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54)  Aircraft  automatic  boresight  correction. 
(57)  A  system  that  determines  the  error  existing  between  the 
aircraft  gunsight  and  the  gun  systems,  while  prescribed 
aircraft  maneuvres  are  performed,  and  automatically  cor- 
rects  the  gunsight  system  to  compensate  for  this  error.  The 
system  includes  a  bullet  sensor,  such  as  a  television  camera, 
hardware  that  determines  the  bullet  positions  relative  to  the 
gun  boresight,  computational  means  to  determine  the  above 
mentioned  error,  and  means  to  store  the  error  and  correct 
the  gunsight  system  according  to  this  error.  This  system 
yields  a  lower  cost,  more  accurate,  and  more  convenient 
method  requiring  less  skilled  labor  than  that  presently  used 
to  accomplish  the  same  result. 
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B a c k g r o u n d   of  t he   I n v e n t i o n  

F i e l d   of  the   I n v e n t i o n  

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

b o r e s i g h t   c o r r e c t i o n ,   and  more  p a r t i c u l a r l y ,   to  a 

s y s t e m   fo r   e f f e c t i n g   such   g u n n e r y   b o r e s i g h t   c o r -  

r e c t i o n   in  an  a i r c r a f t ,   a u t o m a t i c a l l y ,   upon  t h e  

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

f l i g h t ,   i f   so  d e s i r e d .  

D e s c r i p t i o n   of  the   P r i o r   A r t  

The  c o n c e p t   of  t r a c k i n g   p r o j e c t i l e s   t o  

m e a s u r e   the   a l i g n m e n t   e r r o r   b e t w e e n   the  p r i m a r y  

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

a s s o c i a t e d   g u n n e r y   is  not   new.  U.S.   P a t e n t  

3 , 1 3 6 , 9 9 2 - F r e n c h ,   a s s i g n e d   to  t he   a s s i g n e e   of  t h e  

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

t r a c k i n g   r a d a r   to  m e a s u r e   t he   p o s i t i o n s   of  r o u n d s  

f i r e d   from  a  t u r r e t e d   gun  and  to  d e t e r m i n e   t h e  

a l i g n m e n t   e r r o r   b e t w e e n   t he   r a d a r   and  gun  b o r e -  

s i g h t   a x e s .   Th is   s y s t e m   p r o v e d   to  be  ve ry   e f f e c -  

t i v e   fo r   m a i n t a i n i n g   the   a l i g n m e n t   b e t w e e n   t h e  

r a d a r   and  the  gun  t u r r e t   of  a  bomber   d e f e n s e   f i r e  

c o n t r o l   s y s t e m   and  was  p r o d u c e d   in  l a r g e   q u a n t i -  

t i e s .  



The  use  of  a  t r a c k i n g   r a d a r   is  of  l i t t l e  

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

a i r c r a f t   where   the   p r i m a r y   t a r g e t   s e n s o r   i s   t h e  

p i l o t   l o o k i n g   t h r o u g h   a  h e a d - u p   d i s p l a y   ( H U D ) .  

I t   i s   e s s e n t i a l ,   in  t h i s   c a s e ,   t h a t   t he   e r r o r  

b e t w e e n   the   HUD  s i g h t i n g   or  a i m i n g   r e f e r e n c e   a n d  

t he   o b s e r v e d   b u l l e t s   be  m e a s u r e d   in  t he   v i s i b l e ,  

or  n e a r   v i s i b l e ,   p o r t i o n   of  t h e   e l e c t r o m a g n e t i c  

s p e c t r u m .  

M e t h o d s   for   b o r e s i g h t i n g   wh ich   r e q u i r e   t h a t  

the   p i l o t   be  the   p r i m a r y   s e n s o r   of  e r r o r   b e t w e e n  

a c t u a l   and  s i m u l a t e d   r o u n d s   or  b u l l e t s   have   b e e n  

t r i e d   in  f l i g h t   t e s t s   and  h a v e   not   p r o v e n   s u c -  

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

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

such   a  s h o r t   p e r i o d   t h a t   t h e   p i l o t   c a n n o t   make  a 

s u f f i c i e n t l y   a c c u r a t e   e s t i m a t e   of  the   e r r o r   a n d  

t h e n   make  an  a p p r o p r i a t e   a d j u s t m e n t   of  t he   b o r e -  

s i g h t   w i t h o u t   n u m e r o u s   r e p e t i t i o n s ,   each   of  w h i c h  

c o n s u m e s   p r e c i o u s   t ime   and  l a r g e   a m o u n t s   of  ammu-  

n i t i o n .  

As  p r e s e n t l y   p r a c t i c e d ,   an  a c c u r a t e   a n d  

s t a b l e   a l i g n m e n t   b e t w e e n   the   gun  and  g u n s i g h t   on  

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

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

e x p e n s i v e   and  t i m e - c o n s u m i n g   m e t h o d s   i n v o l v i n g  

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

t e c h n i c i a n s .   M i s a l i g n m e n t   b e t w e e n   t h e  g u n   a n d  

the   g u n s i g h t   r e s u l t s   from  m o v e m e n t   due  to  d i f f e r -  

en t   e x p a n s i o n   c o e f f i c i e n t s   of  m a t e r i a l s   w i t h i n  

t he   a i r c r a f t ,   b e n d i n g   m o m e n t s   a c t i n g   on  t h e  



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

f o r c e s   and  moments   due  to  g u n f i r e ,   and  the   l a r g e  

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

i n g s   and  a i r   c o m b a t   t r a i n i n g   m a n e u v e r s .  

A d d i n g   to  the   p r o b l e m   is   t he   f a c t   t h a t  

t h e r e   a r e   no  p r a c t i c a l   means   fo r   c h e c k i n g   t h e  

a l i g n m e n t   b e t w e e n   the   gun  and  the   g u n s i g h t   o t h e r  

t h a n   t h r o u g h   l i v e   f i r i n g   of  t he   gun.   The  f i r i n g  

of  l i v e   a m m u n i t i o n   i n t o   a  gun  b u t t   on  the   g r o u n d  

is  i m p r a c t i c a l   in  a  w a r - t i m e   e n v i r o n m e n t ,   a n d  

ve ry   e x p e n s i v e   and  t i m e - c o n s u m i n g   in  p e a c e   t i m e .  

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

i n d i c a t i o n   of  g r o s s   a l i g n m e n t   e r r o r s ,   bu t   i s   n o t  

s u f f i c i e n t l y   p r e c i s e   or  r e l i a b l e   as  a  p r i m a r y  

means   of  c h e c k i n g   b o r e s i g h t   a l i g n m e n t   due  to  t h e  

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

m i s s - d i s t a n c e s .  

C o n s e q u e n t l y ,   a  need  e x i s t s   for   an  a c c u r a t e  

and  r e l i a b l e   t e c h n i q u e   fo r   b o r e s i g h t i n g   a i r c r a f t  

g u n n e r y   making   use  of  a  minimum  of  t ime   a n d  

e x p e n s e   in  so  d o i n g .  

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the   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 a t i c   a i r c r a f t   b o r e -  

s i g h t   c o r r e c t i o n   s y s t e m .  

I t   is   a  f u r t h e r   o b j e c t   of  the   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   such  an  a u t o m a t i c   b o r e s i g h t  

c o r r e c t i o n   s y s t e m   c a p a b l e   of  making   maximum  u s e  
of  e x i s t i n g   a i r c r a f t   e q u i p m e n t .  



