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INTRODUCTION 

The Headlamp V i s i b i l i t y  D i s t a n c e  Performance S i m u l a t i o n ,  

i n c o r p o r a t i n g  a  s t r a i g h t  r o a d ,  two v e h i c l e s ,  a  t a r g e t  and an 

o b s e r v e r ,  was d e s c r i b e d  e a r l i e r  by Idortimer and Becker  ( 1 9 7 3 a ) . *  

T h i s  r e p o r t  w i l l  d e s c r i b e  some r e c e n t  a d d i t i o n s  t o  t h e  program 

which make i t  more v e r s a t i l e  and more f l e x i b l e ,  F l e x i b i l i t y  i s  

needed i n  d e a l i n g  w i t h  t a r g e t s  t h a t  become l o s t  t o  s i g h t  a s  

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

s e n t a t i o n  of  t h e  shape  of  t h e  beam p a t t e r n s  n e a r  t h e i r  h o t  s p o t s ,  

t h e  e f f e c t s  o f  g l a r e  from t h e  headlamps o f  a  f o l l o w i n g  v e h i c l e  

a s  r e f l e c t e d  i n  t h e  m i r r o r s  of  t h e  main v e h i c l e ,  t h e  e f f e c t s  o f  

h o r i z o n t a l  and v e r t i c a l  road  c u r v a t u r e ,  and an es t i r r la te  o f  t h e  

d i s c o m f o r t  g l a r e ,  a s  opposed t o  t h e  d i s a b i l i t y  g l a r e ,  p roduced  

th roughou t  t h e  meet ing .  Each o f  t h e s e  added f e a t u r e s  w i l l  be  

d e s c r i b e d  i n  d e t a i l  and t h e i r  e f f e c t s  i l l u s t r a t e d  by sample r u n s  

c ~ f  t h e  program. 

A l i s t i n g  of  t h e  program i n  i t s  p r e s e n t  s t a t e  i s  p r o v i d e d  

i n  kppendix  1 and a d e t a i l e d  u s e r ' s  manual i n  Appendix 2 .  The 

program i n  i t s  p r e s e n t  form i s  o p e r a t i o n a l  on t h e  HSRI d i g i t a l  

computer which i s  a  DEC 11/45.  I t  i s  w r i t t e n  i n  F o r t r a n  V I .  

The program i s  a v a i l a b l e  f o r  u s e  by any i n t e r e s t e d  party on 

a p p l i c a t i o n  t o  iiSRI and :4VPii. 

*Refe rences  a r e  l i s t e d  on page 2 4 .  



A 3 I L I T Y  TO DEAL W i T H  TARGI<'L'S Pi'lJliXCli BECOME LOST TO ; j I G I I T  I:; I i I G I i  
GLARf: 

On a  f e v  occas ions ,  g e n e r a l l y  wi th  t a r g e t s  tc t h e  l e f t  of  

t h e  a r i v e r ' s  l a n z  i:lleri t h e  cir.i.;ier i s  looking tov:ard t h e  oncoming 

g l a r e  c a r ,  the s i t u a t i o l ;  hds a ~ i s e r i  i n  which t h e r e  a r e  twc r e g i o n s  

of  v i s i b i l i t y  f oz  the  t a r g e t  i:i tile no o r  loa: g l a r e  c a s e .  iIere 

t i le p l o t  of  t a r g e t  vis. i i ; l . l i t ; /  v e r s u s  t a r g e t  d i s r a n c e  (normally 

i i k e  t l l a t  shown ir, Fig. 8 on p ,  2 2  o f  Xor t i~ . . e r  and Becker,  1973a) , 
];as two humps; a s  i n  l'.I.(j. 1.. :f t h e  i n i t i a l  esti-mati: of  t h e  

3 ,  - t a r g e t  d i s t a n c e  ( 2 s  S G ~ $ . L L F ? G  :~;i t h e  program) i s  i a r y e r  thar,  t h a t  

l a b e l e d  "critics: t a r sc t  dlstanc2," then  t h e  upper  r eg ion  w i l l  b e  

t h e  orre use2 by t h e  proqrari ,  I f  t h e  i n i t i a l  e s t i a a t e  i s  s r , a l l e r ,  

then  t h e  program ;%lili convergc t o  t h e  lower r e g i o ~ .  As g l a r e  
, . -  

i n c r e a s e s ,  t h i s  curve ;.:~i.!., ir, g e ~ e r a l ,  move dovrn and t o  t h e  

ieft.,. I t  has hapi2cced t h a t  t h e  upper v i s i b i l i t y  region  has d i s -  

appeared a s  glare incrc:ased, :Jow, i f  t h i s  happens,  t h e  program 

w i l i  r e s t a r t  i t s e l f  a:;d l z c j :  f o r  t h e  lower v i s i b i l i t y  recjion, 

7:: any. 

I 

/ d i s t a n c e  

'2 .r i. I: i c a  1 

uj Jtan'l'C3 

, d i s t a n c e  

-Il_b 

d i s t a n c e  

* ,  

F i g u r e  1. ~ i i ~ ~ t r i i L i , ; , >  .~:.c::. ~i :;1rqet : 7 i s i O i i i t ~  LS a f u n c t i o n  of 
t a r g c t  dis:nc::. . , i s r  the s p e c i a l  case of  two reg ions  
o f  ~ i ~ i : , l ; , l t \ i *  



SECOND-ORDER INTERPOLATION I N  THE V I C I N I T Y  OF THE BEAM "HOT-SPOT" 

I n  g e n e r a l  a  doub le  f i r s t  o r d e r  i n t e r p o l a t i o n  on t h e  l o g  of  

t h e  i n t e n s i t y  h a s  been used  i n  t h e  beam p a t t e r n s .  The program 

now h a s  t h e  a d d i t i o n a l  a b i l i t y  t o  u s e  a  second-order  i n t e r p o l a -  

t i o n  n e a r  maxima i n  t h e  beam p a t t e r n ;  i , e . ,  n e a r  t h e  h o t s p o t  and 

t h e  r i d g e s  l e a d i n g  away from it. Near t h e  h o t s p o t  t h e  second-  

o r d e r  i n t e r p o l a t i o n  i s  used  i n  b o t h  d i r e c t i o n s ;  a round  t h e  r i d g e s  

o n l y  i n  t h e  d i r e c t i o n  t h a t  needs  it. T h i s  produces  a  f l a t  a r e a  

n e a r  t h e  h o t s p o t / r i d g e s  w h i l e  t h e  l i n e a r  i n t e r p o l a t i o n  i n  t h e s e  

r e g i o n s  produced a  c u s p ,  which was n o t  a  good d e s c r i p t i o n  of  t h e  

a c t u a l  b e h a v i o r  t h e r e .  Near t h e  h o t s p o t  t h e  e q u a t i o n  i s :  

l o g  I = Q ( 1 - h )  (2-11) (1-V) ( 2 - v ) A L ( I , J )  + % ( l - h )  ( 2 - h ) v ( 2 - v ) A L ( I , L )  

- Q (1-h)  (2-11) v (1-v) AL ( I  , N )  + %h (2-11) (1-V) (2-V) AL ( K ,  J )  

+ h  (2-h) v (2-V) A L ( K , L )  - 3h (2-h)  ~ ( 1 - V )  AL (K,N) 

- +h (1-h)  (1-V) ( 2 - V )  AL (M, J )  - %h (1-h)  ~ ( 2 - V )  AL ( M , L )  

+ +h (1-h)  v  (1-v)  AL ( M , l ? )  

where h - H-H ( I )  V-V ( J )  
-.=) =V(L)-V(J) 

and AL(K,J) i s  t h e  n o t s p o t  of t h e  beam p a t t e r n .  

MIRROR GLARE FROM FOLLOWING TRAFFIC 

I n  a d d i t i o n  t o  g l a r e  from t h e  headlamps o f  oppos ing  t r a f f i c  

and from h i s  own headlamps a s  r e f l e c t e d  back o f f  t h e  pavement 

ahead ,  a  d r i v e r  i s  o f t e n  exposed t o  g l a r e  from t h e  headlamps of  

f o l l o w i n g  v e l i i c l e s  v i a  t h e  m i r r o r s  i n  h i s  own c a r .  F i g u r e  2  shows 

t h e  geometry f o r  t h i s  s i t u a t i o n .  The f o l l o w i n g  c a r  may a l s o  have  

up t o  f i v e  headlamps,  misaimed i n  any d i r e c t i o n .  The main v e h i c l e  

may have two m i r r o r s  - one i n t e r i o r ,  one e x t e r i o r .  They may b e  

r e c t a n g u l a r  o r  c i r c u l a r .  They may be  aimed i n  one of two ways; 
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e i t h e r  by s p e c i f y i n g  t h e  p o i n t  a t  which t h e  c e n t e r  r e f e r e n c e  p o i n t  

o f  t h e  m i r r o r  i s  a imed,  i n  which c a s e  t h e  d imens ions  o f  t h e  m i r r o r  

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

view o f  t h e  m i r r o r  a t  some d i s t a n c e  b e h i n d  t h e  c a r ,  i n  which c a s e  

t h e  d imens ions  of  t h e  m i r r o r  a r e  d e t e r m i n e d  by t h e  program. 

F i g u r e  3 shows t h e  geomet ry ,  where  t h e  p l a n e  o f  t h e  p a p e r  i s  t h e  

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

p o i n t .  

M i r r o r  aim i n  yaw ( r o t a t i o n  a b o u t  i t s  own v e r t i c a l  a x i s )  and 

p i t c h  ( r o t a t i o n  abou t  i t s  own h o r i z o n t a l  a x i s )  i s  found from t h e  

d e s i r e d  aim p o i n t  o f  t h e  m i r r o r  c e n t e r  r e f e r e n c e  p o i n t .  M i r r o r  

r o l l  ( r o t a t i o n  a b o u t  an  a x i s  p e r p e n d i c u l a r  t o  t h e  m i r r o r  f a c e )  i s  

d e f i n e d  s o  t h a t  a  l i n e  t h r o u g h  t h e  aim p o i n t  p a r a l l e l  t o  t h e  z - a x i s  

w i l l  b e  imaged a s  a  l i n e  t h rough  t h e  c e n t e r  r e f e r e n c e  p o i n t  pa r -  

a l l e l  t o  t h e  m i r r o r  h o r i z o n t a l  a x i s  f o r  r e c t a n g u l a r  m i r r o r s .  For  

c i r c u l a r  m i r r o r s ,  r o l l  i s  i g n o r e d .  Thus: 

-[; ( z m -  Z ) + Zm 
t a n  a = q  I 

I 
[;(Y, - y q )  + Y,] 

t a n  6 = - 

where a i s  yaw, B i s  p i t c h ,  (x,, ym, z,) a r e  t h e  c o o r d i n a t e s  o f  

t h e  m i r r o r  r e f e r e n c e  p o i n t  r e l a t i v e  t o  t h e  e y e ,  ( x q ,  yq ,  z ) a r e  
q 

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



apex 

/ 
f i e l d  of  view 

aim 
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(X rY r z )  
q q q  

F i g u r e  3 .  Geometry of m i r r o r  a i m .  



Thus r o l l  (y) i s  found from: t a n y  = - t a n a s i n @  

I f  t h e  d e s i r e d  f i e l d  o f  view o f  t h e  m i r r o r  h a s  been  s p e c i f i e d ,  

t h e n  t h e  m i r r o r  aim i s  found by an i t e r a t i v e  p r o c e d u r e ,  w i t h  t h e  

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

view. For  c i r c u l a r  m i r r o r s  t h e  h o r i z o n t a l  f i e l d  o f  view w i l l  d e t e r -  

mine t h e  m i r r o r  d i a m e t e r  and it w i l l  be  c e n t e r e d  on t h e  v e r t i c a l  

f i e l d  o f  view. The r e s u l t i n g  r o t a t i o n  m a t r i x  i s :  

M i r r o r  r e f l e c t i v i t y  may be s p e c i f i e d ,  a s  w e l l  as t h e  t r a n s -  

m i s s i v i t y  o f  t h e  window a s s o c i a t e d  w i t h  e a c h  m i r r o r ;  r e a r  f o r  i n t e r i o r  

and s i d e  f o r  e x t e r i o r .  I f  p o l a r i z e d  beams a r e  t o  b e  used on t h e  

f o l l o w i n g  v e h i c l e ,  t h e n  t h e s e  windows c o u l d  have a n a l y z e r s  a s s o c i a t e d  

w i t h  them. However, it d o e s  n o t  seem l i k e l y  t h a t  r e a r  and s i d e  win- 

dows would have a n a l y z e r s ,  s o  t h e y  have been  o m i t t e d .  

The f o l l o w i n g  c a r  remains  a t  some s p e c i f i e d  f o l l o w i n g  d i s t a n c e  

t h r o u g h o u t  t h e  meet ing  w i t h  an oppos ing  c a r  s o  t h a t  t h e  i l l u m i n a t i o n  

a t  t h e  d r i v e r ' s  eye  from t h e  headlamps of  t h e  f o l l o w i n g  c a r  remains  

c o n s t a n t .  

The c o o r d i n a t e s  of  t h e  lamp image p o i n t  (on t h e  m i r r o r )  r e l a t i v e  

t o  t n e  eye  a r e  needed f o r  c a l c u l a t i n g  t h e  g l a r e  a n g l e .  They a r e :  

The c o o r d i n a t e s  r e l a t i v e  t o  t h e  lamp a r e  needed f o r  t h e  a n g l e s  

i n  t h e  beam p a t t e r n s .  They a r e :  



Where e = A x  + Bym + Czm m 

and A, B, and C are the first column of the mirror aim rotation 

matrix, Q. 

