in  t h e  
glare projector). The two s ta ircase sequences are arranged side by side 
on the score sheet as two fifteen-column matrices. The rows r e f e r  t o  



f i l t e r s  in the  t a rge t  disc projector (as  described in Table A - 2 ) .  When 

a response i s  coded " X u  i t  corresponds t o  "seen. " The sequences on t h e  
l e f t  s tar ted  with two "seen" responses on f i l t e r s  6 and 7 ,  followed by a 

"not seen" on f i l t e r  8. The experimenter then stepped back t o  f i l t e r  7, 

and recorded another "not seen, " and so on. The sequence on t h e  r i  g h t  

s ide  of the page s tar ted  with three  "not seen" responses on f i l t e r s  10, 

9 ,  and 8, followed by a "seen" response on f i l t e r  7. As no t ed  above ,  

the experimenter moved from one sequence t o  the  other on a random basis. 

In the  case of the example shown, percent correct  r e s p o n s e s  were 

calculated and the  50% threshold was found t o  1 i e  between f i l t e r s  7 

(0.057 cd/m2) and 8 (0.034 cd/m2). By interpolat ion,  the  t h r e s h o l d  i s  
2 0.047 cd/m . This general procedure was used f o r  a1 1 s u b j e c t s  and 

conditions. The data presented in  the next section were a r r i  ved a t  by 

averagi ng across identical  conditions f o r  each g r o u p  of subjects. 

Results. In the  presentation t o  follow i t  i s  important t o  bear i n 
mind t h a t  the conditions of t h i s  study approximate a "worst case. " The 
dark adaptation level of the subjects  was appropriate f o r  a da rk  r u r a l  

environment. The addition of roadway 1 ighti  ng, f o r  example, which ~ o u l d  

cause the  eyes t o  adapt t o  a h i g h e r  l e v e l ,  would r educe  t h e  g l a r e  

e f fec t s  t o  be described. The duration of target  e x p o s u r e  i s  a n o t h e r  

f a c to r  affecting resul ts .  The forced-choice met hod used r e q u i  red  a 

f i  n i  t e  stimulus presentation. One second was selected as a "reasonable" 

value. Other durations would have produced somewhat d i f fe ren t  results .  

Figures A-4 and A-5 summarize the  resu l t s  f o r  the  younger a n d  older 

subjects  respectively. Each f igure  shows the mean ta rge t  d i sc  lumi nance 

a t  threshold f o r  each of the  f o u r  l e v e l s  of g l a r e  and t h r e e  g l a r e  

angles. Also shown, a s  a h o r i z o n t a l  b a r ,  i s  t h e  mean n o - g l a r e  

threshold. 

There a re  several points of in te res t  in these f igures :  

Except a t  the highest g lare  levels  t e s t e d ,  t h e  e f f e c t  of g l a r e  

angle i s  of l i t t l e  consequence. This i s  not what t h e  i n v e s t i g a t o r s  --. 

expected, based on available data. This issue w i l l  be explored again i n  

the  Discussion section. 
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Figure A-4. Changes in t a rge t  disc luminance required to  achieve threshold 
detection a s  a  function of glare in tensi ty .  Younger subjects.  
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Figure A-5. Changes in target disc luminance required to achieve threshold 
detection as a function of glare intensity. Older subjects. 



For both groups, b u t  especi a1 ly fo r  the younger subjects, g l a r e  u p 

t o  about 1 L u x  has a minor effect.  Above that  level d i sab i l i ty  e f f e c t s  

increase rapidly, especi a1 ly fo r  the 01 der subjects. 

The no-glare thresholds f o r  the two groups d i f f e r  s u b s t a n t  i  a1 l y  ; 
2 being 0.0106 cd/m fo r  the  younger subjects, and 0.0182 cd/m2 f o r  t h e  

older subjects. 

The effects  of glare are much more pronounced f o r  t h e  0 1  d e r  t h a n  
f o r  the younger subjects. This i s  shown i n  F i g u r e  A - 6 ,  which was 
prepared by dividing the  glare by t h e  n o - y l a r e  t h r e s h o l d  f o r  each 

condition. I t  will be noted that ,  a t  each level of s l a r e ,  t h e  o l d e r  
subjects had t o  increase the  target  disc luminance about t w i c e  a s  f a r  

above no-glare values as did the  younger subjects. 

Discussion. The primary conce rn  of t h i s  s t u d y  was t o  a s s e s s  

d i sab i l i ty  e f fec t s  associated with glare originating from the rear vi ew 
mirrors. I f  1 L u x  i s  accepted as a rnaximum desirable g l a r e  1 e v e l ,  i t  

should be noted tha t  t h i s  approximates glare produced by 1 ow beams a t  

about 300 fee t ,  a mid beam a t  500 f ee t  or  h i g h  beams a t  1000 feet  (based 

on data from Adler and Lunenfeld, 1973). I f  t h e  d r i v e r  has  a d u a l -  
r e f l ec t iv i ty  i n t e r i o r  mirror available,  overall glare can be reduced by 

about 67% (ex te r io r  mirror supplies about 39% of glare and rema i ns t h e  

same, i n t e r i o r  mirror supplies about 70% of glare and can be reduced by 
about 95%). This i s  not suff ic ient  t o  bring even low-beam glare down t o  

1 L u x  under a1 1 conditions. However, i f  the outside ~i r ror  were s e t  so  
tha t  i t  did n o t  r e f l ec t  d i rec t ly  in to  the d r i v e r ' s  eyes  under  normal 

conditions, glare could be reduced by about 97% through use  of a dua l  

r e f l ec t iv i ty  in te r io r  mirror. This would r educe  high beam  lar re t o  

about 2 Lux, and ~ a k e  increases in low-beam intensity practical.  