I t   i s   a  s t i l l   f u r t h e r   o b j e c t   of  the   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   such   an  a u t o m a t i c   b o r e s i g h t  

c o r r e c t i o n   s y s t e m   wh ich   i s   c a p a b l e   of  c o m p e n -  

s a t i n g   f o r   b o r e s i g h t i n g   e r r o r s   in  an  a i r c r a f t  

w i t h   a  minimum  of  t i m e   and  a  minimum  of  e x p e n s e ,  

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

I t   i s   a  s t i l l   f u r t h e r   o b j e c t   of  the   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  i m p r o v e d   m e t h o d   for   b o r e -  

s i g h t i n g   a i r c r a f t   g u n n e r y .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  the  p r e s e n t  

i n v e n t i o n   w i l l   become  a p p a r e n t   as  t he   d e s c r i p t i o n  

t h e r e o f   p r o c e e d s .  

Summary  of  t h e   I n v e n t i o n  

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 ,  

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

b o r e s i g h t i n g   s y s t e m   fo r   use   in  an  a i r c r a f t   h a v i n g  

a  g u n n e r y   s y s t e m   and  a  s i g h t i n g   s y s t e m   t h e r e f o r .  

I n c l u d e d   a r e   means   fo r   d e t e c t i n g   t h e   l o c a t i o n   a t  

a  g i v e n   i n s t a n t   of  b u l l e t s   f i r e d   from  the   g u n n e r y  

s y s t e m   and  means   fo r   d i s p l a y i n g   t h r o u g h   t h e  

s i g h t i n g   s y s t e m   a  b o r e s i g h t   s y m b o l   r e p r e s e n t i n g   a 

r e f e r e n c e   p o i n t   from  which   the   p r e d i c t e d   i n s t a n -  

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

Means  a r e   p r o v i d e d   fo r   s t o r i n g   d a t a   r e p r e s e n t i n g  

the   p o s i t i o n s   of  the   f i r e d   b u l l e t s   and  the   b o r e -  

s i g h t   s y m b o l ,   as  a re   means  fo r   p r e d i c t i n g   a  p a t h  

wh ich   the   f i r e d   b u l l e t s   w i l l   t a k e .   Means  a r e  

p r o v i o e d   f o r   d e t e r m i n i n g   the   e r r o r   b e t w e e n   t h e  

o b s e r v e d   p o s i t i o n   of  the   f i r e d   b u l l e t s   and  t h e  



p r e d i c t e d   p o s i t i o n   t h e r e o f ,   as  a re   means  f o r  

s t o r i n g   t he   d e t e r m i n e d   e r r o r .   Means  a re   p r o v i d e d  

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

to  t he   d e t e r m i n e d   e r r o r .  

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

t h e r e   is   p r o v i d e d   a  m e t h o d   fo r   b o r e s i g h t i n g   a 

g u n n e r y   s y s t e m   in  an  a i r c r a f t   h a v i n g   a  s i g h t i n g  

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

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

from  the   g u n n e r y   s y s t e m ;   p r e d i c t i n g   the  p o s i t i o n  

of  t he   f i r e d   r o u n d s   r e l a t i v e   to  the  b o r e s i g h t  

s y m b o l ;   d e t e c t i n g   the  a c t u a l   p o s i t i o n s   of  t h e  

f i r e d   r o u n d s ;   d e t e r m i n i n g   t he   e r r o r   v e c t o r  

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

p o s i t i o n s   of  the  f i r e o   r o u n d s ;   and  c o r r e c t i n g   t h e  

s i g h t i n g   s y s t e m   to  c o m p e n s a t e   fo r   the   e r r o r  

a c c o r d i n g   to  the  e r r o r   v e c t o r .  

In  ye t   a n o t h e r   a s p e c t   of  t he   p r e s e n t   i n v e n -  

t i o n   t h e r e   is  p r o v i d e d   a  m e t h o d   for   a u t o m a t i c a l l y  

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

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

s y m b o l ,   the   method  i n c l u d i n g   the   f o l l o w i n g  

s t e p s :   f i r i n g   s e v e r a l   r o u n d s   from  the   g u n n e r y  

s y s t e m ;   p r e d i c t i n g   the  t r a j e c t o r y   of  the   f i r e d  

r o u n d s   r e l a t i v e   to  the   b o r e s i g h t   s y m b o l ;   d e t e r -  

m i n i n g   the   a c t u a l   t r a j e c t o r y   of  the   f i r e d   r o u n d s ;  

d e t e r m i n i n g   the  e r r o r   v e c t o r   b e t w e e n   the   p r e -  
d i c t e d   t r a j e c t o r y   and  the   a c t u a l   t r a j e c t o r y   o f  

the  f i r e d   r o u n d s ;   ano  c o r r e c t i n g   the   s i g h t i n g  

s y s t e m  t o   c o m p e n s a t e   fo r   t he   e r r o r   a c c o r d i n g   t o  

the  e r r o r   v e c t o r .  



In  ye t   a n o t h e r   a s p e c t   of  t he   p r e s e n t   i n v e n -  

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

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

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

s y m b o l ,   t h e   m e t h o d   i n c l u d i n g   p e r f o r m i n g   two  c o n -  

s t a n t   t u r n   m a n e u v e r s   and  f o r   each   m a n e u v e r   p e r -  

f o r m i n g   t h e   f o l l o w i n g   s t e p s :   f i r i n g   s e v e r a l  

r o u n d s   f rom  t h e   g u n n e r y   s y s t e m ;   d e t e r m i n i n g   t h e  

a c t u a l   t r a j e c t o r y   of  t he   f i r e d   r o u n d s ;   d e t e r -  

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

(by  a v e r a g i n g   t h e   b u l l e t   p o s i t i o n   c e n t r o i o   ove r   a 

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

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

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

s o l u t i o n   b e i n g   t he   a c t u a l   p o s i t i o n   of  t he   a i r -  

c r a f t   b o r e s i g h t ;   and  c o r r e c t i n g   the   s i g h t i n g  

s y s t e m   by  r e p l a c i n g   the   p r e v i o u s   b o r e s i g h t   p o s i -  
t i o n   w i t h   t h i s   new  b o r e s i g h t   p o s i t i o n .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g  

In  t h e   a c c o m p a n y i n g   d r a w i n g :  

F i g u r e   1  shows  in  b l o c k   d i a g r a m   form  t h e  

p r e f e r r e d   e m b o d i m e n t   of  t he   a i r c r a f t   a u t o m a t i c  

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

t i o n ;  

F i g u r e   2  shows ,   by  s c h e m a t i c   r e p r e s e n t a -  

t i o n ,   t h e   d e t a i l s   of  the   b o r e s i g h t   c o r r e c t i o n   a n d  

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

d i s p l a y   p r o c e s s o r   of  F i g u r e   1 ;  



F i g u r e   3  s h o w s ,   by  s c h e m a t i c   r e p r e s e n t a -  

t i o n ,   f u r t h e r   d e t a i l s   of  t h e   window  g e n e r a t o r   o f  

the   v i d e o   p r o c e s s i n g   f i r m w a r e   of  F i g u r e   2 ;  

F i g u r e   4  shows  the   i m a g e s   t h a t   the   p i l o t  

s e e s ,   fo r   one  mode  of  g u n s i g h t   o p e r a t i o n ,   in  t h e  

g u n s i g h t   o p t i c a l   s y s t e m   when  t h e r e   is  no  a p p a r e n t  

s y s t e m   e r r o r ;  