Lamp images may be visible or they may be invisible, The image 

may fall on the mirror plane outside the given dimensions or the ray 

from the lamp to the image may be blocked by the structure of the 

main vehicle. This structure is assumed to be a rectangular plane 

perpendicular to the longitudinal axis of the vehicle and located in 

the region of the trunk. Its dimensions and location are specified 

in the input. In either case the invisible image will not contribute 

to the illumination at the eye. The value of the illumination at the 

eye for each visible image and its coordinates relative to the eye 

are computed for each lamp and each mirror in the input and stored 

for later use. Then during the meeting the additional veiling glare 

is calculated by dividing the stored illumination value by the appro- 

priate function of the glare angle (computed from the stored image 

coordinates and the known eye line-of-sight) and summing over all 

visible images. 

Since the glare angle between each mirrored image and the eye 

line-of-sight when tracking the target varies with target distance, 

the added mirror veiling glare will also. The action of glare from 

mirrors can be to reduce visibility distance and increase discomfort. 

ROAD CURVATURE 

It is also of interest to see the effect of road curvature 

on visibility distance. The program now includes both horizontal 

and vertical curvature, though only one type can be run at a time, 



Each t y p e  can b e  e i t h e r  convex o r  concave ,  w i t h  a  c o n s t a n t  r a d i u s  

o f  c u r v a t u r e .  A convex h o r i z o n t a l  c u r v e  i s  one on which t h e  g l a r e  

c a r  moves i n  a  l a r g e r  c i r c l e  t h a n  t h e  main c a r ;  on a  concave 

h o r i z o n t a l  c u r v e ,  t h e r e f o r e ,  t h e  g l a r e  c a r  moves i n  a s m a l l e r  

c i r c l e  t h a n  t h e  main c a r  ( F i g .  4 ) .  The convex h o r i z o n t a l  c u r v e  

c o u l d  a l s o  be  d e s c r i b e d  a s  an i n s i d e  c u r v e ,  s i n c e  t h e  main c a r  i s  

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

c u r v e s  o f f  ahead t o  t h e r i g h t .  The concave h o r i z o n t a l  c u r v e ,  t h e r e -  

f o r e ,  i s  an o u t s i d e  o r  l e f t  hand c u r v e .  On a  convex v e r t i c a l  c u r v e ,  

t h e  two v e h i c l e s  move up towards  one a n o t h e r  and down ( r e l a t i v e l y  

s p e a k i n g )  a f t e r  t h e y  p a s s  one a n o t h e r ,  and v i c e  v e r s a  on a  concave  

v e r t i c a l  c u r v e  ( F i g .  5 ) .  The convex v e r t i c a l  c u r v e  c o u l d  be  

d e s c r i b e d  a s  t h e  c r e s t  o f  a  h i l l ,  and t h e  concave v e r t i c a l  c u r v e  

a s  a  v a l l e y .  

The r a d i u s  o f  a  c u r v a t u r e  i s  t h e  d i s t a n c e  from t h e  c e n t e r  o f  

c u r v a t u r e  t o  t h e  c e n t e r l i n e  of  t h e  main v e h i c l e ,  on t h e  r o a d  

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

s e p a r a t i o n  d i s t a n c e  from t h e  d r i v e r ' s  eye  t o  t h e  g l a r e  v e h i c l e ' s  

r e f e r e n c e  lamp, i s  now measured a l o n g  t h e  a r c .  I t  cou ld  b e  t h o u g h t  

of  a s  t h a t  d i s t a n c e  measured on t h e  main v e h i c l e ' s  odometer ( i n  t h e  

p r o p e r  u n i t s )  t o  b r i n g  t h e  g l a r e  v e h i c l e  r e f e r e n c e  lamp t o  t h e  

same r a d i a l  l i n e  t h a t  t h e  eye  i s  on .  The v i s i b i l i t y  d i s t a n c e  t o  

t h e  t a r g e t  i s  measured i n  a  s i m i l a r  way, a s  t h e  d i s t a n c e  a l o n g  t h e  

a r c  o f  t h e  r o a d  between t h e  e y e s  of t h e  d r i v e r  and t h e  p o s i t i o n  

o f  t h e  t a r g e t .  

F i g u r e  6 shows an  example of t h e  geometry f o r  a  convex h o r i -  

z o n t a l  c u r v e .  The g l a r e  a n g l e  c a l c u l a t i o n  u s e s  a  c o o r d i n a t e  

sys t em w i t h  i t s  o r i g i n  a t  t h e  e y e .  The y - a x i s  i s  v e r t i c a l  ( a s  

b e f o r e ) ,  t h e  z - ax i s  p o i n t s  toward t h e  c e n t e r  o f  c u r v a t u r e  and t h e  

x -ax i s  i s  t a n g e n t  t o  t h e  c u r v a t u r e  and s t r a i g h t  ahead.  Then t h e  

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

t o  t h e  e y e  a r e :  

x = (p+zcl-z ) s i n y  
g  S 

z = z  + p (1-cosys)  - (zcl-z ) cosy e g  s 
D S where y s  = - 

P 



convex horizontal curve 
(main vehicle on inside of curve) 

( "right hand" ) 

concave horizontal 
(main vehicle on outs 

( "left hand") 

curve 
ide of 

Figure 4. Geometry - horizontal road curvature. 
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curve  

concave v e r t i c a l  cu rve  
( " v a l l e y " )  

F igure  5 .  Geometry - v e r t i c a l  road  c u r v a t u r e .  



F i g u r e  6 .  Geometry f o r  c a l c u l a t i o n  of  g l a r e  lamp 
c o o r d i n a t e s  r e l a t i v e  t o  eye .  



and z  i s  d i s t a n c e  between v e h i c l e  c e n t e r l i n e s ,  z  i s  d i s t a n c e  from c l  q 
g l a r e  v e h i c l e  c e n t e r l i n e  t o  r e f e r e n c e  lamp, z i s  d i s t a n c e  from main e  
v e h i c l e  c e n t e r l i n e  t o  eye ,  y  i s  d i s t a n c e  from road t o  g l a r e  r e f e r -  

g  
ence lamp, and ye i s  d i s t a n c e  from road t o  eye.  

For a  concave h o r i z o n t a l  cu rve ,  t h e  y -ax i s  i s  s t i l l  v e r t i c a l ,  

t h e  x -ax i s  i s  s t i l l  t a n g e n t  and s t r a i g h t  ahead,  t h u s  making t h e  

z -ax i s  p o i n t  away from t h e  c e n t e r  of  c u r v a t u r e .  For t h e  v e r t i c a l  

c u r v e s ,  t h e  x-axis  remains t a n g e n t  and s t r a i g h t  ahead r e l a t i v e  t o  

t h e  v e h i c l e ,  t h e  z -ax i s  remains h o r i z o n t a l  and t o  t h e  r i g h t  r e l a t i v e  

t o  t h e  v e h i c l e ,  and t h e  y-axis  now p o i n t s  upward toward o r  away from 

t h e  c e n t e r  of c u r v a t u r e ,  depending on whether t h e  curve  i s  concave 

o r  convex, r e s p e c t i v e l y .  

The c o o r d i n a t e s  of t h e  eye l i n e - o f - s i g h t  f o r  t a r g e t  t r a c k i n g  

a r e  computed r e l a t i v e  t o  t h e  eye ( a s  above) w i t h  t h e  t a r g e t  r e p l a c -  

i n g  t h e  g l a r e  r e f e r e n c e  lamp, The beam p a t t e r n  a n g l e s  of  t h e  t a r g e t  

and road a r e  r e l a t i v e  t o  t h e  r e q u i s i t e  lamp on t h e  main v e h i c l e ;  

t h o s e  of t h e  eye a r e  r e l a t i v e  t o  t h e  lamps on t h e  g l a r e  v e h i c l e ;  

t h o s e  of t h e  m i r r o r  images a r e  r e l a t i v e  t o  t h e  lamps on t h e  f o l -  

lowing v e h i c l e .  

If t h e  curved road i s  cons ide red  a s  a  complete c i r c l e ,  then  

t h e  two v e h i c l e s  may be s e p a r a t e d  a t  most by one-half  of  t h e  circum- 

f e r e n c e  ( i . e .  1 8 0 ° ) ,  whi le  t h e  t a r g e t  may be a t  most one-quar ter  of  

t h e  c i rcumference  ( i . e .  9 0 ° ) ,  away from t h e  main v e h i c l e .  These 

l i m i t s  w i l l  be en forced  by t h e  program i f  necessa ry ;  e .g . ,  i f  t h e  

i n i t i a l  s e p a r a t i o n  d i s t a n c e  i s  t o o  l a r g e ,  it w i l l  be r e s e t  t o  make 

t h e  ang le  s l i g h t l y  less than  180'. One-half t h e  c i rcumference  i s  

a l s o  t h e  maximum s e p a r a t i o n  between t h e  main v e h i c l e  and a  fo l low-  

i n g  v e h i c l e .  On curved roads  t h e  main v e h i c l e ' s  m i r r o r s  a r e  s t i l l  

aimed a s  though t h e  road were s t r a i g h t  and f l a t ,  

For t h e  convex v e r t i c a l  cu rve  (which could  a l s o  be thought  of 

a s  t h e  c r e s t  of a  h i l l ) ,  t h e r e  i s  a  s e p a r a t i o n  d i s t a n c e  beyond which 

t h e  g l a r e  v e h i c l e ' s  lamps a r e  i n v i s i b l e ;  i . e . ,  t h e  l i g h t  i s  blocked 

by t h e  road i t s e l f .  There w i l l  a l s o  be a  v i s i b i l i t y  d i s t a n c e  be- 

yond which t h e  t a r g e t  i s  s i m i l a r l y  i n v i s i b l e .  

F igure  7 shows t h e  geometry f o r  t h i s  c a s e  f o r  t h e  c a l c u l a t i o n  

o f  t h e s e  d i s t a n c e s .  
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F i g u r e  7 .  Geometry f o r  g r a z i n g  d i s t a n c e s  on convex 
v e r t i c a l  cu rve .  



(++ye)  Y e  (2c+y ) y  
DSGRZ = p ( a r c t a n [  ] + a r c t a n [  

P P 
g1 ) 

( 2  P+Y,) Ye  ( ~ P + Y ~ )  Y t  
XVGRZ = p ( a r c t a n [  I + a r c t a n [  

P P 
I )  

(2p+ye)  y  
XGRZ = p a r c t a n (  

D e, 

Here DSGRZ i s  t h e  s e p a r a t i o n  d i s t a n c e  beyond which t h e  g l a r e  

lamps a r e  i n v i s i b l e ,  XVGRZ i s  t h e  v i s i b i l i t y  d i s t a n c e  beyond which 

no l i g h t  r e a c h e s  t h e  t a r g e t ,  and XGRZ i s  t h e  d i s t a n c e  beyond which 

no l i g h t  r e a c h e s  t h e  r o a d  ( f o r  fo r eg round  g l a r e )  . The d i s t a n c e  

f rom t h e  r o a d  s u r f a c e  t o  t h e  eye  i s  y  t o  t h e  g l a r e  lamp i s  y  e  ' g  ' 
t o  t h e  main lamp i s  y y ,  and t o  t h e  t a r g e t  i s  y t .  

DISCOMFORT GLARE I N D E X  

While t h e  v i s i b i l i t y  d i s t a n c e  of a  t y p i c a l  t a r g e t  and t h e  

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

e v a l u a t i n g  a  headlamp beam p a t t e r n ,  t h e y  a r e  by no  means t h e  o n l y  

c r i t e r i a  t o  b e  t a k e n  i n t o  a c c o u n t .  Another  i m p o r t a n t  f a c t o r  i s  

t h e  a i s c o m f o r t  g l a r e  t o  which t h e  d r i v e r  i s  s u b j e c t e d .  J . B .  d e  Boer 

(1973)  h a s  d e v i s e d  a  fo rmu la  f o r  d e r i v i n g  what  h e  c a l l s  t h e  G la re  

Mark (which we w i l l  c a l l  t h e  d i s c o m f o r t  g l a r e  i n d e x ) ,  which i s  a  

measure  o f  t h e  d i s c o m f o r t  g l a r e  produced d u r i n g  a  mee t ing  s i t u a -  

t i o n .  The program now c a l c u l a t e s  and p r i n t s  t h e  d i s c o m f o r t  g l a r e  

i n d e x  a c c o r d i n g  t o  d e  B o e r ' s  f o r m u l a ,  i n t o  which we have  i n c o r p o r -  

a t e d  t h e  e f f e c t  o f  a  f o l l o w i n g  v e h i c l e  v i a  t h e  main v e h i c l e ' s  

m i r r o r s .  

D e f i n i t i o n  o f  G l a r e  Mark ( i n d e x )  v a l u e s :  

1: Unbearab le  

3 :  D i s t u r b i n g  

5 :  J u s t  Accep tab l e  

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

9  : Unno t i ceab l e  



The d i scomfor t  g l a r e  index a s  computed by t h e  program may be 

l a r g e r  than  9 ,  which merely s i g n i f i e s  t h a t  t h e  d i scomfor t  g l a r e  

i s  even less n o t i c e a b l e .  A f t e r  t h e  v e h i c l e s  p a s s ,  t h e  discom- 

f o r t  g l a r e  index i s  n o t  c a l c u l a t e d ,  s i n c e  t h e r e  a r e  no g l a r e  

lamps v i s i b l e .  The n e g a t i v e  number p r i n t e d  i s  merely t h e  

a d d i t i v e  c o n s t a n t  i n  t h e  formula.  