Drivers will change positions o n  a dual r e f l e c t i v i t y  m i r r o r  o r  

outside mirror i n  response t o  sensations of d i scomfor t ,  which d o  not  

necessarily r e l a t e  t o  d i sab i l i ty .  Adler and Lunenfeld' s d a t a  s u g g e s t  

that  conventional low beams can produce about 9 L u x  a t  50 f e e t .  The 
authors'  impression (unsubstantiated by d a t a )  i s t h a t  d r i  ve r s  woul d 

rarely find t h i s  so u n c o m f o r t a b l e  t h a t  t hey  would change m i r r o r  

positions. Yet, even in the case of a younger driver,  there would be a 
significant  loss i n  visual capability. I n  l ight  of th i s ,  regardless of 





what photometric changes nay come about i n  fu ture  headlamps, t h e r e  may 

be merit in exploring ways i n  which t h i s  s o u r c e  of d i s a b i l i t y  g l a r e  

coul d be be t t e r  control led. 

One reason why drivers may make less  use of a dua l  r e f l e c t i v i t y  
i n t e r i o r  mirror than would be desirable may l i e  i n  t h e  f a c t  t h a t  t h e  

approximate 4 f i e f l e c t i v i t y  obtained from the low se t t ing  i s  inadequate 

f o r  seeing anything b u t  headlamps a t  night. Thus the dr iver  ~ u s t  e i the r  

su f fe r  a loss of information from the mi r r o r  o r  change t h e  s e t t i n g  

depending on glare conditions. If i t  were possible t o  provide a h i ~ h e r  

level of r e f l e c t i v i t y  in the low position, the  mirror might be used inore 

ef fect ively  as a g lare  protection device. 

A n  examination of the cal ibra t ion curve accompanying the  Fry g l  a r e  

lens f o r  I-ISRI's Pritchard photometer led the  i n v e s t i g a t o r s  t o  e x p e c t  

greater  differences as a function of glare angle than were observed. To 

verify the theoretical  curve, the  lens was used t o  make a s e r i e s  of 

measurements of v e i l i n g  b r i g h t n e s s  ( B Y )  p roduced by t h e  v a r i o u s  
combinations of illuminance a n d  mirror angle. The r e s u l t s  of t h e s e  

measurements are  reproduced in  Table A-3, along w i t h  r e la t ive  E v  va lues  

read from the  theoretical  curve. I t  wil l  be noted t ha t  the measured and 

theoretical  values compare f a i r l y  we1 1. The theoretical  curve predicts 
an approximate doubling of B y  f o r  each 10' reduction i n  g lare  a n g l e  i n  

t h i s  range. Measurements taken with the lens indicate tha t  E v  increases 
by l e s s  than two from 55 t o  45 degrees and more than two from 45 t o  35 

degrees. 

I t  will  also be noted t ha t  the measured B v  values change d i r e c t l y  

wi t h gl a re  i 11 umi nance. 

Neither the  ef fect  associated w i t h  glare angle or  i 1 luminance  a s  

measured with the Fry lens attachment compares well with the  r e su l t s  of 
t h i s  study as described in  Figures A-4 and A-5. I t  a p p e a r s  t h a t  t h e  

equivalent veiling luminance ( B v )  i s  no t  i n  o n e - t o - o n e  r e l a t i o n  t o  

target-threshold luminance as measured i n  t h i s  study. Thus,  t h e  Fry-  
lens data cannot be applied d i rec t ly  t o  t h e  p r e s e ~ t  s i t u a t i o n  i n  a  

straightforward fashion. 



Table A - 3  

Results of Measurements of Di sabil i ty  Veil i ng 
Glare Using Fry Glare Lens 

....................................................................... 
I ILLUMINANCE I B 2 I RELATIVE 

ANGLE I ( L U X )  I ( F ~ ~ L ' L )  I (cd~m 1 I B * v -----------+-----------------+--------------+-------------+-------------- 
I I I I 

35 1 75.3 1 .259 1 -887 I . I70 
I 7.75 1 .027 1 .093 I 
I 0.82 1 .00?9 1 .0099 I 
I 0.073 1 .00023 1 .00079 1 
I I I I 

45 1 75.3 1 .I22 1 ,418 I ,084 
I 7.75 1 .0125 1 .0428 I 
I 0.82 1 .00134 1 .00459 1 
I 0.073 1 .00012 1 . COO41 I 
I I I I 

55 1 75.3 1 .083 1 .284 I ,041 
I 7.75 1 .0083 1 .0284 I 
I 0.82 1 ,00092 1 ,00315 1 
I 0.073 1 .00085 1 .00029 1 ....................................................................... 

*Taken from theoretical  curve in Pri tchard Manual. 

