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OBJECTIVES 

I n  a d d i t i o n  t o  t h e  g la re  from t h e  h e a d l i g h t s  of opposing 

t r a f f i c ,  t h e r e  i s  g l a r e  from t h e  h e a d l i ~ h t s  af f o l l o w i n g  t r a f f i c  

as  r e f l e c t e d  i n  r e a r v i e w  m i r r o r s .  The purpose  of t h i s  proFjrarn 

i s  t o  2 e r i v e  the  i n t e n s i t i e s  directed a t  t h e  driver's eye  from 

t h o s e  Eollo.i:.incj h e a d l a 7 . 2 ~  v i a  h i s  own m i r r o r s  and t h e  xesu!!.ting 

i l l u n i n a t i o n  l e v e l s  a t  h i s  eye.  A l s ~  derived i s  t h e  g l a r e  a n g l e  

of each headlar.2 inacje in each mirz?r r e l a t i v e  t o  an eye l i n e - o f -  

s i g h t  led-;ins E tralshz aheec2, *. 

The o s i g i E  f o r  t h e  i n p u t  t o  t h i s  program i s  a t  t h e  c e n t e r  

of the v e h i c l e ,  on t h e  r o a d ,  in the p l x e  of  t h e  :lain head lanps .  

T h e  X-axis i s  p o s i t i v e  forward (ahead cf t h e  v e h i c l e ) , . t h c  Y-axis 

i s  p o s i t i v e  I*, and t h e  Z-axis i s  p o s i t i v e  t o  t h e  r i g h t .  Some o f  

t h e  i n p u t  d a t ~  do n o t  f o l l o w  t h e s e  con7;entions as t o  s i g n ,  b u t  

are i n p u t  p o s i . t i v e  ti-lien t k c y  a re  i n  t h e i r  nast prokxh lc  2osi t i o n :  

e. g.  , t h e  long j . tud ina1  d i s t a n c e  from t h e  eye  t o  t h e  o r i g i n  i s  

p ' o s i t i v e  becau te  t h e  eye  i s  normal ly  5eh ind  t h e  l a n p s .  Some o f  

t h e  d a t a  i s  noi. r e f e r e n c e d  t o  t he  orlgi.1: b u t  t o  t h e  e y e ,  n o t a b l y  

tile d a t a  f o r  tide f o l l o w i n g  r e f e r e n c e  larap. Mi r ro r  r e f l e c t i v i t i e ; ,  

r ea r  w i n d s h i e l ?  t r a n s m i s s i v i t y  and f ~ l l o w i n g  headlamp f i l t e r s  

( b o t h  less t h a n  and g r e a t e r  than  o c ~ j  a r e  a l s o  i n p u t s .  

The m i r r o r s  can  be aimed and dimensioned by t h e  program 

accord ing  t o  t h e  f i e ld -o f -v iew d e s i r e d  a t  kame s p e c i f i e d  d i s -  

t a n c e  behind t h e  d r i v e r .  Rectangular  m i r r o r s  a r e  done i n  b o t h  

d imensions ,  w h i l e  c i r c u l a r  m i r r o r s  a r c  computed f o r  t h e  l a t e r a l  

d i r e c t i o n  and c e n t e r e d  i n  t h e  v e r t i c a l  d i r e c t i o n .  An a l t e r n a t e  

method a l lows  t h e  user t.o s p e c i f y  t h e  mLrror dimensions and t o  

airn t h e  c e n t e r  p o i n t  of  t h e  m i r r o r  2.t: any d e s i r e d  p o i n t  a t  sonle 

s p e c i f i e d  d i s t a n c e  behind the d r i v e r .  