The formula i s :  

D G I  = 2 log(l+CIELU) - 2 log(DGID+DGIM) - C2  

R T I  where ELU = - 

D G I D  = C 
I 

i = 6 ~ ~ : ( 0 .  1 ) .46 

15 2 G14, 
D G I M  = C C i J 

i=ll j = l  -46 
( e i  

and R i s  road r e f l e c t i v i t y ,  C1 = 269.0966, C = 2.1097, T I  i s  t h e  2 
t o t a l  i n t e n s i t y  d i r e c t e d  a t  t h e  t a r g e t ,  DV i s  t h e  d i s t a n c e  from t h e  

eye t o  t h e  t a r g e t ,  GLi i s  t h e  i n t e n s i t y  d i r e c t e d  a t  t h e  eye of t h e  

i - t h  g l a r e  lamp, DL. i s  t h e  d i s t a n c e  from t h e  eye  t o  t h e  i - t h  g l a r e  
1 

lamp, 8 ,  i s  t h e  g l a r e  ang le  between t h e  i - t h  g l a r e  lamp and t h e  eye  
1 

l i n e - o f - s i g h t ,  (measured i n  minutes of  a r c ) ,  
GMi j 

i s  t h e  i l l u m i n a -  

t i o n  a t  t h e  eye  due t o  t h e  i - t h  lamp r e f l e c t e d  i n  t h e  j - th  m i r r o r  

and O i j  i s  ti le g l a r e  ang le  between t h i s  image and t h e  eye l i n e  of 

s i g h t  (measured i n  minutes  of  a r c ) .  Note t h a t  t h e  g l a r e  v e h i c l e ' s  

lamps a r e  indexed 6-10 and t h e  fo l lowing  v e h i c l e ' s  lamps 11-15. 



APPLICATION OF THE PROGRAM 

Figure  8 shows a  computer p r i n t o u t  i l l u s t r a t i n g  t h e  a b i l i t y  

of t h e  program t o  d e a l  w i t h  t a r g e t s  which become l o s t  t o  s i g h t  

i n  h igh  g l a r e .  On t h e  f i r s t  page i s  t h e  p r i n t o u t  of t h e  i n p u t  

d a t a ,  t h e  second page i s  t h e  o u t p u t  f o r  t h e  upper r eg ion  of v i s i -  

b i l i t y  ( a s  f a r  a s  it e x i s t s )  and t h e  t h i r d  page i s  t h e  o u t p u t  

f o r  t h e  lower reg ion  of v i s i b i l i t y .  The v a r i o u s  p r i n t o u t s  a r e  

d e s c r i b e d  i n  d e t a i l  i n  t h e  u s e r ' s  manual. The s i t u a t i o n  i s  

t h a t  of a  convex h o r i z o n t a l  cu rve  w i t h  a  r a d i u s  of  5000 f e e t .  

The v e h i c l e s  a r e  equipped wi th  t h e  European low beam and a  

type-3 mid beam. They a r e  approaching each o t h e r  w i t h  v e l o c i t i e s  

of  30 mph on a  two-lane road.  The t a r g e t  i s  of 1 2 %  r e f l e c t i v i t y  

l o c a t e d  6 inches  above t h e  l e f t  edge of  t h e  main v e h i c l e ' s  l a n e  

( i . e . ,  midway between t h e  v e h i c l e s ) .  Note t h a t  t h e  o u t p u t  

i n c l u d e s  t h e  d i scomfor t  g l a r e  index.  Of a l l  t h e  combinat ions 

of d a t a  run  t o  d a t e ,  t h i s  i s  t h e  on ly  one t o  g i v e  t h e s e  r e s u l t s .  

Table 1 shows t h e  e f f e c t s  of g l a r e  from a  fo l lowing  v e h i c l e  

a s  r e f l e c t e d  i n  t h e  main v e h i c l e ' s  m i r r o r s  on t h e  maximum v i s i -  

b i l i t y  d i s t a n c e  ( i . e , ,  t h a t  f o r  no opposing g l a r e  v e h i c l e ) ,  on 

t h e  minimum v i s i b i l i t y  d i s t a n c e  (which occurs  h e r e  a t  about  

150 f e e t  s e p a r a t i o n  d i s t a n c e ) ,  on t h e  corresponding maximum v e i l -  

i n g  g l a r e ,  and on t h e  d i scomfor t  g l a r e  index.  The s i t u a t i o n  i s  a  

s t r a i g h t ,  two-lane road wi th  t h e  fo l lowing  v e h i c l e  a t  1 0 0  f e e t  

behind t h e  main v e h i c l e  and a l l  t r a v e l i n g  a t  30 nph. The main 

and g l a r e  v e h i c l e s  a r e  equipped w i t h  t y p i c a l  U.S. 4 0 0 0  low beams, 

whi le  t h e  fo l lowing v e h i c l e  may have one of f i v e  d i f f e r e n t  s e t s  

of  lamps: U.S. 4 0 0 0  low, European low, U.S. 4 0 0 0  low p l u s  a  

type-3 lamp t o  form a  mid beam ( U .  S.  MID-A) , U .  S. 4 0 0 0  low p l u s  a  

second type-3 (U.S. M I D - B ) ,  o r  European low p l u s  t h e  f i r s t  type-3 

(ECE M I D - A ) .  There a r e  many p o s s i b l e  v a r i e t i e s  of type-3 lamps 

a v a i l a b l e ;  t h e s e  two a r e  t h e  same excep t  f o r  aim. The main 

v e h i c l e  m i r r o r s  have r e f l e c t i v i t i e s  of 85% f o r  i n t e r i o r  and 

55% f o r  e x t e r i o r ,  and both  t h e  a s s o c i a t e d  window t r a n s m i s s i v i -  

t i e s  a r e  8 8 % .  The t a r g e t  i s  of 1 2 %  r e f l e c t i v i t y  l o c a t e d  s i x  

i n c h e s  above t h e  r i g h t  edge of t h e  l a n e  used by t h e  main v e h i c l e ,  
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OUTPlJT DATA 

F I E L D  TEST HEAY E V A L U A T I O N  ECE M I D  RUN NO. 5 6  

$€PARATION V I S I B I L I T Y  V E I L I N G  GLARE DISCOHFORT SEPAWATION V I S I B I L I T Y  V E I L I N G  GLARE DISCOMFORT 
DISTANCE DISTANCE GLARE I N T E N S I T Y  GLARE DISTAMCE P I S T A N C E  GLARE I N T E N S I T Y  GLARE 

( F E E T )  ( F E E T )  (FT.CAND.1 (CANDELASI  INOEX ( F E E T )  ( F E E T )  ( P T  .CAlID.) (CANDELA61  I N D E X  

MINIMUM V I S I R I L I T Y  D ISTANCE I S  1ZU.9 FEET AT A SEPARATION OF 158 .  FEET 
VISIBILITY DISTANCE FOR NO G L A R E  C A R  IS 159.7 FEET. M A x I M u n  VEILING G L A R E  IS 0 . n 6 ~ q i  CT.C A T  A SEPARATION OF gse, FEET, 
COt4PONENtS OF MAXIMUM V E I L I N G  GLARE ARE 8 . 0 4 9 8 8  FROM OPPOSING CAR AND R . 0 1 4 4 6  PROM FOREGROUND 
GLARE I N T E N S I T Y  AND I N D E X  ARE NOT CALCULATED D U R I N G  RECOVERY. V E I L I N G  GLARE I S  ACTUAL VALUE OIVIDLD BY THE FACTOR K, 

Figure  8. Computer p r i n t o u t  i l l u s t r a t i n g  a b i l i t y  of program t o  deal with t a r g e t s  w h i c h  
become l o s t  t o  s i g h t  i n  h igh g l a r e  (Conc l . ) .  



TABLE 1. The E f f e c t  o f  Headlamps o f  a  V e h i c l e  Fol lowing  a t  100 
F e e t  on V i s i b i l i t y  and G l a r e  During Meet ings With an 
Oncoming V e h i c l e ,  When t h e  Main and Opposing V e h i c l e  
Both Use U.S. Low Beams. 

I t  can  be s e e n  from t h e  t a b l e  t h a t  m i r r o r  g l a r e  h a s  a  much 

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

I n  t h e  w o r s t  c a s e ,  f o r  U.S. Mid-A beams on t h e  f o l l o w i n g  v e h i c l e  

t h e r e  i s  o n l y  a  10 f o o t  d r o p  i n  maximum v i s i b i l i t y  d i s t a n c e ,  b u t  

t h e  d i s c o m f o r t  g l a r e  index  moves from j u s t  a c c e p t a b l e  t o  d i s t u r b -  

i n g .  

F i g u r e  9  shows t h e  e f f e c t  o f  road  c u r v a t u r e  on v i s i b i l i t y  

d i s t a n c e  f o r  a  meet ing  on a  two l a n e  road  between v e h i c l e s  equ ip -  

ped w i t h  a n o t h e r  t y p i c a l  U.S. low beam, t r a v e l i n g  a t  30 mph. The 

t a r g e t  i s  o f  10% r e f l e c t i v i t y  l o c a t e d  6  i n c h e s  above t h e  r i g h t  

c u r b  l i n e .  The r a d i u s  o f  c u r v a t u r e  i n  each  c a s e  i s  10 ,000  f e e t .  

Reading downward on t h e  p l o t s  t h e  l a b e l s  should  be convex v e r t i c a l  

( i . e .  h i l l ) ,  convex h o r i z o n t a l  ( i . e .  i n s i d e  o r  r i g h t  h a n d ) ,  none 

( i . e .  s t r a i g h t  and f l a t  r o a d ) ,  concave h o r i z o n t a l  (i.e. o u t s i d e  o r  

l e f t  h a n d ) ,  and concave v e r t i c a l  ( i . e .  v a l l e y )  c u r v a t u r e .  

F u r t h e r  examples  o f  t h e  a p p l i c a t i o n  o f  t h e  HSRI Headlamp V i s i -  

b i l i t y  D i s t a n c e  Performance S i m u l a t i o n  t o  t h e  e v a l u a t i o n  o f  

Minimum 
V i s i b i l i t y  

D i s t a n c e  

248.0 
247.2 
246.4 
245.9 
243.1 
242.3 

117.9 
117.7 
117.5 
117.4 
116.7 
116.5 

Maximum 
V i s i b i l i t y  

D i s t a n c e  

269.5 
268.1 
266.7 
265.9 
2 6 1 . 1  
259.9 

183.7 
182.4 
181.2 
180.6 
176.7 
175.7 

Target 
Loca t ion  

R igh t  
Edge o f  
Lane 

L e f t  
Edge o f  
Lane 
( i . e .  on 
c e n t e r  
l i n e )  

3 

Beams On 
Fol lowing  

Car 

None 
ECE Low 
U .  S .Low 
U . S . Mid-B 
ECE Mid 
U.S.Mid-A 

None 
ECE Low 
U.S.Low 
U.S.Mid-B 
ECE Mid 
U.S.Mid-A 

Maximum 
V e i l i n g  

G l a r e  

.01848 
,01891 
,01936 
.01962 
.02127 
.02172 

.06946 

.06989 
,07033 
.07057 
.07205 
.07248 

Discomfor t  
G l a r e  
Index  

5 . 4  
4 . 2  
3 .7  
3.6 
2.9 
2 .8  

4.7 
3 .8  
3.4 
3.2 
2.6 

, 2.5 



Figure 9. Effects of horizontal and vertical road curvature on visibility distance. 
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headlarnp sys t ems  c a n  be found i n  Mortirner and Becker ( 1 9 7 3 b ) ,  

( 1 9 7 3 c ) ,  ( 1 9 7 3 d ) ,  ( 1 9 7 4 a )  and ( 1 9 7 4 b )  and i n  Mortimer 

( 1 9 7 4 ) .  Only t h e  l a s t  i n c l u d e s  t h e  e f f e c t s  o f  m i r r o r s  and road  

c u r v a t u r e .  
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T S 6  = ( Y E + v ~ T ) * l ? ,  
T S C  = ( 7 i R - Z t ) * 1 2 b  
T S E  = (7+1. -2 ! ) *12 ,  
* P I T F ( ~ , ? 9 ~ 1 ) T S A r ' S ~ , T S ~  

99L31 F ? ; i P A T  ( 1  I. : ' i ;FSTk l :CT I~ : r ;  P L f i " J E  I S ' F h ,  1 '  I h i C d E S  R E h I f v D  L h % P S t  T O P  IS 
1 * F 5 , l P  I . C + E S  A 3 C L J E  kQADt E D G r S  A R F ' F S ,  If A ~ O * F h , i *  I N C H E S  F R O M  CE 
? r . T f a i I ' . F : ' )  

9 e 9  I V G ~ T F ( ~ ~  7 9 : j h )  
9 3 P b  F [ I i i l j A T  ( l P  I , '  n u $ E ' K V E R  i F L A T I I l V  F f l R  TARGET I h T E h S ! T Y  = E X P ( A + B * D l  

1, 9 ' k I G E  3 IS ' v I ; I " I L I T Y  C I S T P N C E ' )  
v ! Q I T F  ( 5 ,  q 3 5 5 )  A , ?  