F i g u r e   5  shows  t he   i m a g e s   t h a t   the   p i l o t  

s e e s ,   in  the  same  mode  of  g u n s i g h t   o p e r a t i o n   a s  

in  F i g u r e   4,  in  the   g u n s i g h t   o p t i c a l   s y s t e m   w i t h  

r e l a t i v e   e r r o r   e x i s t i n g   b e t w e e n   the   p r e d i c t e d   a n d  

a c t u a l   b u l l e t   t r a j e c t o r i e s ;  

F i g u r e   6  shows  more  c l e a r l y   and  in  m o r e  

d e t a i l   r e l a t i v e   e r r o r   f o r   a  g i v e n   f rame  of  F i g u r e  
5  ( e . g .  ,   5 d ) ;  

F i g u r e   7  shows  a  h i d d e n   r e l a t i v e   e r r o r   t h a t  

may  e x i s t   when  the  c o r r e c t   p o s i t i o n   of  the   b o r e -  

s i g h t   symbol   l i e s   on  an  e x t e n s i o n   of  t he   p r e -  

d i c t e d   b u l l e t   t r a j e c t o r y   l i n e ;  

F i g u r e   8  shows  the   r e s u l t i n g   c o r r e c t i o n s  

t h a t   o c c u r   when  an  i t e r a t i v e   me thod   of  b o r e s i g h t  

e r r o r   c o r r e c t i o n   is  u s e d ;  

F i g u r e   9  shows  a  f i r s t ,   n o n - i t e r a t i v e   m e t h -  

od  of  b o r e s i g h t   e r r o r   c o r r e c t i o n ;  



F i g u r e   10  shows  a  s e c o n d ,   n o n - i t e r a t i v e  

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

F i g u r e   11  shows  a  t h i r d ,   n o n - i t e r a t i v e  

m e t h o d ,   one  which   u s e s   t i m e   i n t e r v a l s   fo r   b o r e -  

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

F i g u r e   12  s h o w s ,   in  more  d e t a i l ,   a  p o r t i o n  

of  F i g u r e   1 1 .  

D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t  

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

and  r e f e r r i n g   now  to  F i g u r e   1  of  t he   d r a w i n g ,  

t h e r e   is   shown  in  b l o c k   d i a g r a m   form  t h e   p r e -  

f e r r e c   e m b o d i m e n t   of  the   a u t o m a t i c   a i r c r a f t   g u n -  

n e r y   b o r e s i g h t i n g   s y s t e m   f o r   use   in  an  a i r c r a f t  

h a v i n g   a  g u n n e r y   s y s t e m   and  a  s i g h t i n g   s y s t e m  

t h e r e f o r .   Means  a re   p r o v i d e d   fo r   d e t e c t i n g   t h e  

l o c a t i o n s   at  a  g i v e n   i n s t a n t   of  b u l l e t s   f i r e d  

from  the   g u n n e r y   s y s t e m   and  such   may  t a k e   t h e  

form  of  a  TV  c a m e r a ,   such   as  c o c k p i t   t e l e v i s i o n  

s e n s o r ,   CTVS,  10.  Means  a re   p r o v i d e d   fo r   g e n -  

e r a t i n g   and  d i s p l a y i n g   an  a i m i n g   or  b o r e s i g h t  

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

f rom  w h i c h   the   p r e d i c t e d   i n s t a n t a n e o u s   p o s i t i o n s  

of  f i r e d   b u l l e t s   is   c o m p u t e d ,   and  such   may  t a k e  

t he   form  of  h e a d u p   d i s p l a y ,   HUD,  20  and  i t s  

a s s o c i a t e o   d i s p l a y   p r o c e s s o r   30 .   HUD  20  i n c l u d e s  

a  c o m b i n i n g   g l a s s   22,   HUD  o p t i c s   and  e l e c t r o n i c s  

24  w h i c h   r e c e i v e   i n p u t s   from  symbol   g e n e r a t o r   3 2 ,  



and  weapon  d e l i v e r y   p r o c e s s i n g   s e c t i o n   34  f o r m i n g  

a  p o r t i o n   of  d i g i t a l   p r o c e s s o r   35  which   in  t u r n  

is   a  p o r t i o n   of  t he   d i s p l a y   p r o c e s s o r   30.  M e a n s  

a re   p r o v i d e d   f o r   s t o r i n g   d a t a   r e p r e s e n t i n g   t h e  

p o s i t i o n s   of  t he   f i r e d   b u l l e t s   and  the   a i m i n g  

symbol   and  such   may  t a k e   the   form  of  b o r e s i g h t  

c o r r e c t i o n   and  t r a c e r   v i d e o   (BSC&T)  p r o c e s s i n g  

f i r m w a r e   36,  a l s o   f o r m i n g   a  p o r t i o n   of  d i s p l a y  

p r o c e s s o r   30.  Means  a re   a l s o   p r o v i d e d   f o r  

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

t a k e   and  such   i s   a l s o   a c c o m p l i s h e d   in  w e a p o n  

d e l i v e r y   p r o c e s s i n g   34.  -Means  for   d e t e r m i n i n g  

the  e r r o r   b e t w e e n   the   o b s e r v e d   p o s i t i o n s   of  t h e  

f i r e d   b u l l e t s   and  the   p r e d i c t e d   p o s i t i o n s   t h e r e o f  

t a k e s   the   form  of  t he   r e l a t i v e   e r r o r   p r o c e s s i n g  

s e c t i o n   38  of  d i g i t a l   p r o c e s s o r   35.  Means  f o r  

s t o r i n g   t he   d e t e r m i n e d   e r r o r   may  t a k e   the   form  o f  

n o n - v o l a t i l e   m e m o r y  3 9   and  means  fo r   c o r r e c t i n g  

the  s i g h t i n g   s y s t e m   a c c o r d i n g   to  t he   d e t e r m i n e d  

e r r o r   t a k e s   the   form  of  weapon  d e l i v e r y   p r o c e s s -  

ing  s e c t i o n   34  of  d i g i t a l   p r o c e s s o r   3 5 .  

The  c i r c u i t   of  F i g u r e   1  o p e r a t e s   as  f o l -  

l o w s .   For  i n - f l i g h t   b o r e s i g h t i n g ,   t he   p i l o t  

makes  a  t u r n i n g   m a n e u v e r   and  f i r e s   a  s h o r t   b u r s t ,  

p r e f e r a b l y   of  t r a c e r   r o u n d s .   The  b u r s t   is  s e n s e d  

by  CTVS  10  and  the  f i r e d   b u l l e t s   a re   t r a c k e d   by 

the  v i d e o   p r o c e s s i n g   f i r m w a r e   36.  D e t a i l s   of  t h e  

v i d e o   p r o c e s s i n g   f i r m w a r e   36  a re   shown  in  F i g u r e  

2  and  F i g u r e   3  and  w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  



Video   p r o c e s s i n g   f i r m w a r e   36  is   a  s e t   o f  

h i g h - s p e e d   d i g i t a l   c i r c u i t r y   which   e x t r a c t s   b u l -  

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

p o s i t i o n s   in  a  b u f f e r .   The  d a t a   a re   r e a d   by  t h e  

d i g i t a l   p r o c e s s o r   35  w h i c h   c o m p a r e s   t h e   m e a s u r e d  

b u l l e t   p o s i t i o n s   w i t h   t h o s e   c a l c u l a t e d   a n a l y t i -  

c a l l y   u s i n g   t h e   o r i g i n a l   gun  b o r e s i g h t   p o s i t i o n .  