The differences between the  subject groups was not  unexpected. The 

greater  e f fec t  of g lare  on older eyes i s  well k n o w n  (e .  s., Wol f ,  1 9 0 0 ;  

Wolf and  Gardiner, 1965). The o l d e r  s u b j e c t s  i n  t h i s  s t u d y  were 

selected t o  match, as well as possible, the  younger subjects. They a r e  

not  necessarily representat ive of older persons in general. As a matter 

of fac t ,  they probably have unusually good vision, r e l a t i v e  t o  t h e i r  

peers. Despite t h i s ,  they r equ i r ed ,  o n  a v e r a g e ,  a l m o s t  t w i c e  t h e  

luminance on the  t a rge t  d isc  t o  detect i t  under n o  g l a r e  c o n d i t i o n s .  

When presented with glare  the  older subjects  had t o  increase the  t a r g e t  

disc luminance a b o u t  twice as f a r  above n o - g l a r e  v a l u e s  a s  d i d  t h e  

younger subjects. Placed in the  context of operati ng a car ,  these  d a t a  

t r an s l a t e  into substantial  differences in visi bil i t y  distance. 

In sum, these data provide a baseline f o r  e v a l u a t i n g  d i s a b i l i t y  

glare e f fec t s  associated with glare  originating in the rear  view mirrors 

of automobiles. They prov ide  gu ide1  i nes  f o r  p o s s i b l e  changes  i n  

headlamp p h o t  ometrics. 
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APPENDIX B :  R E A R  VIEW MIRROR DISCOMFORT G L A R E  STUDY 

Introduction 

Discomfort glare has been a sub j ec t  of c o n s i d e r a b l e  r e s e a r c h .  

Relatively l i t t l e  of t h i s  e f f o r t  has been concerned  w i t h  g l a r e  

originating from the  rear  view mi r r o r s ,  however. The s t u d y  t o  be 

described was designed t o  compl iment the disabi 1 i ty glare study reported 

in Appendix A. I t  sought t o  r e la te  sensat ions  of d i s c o m f o r t  t o  t h e  

measures of disabil  i t y  obtained in the  e a r l i e r  study. 

Independent Variabl es 

Glare Illuminance. Five levels, corresponding t o  the three h i g h e r  

levels  u t i l ized in  the  d i sab i l i ty  study, and including two intermedi a t e  

levels. These were as follows: 

0-73 L u x  (0.07 f t - c )  
2.37 Lux (0.2 f t - c )  
8-61 L u x  (0.8 f t - c )  

34.4 L u x  (3-2 f t - c )  
70.0 Lux (6.5 f t - c )  

These values were measures a t  the sub jec t ' s  eye  p o i n t ,  a n d  i n c l u d e d  

attenuation associated wi th  t h e  r e a r  a n d  s i d e  windows and m i r r o r  

ref 1 ect i  vi ty 1 eve? s. 

Glare Duration. Two levels ,  ten seconds and three  minutes. 

Dependent Variables 

Ratings of discomfort glare were taken using the scale o r i  gi  nal  l y  

suggested by DeBoer (1956). This i s  a 9-point scale as described below: 

1 unbearable 
2 
3 disturbing 
4 
5 just  admissible 
6 
7 sa t i s factory  
8 
9 just  noticeable 

I n  addition, on each rating s i tuat ion,  the subject  was i n s t r u c t e d  t o  

indicate whether he/she would have switched the  i n t e r i o r  mirror  t o  t h e  

less-ref1 ect i ve se t t ing,  i f  that  option were avail able. 



Subjects. Four subjects  part icipated i n  t h e  s t u d y .  They were 

drawn from the  group of s ix  young p e r s o n s  who p a r t i c i p a t e d  i n  t h e  
laboratory d i s ab i l i t y  glare study. 

Equipment. Two cars were used. The f ront  car ,  which was driven by 

the  subject,  was an ordinary, f u l l - s i z e  Plymouth s edan  ( F i  g u r e  B - 1 ) .  

The ca r  has a dua l  r e f l e c t i v i t y  i n t e r i o r  m i r r o r  ( o n l y  t h e  more 
re f lec t ive  se t t ing  was u sed )  and a s i n g l e  e x t e r i o r  m i r r o r  on t h e  
dri  ve r ' s  side. 

The g la re  was provided by HSRI's headlighting r e s e a r c h  v e h i c l e .  
This c a r  i s  equipped with a p la te  which permits a number of lamps t o  be 
mounted across the f ron t  (Figure 8-2). I t  i s  also equipped with systems 
which permit each lamp filament t o  be niaintai ned a t  p r e c i s e  v o l t a g e  
set t ings.  

Glare illuminance measurements were c a r r i e d  o u t  u s i n g  HSRI 's  
Pritchard photometer. The di f fus ins  t a rge t  disc was posit ioned a t  t h e  

eye point of the subject and measures carr ied  out with t h e  pho tome te r  
positioned outside the  car ,  aiming through the open s i d e  window a t  an 
angle of about 45'. A correction f o r  the  transmi s s i  vi t y  of  t h e  s i d e  

window was made a f t e r  the fact .  Various combinations of lamps, beams, 

and voltage s e t t i ngs  were r e q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  g l a r e  
illuminance levels. 

Procedure. Subjects reported t o  the  I n s t i t u t e  and were s e a t e d  i  n 

the front  car. The ins t ruct ions  were read t o  them and any q u e s t i o n s  
answered. Both i n t e r i o r  and ex te r io r  ini r r o r s  were a d j u s t e d  s o  t h e  
illumination from the  glare  c a r ' s  head1 amps was r e f 1  e c t e d  i n t o  t h e  
sub jec t ' s  eyes i n  normal driving position. 