9995 f ( : : i V 4 T  ( 1 ; '  'C:I :FI I C I E ' S T S  F')d  A = C + C ( 4 T h  ROOT O F  GI), 8 = L + F ( S Q  
1 2 1  CF G ! ) ' / I : ' C ' 1 ? X * : ~ ' 1 2 X ' t ' l ? X * F ' / a t l 3 , 4 )  

I F  ( c A b J ? ( t ~ ) , i - F ,  3 , )  G ( 1  1 0  I ' h 3 1  

P E F T  = C A ~ ~ ( ~ ) / ? ~ ~ @ * C A Y D ( ~ )  
~ R I T F ( ~ ,  c o ~ , z ) c n n : , ( d )  

9 9 9 9  F ( J k r . A T  ( l * : ' T h 4 T , i  T ' l t F L E C T I V i T Y  I S * F 1 ; l b l *  P F 2  CFhT ' )  
A ( ! )  : t (~).:!-: ' ;(";T] 

1 7 8 1  T S A  ; ! t , * , r ; r l ? ;  
A ? I T F ( ~ , ~ U ~ ~ ) T S ~ , F K  

^ ' " ' A T  ( l i + d * c h $ I C  T A G G E T  R E F L E C T I V I T Y  F O Q  O Y S E n V E R  R E L A T I O N  I S ' F b ,  9959 F $ 1 ~  

11 '  P E R  C E L T t  ! . [ I V I ~ J O L  E V E  U E C O V E R Y  H A T E  P A R A M L T E R  I S ' F 9 . 6 '  PER S E C O  
? ' , ? ' I  

1 5 ~  = l , ? ; : , * ? - , n s  
A ~ I T E ~ ~ , F ~ ~ , ~ ) % S T ! ~ , ? ~ Y T T ~ ~ ~ T O P , T S C .  

9987  ;Ph:'AT ( l ~ ' * I ~ . L ~ ~ ~ ~ I ~ A T F . O  A R E A  OF P P V E H E L J T  E X T E ~ J D S ' F 6 , l '  F E E T  A H E A D  
l !>F  L A > ~ ~ S  AcO'Fh ,  1 * A ' > D r F 6 ,  1 * FEET F R O M  C E N T E R L I h E * / l X * R O A D  REFLECT 
2 I V I T Y  I S 0 F b b l *  P k g  CEb lT , ' )  

R C  = Y E * D F L X * D E L Z * R O D R  
ILK = C A k D ( 7 1  
k'i T U * 4  
k t, 0 



SUBROUTINE B E A H S t V G Z n V 6 , C A R D o J T I T L )  
c T H I S  SUBROUTINE TAKES THE LAMP GEOMETRY AND MISAXM AND C A L C U L A T E 8  
t THE A ~ G L F S  OF THE R O A D  A V D  T A R G E T ,  EYE on MIRRORS IN E A C H  MAIN, 
C GLARF OR F O L L o w I N G  V E H I C L E  LAMP REAM PATTERN, R F S P E C T I V E L Y ,  

DIMENSTOM I C ( Q ) ~ C ( ~ ~ I D ( ~ ) I E ( ~ I ~ S ( ~ ) , V C ( ~ ) I J T I T L ( ~ ~ ~ ~ C A ~ D ~ ~ ) , W ( ~ )  
C O r r n N  D D S ( R R ) ~ D ~ I S ( ~ ~ ) ~ G L R ( B B ~ , G V ( B B ) , D G I ( B ~ ) ~ D V ~ I N I D V D S , G V ~ A X ~ G V  

~ D S I D V N G ~ G V G I G V F , G ~ I ( C Y E ~  I M A X  
C O M r n v  G S T Q T ~ D S T O P , D S D , D S T , O S D E L ( ~ ) I X S T R T , X D E L , E K I F G ( ~ ) I A ~ Z ) , B ( ~ ~ ~  

~ ~ L X [ ~ ~ ~ ~ @ ~ I X X ( ~ ~ , ~ ) I X S I Y S I Z S I P O ( S ) I G ~ P ~ U ~ ~ ~ E I Z € , ~ ~ I Z ~ , G ~ ( ~ ~ ~ ) ~ X ~ ( S  
~ , ~ ) ~ Y ~ ( ~ ~ ~ ) ~ ~ ~ ( ~ I ~ ) , Y G L ( ~ ~ , ~ G L ~ ~ ) , R H O ~ X V ~ I ~ ~ L A ~ P ~ ~ ~ ~ ~ I L S ~ I E U ~ I G ~ ~ I  
~ ~ V I I C V I D S G P Z I X V G R Z I R D D R  

c o r u o ~  DTR,RTD, X ~ T ~ P , Z ~ T R T ~ Z S T O P ~ D E L X ~  D E L Z , R H O S , R H ~ T ~ Z C L , X E , X B , Y B T  
~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ C ~ S ~ O I ~ S Y ( 3 l ~ S Z ( 3 ) , R S ( 3 l , ~ D ( 2 ) , V D ~ 2 ) , ~ E F L ( 2 ~ ~ T R S ( ~ ~ t P ( b  
~ I ~ ) , ~ ( Q I ? ) , A F T ( ~ ~ ~ , I F C  

p : C A P D ( l ) + , S  
MM r CARDCR) + , 5  

c C O Y P U T E  THE ROTATION MATRIX FOR UISAIH IN PITCH, Y A Y  AND ROLL, 
DO 1 9  I = 1 , 3  
TSA r t A P D ( I + U l * D T R  
5 ( I l  = S I Y ( T 3 A )  

ir4 C ( I )  t COS(TSA)  
TSA = S ( Z l * S ( 3 1  
TSP = C ( 2 ) * C 1 3 )  
TSI: = S ( 1 )  
w ( 6 1  = TSB*TSA+TSC 
b l ( 7 )  r -TSA-TSR*TSC 
TSA = S ( ? ) * C t 3 )  
T S R  = C ( 2 ) * S ( 3 )  
k ( O )  = TSC*TSb-TSA 
k(Q) I 1 s t ) - T S A * T S C  
W(2) = rsc 
TSA = C ( l )  
w(1) = T S A + C ( Z )  
" ( 8 )  = T S A * C ( 3 )  
P ( 3 )  = T S A * S ( Z )  
g ( 5 1  = - T S d * S ( 3 )  
IF ( L A ~ P ( ~ )  ,FQ,F) L A M P ( H ) : ~  
L I H P ( M )  : M*I-AMP(M) 
I F  ( H , G T , ~ P )  G O  T O  230 
I F  t c - 6 )  ?!4r 1600 170  

C  P R n C F S S  M A I N  V E H I C L E  LAMP GEOMETRY 
ZP I F  (V,NE,I) G O  TO 40 

D ( 1 )  = -YE  
D ( ? )  = C A R D ( S ) / l Z , ,  
D ( 3 )  : = C A Q D ( ~ ) / I Z I  
VGZ = 0, 
0 0  30 1=1,3 
v G ( I 1  = P, 

3n E ( I 1  = D ( 1 )  
TSA D ( 2 ) + r 5  
XC r X E / ( Y E - T S A ) * T S A  
X V M I N  a XE 
~ R I T E ( ~ ~ ~ ~ @ S ) ~ I ( C A R D ~ I ~ I I ~ ~ I ~ ~ ~ ~ ~ ~ ~ A ~ D ~ I ~ ~ I ~ ~ ~ ~ ~ ~ M ~ ~ J T ~ T L  

9 9 0 5  FORhAT ( l h P , ' D I S T A N C F  BETWEEN H E A D L I G H T  NO, ' I 2 *  Y I S A I M  ANGLES ( 0  
I E G R E E S )  BEAM P A T T E R N r / '  AND ( IN , )  X 'bX 'Y '6X 'Z '7X ' INDEX VERT, 



2HOR, ROT ., I N D E X  N A ~ E ~ / ~ I X ' O R I G I N ' S F ~ ,  i r  18, I X S F ~ ' , ~ ,  I ~ ~ S X L I A Z )  
I F  (IHV,NE,I) GO ~n b e  
X G R Z  t R H O * A T A N ( ( S ~ R T ( ( R H O T + D ( ~ ) ) * O ( ~ ! ) ~ ) / R H O )  
X v G R Z  + X G R Z + R H O * A T A N ( ( S Q R T ( ( R Y O T + Y T ) * Y T I ) / R H O )  
IF ~ X S T O P , C T , X G R Z )  X S T O P S X G R Z  
GO TO 68 

4 P  DO 50 I t 1 , 3  
5~ D(I) = E(I)+CAQD(I+I)/IZ', 

w R I T F ( 5 , Q 9 a 6 ) h ,  ( C A ~ 0 ( 1 1 1 1 ~ 2 , 4 ) , H ,  ( C A R D ( I ) t  1 = 5 ~ 7 1 , ~ M t J T l T L  
99eb FORMAT ( ~ ~ ' ~ ~ . ' 1 2 t l ~ 3 ~ 7 ~ 1 ~ b X I 2 , 1 ~ 3 F b ~ l ~ r l X I 2 1 S X 2 1 ~ ~ ~  

T S R  = D ( 2 t ' + , S  
T S A  t ( Y E * C A P D ( Z ) / ~ ~ , + D ( ~ ) ~ T S B ) / ( T S B - Y E )  
I F  ( f S A , G T . X c )  X c p T S A  
TSA = - D ( l )  
I F  ( T S A , C T . X V ~ J N )  X V M I Y ~ T S A  

6 P  I F  ( I F t , h ' E . f l )  G O  TO 128 
C  C A L C I ~ L A T E  F O P E G R n U N D  G L A R E  FOR T H R E E  P O I N T S  AND S T R A I G H T  A H E A D  

R M  : R C t A F T ( H )  
x t X C + , S * b E L X  
V L P  = - D ( 2 )  
Y E P  : - Y F  

7 0  X L P  t X 
X E P  o X - C A R 0 ( 2 ) + X E  
X L P S  t X L P I X L P  
Y E P 5  : XrP*XFP 
I F  ( I k V , K E P o )  C A L L  C l ~ R V E ( I ~ V , 3 , Y L P , B . , D ( 2 I , T S A n Y L P , R ~ O )  
I F  ( 1 h V . U E . O )  C A L L  C U W V E ( I H V , 3 r X F f ~ B , , Y E ~ T S A , Y E P ~ R H O )  
V L P S  z Y L P t Y L P  
V E P S  t Y F P * Y E P  
Z  = Z S T R T  

9 0  Z L P  = Z-n(S) 
ZEP = Z ? Z E  
T S A  = Y L P + w ( ~ I + Y I . P * ~ ~ z ) + z L P * w ( ~ )  
H : P T P + ~ T A N ( ( X L P * W ( U ) + Y L P * ~ ( S ) + Z L P * W [ ~ ) ) / T Q A )  
U : R T I ' l t b T A k ( ( X L P * W ( 7 ) t Y L ? * W ( 8 ) + Z L p * w ( 9 ) , / . T s A ]  
C A L L  I N T A R ( H , V , f )  
T S A  r V k P S + Z F P + Z E P  
T S P  r X L ~ S + Y L P S + Z L P * Z L P  
T S f  = X t P S + T S A  
T S F  = T / T S C * R P / T S C / T S R  
T S H  t A T & h t ( S O R T ( T S A ) ) / X E P )  
V G 7  r V G Z + T S E / T S B * X L P / ( T S B + , ~ ~ ~ ~ ~ )  
DO 1n3 1 = 1 , 3  
IS? = X F P * S X  (1 ) + V E P + S Y  (I)+ZEP*SZ(I) 
T S A  = y ~ P t s X ( 1 ) - y t P r S y ( 1 )  
T S P  = 7 t P * S x ( I ) - Y E P * S Z ( I )  
T S C  = t E P * ? Y ( I ) - V E P * S Z ( I )  
T S F  t b T A h (  ( S O R T  ( T S A + T S A + T S B * T S B + T S C * T S C )  1 / ~ 3 0 )  

1BP V C ( 1 )  = VG(I)+TSF/TSF*TSD/RS(I)/(TSF+,flZbl8) 
I F  (Z .GE,ZSTOPI  G O  TO 118 
Z  = Z + D E L Z  
CO 10 9P 
TF (X,CE.XSTOP) G O  T O  120 
x : x+nELx  
G O  TO 70 

C  C A L C U L A T E  I N T E N S I T I E S  D I R E C T E D  AT T A R G E T  



120 Y  a Y l - D ( 2 )  
Z r Z T = D ( 3 )  
DO 156 I ~ l r Z a  
X 3 X X ( I , l ) r X E  
I F  ( I H V , N E C 9 )  C A L L  C I I R V E ( I H V , 3 , X , Y T , b ( 2 ) , T S A , Y , R H O )  
I F  (1CV.UE.B)  C A L L  C U ~ V E ~ I C V ~ 3 ~ X , Z ~ , D ( 3 l ~ T S A , Z ~ R H O I  
TsA = X * k ( l ) + Y * k ( 2 ) + Z * W ( 3 )  
H t R ~ ~ ~ A T A ~ ( ( X * W ( U ) + Y * ~ ( ~ ) + ~ * W ( ~ ) ) / ~ ~ ~ )  
V  r R T ~ * A T A N ( ( X * W ( ~ ) + Y * W ~ ~ ) + Z ~ U ( ~ ) ) / T S ~ ~ )  
C A L L  I k T A B ( H , V o T )  

~ S P  A L X ( I , M )  = T * r F t ( n )  
R E T U R N  

C PROCESS GLARE V E H I C L E  L A M P  GEOMETRY 
1 6 ~  O ( 1 )  = @, 

D ( 2 )  = C A R D ( 3 ) / 1 2 .  
n ( 3 )  z C A R D ( U l / l Z , * Z C L  
E(Z) = D ( 2 )  
E ( 3 )  = D ( 3 )  
I F  ( I H V . N E . 1 1  G O  T O  165 
D S C R 7  = P ~ ~ ~ ( A T A N ( ~ S Q R T ( ~ ( ~ ) * ( ~ ) ( ~ ) + R H O T ~ ) ) / R H O ~ + A T A N ( ( S Q R T ( Y E * ~ Y E +  