An  a v e r a g e   e r r o r   i s   c a l c u l a t e d   b e t w e e n   t h e   a n a -  

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

p o s i t i o n s ,   and  t he   gun  b o r e s i g h t   p o s i t i o n   i s   u p -  

d a t e d   by  t h i s   e r r o r   and  s t o r e d   in  n o n - v o l a t i l e  

memory  39  f o r   use   in  weapon   d e l i v e r y   c a l c u l a t i o n s .  -  

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

F i g u r e   5  and  F i g u r e   6.  I n i t i a l l y ,   t he   b o r e s i g h t  

s y m b o l   p o s i t i o n   on  t he   HUD  is   c a l c u l a t e d   t o  

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

a c c o u n t   fo r   c a m e r a   and  HUD  a l i g n m e n t .   Th i s   i s  

oone  u s i n g   a  gun  c r o s s   c a l c u l a t i o n   modu le   in  t h e  

p r o c e s s o r   wh ich   p o s i t i o n s   an  i n v i s i b l e   t r a c k e r  

" g a t e "   550  o v e r   the   e x p e c t e d   p o s i t i o n   of  t h e  

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

36  t h e n   d e t e c t s   the   gun  c r o s s   p i x e l   p o s i t i o n s   i n  

t he   v i d e o   and  s t o r e s   them  in  t he   b u f f e r .   T h e s e  

d a t a   a re   t h e n   u s e d   by  t he   b o r e s i g h t   symbol   c a l c u -  

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

s y m b o l   p o s i t i o n .   As  s e e n   in  f rame  5b,  t he   p i l o t  

has   made  a  r i g h t   t u r n   and  f i r e d   a  s h o r t   b u r s t   o f  

t r a c e r   r o u n d s .   The  p i l o t   t r i g g e r   p u l l   is  d e -  

t e c t e d   by  the   p r o c e s s o r   and  an  a n a l y t i c a l   b u l l e t  

p o s i t i o n   c a l c u l a t i o n   is   begun   u s i n g   a  b u l l e t  



t r a j e c t o r y   a l g o r i t h m .   For  e v e r y   c a m e r a   f i e l d   o f  

the   CTVS  10,  t he   t r a c k e r   g a t e   550  i s   p o s i t i o n e d  

at  t he   t h e o r e t i c a l   b u l l e t   p o s i t i o n ,   as  s e e n   i n  

f r a m e s   5c  t h r o u g h   5 f ,   and  t r a c k e r   f i r m w a r e   36  

d e t e c t s   the  a c t u a l   b u l l e t   p o s i t i o n s   and  s t o r e s  

them  in  the  b u f f e r .  

As  s e e n   in  F i g u r e   6,  t he   p r o c e s s o r   u s e s  

t h e s e   d a t a   to  c a l c u l a t e   the  c e n t r o i d   of  the   b u l -  

l e t   p o s i t i o n s   and  c o m p a r e s   t h i s   c e n t r o i d   w i th   t h e  

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

t i o n   of  the   b u l l e t   s t r e a m .   T h i s   r e l a t i v e   e r r o r  

is  a v e r a g e d   o v e r   each   c a m e r a   f i e l d   and  a  c o r -  

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

for   the  e n t i r e   b u r s t .   Th i s   c a l c u l a t i o n   h o w e v e r  

w i l l   only   c o r r e c t   b o r e s i g h t   e r r o r s   n o r m a l   to  t h e  

b u l l e t   t r a j e c t o r y .   To  ge t   a  t w o - a x i s   c o r r e c t i o n ,  

a  t u r n   in  t he   o p p o s i t e   d i r e c t i o n   is   r e q u i r e d   a s  

shown  in  F i g u r e   9.  Th is   w i l l   y i e l d   a  u n i q u e  

s o l u t i o n   for   t he   c o r r e c t i o n .  

R e f e r r i n g   to  F i g u r e   2,  a  b l o c k   d i a g r a m   i s  

shown  of  the   p r e f e r r e d   e m b o d i m e n t   i m p l e m e n t a t i o n  

of  the   b o r e s i g h t   c o r r e c t i o n   and  t r a c e r   v i d e o  

p r o c e s s i n g   f i r m w a r e   36  of  F i g u r e   1.  Video  s i g -  

n a l s   from  the   CTVS  10  a r e   r e f e r e n c e d   to  a  DC 

v o l t a g e   in  the  v i d e o   r e c e i v e r   201  to  a l l o w   t h e  

s e p a r a t i o n   of  the   s y n c h r o n i z i n g   p u l s e s   (HSP  a n d  

VSP)  from  the  p i c t u r e   v i d e o   in  the   sync  s e p a r a t o r  

202.   The  p i c t u r e   v i d e o   2 0 3 - i s   p a s s e d   to  t h e  

t h r e s h o l d   c i r c u i t   204  where   on ly   v i d e o   s i g n a l s  

g r e a t e r   t han   a  s e t   t h r e s h o l d   v a l u e   a re   a l l o w e d   a t  



i t s   o u t p u t   205 .   The  v e r t i c a l   s y n c h r o n i z i n g   p u l s e  

(VSP)  and  h o r i z o n t a l   s y n c h r o n i z i n g   p u l s e   ( H S P )  

c o n d i t i o n s   t he   l i n e   206  and  p i x e l   c o u n t e r s   207  t o  

a l l o w   a  u n i q u e   i d e n t i f i c a t i o n ,   or  a d d r e s s ,   o f  

e a c h   p i x e l   w i t h i n   t he   v i d e o   f r a m e .   Upon  r e c e i p t  

of  t h r e s h o l d   v i d e o   p u l s e   205 ,   t he   v a l u e   of  t h e  

l i n e   and  p i x e l   c o u n t e r   c o n t e n t s   a re   s t o r e d   in  Y 

p o s i t i o n   208  and  X  p o s i t i o n   209  m e m o r i e s .   To 

p r e v e n t   s a t u r a t i o n   of  t h e s e   m e m o r i e s   from  a  p l u -  

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

to  b e  f r o m   the   b u l l e t s ,   an  e l e c t r o n i c   window  5 5 0  

( o f   F i g u r e   5 )  i s   f o r m e d   a b o u t   the   p r e d i c t e d   b u l -  

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

e n c o m p a s s   any  p o s i t i o n a l   e r r o r s ,   by  window  g e n e r -  
a t o r   240.   The  winoow  g e n e r a t o r   240  g e n e r a t e s  

window  b o u n d a r i e s   w i t h   d a t a   from  the   r e l a t i v e  

e r r o r   p r o c e s s i n g   s e c t i o n   38  ( o f   F i g u r e   1)  a n d  

w i l l   a l l o w   o n l y   l i n e   c o u n t e r   v a l u e s   and  p i x e l  

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

e n t e r e d   i n t o   t he   m e m o r i e s   208  and  2 0 9 .  