A f t e r  t h e  main v e h i c l e  d a t a  has  been r e a d  i n  and t h e  m i r r o r  

a n g l e s  and o t h e r  parameters  computed, come t h e  cards d e s c r i b i n g  

the  fo l lowing  vehic1.e lamps. Each lanp can be misaimed i n  t h r e e  

d i r e c t i o n s :  up and down, r i g h t  ?ad Left and arcund, A s  each one 

i s  r e a d ,  t h e  p o s i t i o n  of t h e  l a n p  image on each m i r r o r  i s  c a l -  

c u l a t e d .  If t h e  image i-s o u t s i d e  t h e  dimensions of t h e  m i r r o r ,  

it i s  ignored.  I E  t h e  l i n e  fropa t h e  l~ tc .2  t o  i t s  image p i e r c e s  

t h e  o b s t r z c t i n ?  p l a n e  ( l c c a t e d  at; ~:;e r e a r  of t h s  main v e h i c l e .  

and s i ~ , ~ . . d a t  I E ~  ' I t s  s o l i d  p r t i o n l ,  it i s  a l s o  i~zored* I f  t h e  

image i s  t o  be ascd,  t h e n  i t s  h o r i z o n t a l  and vertical angles i n  

t h e  l a r .p l s  bean p a t t e r n  a r e  c a l c u l a t e t  and t h e  i ~ t c n s i t y  i n  t h a t  

d i r e c t i o n  is f o ~ n 2  by a double l.fr,ear i n t e r p o l a t f o x  on t-he loga- 

r i t l l m  of t h e  intensity values. The i l l u n l i n a t i o n  level! i s  c:alcu- 

Lated by d i v i d i n g  t h i s  i n t e n s i t y  v a l u e  by the sqzare  of t h e  

t o t a l  d is taxl -e  from t h e  eye t o  t h e  1a1p.  Then t 3 e  g l a r e  angle  

of the image x e l a t i v e  tc t h e  eye l o o k i n s  s t r a i g h t  ahead i s  calcu-  

l a t e d  and t h e  Gat2 p r i n t e d  o u t .  This  i s  done for eac1.1. desi.r~.d 

Eollov~img d i s t a n c e .  

F inal l -y ,  a f t e r  a l l  t h e  fo l lo t r ing  lamps have been t a k e n  c a r e  

o f ,  t h e  i n t e n s i t i e s  and i l l u m i n a t i o n  l e v e l s  a r e  sumrned ovel: t h e  . 

lar~.ps f o r  each ,n i r ro r  and t h a t  d a t a  p x i n t e d  ou t ,  

EVAI,UATION OF SOME EXISTING AYD PROPOSE3 BEAMS 

In o r d e r  t o  checlc o u t  t h e  program it; was decided t o  run 

it:  on some e x i s t i n g  and. proposed beams. The b e ~ n  p a t t c r r i s  used 

f o r  t h e  e x i s t i n g  beams .cbTere taken fror.! p h o t o ~ e t z y  d a t a  on 

W 6 0 1 4  low and h i g h  beam and a  GE type--3 mid bezn. The proposed 

bearrls were those i n  the governrent  d o c k ~ t  #6?-13, d e s c r i b e d  a s  

t y p e  3 low and h i g h ,  type 4 middle and t y p e  5 high,  f o r  both 

minirnum and maximum aI.l.owed i n t e n s i t y  values, 

The fie]-d-of-view of t h e  i n t e r i o r  m i r r o r  c ~ v e r e d  s e c t i o n  Q 
* o f  t h e  government; t a r g e t  i n  docltet #71-3a, while  t h a t  o f  t h e  



e x t e r i o r  m i r r o r  inc luded  h a l f  of s e c t i o n  SL and o n e - f o u r t h  of 

s e c t i o n  Q. It would hzve been b e t t e r  t o  use  s l i g h t l y  more of 

s e c t i o n  Q a s  t h i s  chafce, when c o ~ b i n e d  wi th  t h e  p o s i t i o n s  of 

the n i r r o r  d ~ d  C ~ C ,  l e d  t o  t h e  co::e-oE-view angXing s l - i 5 h t f ~ ?  

outward. Thus,  f o r  d i s t a n c e  q u i t e  f a r  behind the main v e h i c l e ,  

but w i t h i n  the  saxge cf i n t e r e s t ,  the p s s s i n g  l a n e  was n o t  

inc luded  i r &  t h e  e x t e r i o r  n i r r o r  ' s f i e l d -  of -view i n  t h i s  exm.ple. 