Data were collected on dark, two-lane country roads near Ann  Arbor. 
The subject drove the  lead ca r  a t  constant speeds a p p r o p r i a t e  f o r  t h e  
road being used. The glare ca r  was d r i v e n  by an e x p e r i m e n t e r  and 
followed a t  a  distance of 30 meters. ( A  width gage was p l  aced  on t h e  
window of the car  so t ha t ,  a t  the  appropriate distance, the  t a i l  l i g h t s  

of the subject vehicle were bracketed by the  vert ical  p o r t  i ons of t h e  

gage. ) Another experimenter in  the  rear  seat  control led the  1 amps and 
collected the  data. 



Figure B-1 .  Front (subject)  vehicle in discomfort glare study. 



Figure 8-2. Vehicle which provided glare in discomfort glare study. 



At the s t a r t  of each t r i a l  sequence a glare level was p r e s e n t e d .  

After an appropriate i n t e r v a l  ( t e n  s econds  o r  t h r e e  mi n u t e s )  t h e  

experimenter asked f o r  a rat ing,  using two-way r a d i o s  w i t h  which t h e  

vehicles a r e  equipped. The subject responded with a numerica 1 r a t  i ng, 

and an indication whether he/she would have l i k e d  t o  change  m i r r o r  

position. The experimenter then switched t o  a n e u t r a l ,  u n r a t e d  beam 
(normal US low beam) f o r  a period of 30 seconds before in t roduci  n g  t h e  

next g lare  beam. The subjects were given f i ve  replicat ions of each of 

the  beams f o r  the  ten  second exposure, th ree  rep1 icat ions each f o r  t h e  

three  mi nute exposure. A 1  1 short  exposures were g i  ven f i r s t ,  f 01 1 owed 

by the  long exposures, o r  vice v e r s a ,  a l t e r n a t i n g  f rom s u b j e c t  t o  

subject. GI a re  1 eve1 s were randomi zed. 

Results and Discussion. The in tent  was t o  run a l l  s ix  of the young 

subjects  who had part icipated in the  laboratory study. However, two of 
these persons were not  available a t  the time the data were c o l l e c t e d .  

In the  view of the experimenters, the data showed so l i t t l e  i n t e r -  and 

intra-subject  variance, t ha t  additional data col lec t ion e f f o r t  was no t  

warranted. 

Table B-1 i s  a summary of the resu l t s  of t h i s  study. I t  shows t h e  

mean numerical rat ing,  standard deviation, a n d  p e r c e n t  of t i m e s  t h e  

subjects  indicated they would have liked t o  change the m i r r o r  s e t t i n g  

f o r  each t e s t  condition. 

The data indicate tha t  exposure duration i s  a s ign i f i can t  f a c t o r ,  

t h e  same g l a r e  l e v e l s  b e i n g  r a t e d  a b o u t  one s c a l e  u n i t  m o r e  

uncomfortable when exposure duration was three mi nutes as compared w i t h 

ten seconds. 

Figure B-3 shows the  relat ionship between the  ra t ings  and the  glare 

levels. Plotted t h i s  way, the  data f i t  a s t r a i g h t  1 i ne r e l a t i o n s h i p  

f a i r l y  we1 1. 

If glare which produces a rat ing l e s s  than 5 i s  judged undesirable, 

Figure E-3 suggests tha t  t h i s  would occur a t  a level of 6 Lux f o r  s h o r t  

durations, and as l i t t l e  as 3 L u x  f o r  long durations. Based on the data 

reported by Adler and Lunenfeld (1973) ,  these l eve l  s a p p r o x i m a t e  t h e  



Table B-1 

Results of Rear Vi en :4i r ro r  Discomfort Glare Survey 

............................................................... 
I EXPOSURE DURATICN 

I 10 SECONDS I 3 MINUTES 
GLARE LEVEL j ........................ / ........................ 

( L U X )  I I I MIRROR I I I MIRROR 
I MEAN I STD I CHG I MEAN 1 STD I CHG 
I RATING 1 D E V .  I % I RATING I D E V .  I % 

glare provided by a mid and a low beam r e s p e c t i  vely  a t  a f o l l  owing 

distance of 30 meters. 

These data suggest tha t  fu r the r  increases in headlamp output can be 

achieved only a t  the expense of significant  i n c r e a s e s  i n  d i  s comfo r t  
glare f o r  preceding drivers. However, a s  was no ted  i n  t h e  r e p o r t  

dealing with d i s ab i l i t y  glare, the  dr iver  has some c o n t r o l  o v e r  r e a r  

view mirror glare. For example, switching t o  the  lower s e t t i  n g  o n  t h e  

i n t e r i o r  rear  view mirror will reduce glare by abou t  65%. Based on 

Figure B-3, a reduction of 65% will improve the comfort rating by a b i t  

more than one scale  u n i t .  If the outside rear  view mirror i s  a d j u s t e d  

so t ha t  i t  does not re f l ec t  d i rec t ly  in to  the  eyes i n  normal d r i v i n g  

position, changing t o  the  lower se t t ing  of t h e  i n t e r i o r  m i r r o r  wi l  1 

reduce glare  by about 95%. Based on Figure 8-3 ,  t h i s  cvoul d improve 

glare comfort by more than t h r ee  s c a l e  u n i t s ,  b r i  n g i n g  a lmos t  any 
s i tuat ion within the  comfort range. 