The  v i d e o   p u l s e   c o u n t e r   210  is   a d v a n c e d   by  

e a c h   t h r e s h o l d   v i d e o   p u l s e   205 .   The  o u t p u t   o f  

t he   c o u n t e r   210  i s :   1)  u s e d   to  s e q u e n t i a l l y  

a d d r e s s   the   m e m o r i e s   f o r   s t o r i n g   l i n e   and  p i x e l  

c o u n t e r   206  and  207  v a l u e s   t h a t   c o r r e s p o n d   t o  

e a c h   t h r e s h o l d   v i d e o   p u l s e   205  and  2)  used   t o  

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

205  from  e x c e e d i n g   t he   s a t u r a t i o n   l i m i t s   of  t h e  

m e m o r i e s   208  and  209.   L o g i c   g a t e s   211  and  2 1 2  

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

c o u n t e r   210  from  e x c e e d i n g   t h i s   s a t u r a t i o n  

v a l u e .   When  the   l i n e   c o u n t e r   206  e x c e e d s   t h e  



l o w e r   window  b o u n d a r y ,   the   window  g e n e r a t o r   2 4 0  

g e n e r a t e s   an  i n t e r r u p t   s i g n a l   to  the   r e l a t i v e  

e r r o r   p r o c e s s i n g   s e c t i o n   38  ( F i g u r e   1 ) .   The  l i n e  

and  p i x e l   d a t a   r e p r e s e n t i n g   the   t h r e s h o l d   v i d e o  

p u l s e   p o s i t i o n s ,   and  t h e r e f o r e   the   b u l l e t   p o s i -  

t i o n s   w i t h i n   the   CTVS  f i e l d - o f - v i e w ,   a re   r e a d  

from  the   m e m o r i e s   208  and  209  to  the   r e l a t i v e  

e r r o r   p r o c e s s i n g   s e c t i o n   38  by  t he   CPU  bus  i n t e r -  

f a c e   213  in  c o n j u n c t i o n   w i t h   p r o c e s s o r   c o n t r o l  

s i g n a l s .  

F i g u r e   3  is  a  d e t a i l e d   s c h e m a t i c   r e p r e s e n -  
t a t i o n   of  window  g e n e r a t o r   240  of  F i g u r e   2  w h i c h  

w i l l   a l l o w   e v e n t s   t h a t   o c c u r   only   w i t h i n   t h e  

b o u n d s   of  the   window  550  (of   F i g u r e   5) .   Window 

b o u n d s   a re   p r e c o m p u t e a   by  the   p r o c e s s o r   35  a n d  

s t o r e d   wi th   the  a id   of  the   l oad   c o n t r o l   312  i n  

r e g i s t e r s   301  t h r o u g h   304.   The  o u t p u t s   of  t h e s e  

r e g i s t e r s   a re   fed  to  the   f i r s t   i n p u t s   of  c o m p a r -  

a t o r s   305  t h r o u g h   308.   The  v a l u e s   of  the   l i n e  

and  p i x e l   c o u n t e r s   206  and  207  a re   fed  to  t h e  

o t h e r   i n p u t s   of  the   c o m p a r a t o r s   305  t h r o u g h   3 0 8 .  

When  the   v a l u e s   of  the   l i n e   and  p i x e l   c o u n t e r s  

206  and  207  are  w i t h i n   t he   p r e s e t   window  b o u n d s ,  

f a v o r a b l e   c o m p a r i s o n s   a re   made  by  the   c o m p a r a t o r s  
305  t h r o u g h   308  and  s i g n i f i e d   by  t h e i r   o u t p u t s  

GTL,  GTR,  GTT,  and  GTB.  These   o u t p u t   s i g n a l s  

GTL,  GTR,  GTT,  and  GTB  a r e   l o g i c a l l y   c o m b i n e d   by  

l o g i c   g a t e   309  to  p r o d u c e   the   l o g i c   s i g n a l ,  

WINDOW,  t h a t   is  used   to  e n a b l e   m e m o r i e s   208  a n d  

209  and  the  v i d e o   p u l s e   c o u n t e r   210.  To  m a x i m i z e  



p r o c e s s i n g   t i m e ,   t he   c i r c u i t   c o m p r i s e d   of  f l i p -  

f l o p   310  and  g a t e   311  i n t e r r u p t s   the   c o m p u t e r  

i m m e d i a t e l y   a f t e r   t he   w i n d o w ' s   l o w e r   b o u n d a r y   i s  

e x c e e d e d .   The  l o a d   c o n t r o l   312  g e n e r a t e s   p u l s e s  

to  l o a d   r e g i s t e r s   301  t h r o u g h   304  as  DATA  a r e  

r e c e i v e d   from  the   r e l a t i v e   e r r o r   p r o c e s s i n g   s e c -  

t i o n   38  and  r e s e t s   t he   i n t e r r u p t   c i r c u i t s   310  a n d  

3 1 1 .  

R e f e r r i n g   to  F i g u r e s   4  and  5,  a  s e q u e n c e   o f  

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

as  s e e n   in  the   g u n n e r y   s y s t e m ' s   o p t i c a l   s i g h t   a t  

v a r i o u s   t i m e s   t h r o u g h o u t   t h e   b u l l e t ' s   f l i g h t   f o r  

a  g i v e n   t u r n - r a t e   of  t h e   a i r c r a f t   from  which   t h e  

b u l l e t s   were  f i r e d .   F r a m e s   4a  and  5a  d e p i c t   t h e  

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

440  t h a t   r e p r e s e n t s   the   a r m a m e n t   datum  l i n e   o f  

the   a i r c r a f t .   I t   i s   f rom  t h i s   p o i n t   t h a t   p r e -  

o i c t e d   b u l l e t   t r a j e c t o r y   c o m p u t a t i o n s   a re   made  i n  

t he   p r o c e s s o r   35  as  d e p i c t e d   by  t he   p r e d i c t e d  

b u l l e t   p i t c h   l i n e   442  and  542  of  f r a m e s   4 b  -   4 f  

and  5 b  -   5 f ,   r e s p e c t i v e l y .   T h e s e   f r a m e s   ( 4 b  -   4 f  

and  5 b  -   5 f )   show  the   i m a g e   t h a t   the   p i l o t   a n d  

the   CTVS  10  would  s e e ,   in  one  mode  of  g u n s i g h t  

o p e r a t i o n ,   in  the   g u n s i g h t ' s   o p t i c a l   s y s t e m ,   a t  

t h e   t i m e   the   gun  t r i g g e r   i s   a c t u a t e d   (4b  and  5 b )  

and  a t   l a t e r   t i m e s   ( 4 c  -   4f  and  5 c  -   5 f ) .   E a c h  

s e g m e n t   of  the   b r o k e n   l i n e   443  and  543  is   t h e  

a c t u a l   t r a j e c t o r y   of  an  i n d i v i d u a l   b u l l e t   as  i t  

l e a v e s   t h e   a i r c r a f t ' s   g u n n e r y   and  t r a v e l s   t h r o u g h  

the   s p a c e   n e a r   the   a i r c r a f t   as  d e t e c t e d   in  e a c h  

v i d e o   f r a m e   of  t he   CTVS  10.  On  s u c c e e d i n g   f r a m e s  



( 4 c  -   4f  and  5 c  -   5f)   the   b u l l e t s   a p p e a r   a s  

p o i n t s   444  and  544  t h a t   a p p e a r   to  d r i f t   or  f a l l  

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

p o s i t i o n s   of  t h e s e   p o i n t s   a re   d e t e c t e d   by  t h e  

CTVS  10  in  c o m b i n a t i o n   w i t h   the   BSC&T  v i d e o  

p r o c e s s i n g   s e c t i o n   36  as  p r e v i o u s l y   e x p l a i n e d ,  

and  f u r t h e r   p r o c e s s e d   by  the   r e l a t i v e   e r r o r  

p r o c e s s i n g   s e c t i o n   38  to  d e t e r m i n e   r e l a t i v e   e r r o r  

of  the   b o r e s i g h t   symbol   440  ( 5 4 0 )   w i t h   r e s p e c t   t o  

a i r c r a f t   gun  a l i g n m e n t .   F i g u r e   4  and  F i g u r e   5 

a re   e s s e n t i a l l y   the  same  e x c e p t   t h a t   F i g u r e   4 

d e p i c t s   t he   i m a g e s   when  t h e r e   is  n e g l i g i b l e  

e r r o r ,   w h i l e   F i g u r e   5  d e p i c t s   t he   i m a g e s   when  

a p p r e c i a b l e   e r r o r   e x i s t s .   F i g u r e   5  a l s o   s h o w s  

the   p o s i t i o n   and  shape   of  the   e l e c t r o n i c   w i n d o w  

550  at  t he   t i m e   the  gun  t r i g g e r   i s   a c t i v a t e d   ( 5 a )  

and  at  s u c c e e d i n g   t i m e s   (or   v i d e o   f r a m e s )   ( 5 c  -  

5 f ) .  

