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INTRODUCTION 

This i s  a brief overview of a project entitled "Improved Low-Beam 
Photometrics ," being carried o u t  under contract DOT-HS-9-02304 for the 
National Highway Traffic Safety Administration (NHTSA) by the University 
of Michigan Highway Safety Research Institute (HSRI). Most of the 
material which will be reviewed is fully described in an Interim Report 
for the above-mentioned project (01 son and S i  vak, 1981). 

Purpose 

The purpose of this project i s  to develop recommendations for 
improvements t o  th; low-beam lighting system used on cars in the United 
States. To accomplish this the project was divided into two phases. In 

Phase 1, by a combination of review of the 1 i terature, consul tation with 
1 ighting experts the world over, and independent research, the investiga- 
tors were t o  arrive a t  recommendations for modifications to low-beam 
photometrics. In Phase 2 ,  further studies will be carried o u t  in an 
effort t o  better define desirable maximum and minimum candela values for 
1 ow-beam headl amps. 

Present Status of the Project 

Phase 1 of the project has been concluded. I ts  end-product was the 
Interim Report referenced above. Phase 2 has been approved by the spon- 
sor. A t  the time that this report i s  being written, headlamps having 
the desired photometrics are in the process of fabrication. A t  least 
two other, different low beam systems are being prepared as well by other 
organizations, and are scheduled t o  be evaluated i n  this study. The 
sample headl ights are due t o  be de1 ivered on or abou t  April 1, 1982. A 

workplan will also be written and delivered t o  the sponsor describing 
i n  some detail the research activities t o  be carried o u t  during Phase 2.  

The entire project i s  scheduled t o  be completed by December 31, 1982. 

Organization of this Report 

The b u l k  o f  this report describes the activities carried o u t  in 
Phase 1 of  the program, and  the photometric recommendations which resulted. 



While Phase 2 a c t i v i t i e s  have n o t  y e t  been f i n a l i z e d ,  some i n d i c a t i o n  

o f  the  probable nature o f  the  research w i l l  be provided. 

PHASE 1 

Background 

This  p r o j e c t  i s  a  fo l low-on of a  prev ious NHTSA-funded p r o j e c t  

e n t i t l e d  "Eva1 u a t i o n  o f  the  F e a s i b i l i t y  o f  a  Single-Beam Head l igh t ing  

System" (Halstead-Nussloch e t  a1 . , 1979). In  t h a t  p r o j e c t  a  g rea t  

number o f  d i f f e r e n t  beam pa t te rns  were examined, us ing  a computer model , 
t o  determine t h e i r  're1 a t i  ve mer i t s  . This  work gave the  p resen t  i n v e s t i  - 
ga to rs  an i n d i c a t i o n  o f  promis ing avenues f o r  mod i f i ca t i ons  t o  t he  low 

beam 1 i g h t i n g  system. 

P r o j e c t  E f f o r t  

The p r o j e c t  began w i t h  a  d e t a i l e d  review of the l i t e r a t u r e .  

P a r t i c u l a r  a t t e n t i o n  was p a i d  t o  recent  pub l i ca t i ons  i n  areas such as 

d iscomfor t  and d i s a b i l i t y  g la re .  Based on t h i s  review, a  conc lus ion was 

reached t h a t  a d d i t i o n a l  i n f o rma t i on  was requ i red  concerning the  problems 

of g l a r e  f rom the rearv iew m i r r o r s .  

Four s tud ies  were c a r r i e d  o u t  on t he  quest ion o f  rearv iew m i r r o r  

g la re .  Two o f  these were l abo ra to r y  s tud ies  and two were c a r r i e d  o u t  i n  

the  f i e l d .  One o f  t he  f i e l d  s tud ies  was designed t o  v e r i f y  the f ind ings  

of the  l abo ra to r y  work on d i s a b i l i t y  g l a re ,  and the  o the r  f i e l d  study 

d e a l t  w i t h  the  i ssue  o f  d iscomfor t  g la re .  This work i s  summarized and 

the  f ind ings  a re  presented i n  t h e  I n t e r i m  Report r e f e r r e d  t o  e a r l i e r  

(Olson and Sivak, 1981). I n  b r i e f ,  t he  data i n d i c a t e  t h a t  discomfort  and 

d i s a b i l i t y  g l a r e  are s i g n i f i c a n t  problems a t  t h e  i l l u m i n a t i o n  l e v e l s  

c u r r e n t l y  p rov ided  by sealed-beam (SAE) low-beam 1 i g h t i n g  systems. 