The fo1l.cwing v e h i c l e  was pc2siticned f i r s t  i n  t h e  sm.e Lane 

and t h e n  i n  t h e  p a s s i n s  l a n e ,  a t  d i s t a n c e s  v a r y i n g  fro:?. 50 t o  

2000  f e e t .  In t h e  s5r.e Lane c a s e  a i l  t k e  l a ~ p s  were v i s i b l e  i n  

t h e  i n t e r i o r  ,-airror and none i n  the e x t e r i o r .  I n  t h e  passing 

lane c a s e ,  ;I1 t h e  l a ~ , ~ s  \;ere v i s i 5 l e  is t h e  i n t e r i o r  mirrcr, 

e x c e p t  a t  50 f e e t .  A l l  t h e  lamps were v i s i b l e  in t h e  e x t e r i o r  

m i r r o r  u n t i l  t h z  cone-of-view moved t o o  f a r  t o  t h e  l e f t r  a t  
about  9 0 0  f e e t ,  

The i n p ~ t  c a r d s  a l l  have t h e  same l a y o u t  o r  fo rmat ,  except  
f o r  the c a r d  which i m e d i a t e l y  fo l lows  ithe T,card. T h i s  f o r n a t  

c o n s i s t s  of c. l e t t e r  f o x  i d e n t i f i c a t i o n  in colunrl one,  a, real. 
number i n  :olfir!~qs~ two t h r ~ u g h  t e n ,  and :;even more rea.1 nucbers 

i n  t h e  nex t  seven groups of t e n  columns each.  I n  prclgramning 

terms,  t h i s  fo:m,~at i s  d e s c r i b e d  a s :  A l ,  E 9 . 0 ,  7E10.0. It does 

no t  mat ter   here 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  appears ,  b l ~ . 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 $ ,  and they  a r e  nunbered f o r  easy  r e f e r e n c e  con- 

s e c u t i v e l y  f-om one t o  e i g h t  a c r o s s  t h e  ca rd .  Thus, f i e l d  one 

has  n i n e  col .u~.u~s ,  w h i l e  f i e l d s  two through e i g h t  eacl-1 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 

input d a t a ,  t h ~ :  n a t u r e  of  which i s  determined by t h e  i d c 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 field of  each card  t h e r e  

i s  given i n  Table 1 t h e  d e f i n i t i , o n  of t h e  p i e c e  of  i n p u t  d a t a ,  i t s  

d e f a u l t  va lue  ( i f  any) and i t s  units (if p c r t i n c n t ) .  The d e f a u l t  

v a l u e  i s  the v a l u e  t h e  datum w i l l  have i f  t h e  user does n o t  s p e c i f y  

a value.  



- ' Value U n i t s  I D  F i e l d  
C -I- 

D e f i n i t i o n  

40 Feet - Feet - Feet 
I - 
0 - 

Nw.3er of foil-owi~g d i s t a n c e  ? o i n t s  
Distnnce b e t r : ~ e n  ~ s i n t s  
F i r s t  f o i lo \ ; i cy  d z s t a n c e  .... . 
Trans:n iss iv i ty  of rear: win2shiel.d 
Debug l e v e l  
Not used 
Tolerc?!-)le e r r o r  i n  mirulir f ie ld-of-v iew,  

f ra:: t l o n  
l;'u;ib:r of subsequent  d a t a  sets expected  

V 2. D i s k  inc:e f r o n  headlaxp p l a n e  t o  obstruct- 
i i lg  p lane  

2 D i s t m c e  from road t o  t o p  c? o b s t r u c t i n g  
p t aile 

3 Dis tance  froin c e n t e r  o f  vehicle t o  
right s ide  of p l z n e  

4 Z-Cistance of l e f t  s i d e  of p l a n e  from 
o r i g i n  

5 Distance  f r o n  headlanp p lane  t o  eye 
6 Dis2ance f rar i  road t o  eye 
7 D ~ s t a n c e  from c e n t e r  of v e h i c l e  t o  eye 