I R H ~ T ) ) ) / R H O I )  
165 W R I T F ( 5 , 0 9 P 5 7 M p D ( l ) ,  (CARD(Il,ft3,4),H,(CARD(I),I=5~7),M~,JTITL 

G O  T n  l e e  
179 D ( 1 )  = C A R C ( ? ) / l 2 *  

D ( Z )  z E ( 2 ) * C A R D ( 3 1 / 1 2 m  
Q(3) = E t 3 ) - C A R D f U l / 1 2 .  
W R I T E ( ~ , ~ Q ~ ~ ~ ~ , ( C A P D ( I ) , I ~ ~ , ~ ) , ~ ~ , ( C A ~ D ( I ) ~ I ~ ~ , ~ ) ~ ~ * ~ J T I T L  

c C A L C U L A T E  I N T E W S I T I E S  OIRECTED A T  E Y E  
lea N t M - 5  

PO(Fr )  r D ( 1 )  
Y G L ( N )  = D ( 2 )  
Z C L ( R )  :. D ( 3 )  
v = Y E - D ( 2 )  
Z = ZE+D[3) 
D O  2 ? f ~  I = l r 2 0  , 

x + r w ( I , t )  
I F  ( T H V , K E . B )  C A L L  C U R V E ~ I H V , ~ , X , Y E , D ( ~ ) , T S A , Y , R H O )  
I F  ( I C V , ~ , ~ E . ~ )  CALL C ! ~ R V E ( ~ I C V ,  l ,X ,  Z E , * D ( 3 )  ,TSA,Z,RHo) 
TSC = X * ~ ( O + Y * k ( Z 1 + 2 * W ( 3 )  
H + R T P * A T A & ( ( X * W ( U ) + Y * ~ ( ~ ) + Z * W ( ~ ) ) / T ~ A )  
V  r R T P * A T ~ N ( ( X * W ( ~ ) + Y * W ( B ) + ~ * W ( ~ ) ) / T Q I )  
C A L L  I k T A S ( H , V , T )  
A L K ( I , k )  t T * A F T ( W )  

2 2 A  C O N T I N U E  
R E T U R N  

C PROCESS F O L L O N I N G  V E H I C L E  LAMP GEOMETRY 
239 IF ( ~ , N E ,  11 1 GO T O  240 

XFA t C A R D ( Z )  
YLA = C A R b ( 3 ) / 1 2 a  
Z L A  = - C A R D ( Q ) / 1 2 .  
XFS  c XFA 
YL = Y L A  
ZL = Z L A  
W R I T F ( S , 9 9 @ 4 ) Y F S  

9 9 8 9  F O R H A T  ( IHB~DISTANCE F R O M  E Y E  T O  HEADLAHP NO: 11 1 s e ~ 7 ; l i  FEET' )  
TSA = Be 



W R ~ ~ E ( ~ , ~ ~ ~ S ) H , T S A ~ ~ C A R D ( I ) , I * ~ ~ P ) , ~ ~ ( C A R D ( I I ~ I ~ S ~ ~ ) ~ M ~ ~ J T I T L  
G O  TO 250 

241-4 rFs t X F I - C A R D ( Z ) / ~ Z ;  
YL o Y L A + C A H D ( S ) / ~ ~ ,  
ZL : Z L A + C A P P ( U ) / l 2 ,  
W R ~ ~ E ( ~ , ~ Q ~ ~ ) ~ I ( C A R D ( I ) I I = Z ~ O ) I ~ I ( C A R D ( ~ ) ~ I = ~ ~ ~ ) ~ M ~ ~ J T I T L  

C C A L C U L A T E  I N T E N S I T I E S  D I R E C T E D  A T  M I R R O R S  
25~7 X = X F S  

'f = YL-YE 
Z : ZL+ZF 
M t H o l B  
I F  ( T H V , N ~ ; B )  C A L L  C l l R V E ( I H V ,  ~ ~ X , Y L I ~ E I T S A ~ Y ~ R H O )  
I F  ( I C V , k : E e H )  CALL C ~ R ' ~ E ( I C V ~ I , X , Z L ~ - Z E ~ T S ~ ~ Z ~ R H O )  
D O  3 1 3  N : ~ , z  
G H ( H t N )  = o , ,  , 
I F  ( H D ( N l m E Q , B , )  G O  TO S ~ B  
T S h  t Q ( ? l & ) * Y  + O ( f , N ? * Z  
T s n  = P ( ~ , ~ ~ ) / ( ~ , * P ~ ~ , ~ ~ ~ + Q ( ~ ~ ~ I * x ~ T s A )  
P E L  z ( 6 ( 9 1 k ) * Z  + n ( R , N ) * Y  0 ( 7 t N ) * X I * T S D m P t S , N )  
EPS = I O f b r t l ) * Z  + Q ( 5 r ' ! ) * V  Q ( U l ~ ) * X ) * T S D - P ( 2 , N )  
TSR = ( Q I ~ I ~ ) * Q ( ~ I ~ ~ + ~ ( ~ , N ) * ~ ( ~ , N ) I ~ W  
T S F  = r ( l , b ) r T s A + t s a  
IF ( V o ( r : ) , C T , c , )  G O  To 280  
I F  ( S 3 Q T ( E Q S * E P S + D F L * D E L ) ~ G T , H D ( N ) )  CO T O  
C O  T P  ? 9 P  

28C IF  ( A ~ S ( E P $ ) , C T e V D ( N ) )  Gd TO 310 
I F  (AHS(DLLI,CT.HO(~)) G O  TO 310 

29n . T S C  = P ( l , c J ) + C ; ( l , N ) * X  - T S A  
X Y l r , h >  : T S ~ * ( 2 . * T S t t O ( l , N ) - X I  
Y t 4 t u l k )  = T S D * ( 2 m * T S t * Q ( 2 , N ) t Y )  
Z F ( ~ I ~ )  : T S P * ( 2 , * T S C * Q ( 3 , N ) t Z )  
TSD = TSC/(TSC+P(l,N)) 
T S 4  = P ( 5 , ' J ) - Y  
1 5 0  = P ( h , ' J ) - Z  
Y s  z T S C * ( X F * T S A + Y * P ( U , N ) + X * P ( ~ , ~ ) )  
Z t i  = T S D *  (XG*TSB+Z*P (U I  ~ ) + ~ * p ( b t ~ ) j  
I F  (YB ,GT ,YBT)  Gn T O  3P0 
I F  ( 7 0 . G T m Z 5 9 )  G O  TO 3R0 
I F  ( 7 B , G T m Z b L )  G O  10 S l @  

3ep  T S C  : P ( O , h l ) + X  
TSD = TSC*k(l)+T$A*h(2)+TSR*W[3) 
H : R T D * A T A ~ ~ ( ( T S C * ~ ( U ) + ~ S A * ~ ( ~ ) + T S R * ~ ( ~ ) ) / T S O )  
V = R ~ ~ * A T ~ ' J [ ( ~ S C * W ( ~ ) + T S A * ~ ( ~ ) + T S R * ~ ( ~ ) ) / T $ ~ )  
T S D  t T S A t T S A + T S R * T S B  
C A L L  I N T A B ( H I V I T )  
TSA = T S C * T S C + T S D  
G f 4 ( M l  b )  t T / T S A * A F T ( M + I B ) * t R S ( N ) * R E F C ( N )  

3 l P  C O N T I N U E  
RETURk 
E NO 



S U i 3 k ' D U T I i ~ E  I h i T b A ( i d ,  V ,  T )  
T l ' ] S  S ' l i , - f ' l l T J ! ' F  I ' , I T ~ . H ~ ~ ! L A T ~ S  TO F l h i O  T i i F  I ~ ~ T E ' 1 S I T Y  F O R  A P A I R  OF 
I '  T I  4 1  l' '![ ; i T ! ( ' A L  A q r l l  b.S Iii T h k  iiEA:I P A T T F A I I ,  I T  U S F S  A  
: ; ( : I ;~ I ,F  S t C f ? ;  F; rmrc:,F9 S t t l E M F _  Y E A H  TL4k b ( n T S P O T ,  S t C O F I D  O R O F F  f h (  ONE 
D T i f k c T I I ; ' ;  A 111 F 1 I . S T  I )RGEC(  11~ TdF OTHE.3 +EAR P I I I G F S ,  AhD DOUBLE 
F ' I 4 S T  ( ! i < : ) F P  F.I,SF>.:dFi?t, 

Cn:"!Pt  ~ ~ s ( ; ! e l , f ~ ~ I S ( L ~ ~ ) , G L ~ ( ~ ~ H ) ~ C , \ J ( 9 8 ~ , I ) C I ( 4 B l , D V ' . I I b , D V D S , ( ; V ~ ~ A X , G V  
I D S t  ; > V \ C t  C ' J G ,  C V F ,  I, ( ; ' A [ r  1 " A X  

C c 8 - l d O r ;  D S T ~ T , o S T ; l D , n 5 n , n S T I ~ $ 0 t I ( 3 )  , X S T R T , X O F L , E K , F G ( 4 ) t A t 2 ) t f l ( ? ) ,  
~ A L X ( ~ ~ , ~ ~ ) ~ X X ( Z ~ ~ ~ ? ) I X S , Y S ~ Z S , ~ O ( ~ ) I C S ? ( ~ ) , Y E ~ Z ~ , Y T ~ ~ T , G ~ ( ~ ~ ~ ) , X ~ ( ~  
2 , ~ ) ~ Y h ( S , 2 ) , Z " ( 5 ~ ? l , v c L ( 5 ) , Z ~ ~ L ( 5 ~ t ~ Y D , X V ~ I ~ t L A ~ P ( l 5 ) , I L S , I F K , I G M ~ I  
3 P V ,  K C V , C $ G ? Z ,  XL1C+7,  k:!2lq 

C h  1 P T V 1 4 T O r  X5Ti'i; ' l  Z S T K T , Z S T l l P , b F I . X , D E L Z , R h O S , R H O T t Z C L I X E . , X A t  Y t l f  
l r 2 t - 4 r  l ~ ~ b , * t r S X ( 3 )  , S Y ( 7 l ~ S Z ( 3 ~ ~ R S ~ 3 ) ~ ~ D ( ~ ~ ~ V D ~ 2 ) ~ R E F L ( 2 ) ~ T R S ( 2 ~ ~ P ( b  
2 r 2 ) r i ( 7 1 2 ) ~ A F T ( l i ) , I F G  

C O : ; P A . " k  HH, V V ,  I H A ,  I V A I A L ( ~ ~ I ~ ~ I I D H I ~ ) V  
D A T A  E P S / , ? ? l /  
J h  = 1 
J V  = 1 
K L (  = 1 
L v  = 
Y :  r; 
! U = z  

T S F .  = 1, 
T S F  = 1, 
I F  ( l 4 , G E , H n I  G O  T O  I T  
Y = 2  
I = 1  
j H  = - 1  
GP T r !  3 P  

12 1 = 1 + ( i - 4 m H t i ) / P ~  

I F  ( I . G E , I H A )  LO T O  2 3  
K = J t l  
G O  T O  J P  

2 0  I = IL{d 
6 = 1-1 
J H  : - 1  
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d S i ? . < : " , i : . F ~ ( ~ ) / ! ! S r l f  L ( 3 )  +, 1 
( > I . ,  T , ,  b L 3  

652  r,;,, = "? , f . - I  ( 2 )  
h:? :;--', - " $ :  F L (  1 ) / D S f ( E L ( 2 1  +,  1 

,553 s ! ? T r l ' ,  = - 1  
? A , . f ;  : - 1  
F S T  : iisTr4 
,j = : ;s/- ,S' . ,  
v y  J * l , $ ; ; ,  

1 5 ~ - 2 : .  , , i , c  . ( 7 ? T ' 5 - \ ) / L S i ) - j + , 5  

/ I  ( i S T f ~ ~ ; , C l , ~ )  I S T S n = Y S T c 2 - J  
GVL = cr.; 
I ; V F  = f ; ( ' ~  

I F  ( ! G + ' , E ' ! , P )  G!i T C  j i " A  
33  b h 5  i = 1 , 5  
I F  ( ! - A  p ( I + 1 ; ) . L E , C ' I  C C  T O  h 6 5  
1; [ 7 1 ' ( ' , ! ) , f ' ' * " * )  L 7  Tn f b J  



i;AI : T . " J + C t 4 ( I r ! ) / T " ? ! ( I 1 1 )  
hhU I F  l l . ' ( I , 2 ) . E C , ~ , )  G f i  T f l  665 

G t ' E  = G L ' t t G ' ' ( I t ~ ) / T P ~ ' ~ ( I , 2 )  
065 Cnt,T Ih!i.IF. 