RATINGS 

Figure B-3. Mean comfort ratings for glare originating from 
rear v iew  mirrors. Four young s u b j e c t s ,  two 
glare durations (10 seconds and 3 minutes). 
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APPENDIX C :  R E A R  VIEW MIRROR DISABILITY G L A R E  - FIELD STUDY 

Introduction 

The study described in  Appendix A measured the effect  of glare from 

the rear  view mirrors on the ab i l i t y  t o  detect low-contrast t a r g e t s  i n  

the  forward f ie ld .  The resu l t s  indicate that  the  e f fec t s  of such g l a r e  
are  s ignif icant  when levels  exceed about 1 Lux. Since t h i s  s t u d y  was 

carried out under laboratory conditions, i t  was t h o u g h t  d e s i  r a b l  e  t o  
verify the findings i n  a  f i e l d  investigation. 

Independent Vari able 

Gl are i  1 lumi nance, four 1 eve1 s, correspondi ng . to  the  t h r e e  h i  g h e  r  
levels  used in  the  laboratory study, and including a no-glare c o n t r o l .  

Specifical ly,  the  levels  were as follows: 

0.7 Lux (0.07 f t - c )  

8.6 Lux (0.8 f t - c )  

70.0 L u x  (6.5 f t - c )  

No Glare 

These values were measured a t  the sub jec t ' s  eye  p o i n t ,  and i n c l u d e d  

attenuation associated wi th  t h e  r e a r  and s i d e  windows and m i r r o r  

re f l ec t iv i ty  levels. 

Dependent Vari able 

The measure of in te res t  in  t h i s  study was the distance a t  which 
the subject could detect the orientat ion of a headlighting t e s t  target .  

Subjects. Three subjects part icipated in  t h i s  s tudy.  They were 
drawn from the  group of six young persons who part icipated in the  f i r s t  

laboratory study. 

Equipment. The same basic equipment was used in  t h i s  s t udy  a s  i n  

the  subjective glare  study (Appendix B ) ,  except tha t  the  lead v e h i c l e ,  
i n  which the  subject was located,  was r e p l a c e d  by a n o t h e r ,  hav ing  

di stance ineasuri ng and recordi ng capabi 1 i t  i  es. 

A picture of one of the v i s i b i l i t y  t a rge t s  i s  provided i n  F i g u r e  
C-1. This target  was developed a t  HSRI several years ago, and has been 



used in a number of lighting studies (e. g., Mortimer and Olson, 1974) .  

The background i s  f l a t  black ( r e f l e c t i v i t y =  3%). The t a r g e t  p rope r  
consists of two elements, a bar and square. The square portion can be 
moved t o  the right or l e f t  end of the bar. The s u b j e c t ' s  t a s k  i s  t o  
determine whether the square i s  oriented right or lef t .  For t hi s t e s t  
the ref lect ivi ty  of the bar and square was 12%. 

Procedure. The t e s t  was set  u p  on a p r i  v a t e  a c c e s s  road t o  an 
airport. The road i s  h igh-qua l i ty  a s p h a l t ,  760 meters  long. I t  
consists of two lanes, each about  3 me te r s  wide, a n d  i s  f1  a t  and 
straight. The area i n  which i t  i s  located i s  quite dark. There a re  n o  
sources of a r t i f i c i a l  illumination on or near the road in t h e  s e c t i o n  
where data were taken. 

S i x  targets  were used. These were set  u p  in p a i r s ,  one on each 
side of the road, facing i n  o p p o s i t e  d i r e c t i o n s .  The p a i r s  were 
separated longitudinally by about 90 meters. Each pair was attended by 

a person who changed the orientation of the ta rge t  f a c e s ,  based o n  a 
table of random numbers. 

The subjects were r u n  indi vidually. Each was seated in the car and  

the instructions were read. Both  rear view mi rrors were adjusted t o  be 
sure that the i  1 luminance from the headlamps of the fol 1 cwi n g  c a r  was 

ref1 ected into the subject 's  eyes i n  hislher normal driving position. 

The subjects drove the car a t  about j0 kmlhr down the center of the 
t e s t  road. The glare car followed a t  a d i s t a n c e  of 30 meters .  One 
round t r i p  was made for  practice a t  the s t a r t  of the tes t .  The sub jec t  

then made two round t r i p s  through the course under each glare condition. 
This provided twel ve measures of vis ibi l i ty  distance f o r  each s u b j e c t  

and glare condition, a total  of 36 measures of each condi t i  o n  f o r  t h e  

ent i re  study. 

Each subject required about 45 minutes t o  complete t h e  r e q u i r e d  
sequence. The order of treatments was varied systematically t o  cont ro l  
for  time-re1 ated effects. 

Two problems were encountered in d a t a  c o l l e c t  ion which proved 
somewhat d i f f icu l t  t o  control and probably contributed s ignif icant ly t o  

the error vari ance. 



Figure C-1. Front and side views of headlighting visibility target. 



