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©  Automotive  headlight  having  optics  in  the  reflector. 
©  The  invention  concerns  the  reflector  of  an  automotive 
headlight  which  has  a  clear  unfluted  front  cover  (12)  and  a 
reflector  (13)  which  directs  light  from  a  source  (11)  through 
the  front  cover  in  a  desired  pattern.  The  reflective  surface  is 
smooth  and  continuous  formed  of  two  edge  ellipsoids 
(15,16)  and  a  center  ellipsoid  (14)  joined  in  smooth  con- 
tinuous  junctions.  The  center  ellipsoid  is  modified  to  include 
a  smooth  vertical  bump  (21)  and  the  ellipsoids  are  tilted  off 
the  axis  of  the  headlight.  The  headlight  is  formed  by  a  digital 
computer  aided  process  which  includes  tracing  the  paths  of  a 
plurality  of  light  rays  emanating  from  a  digitally  modeled 
light  source,  intersecting  a  reflector  modeled  by  digital  shape 
functions  and  projected  onto  a  sphere  surrounding  the 
reflector.  The  light  intensity  across  a  path  of  the  sphere  is 
compared  with  the  prescribed  automotive  headlight  specifi- 
cations.  The  parameters  of  the  shape  functions  are  changed 
and  the  process  is  performed  iteratively  to  produce  a  light 
intensity  best  matching  the  specifications. 
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 T h e   invention  concerns  the  reflector  of  an  automotive 
headlight  which  has  a  clear  unfluted  front  cover  (12)  and  a 
reflector  (13)  which  directs  light  from  a  source  (11)  through 
the  front  cover  in  a  desired  pattern.  The  reflective  surface  is 
smooth  and  continuous  formed  of  two  edge  ellipsoids 
(15,16)  and  a  center  ellipsoid  (14)  joined  in  smooth  con- 
tinuous  junctions.  The  center  ellipsoid  is  modified  to  include 
a  smooth  vertical  bump  (21)  and  the  ellipsoids  are  tilted  off 
the  axis  of the  headlight.  The  headlight  is  formed  by  a  digital 
computer  aided  process  which  includes  tracing  the  paths  of  a 
plurality  of  light  rays  emanating  from  a  digitally  modeled 
tight  source,  intersecting  a  reflector  modeled  by  digital  shape 
functions  and  projected  onto  a  sphere  surrounding  the 
reflector.  The  light  intensity  across  a  path  of  the  sphere  is 
compared  with  the  prescribed  automotive  headlight  specifi- 
cations.  The  parameters  of  the  shape  functions  are  changed 
and  the  process  is  performed  iteratively  to  produce  a  light 
intensity  best  matching  the  specifications. 



T h i s   i n v e n t i o n   r e l a t e s   to   a u t o m o t i v e   h e a d l i g h t s ,   a n d  

more   p a r t i c u l a r l y ,   t o   a  h e a d l i g h t   in   w h i c h  t h e  r e f l e c t o r   i s  

c o n t o u r e d   to   m e e t   t h e   r e q u i r e d   l i g h t   s p e c i f i c a t i o n s   and  t h e  

l e n s   i s   r e p l a c e d   w i t h   a  c l e a r   c o v e r   p l a t e   w h i c h   can   b e  

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

S e a l e d   beam  a u t o m o t i v e   h e a d l i g h t s   i n c l u d e  a  

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

i n c a n d e s c e n t   f i l a m e n t   b u l b   and  d i r e c t s   i t   t o w a r d s   a  l e n s .  

The  l e n s   has   f l u t e s   w h i c h   s h i f t   and   s p r e a d   t h e   l i g h t  

i n t o   a  beam  p a t t e r n   w h i c h   m e e t s   t h e   s p e c i f i c a t i o n s   s e t   b y  

t h e   S o c i e t y   of   A u t o m o t i v e   E n g i n e e r s .   B e c a u s e   t h e   s t a n d a r d  

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

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

t h e   b u l b   and  r e f l e c t o r   i s   c r i t i c a l .   D e s i r a b l y   t h e   p o s i t i o n  

of   t h e   l e n s   s h o u l d   be  n e a r l y   n o r m a l   to   t h e   l i g h t  

e m a n a t i n g   f rom  t h e   b u l b   and  r e f l e c t o r ,   s i n c e   r i s e r  

g l a r e   b e c o m e s   w o r s e   when  t h e   l e n s   i s   s l a n t e d   a t   a n  

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

u n c o n t r o l l e d   l i g h t ,   known  as  g l a r e ,   f r o m   t h e   f l u t e  

r i s e r s   and  e d g e s .   In  many  i n s t a n c e s ,   i t   w o u l d   b e  

d e s i r a b l e   to   h a v e   a  h e a d l i g h t   w i t h   a  s l a n t e d   f r o n t  

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

H o w e v e r ,   as  n o t e d  a b o v e ,   w i t h   t h e   o p t i c s   in   t h e   l e n s  

and  t h e   r e s u l t i n g   g l a r e ,   i t   i s   n o t   p r a c t i c a l   to   p r o v i d e  
s u c h   a  s l a n t e d   f r o n t   s u r f a c e   w h i c h   a l s o   w o u l d   b e  

d e s i r a b l e   f o r   r e a s o n s   of  s t y l e .   I t   i s   t h e   e l i m i n a t i o n  

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

of   s l a n t e d   l e n s e s   w h i c h   i s   an  o b j e c t   o f   t h i s   i n v e n t i o n .  

U.S .   P a t e n t s   1 5 3 , 3 4 1 - J a c o b s e n   and  1 , 3 4 6 , 2 6 8 - G o o d l e y  
show  e a r l y   a t t e m p t s   to   p r o d u c e   l a m p s   w i t h   t h e   o p t i c s  
in   t h e   r e f l e c t o r s .   U .S .   P a t e n t s   3 , 5 1 1 , 9 8 3 - D o r m a n   a n d  

4 , 1 4 9 , 2 7 7 - D o r m a n ,   show  more   r e c e n t   a t t e m p t s   to  p r o v i d e  



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

p a t t e r n .   T h e s e   r e f l e c t o r s   a r e   n o t   s u i t a b l e   f o r   m e e t i n g  
t h e   m o r e   s t r i n g e n t   a u t o m o t i v e   s p e c i f i c a t i o n s .  

" C o m p u t e r   D e s i g n   of   A u t o m o t i v e   Lamps  Wi th   F a c e t e d  

R e f l e c t o r s " ,   D o n o h u e   and  J o s e p h ,   J .   of  I . E . S . / 1 9 7 2 ,  

pp.   3 6 - 4 2   d e s c r i b e d   an  a u t o m o t i v e   lamp  i n   w h i c h   t h e  

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

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

shown  i n   F i g .   12  of   t h a t   a r t i c l e ,   h a v e   s h a r p   e d g e s  

and   d i s c o n t i n u i t i e s   b e t w e e n   t h e m .   S i n c e   e a c h   f a c e t   i s  

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

b e t w e e n   t h e   s u r f a c e s   n e c e s s a r i l y   a r e   n o t   s m o o t h .   B e c a u s e  

o f   t h i s ,   t h e   f a b r i c a t i o n   o f   s u c h   a  r e f l e c t o r   i s   q u i t e  

d i f f i c u l t .   T h e s e   r e f l e c t o r s   may  be  f o r m e d   f r o m   a n y  
s u i t a b l e   m a t e r i a l   s u c h   as  g l a s s ,   p l a s t i c   or   m e t a l . I t  

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

d i s c o n t i n u o u s   j u n c t i o n s   shown   i n   F i g .   12  o f   t h a t   a r t i c l e .  