I n c h e s  

I n c h e s  

I n c h e s  
I n c h e s  
I n c h e s  
I n c h e s  

H L I;a*~p index 
2 F i L t x  v a l u e  

Mirr~~r index:  I = i . n t e r i a r ,  2 = e x t e r i o r  
D i s t  ~ n c e  from headlanp p lane  t o  mi r ro r  
Dis tance  f r o R  road  t o  m i r r o r  
2-di:;tance of m i r r o r  from  rigi in 
Reflectivity of z i r r o r  
Shape i n d i c a t o r :  O=circuScr,  p a s i t i v e =  

r e c t a n g c l a r  

- 
Ir?ches 
I n c h e s  
I n c h e s  - 

0 1 Mirror  i n d ~ x :  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 mi.rror 
3 V e r t i c a l  d i n e n s i o n  of mirrdr 
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  
5 Z-distznce of nlixsor c e n t e r  aim p o i n t  

from o r i g i n  
6 Dis tance  from eye t o  ,mirror  c s n t e r  .- , . .L> 

1 aim p o i n t  

- 
I n c h e s  
I n c h e s  

Inches  

Inches  



TABLE 1 ( c o n c l .  ) 

Mirror  index:  
Distance from 

of-view 
Distance from 

view 
Dis tance  from 

r y q h t  s i d e  
2-distance of 
D i s  t ~ . : ~ c c  from 

of -view 

l = i n t e r i o r ,  2 = e x t e r i o r  
road t o  ba t tom of f i e l d -  

- ,  . , Inches  
d 

road t o  t o p  of f ie ld-of -  - Inches  
center of v e h i c l e  to 

l e f t  side frox o r i g i n  
eye t o  plane of field- 

Nc,ne; t r ic jgcrs  rcazing of t i t l e  card .  
T i t l e  irrc?y be 80 characters I s n g ,  i n c l u d -  

- I n c h e s  - I n c h e s  

- 
Lng spLces and shouid be cen tzxed  on 
t h e  c a r d  

Lamg i ~ d e x ,  bl 
X - d i s t ~ n z e  from reference lz-z-7 t o  la-zp 3 1  
M=l: Gistancc £run r o a d  t o  r e f e r e n c e  la_? 
X=2-5: Y-edistarLce frcr?. reference lz-s to 

lar .1~ +;.I 
M=1: d ~ s t a n c e  frari c e n t e r  of v e h i c l e  t o  

reference l m p  -- 
M=2-5: Z-disrance from reference l m p  tg 

lamp #M 
V e r t i c a l  misaim an~le, p o s i t i - r e  up - 
H o r i z o n t a l  niszix angle,  p o s i t i v e  t o  r l ~ 1 ~ t  .-A 

Rotational rnisaim anqlc, pos ik ive  
clockv~ise ..a 

Iqdex of beam pattern i n  d i s k  file - 

30 Feet 

Notes : 

Cards o r d e r  f o r  b e s t  

2) Cari;r. 0 and F should n o t  be used i n  t h e  ..;me dat.;i set, 

3)  Card I! should  be o m i t t e d  unless "he bear  pattern is; t a  
b e  n o d i f i e d .  