F i g u r e   6  d e p i c t s   a  g i v e n   f r a m e   of  F i g u r e   5 

w i th   i n c r e a s e d   r e l a t i v e   e r r o r   and  e n l a r g e d   t o  

i l l u s t r a t e   more  c l e a r l y   the   s i t u a t i o n .   F i g u r e   6 

d e p i c t s   the   p r e s e n t   p o s i t i o n   of  t he   b o r e s i g h t  

symbol   640  as  p r e s e n t l y   s t o r e d   w i t h i n   the   p r o c -  

e s s o r   35  and  the   t r u e   p o s i t i o n   640 '   of  the  a r m a -  

ment  da tum  l i n e   at  which  the   b o r e s i g h t   s y m b o l  

s h o u l d ' b e .   (No te   t h a t   the   b o r e s i g h t   symbol   u s e d  

in  t h e s e   d r a w i n g s  i s   a  s m a l l   c r o s s . )   The  d a s h e d  

l i n e   660  r e p r e s e n t s   the  a c t u a l   t r a j e c t o r y   of  t h e  

b u l l e t ' s   c e n t r o i d   when  i t   is   f a r   enough   a h e a d   o f  

the  a i r c r a f t   to  e l i m i n a t e   p a r a l l a x .   T h i s   b u l l e t  

t r a j e c t o r y   l i n e   660  when  e x t e n d e d   w i l l   c r o s s  

t h r o u g h   the  c o r r e c t   p o s i t i o n   at  which   the   b o r e -  

s i g h t   symbol   s h o u l d   be,  6 4 0 ' .  



For  c e r t a i n   s i t u a t i o n s   r e l a t i v e   e r r o r   may 

be  h i d d e n   f rom  t he   p i l o t   and  the   CTVS  10.  T h i s  

can  o c c u r ,   as  d e p i c t e d   in  F i g u r e   7,  where   t h e  

c o r r e c t   b o r e s i g h t   s y m b o l ' s   p o s i t i o n   740 '   l i e s  

i n - l i n e   w i t h   t h e   p r e d i c t e d   b u l l e t   l i n e   t r a j e c t o r y  

742 .   With   t h i s   o c c u r r e n c e ,   t he   b u l l e t ' s   c e n t r o i d  

f o l l o w s   t he   p r e d i c t e d   t r a j e c t o r y   l i n e   742  a n d  

t h e r e   i s   no  a p p a r e n t   e r r o r .   In  t h i s   c a s e ,   t h e  

p r e d i c t e d   742  and  a c t u a l   760  b u l l e t   t r a j e c t o r y  

l i n e s   c o i n c i d e .  

R e f e r r i n g   to  F i g u r e s   8,  9,  and  10,  t h r e e  

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

d e p i c t e d .   A n y  o n e   of  t h e s e   m e t h o d s ,   and  m o r e ,  

may  be  p r o g r a m m e d   in  t he   p r e f e r r e d   e m b o d i m e n t   o f  

the   i n v e n t i o n .   F i g u r e   8  shows  an  i t e r a t i v e   m e t h -  

od  by  wh ich   the   p i l o t   f l y s   a  r i g h t   t u r n ,   f o l l o w e d  

by  a  l e f t   t u r n ,   t h e n   a  r i g h t   t u r n   and  so  on.  On 

each   t u r n ,   a  b u r s t   of  r o u n d s   is  f i r e d   and  r e l a -  

t i v e   e r r o r   is  c o m p u t e d .   On  the   f i r s t   t u r n ,   t h e  

p r e d i c t e d   842  and  a c t u a l   860  b u l l e t   t r a j e c t o r y  

l i n e s   c o i n c i d e .   T h e r e   is   no  d e t e c t e d   e r r o r   a n d  

no  c o r r e c t i o n   i s   maoe  ( t h i s   i s   t he   b e g i n n i n g   o n l y  

to  e x e m p l i f y   t h e   h i d d e n   c a s e   d e p i c t e d   in  F i g u r e  

7 ) .   On  the   s e c o n d   t u r n ,   t he   r e l a t i v e   e r r o r  

b e t w e e n   the   a c t u a l   b u l l e t   t r a j e c t o r y   l i n e   8 6 0 '  

and  p r e d i c t e d   b u l l e t   t r a j e c t o r y   l i n e   842 '   i s  

c l e a r l y   shown.   A  f i r s t   c o r r e c t i o n   is   made  by  

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

a c t u a l   b u l l e t   t r a j e c t o r y   l i n e   860 '   by  t h e   c o m -  

p u t e d   r e l a t i v e   e r r o r   v a l u e   862 '   to  a  new  p o s i t i o n  

8 4 0 ' .   A g a i n ,   on  the   t h i r d   t u r n ,   the   r e l a t i v e  



e r r o r   is   c l e a r l y   shown  b e t w e e n   t he   a c t u a l   842  a n d  

the   p r e d i c t e d   8 6 0 ' '   b u l l e t   t r a j e c t o r y   l i n e s   and  a 

s e c o n d   c o r r e c t i o n   is  made  by  mov ing   t h e   b o r e s i g h t  

symbol   p e r p e n d i c u l a r   to  the   a c t u a l   b u l l e t   t r a j e c -  

t o r y   l i n e   842  by  the   r e l a t i v e   e r r o r   v a l u e   8 6 2 "  

to  a  newer   p o s i t i o n   8 4 0 ' ' .   T h i s   p r o c e s s   i t e r a t e s  

u n t i l   the   e r r o r   is  of  n e g l i g i b l e   v a l u e ;   in  a c t u a l  

p r a c t i c e ,   on ly   two  t u r n s   a r e   r e q u i r e d .  

F i g u r e   9  shows  a  n o n - i t e r a t i v e   me thod   by  

which   the  a i r c r a f t   is  f l o w n   in  a  f i r s t   t u r n ,   t h e  

r e l a t i v e   e r r o r   is  c o m p u t e d ,   and  the   b o r e s i g h t  

s y m b o l ' s   p o s i t i o n   is  c o r r e c t e d   by  mov ing   i t s  

p o s i t i o n   p e r p e n d i c u l a r  t o   t he   a c t u a l   b u l l e t  

t r a j e c t o r y   l i n e   as  d e s c r i b e d   f o r   F i g u r e   8.  T h i s  

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

l a r   to  the   f i r s t   t u r n   and  t h e n   c o r r e c t i n g   t h e  

b o r e s i g h t   symbo l   p o s i t i o n   in  t he   same  manner   a s  

j u s t   d e s c r i b e d .   This   r e s u l t s   in  a  n o n - i t e r a t i v e  

s o l u t i o n   w h e r e b y   b o r e s i g h t i n g   r e s u l t s   from  c o m -  

p l e t i o n   of  the   c o r r e c t i o n   fo r   t he   s e c o n d   t u r n .  