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

an  a u t o m o t i v e   h e a d l i g h t   r e f l e c t o r   w h i c h   d i r e c t s   l i g h t  

in   a  p a t t e r n   w h i c h   m e e t s   a u t o m o t i v e   s p e c i f i c a t i o n s   a n d  

w h i c h   h a s   s m o o t h ,   c o n t i n u o u s l y   j o i n e d   s u r f a c e s   w h i c h  

f a c i l i t a t e   f a b r i c a t i o n   o f   t h e   h e a d l i g h t .  

In   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   t h e r e   i s  

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

l e a s t   one   r e f l e c t i v e   s u r f a c e   w h i c h   d i r e c t s   l i g h t   f r o m  

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

b e i n g   s m o o t h   and  c o n t i n u o u s .  

P r e f e r a b l y ,   a  s e a l e d   beam  h e a d l i g h t   has   r e f l e c t o r  

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

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

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

s u r f a c e   i s   s m o o t h   and  c o n t i n u o u s   w h i c h   m a k e s   t h e  

r e f l e c t o r   e a s y   to   f a b r i c a t e   and  e l i m i n a t e s   u n d e s i r a b l e  

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

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



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

f a c t u e r s   now  p l a c e   a  p r e m i u m .  

The  h e a d l i g h t   i s   p r o d u c e d   by  a  p r o c e s s   c o m p r i s i n g  

t h e   s t e p s   o f :  

(a)  d i g i t i z i n g   s a i d   p r e s c r i b e d   l i g h t   p a t t e r n   as  a n  

i n p u t  t o   a  d i g i t a l   c o m p u t e r ;  

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

s h a p e   f u n c t i o n s   s p e c i f y i n g   t h e   s u r f a c e   of   s a i d  

r e f l e c t o r   as  an  i n p u t   to   s a i d   d i g i t a l   c o m p u t e r ;  

(c)  t r a c i n g   t h e   p a t h   of  a  p l u r a l i t y   of   l i g h t   r a y s  

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

i n t e r s e c t i n g   s a i d   r e f l e c t o r   and  p r o j e c t i n g   o n t o   a  

s u r f a c e   s p a c e d   a p a r t   f r o m   s a i d   r e f l e c t o r ;  

(d)  d e t e r m i n i n g   t h e   l i g h t   i n t e n s i t y   a c r o s s   s a i d  

s u r f a c e ;  

(e)  c o m p a r i n g   s a i d   l i g h t   i n t e n s i t y   to   s a i d   p r e s -  
c r i b e d   l i g h t   p a t t e r n ;  

(f)   c h a n g i n g   s a i d   p a r a m e t e r s   of   s a i d   s h a p e   f u n c t i o n s ;  

(g)  r e p e a t i n g   s t e p s   ( c ) - ( f )   t o  d e t e r m i n e   t h e   s h a p e  

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

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

(h)  f a b r i c a t i n g   r e f l e c t o r s   h a v i n g   s a i d   l a s t   n a m e d  

s h a p e   f u n c t i o n .  

Thus   t h e   d i g i t a l l y   m o d e l e d   r e f l e c t i v e  s u r f a c e   i s  

m o d i f i e d   in   an  i n t e r a t i v e   p r o c e d u r e   to  p r o d u c e   a  l i g h t  

i n t e n s i t y   p a t t e r n   w h i c h   b e s t   m e e t s   a u t o m o t i v e   s p e c i f i -  

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

and  c o n t i n u o u s .   A  d i g i t a l l y   m o d e l e d   l i g h t   s o u r c e   w h i c h  

c l o s e l y   a p p r o x i m a t e s   t h e   l i g h t   i n t e n s i t y   f r o m   a  t u n g s t e n  

h a l o g e n   l amp  is   u s e d .   In  t h e   p r i o r   a r t ,   a  p l u r a l i t y   o f  

p a r a b o l i c   r e f l e c t o r s   made  up  t h e   h e a d l i g h t .   The  p r i o r  
a r t   d e s i g n   p r o c e s s e s   m e r e l y   d e t e r m i n e d   w h e r e   t h e   l i g h t  
f r o m   e a c h   p a r a b o l i c   f a c e t   was  d i r e c t e d   and  a c c o r d i n g l y  

c h a n g e d   t h i s   d i r e c t i o n   to   o b t a i n   t h e   d e s i r e d   l i g h t  

p a t t e r n .   In  c o n t r a s t ,   t h e   p r e s e n t   i n v e n t i o n   t r a c e s   a  



v e r y   l a r g e   n u m b e r   of   r a y   p a t h s ,   e . g .   5 0 0 , 0 0 0 ,   f r o m   a n  

a c c u r a t e l y   m o d e l e d   d i s t r i b u t e d   l i g h t   s o u r c e   to   t h e  

r e f l e c t i v e   s u r f a c e .   The  r a y   p a t h s   a r e   p r o j e c t e d ,   f r o m  

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

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

i n t e n s i t y   a c r o s s   a  p o r t i o n   o f   t h e   s p h e r i c a l   s u r f a c e  .  

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

i n t e r s e c t i n g   e a c h   u n i t   a r e a .   The  i n t e n s i t y   t h u s   d e t e r -  

m i n e d   c a n   be  d i g i t a l l y   c o m p a r e d   to   t h e   S . A . E .  

s p e c i f i c a t i o n s   and   a  p e r f o r m a n c e   f u n c t i o n ,   i n d i c a t i n g  

t h e   m a t c h   w i t h   t h e   s p e c i f i c a t i o n ,   i s   g e n e r a t e d .   T h i s  

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

i s   c h a n g e d   in   an  i n t e r a t i v e   p r o c e d u r e   t o   o p t i m i z e  

t h e   p e r f o r m a n c e   f u n c t i o n .   At  e a c h   c h a n g e   i n   t h e   s h a p e ,  

t h e   j u n c t i o n s   b e t w e e n   t h e   s u r f a c e s   a r e   b l e n d e d ,   o r  

s m o o t h e d ,   so  t h a t   t h e r e   a r e   no  s h a r p e   e d g e s ,   o r  

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

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   o f   t h e   i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d  

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

a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n :  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of   a  r e f l e c t o r  

a c c o r d i n g   to   t h e  i n v e n t i o n   a t t a c h e d   to   a  c l e a r  

c o v e r   p l a t e ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of   t h e   r e f l e c t o r ;  

F i g s .   2 A  -   2C  a r e   f r o n t ,   t o p   s e c t i o n a l   and  s i d e  

s e c t i o n a l   v i e w s   r e s p e c t i v e l y   o f   t h e   r e f l e c t o r   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  i s   a  f l o w   c h a r t   d e p i c t i n g   t h e   c o m p u t e r  

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

F i g .   4  d e p i c t s   a  p r i o r   a r t   r e f l e c t o r ;  

F i g .   5  d e p i c t s   t h e   d i g i t a l   c o m p u t e r   g e n e r a t e d  

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

F i g .   6  i s   s i m i l a r   t o   F i g .   5  and  a d d i t i o n a l l y   s h o w s  

t h e   i n t e r s e c t i o n   o f   t h e   l i g h t   r a y s   w i t h  a   s u r f a c e   o f  



t h e   s p h e r e ;  

F i g .   7  i s   a  c a n d e l a   d i a g r a m   of  a  low  beam  p a t t e r n  

p r o d u c e d   by  a  r e f l e c t o r   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ;   a n d  

F i g .   8  i s   a  c a n d e l a   d i a g r a m   of   a  h i g h   beam  p a t t e r n  

p r o d u c e d   by  a  r e f l e c t o r   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .  