For mul . t i2 le  d a t a  sets (i.e., 
tF.an 0) , any c a r d  on which 
i n  the preceeding data set 

car2 I; f i e l d  S g r e z t e r  
t h e  d z t a  is -?..le saxe as 
may be GP-i t ted ,  

5 )  Cards M and e i t h e r  0 o r  F form a set both  S Z L Y . ~ S  

for ,i.mlex 1 should  he before bo th  cz_r;ls fgj:. ;,nd~ay: -- %,.. 2), 
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Before t h i s  program can  be r u n ,  t h e  beam p a t t e r n s  t o  be used  

m u s t  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  progran!. 

The f i r s t  i n p u t  da t a  c a r d  s p e c i f i c s  t h e   umber a f  beam pat-  

terns t o  be w r i t t e n  i n t o  t h e  d i s k  f i l e .  A naxinan of  t e n  nay 

be done a t  one t irne;  i , c , ,  t h e  d i s k  f i l e  i s  l a r g e  enaug1.i t o  hold 

t e n  d i f f e r e n t  beam p a t t e r n s ,  F ive  colcrnns a r e  alloi~ec! f o r  t h i s  

narzber, which i s  an knte:er, Thus,  f r ) r  one  throuqh n i n e  d i f f  e r e l l t  

bear.: patterns, t h e  a p p r o p r i a t e  i n t e j e r  a p p e a r s  i n  co11;lr;~:~ f i v e .  

For t e n ,  p u t  a '1" in colu::.n f o u r  and a "0" i n  cclum f i v e ,  "hen 

cones  a card dcszriSing t h e  beam p a t t e r n ,  as f a l l o w s :  first, 

t h e  index of t h ~  beam (1 th rough  10 )  i n  t h e  f i ~ s t  f i v z  c 0 1 ~ ~ w . s  

( i n t e g e r ,  a s  abcve)  ; second,  t h e  numSer of h o r i z o n t a l  a n g l e  

p o i n t s  ir; t h e  hc.nL1 ?a t te ,cn ,  wi th  a maxir;.um value 9 2  6 1  i n  c:olums 

6-10 ( i n t e g e r )  ; t h i r d ,  t h e  n u r h e r  o f  v e r t i c a l  a n c l e  p o i n t s ,  t ; i th  

a ~naxinurn v a l  ~ e  o f  2 2  i n  c o l u m s  11-15 ( i n t e g e r )  ; f o x t h ,  t h e  

v a l u e  of t h e  l e f t m o s t  ( n o s t  n e g a t i v e )  h o r i z o n t a l  a z g l e  i n  d e g r e e s  

( r e a l )  i.n C S Z L L ~ ~ ? ~ ~ S  1 6 - 2 0 ;  f i f t h ,  tile v a l u e  of t h e  lowesc (most] 

n e g a t i v e )  v e r t i c a l  a n g l e  i n  d e g r e e s  (2-eal)  i n  col.mns 21-2  5 ;  

s i x t h ,  t h e  va lue  of t h e  a n g l e  i nc remen t  ( d e g r e e s  r e a l )  i n  c o l u x ~ s  

26-30;  s e v e n t h ,  a. d e s c r i p t i o n  i n  words o f  t h e  be23  p a t t e r n  i n  

columns 31-72 ;  ~ i g h t h ,  t h e  v a l u e  o f  e . y  c o n s t a n t  5 i l t e r  f a c t o r  Lo 

be a p p l i e d  a c r o s s  t h e  bean  3s a decimz! f r a c t i o n  ( r e a l )  i n  

columns 73-80. Then come t h e  c a r d s  b e b r i n g  t h e  -;slues of t h e  

beam p a t t e r n  h e a d l i g h t  i n t e n s i t y  f o r  t ; l e . v a r i o u s  ar,gle ? a i r s .  