A  s e c o n d ,   n o n - i t e r a t i v e   m e t h o d   is   shown  i n  

F i g u r e   10  w h e r e b y   the  a i r c r a f t   is   f l o w n   in  a 

f i r s t   t u r n ,   the   b u l l e t s   a r e   f i r e d ,   and  the  a c t u a l  

b u l l e t   t r a j e c t o r y   l i n e   is  d e t e r m i n e d   and  s t o r e d .  

The  a i r c r a f t   is  t h e n   f lown   in  a  s e c o n d   t u r n   t h a t  

d i f f e r s   from  the  f i r s t   t u r n ,   t he   b u l l e t s   f i r e d ,  

and  a g a i n   the   a c t u a l   b u l l e t   t r a j e c t o r y   l i n e  

d e t e r m i n e d .   The  two  a c t u a l   b u l l e t   t r a j e c t o r y  

l i n e s   d e f i n e d   by  e q u a t i o n s  



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

38  f o r   t n e i r   common  s o l u t i o n   wh ich   d e t e r m i n e s   t h e  

c o r r e c t   b o r e s i g h t   s y m b o l   p o s i t i o n   1 0 4 0 ' .   In  t h i s  

m e t h o d ,   i t   i s   no t   n e c e s s a r y   to  know  the   i n i t i a l  

b o r e s i g h t   s y m b o l   p o s i t i o n   1040 .   R e l a t i v e   e r r o r  

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

1040  and  the   c o r r e c t   b o r e s i g h t   s y m b o l   p o s i t i o n  

1 0 4 0 '   i s   not   c o m p u t e d ;   t h e   c o r r e c t   p o s i t i o n   o f  

t he   b o r e s i g h t   s y m b o l   1 0 4 0 '   r e l a t i v e   to  the   g u n -  

n e r y   s y s t e m   is   c o m p u t e d .  

°  A l so   shown  in  F i g u r e   10  i s   a v e r a g i n g   t h a t  

can  o c c u r   by  s o l v i n g   fo r   t h e   c e n t r o i d   of  the   b u l -  

l e t s   at   a  number   of  p o i n t s   a l o n g   the   a c t u a l   t r a -  

j e c t o r y   of  t he   b u l l e t s ,   n o t e d   by  i ,   i  +  1,  i  +   2 

. . .   a n d  j ,  j   +  1 ,  j   +  2  . . . .   These   s o l u -  

t i o n s   a re   p o s s i b l e   f o r   a  number   of  v i d e o   f r a m e s  

as  d e p i c t e d   in  F i g u r e s   4  and  5.  The  l a r g e r  

number   of  s a m p l e s   w i l l   a l l o w   t h e   r e l a t i v e   e r r o r  

p r o c e s s i n g   s e c t i o n   38  to  o b t a i n   a  more  n e a r l y  

a c c u r a t e   s o l u t i o n   of  the   b u l l e t s '   a c t u a l   t r a j e c -  

t o r y   l i n e   1060 ,   1 0 6 0 ' .  

A n o t h e r   n o n - i t e r a t i v e   m e t h o d   of  s o l u t i o n  

t h a t   may  be  p r o g r a m m e d   in  the   p r e f e r r e d   e m b o d i -  

ment  of  the   i n v e n t i o n   i s   shown  in  F i g u r e   11  ( a n d  

F i g u r e   12)  w h e r e b y   the   a i r c r a f t   need   be  f lown  i n  

a n y  o n e   c o n s t a n t   m a n e u v e r   d u r i n g   the   e r r o r - c o r -  

r e c t i o n   p r o c e s s .   T h i s   m e t h o d   p r e d i c t s   the   t i m e  

and  p o s i t i o n   of  t h e   b u l l e t s '   c e n t r o i d   b a s e d   u p o n  



the   a i r c r a f t   m a n e u v e r   and  c o m p a r e s   i t   to  t h e  

a c t u a l   t ime   and  b u l l e t s '   c e n t r o i d   p o s i t i o n   m e a s -  

u r e d   and  c o m p u t e d   by  t h i s   s y s t e m .   For  each  t i m e ,  

the   a c t u a l   b u l l e t   p o s i t i o n   1 1 7 1 ,   e t c .   and  t h e  

p r e d i c t e d   b u l l e t   p o s i t i o n   1 1 8 1 ,   e t c .   a r e   c o m p a r e d  

and  t h e   r e l a t i v e   e r r o r   d e t e r m i n e d .   For  t i m e  

t l ,   t he   a c t u a l   b u l l e t   p o s i t i o n   1181 ,   p r e d i c t e d  
b u l l e t   p o s i t i o n   1171 ,   and  r e l a t i v e   e r r o r   1191  a r e  

shown .   S i m i l a r l y   fo r   t i m e s   t 2 ,   t3  . . . .  

Each  of  the   r e l a t i v e   e r r o r   v e c t o r s   1 1 9 1 ,  

1192 ,   1193 ,   . . . ,   may  be  a v e r a g e d   and  t h e .  

r e s u l t a n t   e r r o r   v e c t o r   1190  u s e d   to  c o r r e c t   t h e  

b o r e s i g h t   p o s i t i o n   1140 .   A v e r a g i n g   is   not   n e c e s -  

s a r y   by  t h i s   m e t h o d ,   but   i s   a v a i l a b l e   and  w i l l  

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

Whi l e   an  a u t o m a t i c   a i r c r a f t   g u n n e r y   b o r e -  

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

b o r e s i g h t i n g   such   g u n n e r y   have   been   d e s c r i b e d   i n  

what  i s   p r e s e n t l y   c o n s i d e r e d   to  be  a  p r e f e r r e d  

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

s k i l l e d   in  the   a r t   t h a t   v a r i o u s   c h a n g e s   and  m o d i -  

f i c a t i o n s   o t h e r   t han   t h o s e   d i s c u s s e d   above   may  b e  

made  in  the   s t r u c t u r e   and  in  t he   i n s t r u m e n t a l i -  

t i e s   u t i l i z e d   w i t h o u t   d e p a r t i n g   from  the   t r u e  

s p i r i t   and  s c o p e   of  the   i n v e n t i o n .  



1.  An  a u t o m a t i c   a i r c r a f t   g u n n e r y   b o r e s i g h t i n g  

s y s t e m   fo r   use   in  an  a i r c r a f t   h a v i n g   a  g u n -  

n e r y   s y s t e m   and  a  s i g h t i n g   s y s t e m   t h e r e f o r ,  

c o m p r i s i n g :  

o  means   fo r   d e t e c t i n g   t he   l o c a t i o n   at   a 

g i v e n   i n s t a n t   of  b u l l e t s   f i r e d   from  t h e  

g u n n e r y   s y s t e m ;  

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

ing  s y s t e m   a  b o r e s i g h t   s y m b o l   r e p r e -  

s e n t i n g   a  r e f e r e n c e   p o i n t   from  w h i c h  

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

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

o  means  fo r   s t o r i n g   d a t a   r e p r e s e n t i n g   t h e  

p o s i t i o n s   of  the   f i r e d   b u l l e t s   and  t h e  

b o r e s i g h t   s y m b o l ;  

o  means  fo r   p r e d i c t i n g   a  p a t h   wh ich   t h e  

f i r e d   b u l l e t s   w i l l   t a k e ;  

o  means  fo r   d e t e r m i n i n g   the   e r r o r   b e t w e e n  

the   o b s e r v e d   p o s i t i o n   of  the   f i r e d   b u l -  

l e t s   and  t he   p r e d i c t e d   p o s i t i o n   t h e r e o f ;  



1.  ( c o n t i n u e d )  

o  means   for   s t o r i n g   t he   d e t e r m i n e d   e r r o r ;  

a n d  

o  means   for   c o r r e c t i n g   t he   s i g h t i n g   s y s -  
tem  a c c o r d i n g   to  the   d e t e r m i n e d   e r r o r .  