R e f e r r i n g   to   F i g .   1,  t h e   a u t o m o t i v e   h e a d l i g h t   o f  

t h i s   i n v e n t i o n   i n c l u d e s  a   b u l b   11  h a v i n g   a  f i l a m e n t  

to   p r o v i d e   a  l i g h t   s o u r c e   and  a  c l e a r   f r o n t   c o v e r   12  

w h i c h   may  be  s w e p t   a t   an  a e r o d y n a m i c a l l y   d e s i r e d  

a n g l e   w i t h   r e s p e c t   to   t h e   h e a d l i g h t .   As  u s e d   h e r e i n ,  

t h i s   means   t h a t   t h e   f r o n t   c o v e r   i s   s w e p t   a t   a n  

a n g l e   of   a t   l e a s t   15°  and  p r e f e r a b l y   on  t h e   o r d e r  

of  45°  to   50*  as  d e p i c t e d   in  F i g .   1 .  

A  r e f l e c t o r   13  e n c l o s e s   t h e   b u l b   and   i s   s e a l i n g l y  

a t t a c h e d   to   t h e   f r o n t   c o v e r   12.  The  r e f l e c t o r   h a s  

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

b u l b   11  t h r o u g h   t h e   f r o n t   c o v e r   in   a  p a t t e r n   w h i c h  

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

As  shown  in  F i g s .   2,  and  2A-2C  t h e   r e f l e c t o r   h a s  

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

e l l i p s o i d   14  and  two  edge   m o d i f i e d   e l l i p s o i d s   15  a n d  

16.   Edge  e l l i p s o i d   15  j o i n s   c e n t e r   e l l i p s o i d   14  i n  a  

s m o o t h ,   c o n t i n u o u s   j u n c t i o n   17;  s i m i l a r l y ,   e d g e  

e l l i p s o i d   16  j o i n s   c e n t e r   e l l i p s o i d   14  in   a  s m o o t h  

c o n t i n u o u s   j u n c t i o n   1 8 .  

The  c e n t e r   s u r f a c e   14  i s   an  e l l i p s o i d   w i t h   a  s m o o t h  

v e r t i c a l   bump  21  a d d e d   to   t h e   c e n t e r .   E l l i p s o i d a l  

s u r f a c e   14  i s   c o n c a v e   and  i s   t i l t e d   o f f   t h e   a x i s   o f  

t h e   h e a d l i g h t .   E l l i p s o i d s   14,  15  and  16  a r e   c o n c a v e  

and  a r e   m o d i f i e d   f r o m   t r u e   p a r a b o l i c   s u r f a c e s   in   a  

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

and  w h i c h   p r o d u c e s   s m o o t h ,   c o n t i n u o u s   j u n c t i o n s  

b e t w e e n   t h e   s u r f a c e s .   A  c e n t e r   p l a t f o r m   22  w h i c h   m a y  



h a v e   s h a r p   e d g e s   p r o v i d e s   f o r   a t t a c h m e n t   and   a l i g n -  
m e n t   o f   t h e   l a m p ,   b u t   i t   i s   n o t   p a r t   o f   t h e   r e f l e c t i n g  
s u r f a c e .   In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   s u c h  

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

r e f l e c t i v e   s u r f a c e .  

F i g .   3  d e p i c t s   t h e   c o m p u t e r   a i d e d   p r o c e s s   by  w h i c h  

t h i s   t y p e   of   r e f l e c t o r   was  p r o d u c e d .   B e f o r e   d e s c r i b i n g  

i t ,   i t   i s   u s e f u l   t o   r e f e r   to   F i g .   4  w h i c h   d e p i c t s   a  

p r i o r   a r t   r e f l e c t o r   i n   a  m a n n e r   w h i c h   shows   t h e  

a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n .   F i g .   4  d e p i c t s  

a  p r i o r   a r t   a t t e m p t ,   known  t o   t h e   i n v e n t o r s ,   o f  

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

s u r f a c e .   N o t e   t h a t   t h e   i n e r s e c t i o n s   23  and   24  b e t w e e n  

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

n o t   m o d e l e d   and  a r e   d i f f i c u l t   to   f a b r i c a t e .   F u r t h e r -  

m o r e ,   t h e   p o r t i o n s   of   t h e   r e f l e c t o r   b e t w e e n   2 3  a n d   25  

and   b e t w e e n   24  and   26  a r e   s h a d o w e d .   They   do  n o t  

c o n t r i b u t e   to   l i g h t   r e f l e c t i o n .   The  r e f l e c t o r   of   F i g .   4 

d o e s   n o t   h a v e   a  n o r m a l   v e c t o r   a t   t h e   j u n c t i o n s   23  a n d  

24.   S t a t e d   a n o t h e r   w a y ,   t h e   min imum  r a d i u s   o f   c u r v a -  

t u r e   i s   v e r y   s m a l l   a t   23  and  24.  The  s u r f a c e   s l o p e   i s  

d i s c o n t i n u o u s ,   t h a t   i s   t h e   m in imum  r a d i u s   o f   c u r v a t u r e  

i s   a r b i t r a r i l y   s m a l l .   As  u s e d   h e r e i n ,   s m o o t h   and  c o n -  

t i n u o u s   j u n c t i o n s   m e a n s   t h a t   t h e   c o n d i t i o n s   d e p i c t e d  

a t   23  and  24  in   F i g .   4  a r e   n o t   p r e s e n t ,   t h a t   t h e  

n o r m a l   i s   a l w a y s   w e l l   d e f i n e d .  

I f ,   as  in   t h e   r e f l e c t o r   of   F i g .   2,  t h e   s h a p e  

i n v o l v e s   s e p a r a t e   r e f l e c t o r   s u r f a c e s ,   j u n c t i o n s  

b e t w e e n   s u r f a c e s   a r e   t r e a t e d   as  any  o t h e r   r e f l e c t i n g   --  

a r e a .   R e s u l t i n g   i n t e n s i t y   c a l c u l a t i o n s   i n c l u d e  

e f f e c t s   of   t h e   s m o o t h   j u n c t i o n s ,   so  t h a t   t h e   j u n c t i o n s  

a r e   m a d e   l a r g e   e n o u g h   to   f a c i l i t a t e   t h e   g l a s s   f o r m i n g  

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

t h a n   a b o u t   0 . 0 0 2   mm  t h e r e   a r e   i n c r e a s i n g   p r o b l e m s  



in  f o r m i n g   g l a s s   to   a  s h a r p   e d g e .   The  p r e f e r r e d  

e m b o d i m e n t   of  t h i s   i n v e n t i o n   has   a  m i n i m u m   r a d i u s  

of  c u r v a t u r e   of   0 . 0 0 7 6   mm,  b u t   t h e   i n v e n t i o n   can  b e  

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

a  m in imum  r a d i u s   of  c u r v a t u r e   g r e a t e r   t h a n   a b o u t   0 . 0 0 2 m m .  