C lea r l y ,  photometr ic  mod i f i ca t i ons  which r e s u l t  i n  a d d i t i o n a l  g l a r e  i n  

t he  rearv iew m i r r o r s  would o n l y  add t o  the problem. However, i t  i s  t he  

op in ion  o f  the  i n v e s t i g a t o r s  t h a t  t h i s  i s  a  co r rec tab le  problem, and i t  

ought n o t  t o  be viewed as an impor tant  argument aga ins t  increased ou tpu t  



on t he  p a r t  o f  t he  1  ow-beam head1 amps. It i s  t r u e  t h a t  f u r t h e r  research 

on t h e  rearv iew m i r r o r  systems ( p a r t i c u l a r l y  on the  e x t e r i o r  m i r r o r )  i s  

probably  warranted. However, i n  a  ca r  equipped w i t h  a  dual - re f1  e c t i  v i  ty  

i n t e r i o r  m i r r o r ,  i t  i s  poss ib l e  f o r  t he  d r i v e r ,  by a  combinat ion o f  

i n t e l l i g e n t  use o f  t he  i n t e r i o r  m i r r o r  and j u d i c i o u s  aiming o f  the  

e x t e r i o r  m i r r o r ,  t o  l a r g e l y  avo id  uncomfortable and d i sab l  i n g  g l a r e  from 

those sources. 

Having a r r i v e d  a t  c e r t a i n  dec is ions regard ing  acceptable g l a r e  

l e v e l s ,  t he  bas i c  beam development work was done w i t h  the  ass is tance of 

a  computerized headlamp seeing d is tance  model (Mort imer and Becker, 1973). 

The work done t o  t h i s  p o i n t  suggested t o  the  i n v e s t i g a t o r s  t h a t  the  o n l y  

p lace  i n  t h e  forward f i e l d  toward which a d d i t i o n a l  ill uminat ion might  

p r o f i t a b l y  be d i r e c t e d  was along the  r i g h t  edge o f  the road. We s t a r t e d  

w i t h  a  mid-beam system which had been i n v e s t i g a t e d  as p a r t  o f  t h e  s i n g l e  

beam study. Th is  mid-beam cons is ted  b a s i c a l l y  o f  an SAE low beam w i t h  an 

a d d i t i o n a l  60,000 candela narrow-beam u n i t  d i r e c t e d  a long t he  r i g h t  edge 

o f  the  road. That c o n f i g u r a t i o n  f a r  exceeded what was f e l t  t o  be t o l e r -  

ab le  g l a r e  1  i m i t s  f o r  a  low beam system. Therefore,  t he  computer model 

was used t o  assess t rade-of fs  between reduced i n t e n s i t y  and seeing d i s -  

tance. The f i n a l  c o n f i g u r a t i o n  a r r i v e d  a t  r e ta i ned  t h e  bas ic  low beam 

pa t t e rn ,  w i t h  t h e  a d d i t i o n a l  mid-beam lamp adjusted t o  25% o f  t he  i n i t i a l  

value. Th is  pa t t e rn ,  o r i g i n a l l y  produced by t h ree  lamps, was then 

re fo rmu la ted  as a  two-lamp system. 

Table 1 i s  a  candela m a t r i x  showing both a  "standard" low beam and 

the  proposed mod i f i ed  low beam. Note t h a t  Table 1 represents  a  s i n g l e  

lamp from a  two-lamp system. The major d i f f e r e n c e  between the  two sys- 

tems i s  j u s t  t o  t he  r i g h t  o f  the  V ax i s  and near t h e  H ax i s .  Based on 

the computer s imu la t i on  work, we est imate t h a t  t he  new system would 

improve seeing d is tances t o  1  ow-contrast  t a r g e t s  placed a1 ong the r i g h t  

edge o f  the  road t o  a  p o i n t  about hal fway between the  seeing d is tances 

p rov ided  by t he  c u r r e n t  SAE low and h igh  beams. 