~r T r ;  :;+,) 
6 7 A  IF ( C V ' ; A A - G V L )  h Y P t 4 R S r  6 9 5  
b P A  GV' . ! , i  = G V L  

LVDP = I:S 
6 8 5  I F  ( X ' J , G T , O V M I h )  G O  7 0  7;!0 

G V " I t 4  : Y'J 
pvi-S = C S  

7 F P  P t O S  = G i 7 3  
PGcll .  = t G I .  
P G V L  = G V L  
P l ) S  : D S  
PX  = X 

c S T P 2 E  ?CTh F t . 9  O u T P l J T  
I F  ( I S T O F )  7 / > ' \ 7 6 , 7 0 7 ; ) 1 , 4  

7 2 7  I F  ( I l ! i = = Q )  P l ? , 7 3  : ,A1.4 
731'  I F  ( d 5 T C T )  7 L : ' ,  ?, 7 U 7  
703 I S T O M  = I S T r n + l  

I F  ( I S T D 1 ? - 6 S T r 1 " )  91?,  818 ,750  
7 5 2  J S T f l #  = JSTr?-l  

r s i n ;  = K S T ~ ~ I ) + ~ ~ S T  
7 h 9  b ' w l S ( I ! ; , I S )  = i!v 

IF ( I r < V , ' , E ,  1 )  T O  7 h 5  
J F  ( X L , G T , k v 5 ~ Z )  D V I 5 ( I D I S ) : X V G R Z  

7 5 5  DR"J I [ , IS )  = 1,s 
G V ( I i > I S )  = G J L  
I F  ( I G r ; S , G T , k q )  G O  T O  7 9 5  
D O  7 S Z  1 ~ 1 ~ 5  
I F  ( L b ?  P (  I + 5 )  ) 7 S y r  79i1 ,  7 R 1 4  

7 A Y  CLNCIf  IS) r G L P ( i ' ) I S ) + G L ( I )  
7CJ:A C @ ( , i T  I ' t ' l F  

7 9 5  I F  ( L S , L E , h q , )  (90 T ?  OV,; 
I F  (i;ID+DGIh,lt,b',) GrJ T O  P;aP 
t j G i ( 1 r ' I S )  = Z ~ * ~ L ~ ~ l ~ ( l , + ~ b ~ ~ ~ 9 6 b * E L U ) ~ Z ~ * A L O G l f l ( D G I D t D G I ~ ) ~ ~ ~ ~ 0 9 7  

E $ ' , ' -  I F ;  ( ! . S - D S T O P )  H 3 i . J  94! ' ,  ? ' \ 5  
F c ' 5  I ? I S  = I D l S + l  

IT ( I T I S , G T , n 8 )  G O  T f l  ? 3 ?  
c O E C H E A S E  s E , p a R a T r o t ;  D I S T A ~ C E  

a i d  o s  = p n s m D s n  
~o ra lo61 

6 1 5  I C C S  = l 
X = k S ? E T  
XI'  = X 2 E L  

R 2 2  I k ' L X  = IDIS-1 
I A : , G  = I Y A X  

G O  T r J  P U J  
t 33n  I ~ A X  = ID IS^^ 

C S E T  U ?  C O I : G I T I O N S  FOR 140 G L 4 H E  V I S I B I L I T Y  D J S T A N C E  
E U ?  r;DS = ;:, 

'.lr,L = 1 
G O  TC; 2 7 5  

8 5 ; r  D V F I G  : X V  
I F  ( I " A X , F O , L l I  I t ' h X = T n : S  

I F  (IrJ,\F,I) s F f U R ' 4  
cr j  D h f ,  ?=!,I&?[ 



SURROLJTINE CONvR( I , J tXrR,C,xD)  
C T H I S  S U B R O U T I ~ E  CHECKS WHETHER THE TARGET I S  JUST V I S I B L E  AN0 
c DETERWINES WHETHEN THE T A R G E T  SHOULD BE n o v t o  CLOSER OR FARTHER, 

DATA X H I N / l , /  
T  r R 
I F  ( R )  1 2 R , 2 9 B t 1 3 0  

1 2 0  RTOP r R 
XTOP t X 
GTOP r G 
I F  ( I e L E a 0 )  GO TO 135 
I T d P  = I T O P + l  
I F  ( I R O T  ,En,  I T O P )  Ka0 
GO T O  135 

1 3 0  RBOT r: R 
XBOT 6 X 
GBOT o G 
I F  ( I e L E e O )  GO TO 1 3 s  
I R C T  r JROT+1 
I F  ( ISOT, tO. ITOP)  Y20 

1 3 5  I F  ( 1 1  1 8 R r 1 4 0 , 1 5 0  
1 u O  K r 0 

I T O P  o 0 
IROl = 0 
GO TO 2 7 0  

15V I F  ( R * P k )  16@,29@,19B 
16A I F  ( K )  1 9 0 , 1 7 @ r 1 7 @  
17Cl I = -1  
IAP X D  t X D * , 5  

I F  (XD-XMIN)  280 ,275 ,215  
19n I F  ( R )  ZnU,29B,260 
? $ a  S = ( R - P R ) / ( % - P X )  

IF ( S I  ~ 1 g , 3 0 8 , 2 2 e  
2lc4 K = 1 

80 TO 2391 
2 i s  K = - 1  

T .  S 
2 3 p  I F  ( 1 - 1 )  14P,250 ,240  . 
z a p  IF ( ~ 1 ~ s )  3 u ~ , 3 ~ 0 , 2 s a  
.?5P PS = S 
26fl pPR C PH 
2 7 9  I r: I+! 
2 7 5  PR = R 

PX rr X 
X = PX+SIGN(XD,T)  
J = 1  
RETURN 

2 A @  TSA : R I + O T / ( ~ B O T - R T O P )  
X r XRf lT+(XTOP-XR@T)*T3A 
C : GBOT+(GTOP-GBOT)*TSA 

290  J = 2 
RETURN 

3 0 n  TSA : X D / 2 , * ( 3 , r R - O , * P R + P P R ) / ( R - Z , * P R t P P R ]  
x 3 x+SIGN(TSA,S)  
J o 3  
RETURN 
END 



S(!n;+T,I!T 1 t1F  P I ' T P i ' f  ( E T Q S )  
c TI ! !?  S 8 ! L c  r ' l : T J h . k  P ? I L T S  TljF: Q E S l i L T S ,  

c l l  . .kg: + ,  :'i i J ' ; ( F R ) , G l . i ~ ( i ! R ) , G V ( E R ) ~ D t I ( R 9 ) , ~ V ~ J L ~ , O V ~ S l G V M h X , G V  

l ? ~ t ~ ? ~ ~ , ' ~ l f - V ( ; , G ' J F t L " I , G k ' ~ ,  1 ! 4 A i  
r 4 9 ; .  I=]/ ] ? A X  

a 9 4  G V ( 1 )  = f ) T H S * G V ( T )  
G V P A X  = G V ! < L X * D T A S  
G V t  : C \ l G * C T P S  
GVF = G L F * i ? T K S  
C.''I = g p  ! t ( \ T k S  
6°F. = S h ' F * " n S  
I " L F  z ( T " k X t l ) / 2  
1LFL = ICri F n l " l l Y / ; )  

+PJlt(5,9936) 
9996 f O W A T  ( , 7 ( * : i f P b q L T I n f ~  v T S ! P ~ L I T Y  V ' f . I L I " i r 5 X * G G I . h H F  U I S C n H F l l Y  

I T  * ) / l h  , 2 ( *  [ ! J S T A ' , C F  D I S T A ; . C E  G L A R F  ' O X '  I N T E f q S I T Y  GLAHF '5X 
1 * ( f F F . T )  *SX'(FFtTI ( f  T,I.ApR, 1 (CAhDELAS) I k D F X ' S X ) / )  

[ j O  5 " ! = j , I b - ! i  
j = I + l k i i - J C E L  
~ ~ i 7 E ( ~ ~ ~ ~ 5 S ) i ~ ~ , ~ ~ l ) , ~ ~ V I S ( I ) , G V ( I ) , G L R ( I ) , ( ! G 1 ( I ) ~ D ~ S ( J ) ~ D V I S ~ J ) l G V (  

~ , J ) , G L C ( , I ~ , ' J ~ ; J ( . I I  
9995 F r K M A T  (114 , ? ( F 7 ~ ~ ~ t F l l ~ ! , F i 2 ~ 5 , F 1 ~ ~ 1 , F 9 ~ 1 1 6 X ~ ~  

f , ~ ~ ~ f ( s , 9 ~ ; 1 7 ~ r  ~ J ~ I ~ ~ , C , V O S  
9 8 F 7  F I - I : ~ ' ; < ?  ( ' i " ' ~ : s ! ' ' ~ l "  v 1 S I r ~ 1 ~ J T Y  n I S T A h C F c  I S  ',Fb, 1, * F E E T  A T  A SEPARA 

1Tj;''! I F 'I F S , " ,  * F i  t .7 '1  
~ k i T ~ ( ~ ~ y 9 ~  i \ ]? 'J t ' r> ,  C'lj~':tX,C,Vl>$ 

93;:s F F < ' , n i  ( j i !  ' V T ! ? 1 6 j I L I T Y  D I S T A ' , C t  F O P  hfl t L A ? E  C A R  I S P F 7 , 1 ?  FEET ,  M A  
1 x 1  4l1r  v F I L I V G  ijl.A;E I S * F H , 5 *  FT,C AT A SEPARATInh OF 'F6 ,M '  F E E T , ' )  

v t I T E (  j 1 9 V . ' 9 ) c v G , G ' J F  
9 9 7 9  F f i i t ' A Y  I * L l , t ' p i ! : > t t . T S  !IF ' ~ A X I " 1 I ~ '  V F I L I b i C ;  G L A P E  AKE0F8 ,S '  F R O M  O P P O S  

1 1 t K  c-:, J # , , - , * : ~  ( 5 '  FL[ ! *  F [ ; . ' t G k l l ( i f i r ! * )  

I F  ( [ : '  I + : , t , c , 5 T , ( . , ) v ~ ~ ? I T E ( 5 , C i 9 i 1 5 ) G ' ; I , G ~ E  
9 Q V 6  F n k d : i  ( 3 b X '  b1 ,G 'F5 ,5 '  F E O ~  I N T E H I U H ' 5 X  ' A k d D t F R , 5 '  F R O M  E X T E R I O  

1 4  " 1 i 1 2 , 7 P * ]  

n P I T F ( 5 , 9 4 1 2 )  
9 9 9 2  Fl ' i : ' lAT  ( '  t L 4 9 E  I ' i T F j S i T Y  At40 I N O F X  ARF: Y O T  CALC?II..ATED D U R I N G  R E C O  

I v E k Y ,  v E I L I h G  G L c H l  I S  A C T U b L  VALUE D I V I D E D  BY T H E  F A C T O R  K , f 3  
k E T l l P h j  
€ t: r) 



c - w - w - w - - - - - w w - - w - - w - - w - . ~ -  PkFc ,RA*  H t M P A T  - - - - - - - - - - w - - - - - - - w m -  

C T I I T S  PRO: ,RAH I?kCoS T r i t  SEA!'  P A T T C ; R f d S  OFF C b H D S  A N D  k R I T E S  THEM 
C I k . ' r F  a O i S C  F I I . E ,  1 , I F R F  ' : b y  hF: A T [ ) T A C  OF TE!l O I f F E Q L h l T  BEAM 
c P A T T F G b i S  Sf02ED J t J  T H E  O I S L  F I L E  A T  O A F  T I I ' E ,  

DltE"S1n:  P I  (61,?2lrIfITL(~l),DiJ~(22)1DAT(3) 
c o f ~ l J , [ . ? ;  I f ; ) &  
C h T h  G L A e 7 f / *  * /  
ChLL Si T F i L t  l l , ' J ' ~ E A f ' * , I E ~ ~ ,  * O K C l  I )  
P t F I h F  F I L E  ! l ( l l r ? 7 l b , U , N 1 )  
k F T I E . = t l  
I P i ' : 5  
1:: :9 
D' r  i I = ] ,  J 
3 h T ( ~ ) : ~ ~ L f .  1~ 

C r l . !  f ' , C T C ( ! ; L T )  
?:hr,( 1 ; ; r r , 9 0 q 4 ) ~ 1 ~ r ,  IPT 

9999  F c q t ' A T  ( 3 1 5 ,  J E 5 a i : r  2 1 A ? t E 8 # f l )  
tr : j: 

121i  ~ E A D ( I R D ~ ~ ~ ~ ~ ) ~ ~ ~ K , L ~ H , V ~ D I I T I T L , F I L T  
r4 : r + l  
5'4 = ri 

!;U = r 
Ik- ( 2 )  1?2 ,122 ,123  

1 2 2  r l d  = -r ;  
Gh = Z , * r ) V  

123 r . 1 1 t 4 c  1 )  : v 
2 ?  13'7 J=z#l 
k 1 , * * ! J )  : r ; ' - ( , ; - ! ) t / > v  
t r i  = w 
I - i  : L 
I F  ( L w l b )  1 3 2 , 1 3 2 1  1 3 1  

131 " V  = 1  1 l - ' / / < , ' l  
I F  ( h i , f , j , l O )  ? ' V = j U  

1 3 2  I F  ( % - 5 1 )  1 3 ~ , 1 3 o , 1 3 3  
j:J -L: : ~ , ~ * - / , , l i  

1 3 3  i ?  ~ ' J V '  I:!,I' 
1 4 7  R E b r ( i r i [ , ,  9 ? ? + )  ( A L ( T ,  J ) , , I = l , L )  

i F  ( F  i L T 1  2 5 \ < ,  : 0 3 , 1 4 1  
l o 1  ? "  11:2 I = l , K  

:I['' 1 ,!? J::, L 
I l l 2  L L ( I , , I )  = F T L T * a L ( I ~ J l  
! U J  h 6 1 i t ( l F h , ? 9 4 7 ) " , ! T T T L  ,ilAT 

9 9 9 7  F'gL';T ( l H 1 , j X ' F L h b '  2 A T T k R r J  t1n, '13* F O R  ' 2 l A 2 , 2 x , 3 A U  
I H ~ U I L P +  T A L  \ ~ F ~ ~ I C A L  A ~ G L E S P J  

* 2 1 T E ( 1 1 ' r p 9 9 9 2 )  f r ~ l ! Y ( J ) ,  J:l,!!V) 
9 9 9 2  F r k k A T  ( 1 1 4  * A ~ I ( ; [ ~ * ~ L J F ~ , ! )  

T 5 t .  = * 
[,? 15, -  1=!,',>4 
~ V T E ! ~ " r 3 ~ 9 5 ) T S A , ( A L ( I , J ) , J ~ 1 1 K V )  

1 5 2  T S A  = TS:+j:h 
I F  ( ' . i , - d )  1 5 \ ,  l h : . ,  16I* 

151  L ~ ~ T ~ ( I ~ ~ ~ , ~ ~ Q ~ I ~ ~ , I T I T L , o c T  
~ ~ . I T E ( I P ~ . , ~ ~ ~ ~ ) ( ~ ~ I I . ' ( J ) , J = ~ , H V )  
T S P  ; T S I - ~ ; H  
D f i  1 5 2  I r  p i , r  

' . : \ IT I  ( I F  3 %  , G c r ' S ) T 5 C r  ( 1 ,  J ) , . I = l , h V )  



! 5 2  TS:. ; T c a + l , t :  

1 0 7  I F  ("!-I) 1 6 1 ,  ! 7 ' . , 1 7 8 , '  
1 6 1  q T ~ ( I F ; , 7 ~ c 7 1 h ~ , I T T T I  , i ~ , l T  

T t I  1 1 ' 2 , Q ? 9 2 )  ( ! ! I I P ( J )  , J = w V f  L )  
T S a  : r 
D f l  1 6 2  I = j , " b  
r ~ W X T E ( I ? K ,  9 9 9 5 ) T S A ,  ( b L ( T , . J ) ,  JzNV,L) 

l b z  T s r  = r s c t b r  
I F  ( ' , t r - K )  163,  17:, 17V 

1 6 3  : ~ Q I T k ( I P K , 9 9 9 7 ) " , 1 T I i L ~ r ) A T  
~ R ! T E ( I P ~ , ~ Q ? ~ ) ! ~ ' U ~ ( J ) I  J:VV,L) 
T S A  = T S b - i l L i  

00 l h ! i  T = ' . t < , K  

~ ~ ~ T ; ~ I P ~ , ? ~ ? S I T ~ A , ( ~ L [ I , J ) , J = ~ V , L )  
1hJ T S A  = TS".').' 