The  p r i o r   a r t   i g n o r e s   r e f l e c t i o n s   f rom  t h e   j u n c t i o n .  

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

( s u c h   as  t h e   D o n o h u e   e t   a l   p a p e r   and  F i g .   4  h e r e i n )  

or   s l o p e   d i s c o n t i n u i t i e s   a t   s u r f a c e   i n t e r s e c t i o n s  

( t h e   Dorman  p a t e n t s ) .  

S i n c e   t h e   p r i o r   a r t   d o e s   n o t   d e a l   w i t h   j u n c t i o n s ,  

t h e   j u n c t i o n s   in   an  a c t u a l   p r o d u c t   m u s t   be  k e p t  

as  s h a r p  a s   p o s s i b l e ,   i . e . ,   t h e   r a d i u s   of   c u r v a t u r e  

m u s t   be  a r b i t r a r i l y   s m a l l .   The  r e f l e c t o r   of  t h e   p r e s e n t  

i n v e n t i o n   has   no  s u c h   p r o b l e m ,   s i n c e   t h e   s h a p e  

i s   c h o s e n   to   h a v e   a  l a r g e   min imum  r a d i u s   of  c u r v a t u r e  

a t   t h e   j u n c t i o n s .  

R e f e r r i n g  a g a i n   to   F i g .   3,  t h e   c o m p u t e r   a i d e d  

p r o c e s s   o f ' t h i s   i n v e n t i o n   i n c l u d e s   d i g i t i z i n g   t h e  

p r e s c r i b e d   l i g h t   p a t t e r n   as  an  i n p u t   to   t h e   d i g i t a l  

c o m p u t e r ,   t h e   s t e p   b e i n g   i n d i c a t e d   a t   27.  In  t h e  

e x a m p l e   b e i n g   d e s c r i b e d ,   t h e   SAE  s p e c i f i c a t i o n s   a r e  

t h o s e   s e t   f o r t h   in   T a b l e   I  -   T e s t   P o i n t   V a l u e s   f o r   7 

i n .   (178  m i l l i m e t e r )   Type  2  S e a l   Beam  U n i t e s ,   l i s t e d   i n  

S . A . E .   J  .   5  79C,  page   2 3 . 3 1   of   R e p o r t   of  L i g h t i n g  
D i v i s i o n   A p p r o v e d ,   J a n u a r y   1 9 4 0 ,   and  l a s t   r e v i s e d   b y  
L i g h t i n g   C o m m i t t e e ,   D e c e m b e r   1 9 7 4 .  

As  i n d i c a t e d   a t   28,  t h e   p a r a m e t e r s   of   a  p l u r a l i t y  
of  s h a p e   f u n c t i o n s   s p e c i f y i n g   t h e   s u r f a c e   of  a  
r e f l e c t o r   a r e   d i g i t i z e d   and  p r o v i d e d   as  an  i n p u t   t o  
t h e   d i g i t a l   c o m p u t e r .   In  t h e   e x a m p l e   u n d e r   c o n s i d e r -  

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

e l l i p s o i d   and  two  e d g e   m o d i f i e d   e l l i p s o i d s .   T h e  



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

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

j u n c t i o n s   b e t w e e n   t h e   e d g e s   of   t h e   e l l i p s o i d s .   T h e  

o p t i m i z a t i o n   o f   t h e s e   c o e f f i c i e n t s   i s   i n d i c a t e d   a t   2 9 .  

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

e n t s   f o r   t h e   s h a p e   f u n c t i o n s   as  i n d i c a t e d   a t   30,  a n d  

u s i n g   t h i s   r e f l e c t o r   s h a p e   w i t h   a  p l u r a l i t y   of   l i g h t  

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

t i o n .  

The  l i s t   o f   l i g h t   r a y s   a r e   p r o d u c e d   f rom  a  d i g i t a l  

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

a t   31.   R e f e r r i n g   t o   F i g .   5,  t h i s   m o d e l   i n c l u d e s   a  

t r a n s v e r s e   f i l a m e n t   32  w i t h   a  t e m p e r a t u r e   d i s t r i b u t i o n  

a l o n g   i t s   l e n g t h .   T h a t   i s ,   as  i s   n o r m a l ,   f i l a m e n t s  

a r e   c o o l   a t   t h e i r   e n d s   and  h o t t e r   i n   t h e   m i d d l e .   T h e  

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

e n v e l o p e   w h i c h   i s   m o d e l e d   as   a  q u a r t z   c y l i n d e r   33  w i t h  

o p a q u e   end   c a p s .  

As  i n d i c a t e d   a t   34  i n   F i g .   3,  t h e   l i g h t   i n t e n s i t y  

f r o m   t h i s   d i g i t a l   m o d e l   l amp  i s   g e n e r a t e d   by  a  l i s t  

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

f r o m   t h e   e n v e l o p e   i s   t e s t e d   to   d e t e r m i n e   w h e t h e r   i t  

i n t e r s e c t s   t h e   r e f l e c t o r .   I f   i t   d o e s   n o t ,   i t   i s  

p r o j e c t e d   d i r e c t l y   o n t o   a  s p h e r e   s u r r o u n d i n g   t h e  

r e f l e c t o r .   I f   a  r a y   p a t h   d o e s   i n t e r s e c t ,   as  a t   t h e  

p o i n t   35  i n   F i g .   6,  i t   i s   p r o j e c t e d   o n t o   t h e   s u r f a c e  

of   t h e   s p h e r e   s u r r o u n d i n g   t h e   r e f l e c t o r .   For   e x a m p l e ,  

t h e  r a y   p a t h   w h i c h   i s   r e f l e c t e d   a t   35,   i n t e r s e c t s  

t h e   s p h e r e   a t   t h e   p o i n t   36.  A c t u a l   i n t e n s i t i e s   a r e  

d e t e r m i n e d   o n l y   f o r   a  30°  by  8°  s c r e e n   on  t h e   s p h e r e  

t h e   s c r e e n   b e i n g   i n d i c a t e d   a t   37  in   F i g .   6.  I n t e n s i t i e s  

a r e   d e t e r m i n e d   by  c o u n t i n g   t h e   n u m b e r   of   r a y s   p e r  

u n i t   a r e a   to   h i t   t h e   s p h e r e .  