I 1 m 00 00 0 0 
I 

I I m m  m o  0 0 
00 00 00  m m  I 

I I (UN e m  00 00 00  hh l 
a CO 0 -  o m  rcrc l 

' u  4l-I mm ** m m  l 
00 0 0 I 

Z Z  00 00 00 00  00 I 
1 - 1  I m 0 00 00 00  mm l 

I  
(UN ** m h  N b  m 0  V)Ol I 

l-14 cum m m  NN I 
I m  e o  o o  0 0 

I 
m m  Lnm 0 m 

00  00 00  

NN m m  00 00 00  EE I 
w FIN N h  b N  C3C3 1 

4l-I NN N W  NN I  

0 0 
I  

I I NN Lnm 0 0 
00 00 00 00 I 

I I o m  00 00  o m  I 
I I 

NN mm m a  Arc O b  N h  00 I 
I I NN NN NN l 
I  I h V)V) 00 0 0  

I 
I I NN 00 0 0 

00 00 00  00 I 
I I NN m m  m  m 00 00 00  00 1 

I  I 04  O N  ?I* 00 1 

I I NN NN NN l 
1 I 03 00 00 0 0 

I 
I I 00 00  00  

00 00 00  00 1 
I  I NN m m  m  m  

00  00 00  00 I 
I I 00 00 00  00 I r-14 NN NN NN I  
I  

I- 

I I d  
o m  00 00 00  00 I 

I  I mm 8 %  o m  00 00 m m  l 

I  I 
N N 

I I 
!-I 4 

I  I m 00 00 
I I 00  m o  0 0 

0 0 
00 00 00  00 I 

I I ** ah  o rc O N  o m  O N  *e I L 00 o m  00  00 1 

I I 
I I 

NN m a  olm hh ** 1 0 
I I CO 00 00 0 0  I  't 
I I m m  00 o o 00 00 00 00 1 

I I  bb h a  00 00  00 I  aJ 
I I a ZmO mol O N  r c d  I L 
I  I 

mcr) h C O  00 COcO V)V) I 

I I 
4 4  I  

1 1 h 00 00 0 0  00 00 00 E 
I I 00  00 0 0  0 
I I V)m h o l  
I I 

O b  O w  OcO rcrc I C, 

I I 
* * 

I I Arc rc 

00  

O m  :: 
I 

' 1  1 m 00 00 
1 o m  Lnm 0 m 00 00 00 00 I E 

I m I  h o l  
00 00 00  m m  I o 

I .r I O h  a m  I 
1 c t  1 

m 00  

I I 
7Il-I Arc 4l-I 

I W  I V) 00 00 0 0 I 3  
I P) l 00 00 0 0 00 00 00  00 I a 00 00 00  00 I F 

1 2 1  m m  C O N  
rc 

00 00 00  NN I > 
1 0 1  

2: 4 N  O m  A N  hh l 

1 aJ 1 
rcrc l-Irl r c d  I 

n * 00 00 I 
m o  00 

0 0 
0 0 

00 00 00  00 1 

I I . L n h  a70 O  CO 00 00 00  00 1 5 
I I N h h cum +N hh I 11 m h  m N  mcO NN l aJ 
I I  
I I 44  Arc r c d  I 

I I m 00 00 
I I  

0 0  
0 0 

00 00 00  00 1 g 
I  I 00 00 00  00 t F 

X I 1  
m a  OICO 

N h 0 *h NN hh I W 
OCO O m  O o l  NN l 

W l l  
e l l  rl r c r l  44  Arc I < 

I  I (U 00  00 0 0 I  V) 

e l l  m o  o m  0 0 
00 00 00 00 1 

x i !  m m  ah  0 0 
00 00 00  00 I = 

1 1  c3 h N 00 00 00  NN I u 
O N  hh l L 

- 1 1 1  
r( 4-  NN 4l-I I a 

w I  I rc 00 00 0 0 I -u 
a l l  00 o m  0 0 

00 00 00  00 1 s 
4 x 1  l 0 0 

00 00 00  00 1 m 
I  I O m  O m  00 hh I  C, 

P7 N h  0l-I LnV) I y) 

1 I 
rc I = 

& X I  1 I  
I I I  5 0 0 0 0 0  

.) 

0 0 I a 
r n l l  00  00 0 m 

00 00 00  00 I U 
I I *a hh 00 00  00  00 I E 

3 1 1  
0 h O N  O m  NN l  aJ 

0 1 1  
rc N V) mCO ha Lna LnLn l L 

J ! I  I a I 'b 



PHASE 2 

P re l im ina ry  copies o f  lamps approximat ing t he  new photometr ics 

descr ibed i n  Table 1 were f a b r i c a t e d  by Stan ley E l e c t r i c  of Japan. 