S t a r t i n g  w i t h  t h e  l e f t m o s t  h o r i z o n t a l  a n g l e ,  t h e r e  w i l l  b e  one o r  

two cards g i v i n g  t h e  i n t e n s i t y  v a l u e s  ir, c a n d e l a s  f o r  each  v e r t i c a l  

a n g l e ,  s t a r t i n g  with t h e  lowest. The . m t e n s i t y  y ~ a l u e s  a r e  r e a l  

numbers w i t h  dec imal  p o i n t s  occupying sf-ven c o l ~ ~ z s  each a c r o s s  

t h e  card. Thus ,  t h e r e  w i l l  be el-even v a l u e s  on t h e  f i r s t  c a r d ,  

w i t h  t h r e e  co1um.n~ unused a t  t h e  end ,  ai d t h e  saxe on t h e  scccncl. 

Each h o r i z o n t a l  a n g l e  h a s  i t s  own p a i r  o f  carGs.  



DESCRIPTION OF OUTPUT 

The o u t p u t  f o r  a run  c o n s i s t i n g  of  s e v e r a l  data sets s t a r t s  

with one page of g e ~ e r a l  i n p u t  d a t a .  On t h i s  page there i s  a 

g e n e r a l  t i t l e  and t h e  d a t e .  Then t h e  d a t a  f o r  t h e  fol1ot:ing 

v e h i c l e  d i s t a n c e s  i s  p r i n t e d ,  as  i s  t h e  r e a r  windsh ie ld  t r a n s -  

r n i s s i v i t y .  Tile main ve i l i c l e  s t r u c t . u r e  i s  i n c l u z e d  a s  an o b s t r u c t -  

i n g  plane l o c a t e d  i n  t h e  trur,k r e g i o n ,  I t s  dimensions are  (given 

nex t .  Then t h e  location of the d r i v e r ' s  eye relative t o  the 

o x i y i n  is prir'tci?, 3 e x t  cr;r,;:es t h e  rirro:: data  w i t h  its c e n t e r  p o i n t  

f a c a t i o n  and six be ing  g iven  r e l a t i v e  t o  the  eye. Note t h a t  f o r  

a round mirro,,  he,=,ht 1, equal t a  width .  r ~ e x ~  a r e  t h e  p r i n t - c ) l ~ t s  

of t h e  desi:re;3 f iele-of-viei.1 f o r  each mi:rror, which d e f i n e s  t h e  

mirror or ien , t a t - ion  and s i z e ,  i f  c a r d  F i s  used. 

Then comes the o u t p u t  data f o r  each I m p  of  t h e  fo l lowing  

v e h i c l e ,  g ~ n e r a l l - y  one page p e r  1 a L p .  k t  t h e  t o p  of t h e  page i s  

the  g e n e r a l  t i t l e ,  d a t e  and page n m b e r .  Then comes the  d a t a  

d x r r j 1 - ? l n g  t h e  l anp :  locat:ion, a i s a i n  and name of I e c m  pattern 

used, Then the i n t e n s i t y ,  i l l u m i n a t i o n ,  glare a n g l e  and a n g l e s  

i n  beam p a t t e r n  of t h i s  l amp f a r  each m i x o r  a r e  p r i n t e d  f o r  each 

f a l l o t ~ i n g  d i s t a : ~ c e .  

The l a s t  pclge  f o r  each d a t a  s e t  i s  a surmary of i n t e n s i t y  and 

i l l u m i n a t i o n  f o r  each m i r r o r  s ~ r i n e d  o v e r  a l l  t h e  lamps. 

For  the nc:xt d a t a  s e t ,  t h e  page of g e n e r a l  i n p u t  d a t a  wii.7. 

be omitted if nothing i s  changed, I f  any of t h i s  d a t a  i s  diif- 

f e r e n t ,  however., it will be p r i n t e d  o u t  a s  d e s c r i b e d  i3ho~e.  Then 

t h e  o u t p u t  pages w i l l  fo l low.  

The outpu-t f o r  one of t h e  r u n s  from the  e v a l u a t i o n  o f  exist- 

ing and proposed beculls i s  g iven  i n  F i g u r e  2 .  
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