R e f e r r i n g   a g a i n   to  F i g .   3,  t h e   s t e p   38  d e p i c t s   t h e  

m o d e l   of  t h e   r e f l e c t i o n   and  t h e   g e n e r a t i o n   of   t h e   l i s t  

of  r a y s   on  t h e   s p h e r e   a r o u n d   t h e   r e f l e c t o r .   In  o r d e r  

to  s p e c i f y   t h e   r a y   p a t h   of   t h e   r e f l e c t e d   r a y ,   t h e  

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

w i t h   t h e   r e f l e c t o r   ( e . g .   t h e   p o i n t   35  in   F i g .   6 )  

i s   f o u n d .   The  d e s c r i p t i o n   of   t h e   r e f l e c t o r ,   f r o m   t h e  

d i g i t a l   c o m p u t e r   s t e p s   28,   2-9  and  30,   i s   u s e d   to   f i n d  

t h e   n o r m a l   a t   t h e   p o i n t   of   i n t e r s e c t i o n .   Any  r e a l  

r e f l e c t o r   i s   d i s t o r t e d   f r o m   t h e   t h e o r e t i c a l   s h a p e  

by  f o r m i n g   i n a c c u r a c i e s .   T h i s   d i s t o r t i o n   i s   m o d e l e d  

in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   by  a l l o w i n g  

t h e   s u r f a c e   n o r m a l   to   v a r y   a b o u t   t h e   t h e o r e t i c a l  

n o r m a l .   A . v a l u e   of   20  =  1°  was  c h o s e n   f o r   u se   i n   t h i s  

mode l   by  m a t c h i n g   a c t u a l   m e a s u r e m e n t s   to   m o d e l  

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

r ay   i s   f i n a l l y   c a l c u l a t e d   u s i n g   t h i s   d i s t o r t e d   n o r m a l  

and  t h e   i n c i d e n t   r a y .  
From  t h e   r a y   p a t h   t r a c i n g ,   t h e  l i g h t   i n t e n s i t y  

a c r o s s   a  s u r f a c e   of   t h e   s p h e r e   i s   d e t e r m i n e d   a s  
i n d i c a t e d   a t   39.  T h i s   i s   done   by  c o u n t i n g   t h e   n u m b e r  

of  r a y s   p a t h s   i n t e r s e c t i n g   e a c h   u n i t   a r e a   on  t h e  

s p h e r e   s c r e e n .   T h e s e   v a l u e s   a r e   c o m p a r e d   to   t h e  

p r e s c r i b e d   l i g h t   p a t t e r n   as  i n d i c a t e d   a t   40.  For   e a c h  

s h a p e   w h i c h   i s   t r i e d ,   a  p e r f o r m a n c e   f a c t o r ,   r e f e r r e d  

to  as  PFUN,  i s   d e t e r m i n e d .   The  p e r f o r m a n c e   f a c t o r   i s  

a  m e a s u r e   of   how  t h e   l i g h t   i n t e n s i t y   p a t t e r n   f o r   t h e  

s h a p e   b e i n g   t e s t e d   m a t c h e s   t h e   S . A . E .   s p e c i f i c a t i o n s .  

S t e p s   3 0 , 3 8 , 3 9 a n d   40  a r e   r e p e a t e d   f o r   d i f f e r e n t  

s h a p e s ,   t h a t   i s   f o r   d i f f e r e n t   s u r f a c e   c o e f f i c i e n t s .   A s  

i n d i c a t e d   a t   41,   t h e   s h a p e   w h i c h   p r o d u c e s   a  l i g h t  

i n t e n s i t y   b e s t   m a t c h i n g   t h e   p r e s c r i b e d   l i g h t   p a t t e r n  
i s   d e t e r m i n e d .   T h i s   i s   done   by  c h o o s i n g   t h e   s e t   o f  

c o e f f i c i e n t s   h a v i n g   t h e   o p t i m u m   p e r f o r m a n c e   f u n c t i o n ,  
in   t h i s   c a s e   t h e   min imum  v a l u e   o f   PFUN.  T h i s   r e s u l t s  

in   t h e   s e l e c t i o n   of   t h e   b e s t   s e t   of   c o e f f i c i e n t s   a s  



i n d i c a t e d   a t   4 2 .  

For   t h i s   s e t   o f   c o e f f i c i e n t s ,   t h e   c a n d e l a   v a l u e s  

a t   e a c h   of   a  p l u r a l i t y   o f   p o i n t s   a r e   p r i n t e d   o u t   a s  
i n d i c a t e d   a t   43.   A p p e n d i x   I I   l i s t s   a  t y p i c a l   p r i n t o u t .  
The  p r i n t o u t   l i s t s   c a n d e l a   v a l u e s   a t   60  f e e t   f o r  

e a c h   o f   26  t e s t   p o i n t s   c o r r e s p o n d i n g   w i t h   t h e   S . A . E .  

t e s t   p o i n t s .   N o t e   t h a t   of   t h e   26  t e s t   p o i n t s ,   o n l y  
t e s t   p o i n t   25  h a s   a  v a l u e ,   7 . 7 1 ,   t h a t   i s   o u t   of   s p e c .  
In  t h e   p r e s e n t   c a s e   a  r e f l e c t o r   s u r f a c e   h a s   b e e n  

p r o d u c e d   w h i c h   s u b s t a n t i a l l y   m e e t s   S . A . E .   s p e c i f i c a t i o n s .  

From  t h e   p r i n t o u t   p r o d u c e d   a t   43  in   F i g .   3,  t h e  

d e s i g n e r   may  d e t e r m i n e   t h a t   a  b e t t e r   l i g h t   i n t e n s i t y  

d i s t r i b u t i o n   p a t t e r n   m u s t   be  p r o d u c e d .   The  c o m p u t e r  

p r o g r a m   to   be  s u b s e q u e n t l y   d e s c r i b e d   has   a  c a p a b i l i t y  

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

w h i c h   t h e   d e s i g n e r   may  c h o o s e .   The  d e s i g n e r   a l s o   m a y  
c h o o s e   w h i c h   c o e f f i c i e n t s   a r e   v a r i e d   i n   t h e   p r o c e s s .  

From  t h e   i t e r a t i v e   o p e r a t i o n   of   t h i s   p r o c e s s ,   t h e  

b e s t   s h a p e   i s   s e l e c t e d   as  i n d i c a t e d   a t   44  i n   F i g .   3 .  

T h i s   s h a p e   i s   u s e d   i n   t h e   f a b r i c a t i o n   o f   r e f l e c t o r s .  

F i g .   7  s h o w s   a  c o m p u t e r   g e n e r a t e d   c a n d e l a   d i a g r a m  

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

by  t h i s   p r o c e s s .   F i g .   7  i s   t h e   low  beam  p a t t e r n  

and   F i g .   8  i s   t h e   h i g h   beam  p a t t e r n .   In   t h e s e  

d i a g r a m s   t h e   d a s h e d   l i n e s   a r e   c o n t o u r s   o f   2000   c a n d e l a  

and   t h e   s o l i d   l i n e s   a r e   c o n t o u r   l i n e s   of   1 0 , 0 0 0  

c a n d e l a .   T h a t   i s ,   i n   F i g .   7,  t h e   c o n t o u r   l i n e   45  

r e p r e s e n t s   2 , 0 0 0   c a n d e l a ,   t h e   c o n t o u r   l i n e   4 6  

r e p r e s e n t s   2 4 , 0 0 0   c a n d e l a   and  t h e   c o n t o u r   l i n e s   i n  

b e t w e e n   a r e   i n t e r v e n i n g   c a n d e l a   v a l u e s .   N o t e   in   F i g .   7 

t h a t   t h e   beam  p a t t e r n   i s   s h i f t e d   down  and   to   t h e   r i g h t  

as  i s   r e q u i r e d   i n   a u t o m o t i v e   s p e c i f i c a t i o n s .   In  t h e  

h i g h   beam  p a t t e r n   o f   F i g .   8  a  w i d e   h i g h   i n t e n s i t y   b e a m  

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

as  i s   r e q u i r e d   by  a u t o m o t i v e   s p e c i f i c a t i o n s .  