The f i r s t  problem arose from the  f ac t  t ha t  the l a te ra l  posit ion of 
the two vehicles was very important. If  t h e  g l a r e  c a r  was s l  i g h t l y  

r ight  of the subject car ,  the  former's glare lamps could s i g n i f i c a n t l y  

add t o  the  t a rge t  illumination, pa r t i a l l y  offse t t ing the g l a r e  e f f e c t .  

This was d i f f i c u l t  t o  control because l a t e r a l  d i s p l a c e m e n t  c o u l d  be 

caused by the  subject and/or the  d r ive r  of the glare car. F u r t h e r ,  i t  

was d i f f i cu l t  f o r  the  glare  ca r  dr iver  t o  determine when his r igh t - s  i de 

lamps were illuminating the  target .  

The second problem was tha t  the  subjects  sometimes moved t h e i r  eyes 
out of the glare zone, despite an admonition in the  instructions.  They 

tended t o  s i t  u p  s t r a igh t  while adjusting the  m i r r o r s  and t h e n  slump 

while driving, dropping t h e i r  eyes out of the g l a r e  zone. Sometimes 

while trying t o  see a target ,  they leaned forward, also mo vi ng o u t  of 

the glare  zone. I t  was necessary f o r  the experimenter t o  moni tor  t h i s  

act ion constantly. 

Results.  Based on the resu l t s  of the l a b o r a t o r y  s t u d y ,  i t  was 

expected t ha t  the two lower glare  levels  would p roduce  a re1  a t  i ve ly  
minor d i sab i l i ty  e f fec t ,  while the  highest level would p roduce  a much 

greater  effect.  

The r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  C - 2 .  The mean n o - g l a r e  
v i s i b i l i t y  ctistance was 7 2  meters. This decreased t o  68 meters, a d rop  

of about 5%, f o r  the two lower glare  levels ,  and t o  61 meters, a drop of 

about 13,  f o r  the highest glare level.  

The resul ts  of the validation e f fo r t  s u b s t a n t i a l  l y  c o n f i r m  t h e  
laboratory study described in Appendix A, in t ha t  s i g n i f i c a n t ,  though 

s l igh t ,  reductions i n  v i s ib i l i t y  distance a r e  a s s o c i a t e d  w i t h  g l a r e  
levels as low as 1 L u x .  

The 1 aboratory study found t ha t  the  task disc luminance had t o  be 

increased by a fac to r  of about f i ve  over the no-glare level i n  order t o  

reach threshold a t  a glare level of 70 Lux. Very roughly, t h i s  imp1 i e s  

a reduction i n  seeing d i s t a n c e  of abou t  50%. The l o s s  of s e e i n g  

distance measured in  t h i s  f i e l d  study was considerably 1 e s s  t h a n  50%.  

However, the problems noted e a r l i e r  may accoun t  f o r  t h i s  a p p a r e n t  
di screpancy. 
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APPENDIX D : TRANS1 EYT GLARE STUDY 

Int roduct i  on 

The study described in  Appendix A was designed t o  invest igate  r e a r  

view mirror d i s ab i l i t y  glare e f fec t s  under s t e a d y  s t a t e  c o n d i t i o n s .  

That i s ,  glare levels  and t he  angular relat ionship between the  sub jec t ' s  

direct ion of gaze and the  glare  source remained constant. rrlhile t h e s e  

data a re  useful, they a re  not f u l l y  representative of t h e  r e a l  wor ld .  

Important other s i tua t ions  occur when a g lare  source e n t e r s  t h e  f i  e l  d 

(e.g.,  a c a r  turns in behind from a s ide  road), o r  the  d r ive r  chooses t o  

look in to  the  mirror, d i rec t ly  a t  the source. Such s i t u a t i o n s  s h o u l d  

produce a temporary elevation of the threshold levels  measured i n  t h e  

steady s t a t e  condition. The study t o  be d e s c r i b e d  was d e s i g n e d  t o  

measure these effects .  

Independent Variables 

Glare Illuminance. The two highest levels  of  g 1 a r e  i 11 umi nance 
used i n  the  d i s ab i l i t y  g lare  study were used in  t h i s  study. These were: 

75.3 Lux (7.0 f t - c )  

7.75 L u x  (0.72 f t - c )  

These values were measured a t  the sub jec t ' s  eyes .  The mi r r o r s  were 

fixed a t  45'. 

Subject Age. Six subjects  part icipated i n  the study. All had been 

involved in  the  f i r s t  laboratory g l a r e  s t u d y .  T h r e e  were from t h e  
younger, three  from the  older group. Their visual characteri s t  i  c s  a r e  

described i n  Table D-1. 

The measure of in te res t  in t h i s  study was the  luminance of a d i s c  
t a rge t  a t  threshold. The target  d isc  was the same as that  used i n  t h e  

f i r s t  study (0.38 degrees in diameter, seen against a Slack background). 

In t h i s  case, however, t he  subject was provided w i t h  a c o n t r o l  which 

a1 lowed continuous adjustment of the d i  sc lumi nance. 