9 9 3 6  F ? i < ? A T  ( l l F 7 , Y f  3 x 1  
9 4 4 5  F C k u 4 T  ( 1 h  ~ F 5 , 1 , i ! Y , l U F 9 , 1 1  

1 7 ( ?  I F  ( I P T I  1 9 7 ,  1!3(', 1 9 9  
1 8 ?  C:f 1" 1 1 = l , K  

Ef!  1 2 5  J=!,L 
I F 5  b L ( T r J )  = ! . L C ~ ( A L ( I , J ) + , J ~ )  

v l Q I f E ( n F I L E 9 ~ ~ :  ) r l , ' ! tC,d,L,  I T I T L ,  ( ( A L ( 1 ,  J ) ,  J=l,L), I = l , K )  
10' IF ( r  -I:!:] 1 2 g r 2 5 ; , 2 5 b  
2 5 7  CALL F X I T  

EhD 



A P P E N D I X  2 

U S E R ' S  MANUAL F O R  THE COMPUTER SIMULATION TO P R E D I C T  
THE V I S I B I L I T Y  DISTANCE PROVIDED BY HEADLAMP BEAMS 



~t i s  w e l l  known t h a t  v i s i b i l i t y  i s  much reduced i n  n i g h t  

d r i v i n g  due t o  g l a r e  from oncoming v e h i c l e s  and o t h e r  s o u r c e s .  

F i e l d  t e s t  s t u d i e s  have been done b u t  have t h e  d i sadvan tages  of 

be ing  time-consuming, expens ive  and h i g h l y  non-repeatable .  I t  

was t h e r e f o r e  d e s i r a b l e  t o  develop a  computer program which would 

i n c o r p o r a t e  a s  many of  t h e  v a r i a b l e s  which a f f e c t  n i g h t  v i s i b i l i t y  

a s  p o s s i b l e .  This  program was developed a t  t h e  Highway S a f e t y  

Research I n s t i t u t e  under c o n t r a c t  number UM7204-C128 from t h e  Motor 

Vehic le  Manufacturers  A s s o c i a t i o n  and i s  f u l l y  d e s c r i b e d  i n  Report 

No: UM-1iSRI-HF-73-15; "Development of a  Computer S imula t ion  t o  

P r e d i c t  t h e  V i s i b i l i t y  Dis tance  Provided by Headlamp ~ e a m s "  by 

~ u d o l f  G .  Mortimer and ~ u d i t h  14. Becker. The program has  been sub- 

s e q u e n t l y  r e v i s e d  and e n l a r g e d  t o  i n c l u d e  g l a r e  from a  fo l lowing  

v e h i c l e ' s  headlamps a s  r e f l e c t e d  i n  i n t e r i o r  and e x t e r i o r  m i r r o r s  

and t o  a l low curved road geometry i n  one d i r e c t i o n ;  i . e . ,  a  h i l l ,  

a  v a l l e y ,  an i n s i d e  o r  an o u t s i d e  curve ,  a s  d e s c r i b e d  i n  t h e  body 

of  t h i s  r e p o r t .  This  p r e l i m i n a r y  v e r s i o n  of t h e  u s e r ' s  manual con- 

s is ts  of a  d e t a i l e d  d e s c r i p t i o n  of  t h e  i n p u t  c a r d s ,  an e x p l a n a t i o n  

of  t h e  d i a g n o s t i c  s t a t e m e n t s  produced by t h e  program, a  d e s c r i p -  

t i o n  o f  t h e  o u t p u t ,  and a  ve ry  s h o r t  d e s c r i p t i o n  of t h e  program 

i t s e l f .  I t  i s  in tended  t h a t ,  w i t h  i t s  h e l p ,  t h e  u s e r  w i l l  be a b l e  

t o  make up h i s  own i n p u t  d a t a  c a r d s  and run  t h e  program. 

The i n p u t  c a r d s  a l l  have t h e  same l a y o u t  o r  fo rmat ,  excep t  

f o r  t h e  c a r d  which immediately fo l lows  t h e  T ca rd .  This  format  

c o n s i s t s  o f  a  l e t t e r  f o r  i d e n t i f i c a t i o n  i n  column one,  a r e a l  

number i n  columns two through t e n ,  and seven more r e a l  numbers 

i n  t h e  n e x t  seven groups of t e n  columns each.  I n  programminq 

terms,  t h i s  format  i s  d e s c r i b e d  a s :  Al, E 9 . 0 ,  7 E 1 0 . 0 .  I t  does 

n o t  m a t t e r  where i n  t h e  group of n i n e  o r  t e n  columns t h e  decimal  

p o i n t  a p p e a r s ,  b u t  i t  must be p r e s e n t .  A group of columns i s  

c a l l e d  a  f i e l d ,  and they  a r e  numbered f o r  each r e f e r e n c e  consecu- 

t i v e l y  from one t o  e i g h t  a c r o s s  t h e  card .  Thus, f i e l d  one has  

n i n e  columns, whi le  f i e l d s  two through e i g h t  each have t e n  columns. 

Each i n p u t  c a r d  can t h u s  c o n t a i n  up t o  e i g h t  p i e c e s  of i n p u t  d a t a ,  

t h e  n a t u r e  o f  which i s  determined by t h e  i d e n t i f i c a t i o n  l e t t e r ,  

r e f e r r e d  t o  a s  I D .  For each f i e l d  of  each c a r d  t h e r e  i s  g iven  i n  



Table 1 the definition of the piece of input data, its default 

value (if any) and its units (if pertinent) . The default value 

is the value the datum will have if the user does not specify a 

value. 

The diagnostic statements will be produced by the program as 

needed. The first can be prevented by care in making up the input 

cards. The others generally are the result of the approximate 

nature of the foreground glare calculation. sometimes use of card 

S to make the first eye line-of-sight closer to the eye (say 50 ft 

instead of the default value of 100 ft) will improve things enough 

to allow the program to run. 

ILLEGAL CARD SKIPPED. This comment indicates the presence of an 
input card with some sort of error in the data, 

TRIAL TARGET POSITION BEHIND HEADLIGHT AT IDIS = 

This comment indicates that the target is not visible at 
all. It is printed the first time the situation occurs, 
then the trial target position is reset to be in front of 
the headlight and a switch is set. If the situation occurs 
a second time during the calculations for the same separation 
distance, the program will be terminated and the results up 
to and including the preceeding separation distance will be 
printed and plotted. 

TARGET INVISIBLE AT DS = FEET, CLOSEST TO VISIBILITY AT 
X = FEET 

This comment means that there is no region of visibility for 
the target at this separation distance. When it occurs, 
the program will be terminated and the results printed and 
plotted. 

Note that the last two comments indicate essentially the 
same condition. They are often the results of excessive 
foreground glare for targets close to the vehicle. 

FOREGROUND GLARE DATA BAD 

This comment means that the foreground glare increases 
exponentially with target distance instead of approaching some 
value asymptotically. It sometimes indicates an error in 
the beam pattern intensity values. 



TABLE 1. 

ID Field Definition -- 
Default 
Value Units 

T - Trigger for title card reading - - 
(title may be 80 characters long, including spaces, 
and should be centered on the card) 

Initial separation distance 

Final separation distance 

First separation distance interval 200 

Last separation distance at which first 1500" 
interval will be used 

Second separation distance interval 50 

Radius of curvature - 
Hill/valley indicator; tl=hill, -1cvalley 0 

Curve indicator; +l=inside, -l=outside 0 

feet 

feet 

feet 

feet 

feet 

feet 
- 

B 1 Road reflectivity 10 % 

2 Basic target reflectivity 10 % 

3 Nominal eye threshold recovery rate .251504 sec'l 

i 
3.4 - 

.36  - Observer relation coefficient parameters 
6 .016 - 

.00008 - 

S 1 X-component of first eye line-of-sight for 
foreground glare calculation with target 
tracking 

2 X-component of fixed eye line-of-sight 

3 Y-component of fixed eye line-of-sight 

4 Z-component of fixed eye line-of-sight 

100 feet 
-- feet 

-- feet 
-- feet 

*If input is zero, this will be set to smaller of half of 

initial distance and 1500 



TABLE 1 (Cont .)  

Defau l t  
I D  F i e l d  -- D e f i n i t i o n  Value Uni ts  

I_ 

C 1 L a t e r a l  d i s t a n c e  between v e h i c l e  c e n t e r l i n e s  - f e e t  

2 Main v e h i c l e  speed - mph 

3 Glare  v e h i c l e  speed - mph 

4 Forward d i s t a n c e  from eye  t o  lamp #1, posi -  
t i v e  f o r  eye behind lamp - inches  

5 V e r t i c a l  d i s t a n c e  from eye t o  road ,  p o s i t i v e  
f o r  eye above road - inches  

6 L a t e r a l  d i s t a n c e  from eye t o  v e h i c l e  c e n t e r -  
l i n e ,  p o s i t i v e  f o r  eye t o  l e f t  - inches  

7 V e r t i c a l  d i s t a n c e  from t a r g e t  t o  road ,  pos i -  
t i v e  f o r  t a r g e t  above road - inches  

8 L a t e r a l  d i s t a n c e  from t a r g e t  t o  v e h i c l e  cen- 
t e r l i n c ,  p o s i t i v e  f o r  t a r g e t  t o  r i g h t  - inches  

G 1 - 4  Foreground g l a r e  c o e f f i c i e n t s ;  d e f a u l t  va lues  
w i l l  be c a l c u l a t e d  by program 

1 Mirror  index:  l = i n t e r i o r ,  2 = e x t e r i o r  - - 
2 Dis tance  from lamp p lane  t o  m i r r o r ,  pos i -  

t i v e  f o r  m i r r o r  behind lamps - inches  

3 Dis tance  from road t o  m i r r o r ,  p o s i t i v e  f o r  
m i r r o r  above road - inches  

4 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  m i r r o r ,  
p o s i t i v e  f o r  m i r r o r  t o  r i g h t  - inches  

5 Mirror  r e f l e c t i v i t y  1 - 
6 Shape i n d i c a t o r :  O=c i rcu la r ,  l = r e c t a n g u l a r  - - 
7 Transmiss iv i ty  of a s s o c i a t e d  window 1 - 

1 Mirror  index:  l = i n t e r i o r ,  2 = e x t e r i o r  - - 
2 L a t e r a l  dimension of  m i r r o r  0 inches  

3 V e r t i c a l  dimension of m i r r o r  0 inches  

4 Dis tance  from road t o  m i r r o r  c e n t e r  aim 
p o i n t ,  p o s i t i v e  f o r  p o i n t  above road - inches  

5 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  m i r r o r  
c e n t e r  aim p o i n t ,  p o s i t i v e  f o r  p o i n t  t o  
r i g h t  - inches  

6 Dis tance  from eye t o  m i r r o r  c e n t e r  aim 
p o i n t ,  p o s i t i v e  f o r  p o i n t  behind eye 30 f e e t  



TABLE 1 (Cont.  ) 

I D  F i e l d  -- D e f i n i t i o n  
D e f a u l t  

Value Uni t s  - 
P 1 Mir ro r  index:  l = i n t e r i o r ,  2 = e x t e r i o r  - - 

2 Dis tance  from road t o  lower edge of f i e l d  
o f  view, p o s i t i v e  f o r  edge above road - inches  

3 Dis tance  from road t o  upper edge of  f i e l d  
of  view, p o s i t i v e  f o r  edge above road - i n c h e s  

4 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  r i g h t  
s i d e  of f i e l d  o f  view, p o s i t i v e  f o r  s i d e  
t o  r i g h t  - 

5 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  l e f t  
s i d e  of f i e l d  o f  view, p o s i t i v e  f o r  s i d e  
t o  r i g h t  - 

6 Dis tance  from eye t o  f i e l d  of view, pos i -  
t i v e  f o r  f i e l d  behind eye  30 

7 ~ r a c t i o n a l  e r r o r  al lowed i n  aim - 0 1  

V 1 Dis tance  from lamp p l a n e  t o  v e h i c l e  o b s t r u c -  
t i n g  p l a n e ,  p o s i t i v e  f o r  p lane  behind 
lamps 154 

2 ~ i s t a n c e  from road t o  t o p  of o b s t r u c t i n g  
p l a n e ,  p o s i t i v e  up 3 7  

3 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  r i g h t  
s i d e  of  o b s t r u c t i n g  p l a n e ,  p o s i t i v e  t o  
r i g h t  32  

4 Dis tance  from v e h i c l e  c e n t e r l i n e  t o  l e f t  
s i d e  of o b s t r u c t i n g  p l a n e ,  p o s i t i v e  t o  
r i g h t  -32 

X 1 Not used 

2 Longi tud ina l  d i s t a n c e  from eye  t o  f a r t h e s t  
edge of  pavement a r e a  f o r  foreground g l a r e  
c a l c u l a t i o n ,  p o s i t i v e  down t h e  road 2 0 0  

3 L a t e r a l  d i s t a n c e  from eye t o  l e f t m o s t  edge 
of  pavement a r e a ,  p o s i t i v e  t o  r i g h t  - 8 

4 L a t e r a l  d i s t a n c e  from eye t o  r i g h t m o s t  edge 
of pavement a r e a ,  p o s i t i v e  t o  r i g h t  8 

5 Long i tud ina l  increment  

6 L a t e r a l  increment  

inches  

inches  

f e e t  
- 

i n c h e s  

i n c h e s  

i n c h e s  

inches  

f e e t  

f e e t  

f e e t  

f e e t  

f e e t  



TABLE 1 (Cont.) 