A p p e n d i x   I  l i s t s ,   by  way  of  e x a m p l e ,   a  c o m p u t e r  

p r o g r a m   w h i c h   i s   s u i t a b l e   f o r   p e r f o r m a n c e   on  a  U n i v a c  

1 1 0 0 / 8 1   c o m p u t e r .   T h i s   l i s t i n g   i s   p r o v i d e d   o n l y   f o r  

a i d   in   p r a c t i c i n g   t h e   i n v e n t i o n   by  p r o g r a m m i n g   a n d  

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

a p p l i c a t i o n .   As  w i t h   a l l   c o m p u t e r   p r o g r a m s   i t   s h o u l d  

n o t   be  a s s u m e d   t h a t   t h e   p r o g r a m   w i l l   run   w i t h o u t   t h e  

u s u a l   d e b u g g i n g .  

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

c a r r y   o u t   t h e   s t e p s   of  F i g .   3  in  t h e  f o l l o w i n g   m a n n e r .  

ENV,  s t e p   34,  m o d e l s   a  t u n g s t e n   h a l o g e n   l a m p .   I t  

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

14.   I t   m o d e l s   r a d i a t i o n   f r o m   a  c y l i n d e r   w i t h   a x i a l  

t e m p e r a t u r e   d i s t r i b u t i o n ,   t h e n   d e t e r m i n e s   f i l a m e n t  

b l o c k i n g ,   end  cap  b l o c k i n g ,   and  e w e l o p e   r e f r a c t i o n .  

RUN,  s t e p   29,   i s   t h e   m a i n   p r o g r a m   f o r   o p t i m i z a t i o n  

I t   c a l l s   OPT2.  NITER  i s   t h e   n u m b e r   of  i t e r a t i o n s   w h i c h  

a r e   r u n .  

OPT2,  s t e p s   30  and  41,   i s   a  m u l t i v a r i a t e   o p t i m i z e r .  

I t   l o o k s   f o r   t h e   l e a s t   v a l u e   of  t h e   p e r f o r m a n c e  

f u n c t i o n   PFUN  w i t h   v a r i a t i o n   in   t h e   v e c t o r   XNEXT.  T h e  

o p t i m i z e r   c o m p a r e s   p e r f o r m a n c e   i n d i c e s   f o r   s e v e r a l   s e t s  

of   8  c o e f f i c i e n t s   and  g u e s s e s   a t   a  b e t t e r   s e t .   R e p e a t i n g  
t h i s   p r o c e s s   many  t i m e s   f i n d s   a  l o c a l   m in imum  of   t h e  

p e r f o r m a n c e   i n d e x ,   g i v i n g   t h e   b e s t   s e t   of   c o e f f i c i e n t s  

f o r   t h e   g i v e n   s h a p e   f u n c t i o n .   T h i s   s u b r o u t i n e   a t t e m p s  

to   m i n i m i z e   t h e   p e r f o r m a n c e   f u n c t i o n .   OPT2  c a l l s  

s u b r o u t i n e   PFUN. 

PFUN  r u n s   r e f l e c t i o n   and  p e r f o r m a n c e   s u b r o u t i n e s .  

I t   r e t u r n s   p e r f o r m a n c e   f o r   some  s e t   of  v a r i a b l e s  

(DX  in   t h i s   c a s e ) .   To  f i n d   s h a p e ,   i t   w o u l d   u s e   S 

v e c t o r ,   n o t   DX. 

RAYR,  s t e p   38,  m o d e l s   t h e   r e f l e c t i o n .   I t   t a k e s  

r a y s   f rom  f i l e   14,  f i n d s   i n t e r s e c t i o n s   of   t h e   r a y s  
w i t h   t h e   r e f l e c t o r ,   f i n d s   n o r m a l   a t   i n t e r s e c t i o n ,  



d i s t o r t s   n o r m a l ,   f i n d s   r e f l e c t e d   r a y   f r o m   d i s t o r t e d  

n o r m a l ,   t h e n   p r o j e c t s   r a y   o n t o   s p h e r e s   60  and  25  

f e e t   f r o m   r e f l e c t o r .   F i n a l l y ,   i t   w r i t e s   t h e   i n t e r -  

s e c t i o n   o n t o   f i l e   1 0 .  

ZVAL,  s t e p   28  d e s c r i b e s   t h e   s h a p e   o f   t h e   r e f l e c t i o n  

s u r f a c e s .   G i v e n   x , y , s ,   i t   r e t u r n s   z.  A  c a l l   to   ZVAL 

t a k e s   a  x-   and   y -   c o o r d i n a t e   a l o n g   w i t h   8  c o e f f i c i e n t s  

S  and   r e t u r n s   t h e   Z  v a l u e   of   t h e   r e f l e c t o r .   M u l t i p l e  
c a l l s   can   t h e r e f o r e   e v a l u a t e   d z / d x  a n d   d z / d y   and  f i n d  

t h e   t h e o r e t i c a l   s u r f a c e   n o r m a l .   Two  o f f a x i s   e l l i p -  

s o i d s   w i t h   a  b l e n d   a r e a   b e t w e e n   a r e   u s e d   b u t   o t h e r  

s h a p e s   may  be   u s e d .  

The  e d g e   s h a p e   f u n c t i o n   Zl  i s   u s e d   on  t h e   i n t e r v a l s  

-94mm  to   -37mm  and  37mm  to   94mm.  T h i s   s h a p e   r e f l e c t s  

l i g h t   f r o m  t h e   l amp  to   t h e   h i g h   i n t e n s i t y   p o r t i o n   of   t h e  

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

v a r y   t h i s   s h a p e .  

The  c e n t e r   s h a p e   f u n c t i o n   Z2  i s   u s e d   on  t h e   i n t e r v a l  

- 3 0 . 5 m m   t o   30 .5mm.   I t   s p r e a d s   l i g h t   on  a  h o r i z o n t a l  

l i n e   a c r o s s   t h e   s c r e e n .   The  r e m a i n i n g   f i v e   c o e f f i c i e n t s  

c o n t r o l   t h i s   s h a p e .  

On  t h e   i n t e r v a l s   -37mm  to   - 3 0 . 5 m m   and  30.5mm  t o  

37mm,  t h e   s h a p e   i s   a  s m o o t h   b l e n d   b e t w e e n   Zl  and  Z 2 .  

The  f u n c t i o n s   a r e   c h o s e n   a r b i t r a r i l y   to   d e s c r i b e  

a  g e n e r a l   s h a p e   w h i c h   t h e   d e s i g n e r   f e e l s   may  g i v e   a  

good   i n t e n s i t y   d i s t r i b u t i o n .   The  d e s i g n e r   t h e n   c h o o s e s  

w h i c h   c o e f f i c i e n t s   to   a l l o w   to   v a r y .   For   i n s t a n c e ,   Z l  

d e s c r i b e s   a  p a r a b o l o i d   w h e r e   S (7 )   i s   t h e   h o r i z o n t a l  

a n g l e   b e t w e e n - t h e   p r i m a r y   a x i s   and  t h e   s c r e e n   c e n t e r .  