Equipment.  F i g u r e  D-1 i s  a s c h e m a t i c  of t h e  l a b o r a t o r y  

arrangement. I t  used t he  same equipvent as the f i r s t  d i s a b i l i t y  g l a r e  

study. That i s ,  g lare  was provided t o  mirrors Y5  and !I6 via mirrors W 3  



Table  D-1 

Sub jec t  C h a r a c t e r i s t i c s  

.................................................................... 
I I I VISUAL ACUITY 

Sub jec t  I Age I Sex I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I I I HL-HC I HL-LC I LL-HC I LL-LC 

2  >iote:  HL - High Luminance (161 c d l ?  ) 
LL = Low Luminance (0.2 cd lm ) 
HC = H igh C o n t r a s t  (22 .5 : l )  
LC = Low C o n t r a s t  ( 1 . 3 : l )  

and M4 f rom p r o j e c t o r  P2. The d i s c  d i s p l a y  was i l l u m i n a t e d  by p r o j e c t o r  

PI, v i a  m i r r o r s  N1 and PI2. A d d i t i o n a l  e q u i p m e n t  n e c e s s a r y  f o r  t h i s  

i n c l u d e d  M7, a p a r t i a l l y  s i l v e r e d  m i r r o r ,  which was i n s e r t e d  i n  t h e  p a t h  

between t h e  s u b j e c t  and t h e  d i s c  d i s p l a y .  T h e  s u b j e c t  v i e w e d  t h e  

d i s p l a y  t h r o u g h  t h e  m i r r o r .  The P r i t c h a r d  photometer a1  s o  v i  ewed t h e  

d i s p l a y  i n  M,, t h e  luminance be ing  read  o u t  on t h e  c h a r t  recorder .  

A  lamp i n s t a l l e d  beh ind t h e  d i s c  d i s p l a y  i l l u m i n a t e d  t h e  back w a l l  

o f  t h e  l a b  t o  about  0.035 cdlm; a p p r o p r i a t e  f o r  a m e s o p i c  l e v e l  o f  

adapta t ion .  

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

h e i g h t  a d j u s t e d  t o  a1 low t h e i r  c h i n s  t o  be c o m f o r t a b l y  suppor ted on t h e  

r e s t  provided.  The i n s t r u c t i o n s  were read  t o  them, and a n y  q u e s t i o n s  

answered. The s u b j e c t s  were t o l d  t h a t  t h e  a p p r o p r i a t e  s t r a t e g y  was t o  

d im t h e  d i s c  u n t i l  i t  j u s t  disappeared, t h e n  i n c r e a s e  i t s  1  u m i  n a n c e  

u n t i l  i t  was j u s t  v i s i b l e  again. T h i s  was t o  be repeated c o n t i  n u o u s l y  

whenever d a t a  were b e i n g  c o l l e c t e d .  A t  t h i s  p o i n t  t h e  l a b o r a t o r y  1  i g h t s  

were e x t i n g u i s h e d  t o  s t a r t  t h e  dark  a d a p t a t i o n  p e r i o d .  D u r i n g  t h i s  
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0 PHOTOMETER 

Figure D-1. Schematic of  laboratory arrangement. 



period (about ten minutes) the  subject was permitted t o  p r a c t i c e  t h e  

technique jus t  described. 

Depending on the  subject,  some coaching was required s o  t h a t  t h e  

magnitude and frequency of the hish-to-low excursions were as consistent 

as possible. 

Different procedures were required f o r  the  two s u b - s t u d i e s  which 

were carried out. For the case in which t h e  g l a r e  s o u r c e  sudden ly  
appeared (which will be referred t o  as "Onset") the  subject was a l l  owed 

t o  dark adapt t o  the level of the laboratory i l l u n i n a t i o n *  The t a s k  
disc was se t  t o  a level suff ic ient ly  high t o  be sure t h a t  i t  c o u l d  be 

seen when the  glare l igh t  came on. The glare source was then s w i t c h e d  
on and the subject tracked i t  in the  manner described e a r l i e r  u n t i l  i t  

appeared t o  the  experimenter t ha t  a s table  level of adaptation had been 
reached. This typically took about two minutes. The glare s o u r c e  was 

then extinguished and the subject allowed t o  dark a d a p t  aga in .  T h i s  

process was repeated four times fo r  each of the two gl  a r e  1 eve1 s ,  i f  
there was any indication of an  effect .  There was a measurable  e f f e c t  
f o r  the  lower level glare on the  older subjects only. 

For the  sub-study in which t h e  s u b j e c t  was r e q u i r e d  t o  look 

di rect ly  a t  the glare source (which will be referred t o  a s  " L o o k " ) ,  a 

d i f ferent  approach was used* The subject s tar ted  with the glare s o u r c e  
on. Mhen s table  performance had been reached, the  experimenter to ld  the 

subject "look," then, one second la te r ,  "look away." The s u b j e c t  t h e n  

made whatever adjustments he/she f e l t  were necess a ry t o  ma i n t  a i n t h e  
disc a t  a visible level. The subject also indicated when a f t e r i m a g e s  
disappeared. This process was repeated four times f o r  each glare level. 

Results - Onset. Figure 2-2  i s  a t y p i c a l  t r i a l  f o r  one of t h e  

subjects under the onset condition* The arrow indicates  t h e  poi n t  i n 
time a t  which the glare source was turned on. In t h i s  p a r t i c u l a r  c a s e  
performance appears t o  s t ab i l i z e  a f t e r  about 45 seconds a t  a level a t  or  

jus t  below the  fourth major division from the bottom. The s t a b i l i z e d  
2 level corresponds t o  a task disc luminance of approximately 0.045 cd/m . 