Three o f  these lamps were made a v a i l a b l e  t o  t h e  p r o j e c t  i n  t he  Fa11 of 

1981. Two o f  these were mounted on a t e s t  automobi le and used f o r  pre- 

1 im inary  evaluat ions.  The i n i t i a l  concern was t o  s u b j e c t i v e l y  assess 

improvements i n  seeing d is tance  by making side-by-side comparisons w i t h  

standard SAE lamps. I n  t h e  F a l l  o f  1981 a demonstrat ion was h e l d  i n  

Washington f o r  i n t e r e s t e d  persons from NHTSA. About one month l a t e r .  

another demonstrat ion was he ld  i n  Ann Arbor, Michigan f o r  i n t e r e s t e d  

members of  t he  SAE L i g h t i n g  Committee. The r e s u l t s  o f  both o f  these 

demonstrations i n d i c a t e d  t h a t  t he  proposed sys tem prov ided improved 

v i s i b i l i t y  and t h a t  t he  g l a r e  l e v e l s  may be acceptable.  Approval was 

rece ived  from our  sponsor t o  go ahead w i t h  Phase 2 and the lamps were 

subsequently ordered. 

About t h e  t ime t h a t  t he  I n t e r i m  Report f o r  Phase 1 o f  t h i s  p r o j e c t  

was w r i t t e n  a new paper appeared on t he  sub jec t  of d iscomfor t  g l a r e  

( L u l l a  and Bennett, 1981). This  paper d e a l t  w i t h  the g l a r e  range e f f ec t .  

B r i e f l y ,  what Lu l  l a  and Bennett  d i d  was t o  u t i l i z e  two ranges of g l a r e  

values t o  i n v e s t i g a t e  what e f f e c t ,  i f  any, t h i s  had on judgments o f  BCD. 

The two ranges had t he  same minimum values, b u t  t he  maximum values 

d i f f e red  by 10:l. The i n v e s t i g a t o r s  noted t h a t  the  BCD f o r  the g rea te r  

range was seven t imes g rea te r  than f o r  the  lower  range. Th is  i s  an 

impor tant  f i n d i n g ,  i f  i t  genera l izes t o  automotive 1 i g h t i n g ,  because i t  

imp l i es  t h a t  judgments of  d iscomfor t  g l a r e  a re  determined, i n  p a r t ,  by 

context .  

We f e l t  i t  impor tan t  t o  determine whether t he  g l a r e  range e f f e c t  

descr ibed by L u l l a  and Bennett app l i ed  t o  t he  somewhat d i f f e r e n t  s i t u a -  

t i o n  o f  automotive head l igh t ing .  A s tudy was c a r r i e d  out ,  dup l i ca t i ng ,  

i n s o f a r  as poss ib l e  , the  method01 ogy employed by Schmidt-Cl ausen and 
Bindels  (1974). H a l f  the  sub jec ts  i n  t h i s  s tudy made judgments o f  d i s -  

comfort g l a r e  us ing  the  same range o f  g l a r e  values employed by Schmidt- 

Clausen and Bindels .  H a l f  used a range which was t runca ted  a t  the  upper 



end by a f a c t o r  o f  about 6. The r e s u l t s  o f  t h i s  s tudy show t h a t  t h e  

same g l a r e  values were assigned s i g n i f i c a n t l y  lower  (more uncomfortable) 

r a t i n g s  by the  group exper ienc ing t he  t runca ted  range. 

The n e x t  s tep  i n  t h i s  program w i l l  be t o  eva luate t he  e f f e c t  o f  

g l a r e  a t t enua t i on  a t  t h e  lower  end of  t he  continuum. The reason i s  

t h a t  a  mod i f i ed  l i g h t i n g  system such as t h a t  descr ibed i n  Table 1 would 

have t he  e f f e c t  o f  r a i s i n g  average g l a r e  l e v e l s ,  reducing. the  inc idence 

of low g l a r e  l e v e l s ,  b u t  n o t  a f f e c t i n g  h i gh  g l a r e  l e v e l s .  Th is  can be 

approximated by a glare-range study wherein t he  g l a r e  d i s t r i b u t i o n  i s  

t runca ted  a t  t h e  lower  end. I f  the  glare-range e f f ec t  holds i n  t h i s  

c o n d i t i o n  as we1 1 , 'it suggests t h a t  the  d r i v i n g  popu la t ion  would adapt 

t o  a  h igher -g la re  l i g h t i n g  system more r e a d i l y  than would have been 

expected otherwise. 

Other work considered f o r  Phase 2 i nc l ude  seeing-distance s tud ies  

us ing t a rge t s  of var ious s i z e  and l e v e l s  o f  r e f l e c t i v i t y ,  g l a r e  evalua- 

t i o n s ,  computer analyses us ing  bo th  the H S R I  and Ford models, and a 

"semi -a le r ted1 '  de tec t i on  s tudy s i m i l a r  t o  t h a t  employed by Halstead- 

Nussloch e t  a l .  (1979). 
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