The  p r o c e s s   of   c h o o s i n g   f u n c t i o n s   i s   t h e r e f o r e   t r i a l  

and   e r r o r .   A  f u n c t i o n   c h o i c e   i s   p u t   i n t o   ZVAL,  and   i t s  

r e s u l t a n t   i n t e n s i t y   d i s t r i b u t i o n   i s   f o u n d .   I f   t h e  

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

o p t i m i z e d .   I f   n o t ,   he  t r i e s   a n o t h e r   s h a p e .  



NORM  f i n d s   t h e   u n i t   s u r f a c e   n o r m a l   a t   t h e   i n t e r -  

s e c t i o n .  

SCAT  d i s t o r t s   t h e   n o r m a l   a b o u t   NORM  v a l u e   w i t h  

t h e   g a u s s i a n   d i s t r i b u t i o n   =  S I G .  

REFL  f i n d s   t h e   u n i t   r e f l e c t e d   r a y   g i v e n   t h e  

i n c i d e n t  r a y   and   t h e   d i s t o r t e d   n o r m a l .  

CD  r e a d s   s p h e r e   i n t e r s e c t i o n s   f r o m   f i l e   10,  f i n d s  

c a n d e l a   v a l u e s   e v e r y   1 / 2 °   on  30°  x  8°  s e c t i o n   f o r   b o t h  

s p h e r e s .   F i l a m e n t   p o w e r   i s   s e t   in   l i n e   1020   (2W).  I f  

NRAY  i s   l e s s   t h a n   4 9 0 0 0 ,   cd  v a l u e s   a r e   a v e r a g e d   o v e r  

1 - 1 / 2 °   x  1 - 1 / 2 °   a r e a   f o r   e a c h   p o i n t .  

PERF  c o m p a r e s   m o d e l   cd  v a l u e s   to   SAE  s p e c .   R e t u r n s  

a  p e r f o r m a n c e   i n d e x   f o r   t h e   g i v e n   c o n f i g u r a t i o n .  

The  v a l u e s   f o r   t h e   c o e f f i c i e n t   s e t   w h i c h   were   u s e d  

to   p r o d u c e   t h e   r e f l e c t o r   of   F i g .   2  a r e   as  f o l l o w s :  

S [ 1 , . . . , 8 ] =  

[ . 0 8 1 4 , . 1 7 3 0 ,   2 . 7 0 6 , . 0 7 7 3 3 ,   . 2 8 1 6 ,   1 . 6 9 1 3 ,  

1 . 9 2 5 9 ,   . 1 6 3 5 1 ] .  

W h i l e   a  p a r t i c u l a r   e m b o d i m e n t   h a s   b e e n   shown  a n d  

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

m o d i f i c a t i o n s   a r e   w i t h i n   t he   t r u e   s p i r i t   and  s c o p e   o f  

t h e   i n v e n t i o n ,   s i n c e   t h e   i n v e n t i o n   i s   e q u a l l y   a p p l i c a b l e  

to   o t h e r   l i g h t i n g   u n i t s   such   as  d e n t a l   l i g h t s ,   s t r e e t  

l i g h t i n g ,   and  d o m e s t i c   and  c o m m e r c i a l   l i g h t i n g .   T h e  

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

s u c h   m o d i f i c a t i o n s .  



1.  In  a  l i g h t i n g   u n i t ,   a  r e f l e c t o r   h a v i n g   a t  

l e a s t   one   r e f l e c t i v e   s u r f a c e   w h i c h   d i r e c t s   l i g h t   f r o m  

a  l i g h t   s o u r c e   in   a  d e s i r e d   p a t t e r n ,   s a i d   s u r f a c e   b e i n g  
s m o o t h   and   c o n t i n u o u s .  

2.  The  l i g h t i n g   u n i t   r e c i t e d   in   c l a i m   1,  c o m p r i s i n g  

a  c l e a r ,   u n f l u t e d   f r o n t   c o v e r   a t t a c h e d   t h e r e t o .  

3.  The  l i g h t i n g   u n i t   r e c i t e d   in   c l a i m   1  or   2 

h a v i n g   a  p l u r a l i t y   of   r e f l e c t i v e   s u r f a c e s   j o i n e d   i n  

s m o o t h   c o n t i n u o u s   j u n c t i o n s .  

4.  The  l i g h t i n g   u n i t   r e c i t e d   in   c l a i m   1  or   2 ,  

w h e r e i n   s a i d   r e f l e c t i v e   s u r f a c e   i n c l u d e s   a  c e n t e r  

m o d i f i e d   e l l i p s o i d   and  two  e d g e   m o d i f i e d   e l l i p s o i d s ,  

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

d e s i r e d   p a t t e r n   and   to   p r o d u c e   s m o o t h   c o n t i n u o u s  

j u n c t i o n s   b e t w e e n   s a i d   e d g e   e l l i p s o i d s   and  s a i d   c e n t e r  

e l l i p s o i d .  

5.  The  l i g h t i n g   u n i t   r e c i t e d   in   c l a i m   4,  w h e r e i n  

s a i d   c e n t r e   e l l i p s o i d   i s   m o d i f i e d   a t   t h e   c e n t e r   t h e r e o f  

t o   i n c l u d e   a  s m o o t h   v e r t i c a l   bump,  s a i d   e l l i p s o i d s  

b e i n g   t i l t e d   o f f   t h e   a x i s   of   s a i d   l i g h t i n g   u n i t .  

6.  The  l i g h t i n g   u n i t   r e c i t e d   in   c l a i m   4  or  5 ,  

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

e x t e n d i n g   s m o o t h   j u n c t i o n   w i t h   s a i d   c e n t e r   e l l i p s o i d ,  

s a i d   e l l i p s o i d s   b e i n g   c o n c a v e   s u r f a c e s .  

7.  The  l i g h t i n g   u n i t   r e c i t e d   in   any  p r e c e d i n g  

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

a  p a t t e r n   w h i c h   m e e t s   s p e c i f i c a t i o n s   f o r   a u t o m o t i v e  

h e a d l i g h t s   to   f o r m   a  s e a l e d   beam  a u t o m o t i v e   h e a d l i g h t .  



8.  The  a u t o m o t i v e   h e a d l i g h t   r e c i t e d   in   c l a i m   7 ,  

w h e r e i n   s a i d   c l e a r   f r o n t   c o v e r   has   an  a e r o d y n a m i c a l l y  

d e s i r e d   a n g l e   w i t h   r e s p e c t   to   s a i d   h e a d l i g h t .  

9.  The  l i g h t i n g   u n i t   r e c i t e d   in  any  p r e c e d i n g  

c l a i m , w h e r e i n   t h e   j u n c t i o n s   b e t w e e n   r e f l e c t i v e  

s u r f a c e s   h a v e   a  m in imum  r a d i u s   of  c u r v a t u r e   g r e a t e r  

t h a n   a b o u t   0 . 0 0 2 m m .  