In reducing these data the experimenter determined the  approxi mate 

level of s table  performance, and t h e n  drew a v i s u a l  b e s t  f i t  1 i ne 



through the d a t a  t o  the  glare  s t a r t  point. Readings were then taken a t  

f i  ve-second intervals .  The data were averaged f o r  each subject ( a c r o s  s 

the  four  t r i a l s )  and then across subjects  f o r  each age group t o  produce 

the f igures which follow. 

Figure D-3 summarizes t he  resu l t s  f o r  the  case of the highest g lare  

level (75.3 L u x ) .  The short horizontal l ines  t o  the  r ight  of each curve 

represent the  mean s t a b i l i t y  l e v e l  f o r  t h e s e  s u b j e c t s .  I t  would 

correspond t o  the  maximum glare--45° glare  angle--in t h e  s t e a d y  s t a t e  

study. The f igure  shows a much more pronounced e f f e c t  ( i n  a b s o l u t e  
un i t s )  on the  older subjects, which pers i s t s  f o r  about 50% l o n g e r  t h a n  

ttie younger  s u b j e c t s .  However, i n  r e l a t i v e  t e r m s ,  t h e  sudden 
presentation of t h i s  g lare  level resulted in a temporsry e l e v a t i o n  of 

the threshold t o  about dcuble i t s  eventual level f o r  both age groups. 

Another way of looking a t  these resu l t s  i s  provided in  Figure D-4. 

This shows the performance of each age group related t o  t h e i r  no g l a r e  

threshold. What i t  s u g ~ e s t s  i s  tha t  a person who i s  adapted t o  a d a r k ,  

rural environment and i s  suddenly confronted with abou t  75 L u x  g l a r e  

frorn the  mirrors, will su f fe r  an increase i n  t h r e s h o l d  of abou t  8 . 5  

times i f  he/she i s  young or about 11.5 times i f  old. Assuming the  glare  

remains steady, the  d r i v e r ' s  eyes will adapt over a period of abou t  45 

sec f o r  the  young and 70 sec f o r  the  old, f i n a l l y  l e v e l i n g  o f f  a t  a 
value about 4.5 o r  6 times greater  t h a n  t h e  n o - g l a r e  c o n d i t i o n  f o r  

younger or older persons respectively. 

Only the older drivers showed a measurable adaptation effect  t o  the  
7.75 L u x  glare level.  This i s  shown i n  Figure D-5. As i n  t h e  c a s e  of 

the  higher g lare  level ,  the  ef fect  of t h e  o n s e t  was t o  e l e v a t e  t h e  

threshold t o  about twice i t s  eventual s teady-state value. A d a p t a t i o n  

was accomplished in  about 45, as corrlpared w i t h  7 0  s econds  w i t h  t h e  
higher g lare  level.  

Results - Look. Ficjure D-6  i s  a t y p i c a l  t r i  a1 f o r  one of t h e  

subjects  under the  Look condition. The "look" command was gi ven a t  t h e  

p o i n t  marked by arrow 1. The subject reported after-images gone a t  t h e  

point marked by arrow 2 ,  75 seconds l a te r .  



Figure 0-2. Typical t r i a l  of onset data from young subject. T ime  
increases t o  r ight ,  one second/division. Glare switched 
on a t  arrow. 
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Figure  D-3. Luminance r e q u i r e d  on t a r g e t  d i s c  t o  p rov ide  t h r e s h o l d  v i s i b i l i t y  a s  a  f u n c t i o n  
of time a f t e r  o n s e t  o f  g l a r e .  
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Figure D-4. Number o f  times t a r g e t  d i s c  luminance must be increased over no-glare condi t ions 
t o  ma in ta in  threshold  v i s i b i l i t y .  





Figure  D-6. Typ ica l  t r i a l  o f  l ook  data f rom young sub jec t .  Time 
increases t o  r i g h t  , one secondld i  v i s i o n .  "LookH command 
g iven  a t  arrow 1. Subject  repor ted  a f t e r  images gone 
by arrow 2. 



I n  the case i l lustrated in Figure D-6, there i s  some evidence of a 
temporary s l ight  elevation of the threshold fo r  a period of 1 5  seconds 
following the exposure. In most other cases the response consisted of a 
marked increase i n  the magnitude of the excursions. As a result, i t  i s  

not possible t o  provide plots of threshold change. Subjective r e p o r t s  
from the p a r t i c i p a n t s  i n d i c a t e d  t h a t  t h e  a f t e r i m a g e s  sometimes 
interfered with the detection of the disc, b u t  they did n o t  f e e l  t hey  
were sufferi ng other vision 1 oss. 

Discussion. The results of this  s tudy make i t  c l e a r  t h a t  t h e  
sudden appearance of headlamps behind one's own car can produce a marked 

additional elevation i n  visual threshold. Further, t h i s  effect persists 
for  a significant period of time. A t  freeway speeds a person would 
cover between one and two kilometers before the m i  nimum adapt i  ve 1 e vel 
was reached. 

From the point of view of the in te res ts  o f  t h i s  i n v e s t i g a t i o n ,  
however, the effect occurs a t  such a high level as t o  be of no  practical 
consequence. C l e a r l y ,  low-beam pho tomet r i c s  could be upgraded 
substantially without producing adverse transit ion effects. 