TD Field -- Definition 
Default 
Value Units - 

Y 1 Lamp index if 1-10; 0 means windshield 
analyzer - - 

2 ~ransmissivity parallel to filter axis - - 
3 Transmissivity perpendicular to filter axis - - 
4 If 1-10, angle of polarization axis relative 

to analyzer axis; otherwise not used - degrees 

z 1 Not used - - 
2 Initial estimate of visibility distance 200 feet 

3 Initial visibility distance interval 8 feet 

4 Target reflectivity 10 9 

5 Not used - - 

6 Not used - - 
7 EK reset switch; 0 means yes, otherwise no 0 - 

D 1 Lamp index: 1-6 main, 7-10 glare, 11-15 
following vehicles - - 

2 M = l ,  6; not used 
M=ll; distance from eye to lamp, positive 
for lamp following eye - feet 

M=2-5,7-10, 12-15; forward distance from 
reference lamp (#l,6,ll) to lamp #M, positive 
if lamp in front of local reference lamp - inches 

3 M=l,G,ll; distance from road to lamp - inches 
M=2-5, 7-10, 12-15; vertical distance from 
reference lamp to lamp # M I  positive for 
lamp above reference - inches 

4 PI=l, 6, 11; distance from vehicle centerline 
to lamp - inches 

M=2-5, 7-10, 12-15; lateral distance from refer- 
ence lamp to lamp # M I  positive for lamp to own 
right of reference - inches 

5 Vertical misaim angle, positive up - degrees 

6 Horizontal misaim angle, positive to right - degrees 

7 Rotational misaim angle, positive counter- 
clockwise - degrees 

8 Beam pattern index in disk file - - 

L 1 Multiple data set indicator; 0 or blank means 
no, otherwise yes 



TABLE 1 (Concl.) 

Notes: 

1) For best results, cards should be ordered as follows: 

T A B S C G M O P V X Y Z D L  

2) Cards A, B and X may be omitted if the default values 
are satisfactory 

3) For any lamp not in use, omit its D and Y cards 

4) Cards 0 and P should not be used in the same data 
set as they are alternate methods of computing the 
same data 

5) For non-polarized beams without an analyzer, omit all 
Y cards 

6) If analyzer is used, then Y cards for all lamps in use 
must be included. If any lamp in use does not have a 
filter, inputs of l., l., 0. in fields 2-4 of its Y 
card are required. 

7) If analyzer is not used, but some lamps do have filters, 
then inputs of l., 1. in fields 2 and 3 of the Y card 
for M=O are required 

8) Non-polarized filters can be simulated by putting the 
transmissivity in field 2, zero in field 3, and 90. in 
field 4. 

(Even fictitious filters with transmissivities greater 
than one can be simulated.) 

9) Card S is omitted if target tracking is desired. 

10) For multiple data set runs, any card that duplicates 
a card in the previous data set may be omitted. 

11) Card G is normally omitted 

12) For any mirror not used, omit its M and 0 or P cards. 

13) For straight road, omit fields 6 ,  7 and 8 on card A 

14) If the hill/valley indicator input is nonzero, then 
the curve indicator will not be read and will default 
to zero; i.e., curves can only be done in one direc- 
tion at a time. 



The output for a run with one data set consists of two 

cr more pages oi: printing. Page one contains a printout 
of the important pieces of input data, including those which 

are using their default values. The first line contains a 

general title, the date and the page number. The second line 

of printing just says "INPUT DATA." The third line is the title 

as supplied by the user. (I£ no title is supplied, a blank line 

will be printed.) Cards S, V, G and Y (if used) will be printed 

when read. If mirror orientation is specified by the user, 

it will be printed next, along with mirror location, reflectivity 

and the transmissivity of the appropriate window (rear for interior, 

side for exterior). If mirror orientation is specified by the 

desired field of view, the dimensions of each field of view will 

be printed next, followed by mirror location, orientation, 

reflectivity and window transmissivity. If the target reflec- 

tivity is to be other than the basic value, it will be printed. 

Then comes the printout of the observer relation coefficient 

parameters, the basic target reflectivity and the nominal eye 

recovery rate parameter. Then comes the distance between the 

vehicle centerlines, the vehicle velocities, the eye position 

relative to the origin, and the location of the target. Next 

is printed a description of the pavement area to be used in the 

foreground glare calculation and its reflectivity. 

Then comes the printout of the initial and final separation 
distance values. There may be a maximum of 88 of these points 

processed per run. Then the data for the various lamps in use 

will be printed: location, misaim, and the name of beam used. 

For each lamp associated with the following vehicle for mirror 

glare, the image intensity and location relative to the eye are 

printed. Then finally, the values of the foreground glare 

coefficients as calculated by the program will be printed out. 

Page two has the same general title, date and its own page 

number, then the words "OUTPUT DATA," then the user's title. 



Then i t  p r i n t s  headings  f o r  s e p a r a t i o n  d i s t a n c e ,  v i s i b i l i t y  d i s -  

t a n c e ,  v e i l i n g  g l a r e  ( d i s a b i l i t y ) ,  and t h e  g l a r e  i n t e n s i t y  d i r -  

e c t e d  a t  t h e  eye  from t h e  opposing v e h i c l e ' s  lamps, summed over  

a l l  Lhe lamps i n  use.  Then t h e  d a t a  a s  c a l c u l a t e d  by t h e  program 

i s  p r i n t e d  o u t  i n  t h e  p roper  p l a c e s .  Next comes some s p e c i a l  d a t a ,  

which may o r  may n o t  appear  i n  t h e  t a b u l a t e d  d a t a ,  and s e v e r a l  

comments . 
These two pages w i l l  be produced f o r  each d a t a  s e t  inc luded  

i n  t h e  run .  

I f  curved roads  a r e  be ing s imula ted ,  then t h e  s e p a r a t i o n  d i s -  

t a n c e  and t h e  v i s i b i l i t y  d i s t a n c e  become a r c  l e n g t h s  r a t h e r  than  

s t r a i g h t  l i n e  d i s t a n c e s .  I n  any case ,  one could  t h i n k  of  both  

t h e s e  d i s t a n c e s  a s  t h e  d i s t a n c e  measured on t h e  main v e h i c l e ' s  

odometer ( i n  t h e  proper  u n i t s )  needed t o  b r i n g  t h e  g l a r e  v e h i c l e  

r e f e r e n c e  lamp o r  t h e  t a r g e t ,  r e s p e c t i v e l y ,  i n t o  l i n e  wi th  t h e  

d r i v e r ' s  eye. 

The program was o r i g i n a l l y  d e r i v e d  f o r  an IBM-1800 computer. 

Due t o  t h e  smal l  c o r e  s i z e  of t h i s  computer, t h e  program was 

d i v i d e d  i n t o  f i v e  l i n k s .  The f i r s t  t h r e e  processed  t h e  i n p u t ,  t h e  

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

t h e  o u t p u t .  The two p l o t s  were produced by a  Calcomp p l o t t e r .  

A t  t h e  bottom was t h e  u s e r ' s  t i t l e ,  page 3 ,  and t h e  d a t e .  The 

f i r s t  p l o t  had t h e  g l a r e  i n t e n s i t y  and t h e  v e i l i n g  g l a r e  p l o t t e d  

a g a i n s t  s e p a r a t i o n  d i s t a n c e .  The second had v i s i b i l i t y  d i s t a n c e  

v e r s u s  s e p a r a t i o n  d i s t a n c e .  This  program i s  now o p e r a t i o n a l  on 

a  DEC PDP 11-45 computer equipped wi th  F o r t r a n  6 a s  a  main pro- 

gram wi th  f o u r  major s u b r o u t i n e s ,  b u t  wi thou t  t h e  p l o t t i n g  

f a c i l i t y .  Card decks f o r  t h e  F o r t r a n  source  programs f o r  both  

computers can be a v a i l a b l e .  The IBI I -1800  v e r s i o n  does n o t  have 

t h e  m i r r o r  g l a r e  o p t i o n  o r  t h e  curved road geometry o p t i o n .  

Before t h e  Headl ight  V i s i b i l i t y  Performance Eva lua t ion  

Simula t ion  program can be run ,  t h e  beam p a t t e r n s  t o  be used 

must be w r i t t e n  i n t o  a  d i s k  f i l e  by a  s e p a r a t e  program, which 

i s  a l s o  a v a i l a b l e .  



The first input data card specifies the number of beam 

patterns to be written into the disk file. A maximum of ten may 

be done at one time; i.e., the disk file is large enough to hold 

ten different beam patterns. Five columns are allowed for this 

number, which is an integer. Thus, for one through nine different 

beam patterns, the appropriate integer appears in column five. 

For ten, put a "1" in column four and a " 0 "  in column five. Then 

comes a card describing the beam pattern, as follows: flirst, 

the index of the beam (1 through 10) in the first five columns 

(integer, as above); second, the number of horizontal angle 

points in the beam pattern, with a maximum value of 61 in columns 

6-10 (integer); third, the number of vertical angle points, with 

a maximum value of 22 in columns 11-15 (integer); fourth, the 

value of the leftmost (most negative) horizontal angle in degrees 

(real) in columns 16-20; fifth, the value of the lowest (most 

negative) vertical angle in degrees (real) in columns 21-25; 

sixth, the value of the angle increment (degrees real) in columns 

26-30; seventh, a description in words of the beam pattern in 

columns 31-72; eighth, the value of any constant filter factor 

to be applied across the beam as a decimal fraction (real) in 

columns 73-80. Then come the cards bearing the values of the 

beam pattern headlight intensity for the various angle pairs. 

Starting with the leftmost horizontal angle, there will be one 

or two cards giving the intensity values in candelas for each 

vertical angle, starting with the lowest. The intensity values 

are real numbers with decimal points occupying seven columns 

each across the card. Thus, there will be eleven values on the 

first card, with three columns unused at the end, and the same 

on the second. Each horizontal angle has its own pair of cards. 



APPElJDIX 3 

ERRATA FOR REPORT NO. UM-HSRI-HF-73-15 



Appendix 3 :  

E r r a t a  f o r  Repor t  No.: UM-HSRI-HF-73-15 

On page 4 ,  i t  i s  s t a t e d  t h a t  e a c h  lamp may be  swi t ched  o f f  

o r  on t w i c e  a t  s p e c i f i e d  d i s t a n c e s .  T h i s  a b i l i t y  h a s  been 

d e l e t e d  from t h e  program due t o  t h e  f a c t  t h a t ,  whenever a  lamp 

on t h e  main v e h i c l e  i s  s w i t c h e d  t h e  fo reg round  g l a r e  s h ~ u l d  be 

comple t e ly  r e c a l c u l a t e d .  T h i s  was deemed n o t  f e a s i b l e  a t  t h e  

p r e s e n t .  I f  i n t e r e s t  i s  e x p r e s s e d  i n  t h i s  f e a t u r e ,  i t  c o u l d  be  

worked o u t  and added.  

There  i s  a  m i s p r i n t  on p .  10 i n  t h e  l a s t  e q u a t i o n .  The 

l a s t  argument ( s u b s c r i p t )  s h o u l d  be  a  1 n o t  a  2 .  

On page 11, t h e  c a l c u l a t i o n  of  t h e  f o u r t h  p o i n t  i s  now d i f -  

f e r e n t .  The f o l l o w i n g  s k e t c h  d e p i c t s  t h e  c o n d i t i o n s .  Log i n t e n -  

s i t y  v a l u e s  p and q have been c a l c u l a t e d  from v a l u e s  a and c 

and a  and b ,  r e s p e c t i v e l y ,  a s  b e f o r e .  Now v a l u e s  r and s a r e  



c a l c u l a t e d  from a and d ,  and used  t o  p r e d i c t  two v a l u e s  f o r  t. 

(One v a l u e  u s e s  r and q ;  t h e  o t h e r  u s e s  s and p , )  Then t h e  

a v e r a g e  of  t h e s e  two v a l u e s  i s  used a l o n g  w i t h  p ,  q and a  a s  

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

p o l a t i o n  scheme. 

On p ,  12 i n  F ig .  4 t h e r e  i s  a  l a b e l  mi s s ing .  An " a "  be longs  

above t h e  a r c  i n  t h e  e l e v a t i o n  s e c t i o n ,  

On p ,  1 3  t h e  word "edge" i n  t h e  second c l a u s e  of  t h e  f i r s t  

pa rag raph  s h o u l d  be "eye . "  