10.  The  l i g h t   u n i t   r e c i t e d   in   c l a i m   9,  w h e r e i n  

s a i d   min imum  r a d i u s   of   c u r v a t u r e   i s  g r e a t e r   t h a n   a b o u t  

0 . 0 0 7 6 m m .  

11.  A  p r o c e s s   f o r   p r o d u c i n g   t h e   r e f l e c t o r  

of   c l a i m   1  or  2,  c o m p r i s i n g   t h e   s t e p s   o f :  

(a)  d i g i t i z i n g   s a i d   p r e s c r i b e d   l i g h t   p a t t e r n   as  a n  

i n p u t   to   a  d i g i t a l   c o m p u t e r ;  

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

s h a p e   f u n c t i o n s   s p e c i f y i n g   t h e   s u r f a c e   of  s a i d  

r e f l e c t o r   as  an  i n p u t   to   s a i d   d i g i t a l   c o m p u t e r ;  

(c)  t r a c i n g   t h e   p a t h   of   a  p l u r a l i t y   of  l i g h t   r a y s  

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

i n t e r s e c t i n g   s a i d  r e f l e c t o r   and  p r o j e c t i n g   o n t o   a  

s u r f a c e   s p a c e d   a p a r t   f r o m   s a i d   r e f l e c t o r ;  

(d)  d e t e r m i n i n g   t h e   l i g h t   i n t e n s i t y   a c r o s s   s a i d  

s u r f a c e ;  

(e)  c o m p a r i n g   s a i d   l i g h t   i n t e n s i t y   to   s a i d   p r e s -  
c r i b e d   l i g h t   p a t t e r n ;  

(f)  c h a n g i n g   s a i d   p a r a m e t e r s   of  s a i d   s h a p e   f u n c t i o n s ;  

(g)  r e p e a t i n g   s t e p s   ( c ) - ( f )   to   d e t e r m i n e   t h e   s h a p e  
f u n c t i o n   w h i c h   p r o d u c e s   a  l i g h t   i n t e n s i t y   b e s t   m a t c h i n g  
s a i d   p r e s c r i b e d   l i g h t   p a t t e r n ;   a n d  

(h)  f a b r i c a t i n g   r e f l e c t o r s   h a v i n g   s a i d   l a s t   n a m e d  

s h a p e   f u n c t i o n .  



12.   The  p r o c e s s   r e c i t e d   in   c l a i m   11  w h e r e i n   t h e  

s t e p   of   t r a c i n g   i n c l u d e s :  

d e t e r m i n i n g   t h e   c o o r d i n a t e s   of   t h e   i n t e r s e c t i o n  

o f   e a c h   l i g h t   r a y   w i t h   s a i d   s u r f a c e   o f   s a i d   r e f l e c t o r ;  

d e t e r m i n i n g   t h e   n o r m a l   of   t h e   c o o r d i n a t e s   o f  

s a i d   i n t e r s e c t i o n ;  

p r o j e c t i n g   e a c h   r a y   p a t h   f rom  s a i d   n o r m a l ;   a n d  

d e t e r m i n i n g   t h e   c o o r d i n a t e s   of   t h e   i n t e r s e c t i o n   o f  

e a c h   r a y  p a t h   w i t h   s a i d   s u r f a c e .  

13 .   The  p r o c e s s   r e c i t e d   in   c l a i m s   11  or   12  

w h e r e i n   t h e   s t e p   of   d e t e r m i n i n g   t h e   l i g h t   i n t e n s i t y  

i n c l u d e s :  

c o u n t i n g   t h e   n u m b e r   of   l i g h t   r a y s   i n t e r s e c t i n g  

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

14.   The  p r o c e s s   r e c i t e d   in   any   of   c l a i m s   1 1  

to   13,   w h e r e i n   s a i d   p r e s c r i b e d   l i g h t   p a t t e r n   i s   s p e c i f i e d  

as  m i n i m u m   and  maximum  i n t e n s i t i e s   a t   p o s i t i o n s   o n  

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

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

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

s e c t i n g   e a c h   l o c a t i o n   by  t h e   t o t a l   n u m b e r   of   r a y   p a t h s  

and   c o m p a r i n g   t h e   q u o t i e n t   to   t h e   s p e c i f i e d   i n t e n s i t y   a t  

a  c o r r e s p o n d i n g   l o c a t i o n .  

15.   The  p r o c e s s   r e c i t e d   in   any  of   c l a i m s   11  to   1 4 ,  

f u r t h e r   c o m p r i s i n g :  
,  

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

l i g h t   p a t t e r n   and   w h e r e i n   t h e   s t e p s   of   s a i d   p r o c e s s   a r e  

r e p e a t e d   to   o p t i m i z e   s a i d   p e r f o r m a n c e   f u n c t i o n .  

16.  The  p r o c e s s   r e c i t e d   in   any  of   c l a i m s   11  to   1 5 ,  

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

f i l a m e n t   m o d e l e d   by  a  h o l l o w   c y l i n d e r   w i t h   a  t e m p e r a t u r e  

d i s t r i b u t i o n   a l o n g   i t s   l e n g t h .  



17.  The  p r o c e s s   r e c i t e d   in   any  of   c l a i m s   11  t o   1 6  

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

a  t r a n s p a r e n t   e n v e l o p e   e n c l o s i n g   a t   l e a s t   one  f i l a m e n t .  

18.  The  p r o c e s s   r e c i t e d   in   c l a i m   17  w h e r e i n   s a i d  

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

w i t h   o p a q u e   end   c a p s .  

19.  The  p r o c e s s   r e c i t e d   i n  any   of   c l a i m s   11  to   1 8 ,  

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

e l l i p s o i d   and  two  edge   m o d i f i e d   e l l i p s o i d s .  

20.  The  p r o c e s s   r e c i t e d   in   any  of   c l a i m s   11  t o  

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

s u r f a c e s   and  w h e r e i n   t he   s t e p   of   c h a n g i n g   s a i d   p a r a m e t e r s  

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

to  m e e t   s a i d   p r e s c r i b e d   l i g h t   p a t t e r n   and  to   p r o d u c e  

s m o o t h   c o n t i n u o u s   j u n c t i o n s   b e t w e e n   s a i d   s h a p e   f u n c t i o n s .  

21.  The  p r o c e s s   r e c i t e d  i n   c l a i m   20,  w h e r e i n  

l i g h t   r a y s   r e f l e c t e d   f rom  s a i d   j u n c t i o n s   a r e   t r a c e d .  

22.  The  p r o c e s s   r e c i t e d   i n   any  of  c l a i m s   11  to   1 9 ,  

f u r t h e r   c o m p r i s i n g :  

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

c o n t i n u o u s   j u n c t i o n s   b e t w e e n   t h e m ;   a n d  

t r a c i n g   t h e   p a t h s   of   l i g h t   r a y s   r e f l e c t e d   f rom  s a i d  

j u n c t i o n .  

23.  The  p r o c e s s   r e c i t e d   in   c l a i m   12,  f u r t h e r  

c o m p r i s i n g :  

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

m o d e l   d i s t o r t i o n   c a u s e d   by  f o r m i n g   i n a c c u r a c i e s .  
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