2.  The  i n v e n t i o n   of  c l a i m   1  w h e r e i n   t he   m e a n s  

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

o  means   f o r   a d j u s t i n g   t he   p o s i t i o n   of  t h e  

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

d e t e r m i n e d   e r r o r .  

3.  The  i n v e n t i o n   of  c l a i m   2  f u r t h e r   c o m p r i s i n g :  

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

c o m p u t a t i o n s   a c c o r d i n g   to  t he   d e t e r -  

mined   e r r o r .  

4.  The  i n v e n t i o n   of  c l a i m   1  w h e r e i n   t he   m e a n s  

fo r   p r e d i c t i n g   i n c l u o e s   means  fo r   c o n s i d e r -  

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

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

b u l l e t s .  

5.  The  i n v e n t i o n   of  c l a i m   1  w h e r e i n   t h e  

d e t e c t i n g   means   i n c l u d e s   a  c a m e r a   c a p a b l e  

of  d e t e c t i n g   the   p o s i t i o n s   of  t he   f i r e d  

b u l l e t s   and  the  p o s i t i o n   of  the   b o r e s i g h t  

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

of  d e l i v e r i n g   a  s i g n a l   r e p r e s e n t a t i v e   o f  

s a i d   p o s i t i o n s .  



6.  The  i n v e n t i o n   of  c l a i m   5  w h e r e i n   the   m e a n s  

of  s t o r i n g   d a t a   i n c l u d e s   means  for   e x t r a c t -  

ing  and  s e p a r a t i n g   t h e   p o s i t i o n s   of  t h e  

b o r e s i g h t   symbo l   and  the   f i r e d   b u l l e t s   f r o m  

the   c a m e r a   o u t p u t   s i g n a l .  

7.  The  i n v e n t i o n   of  c l a i m   1  w h e r e i n   the  m e a n s  

fo r   d i s p l a y i n g   i n c l u d e s   a  h e a d - u p   d i s p l a y  

and  a s s o c i a t e d   d i s p l a y   p r o c e s s o r .  

8.  The  i n v e n t i o n   of  c l a i m   1  w h e r e i n   t he   m e a n s  

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

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

and  the   p r e v i o u s l y   d e t e r m i n e d   e r r o r .  

9.  The  i n v e n t i o n   of  c l a i m   8  w h e r e i n   t he   m e a n s  
f o r   s t o r i n g   i n c l u d e s   a  n o n - v o l a t i l e   memory  

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

10.  The  i n v e n t i o n   of  c l a i m   9  w h e r e i n   the  m e a n s  

fo r   c o r r e c t i n g   i n c l u d e s   the   d i g i t a l   p r o c e s -  

s o r .  



11.  A  m e t h o d   fo r   b o r e s i g h t i n g   a  g u n n e r y   s y s t e m  

in  an  a i r c r a f t   h a v i n g   a  s i g h t i n g   s y s t e m  

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

t he   s t e p s   o f :  

o  f i r i n g   s e v e r a l   r o u n d s   from  the   g u n n e r y  

s y s t e m ;  

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

r o u n d s   r e l a t i v e   to  t he   b o r e s i g h t   s y m b o l ;  

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

f i r e d   r o u n d s ;  

o  d e t e r m i n i n g   t h e   e r r o r   v e c t o r   b e t w e e n  

the   p r e d i c t e d   p o s i t i o n s   and  the   a c t u a l  

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

o  c o r r e c t i n g   t he   s i g h t i n g   s y s t e m   to  c o m -  

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

e r r o r   v e c t o r .  

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

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

r o u n d s   i n c l u d e s :  

o  c o m p u t i n g   t he   c e n t r o i d   of  a  p l u r a l i t y  

of  the   f i r e d   r o u n d s ;   a n d  

o  c o m p a r i n g   t h e   c o m p u t e d   c e n t r o i d   w i t h   a 

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

the   b o r e s i g h t   s y m b o l .  



13.  The  m e t h o d   of  c l a i m   12  w h e r e i n   the   s t e p   o f  

c o m p a r i n g   the   c o m p u t e d   c e n t r o i d   f u r t h e r  

i n c l u d e s :  

o  p e r f o r m i n g   a  c o m p a r i s o n   for   each   of  a 

p l u r a l i t y   of   i n s t a n t a n e o u s   p o s i t i o n s   o f  

the   c o m p u t e d   c e n t r o i d   to  the   r e s p e c t i v e  

i n s t a n t a n e o u s   p r e d i c t e d   c e n t r o i d   p o s i -  

t i o n s .  

14.  The  me thod   of  c l a i m   13  w h e r e i n   t h e  s t e p   o f  

c o r r e c t i n g   the   s i g h t i n g   s y s t e m   f u r t h e r  

i n c l u d e s :  

o  a v e r a g i n g   the   c o m p a r i s o n s ;   a n o  

o  moving   the   p o s i t i o n   of  the   a p p a r e n t  

b o r e s i g h t   symbol   in  a  d i r e c t i o n   a n d  

m a g n i t u d e   p r o p o r t i o n a l   to  the   a v e r a g e  

of  the   c o m p a r i s o n s .  



15.  A  m e t h o d   fo r   a u t o m a t i c a l l y   b o r e s i g h t i n g   a 

g u n n e r y   s y s t e m   in  an  a i r c r a f t   h a v i n g   a 

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

s y m b o l ,   c o m p r i s i n g   t h e   s t e p s   o f :  

o  f i r i n g   s e v e r a l   r o u n d s   from  the   g u n n e r y  

s y s t e m ;  

o  p r e d i c t i n g   t he   t r a j e c t o r y   of  t he   f i r e d  

r o u n d s   r e l a t i v e   to  the   b o r e s i g h t   s y m b o l ;  

o  d e t e r m i n i n g   t he   a c t u a l   t r a j e c t o r y   o f  

the   f i r e d   r o u n d s ;  

o  d e t e r m i n i n g   t he   e r r o r   v e c t o r   b e t w e e n  

the   p r e d i c t e d   t r a j e c t o r y   and  the   a c t u a l  

t r a j e c t o r y   of  t he   f i r e d   r o u n d s ;   a n o  

o  c o r r e c t i n g   the   s i g h t i n g   s y s t e m   to  c o m -  

p e n s a t e   for   t he   e r r o r   a c c o r d i n g   to  t h e  

e r r o r   v e c t o r .  



16.  The  method   of  c l a i m   15  w h e r e i n   t he   a i r c r a f t  

i s   in  f l i g h t   and  the   s t e p   of  d e t e c t i n g   t h e  

a c t u a l   t r a j e c t o r y   of  t he   f i r e d   r o u n d s  

i n c l u d e s :  

o  d e t e c t i n g   the   i n d i v i d u a l   p o s i t i o n s  o f  

each  f i r e d   r o u n d ;  

o  c o m p u t i n g   the   c e n t r o i d   of  a  p l u r a l i t y  

of  i n d i v i d u a l   p o s i t i o n s ;  

o  c o m p u t i n g   the   t r a j e c t o r y   of  the   c e n -  

t r o i d ;  

o  c o m p a r i n g   the   c o m p u t e d   t r a j e c t o r y   o f  

the  c e n t r o i d   w i t h   the   p r e d i c t e d   t r a j e c -  

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

s y m b o l .  

17.  The  method   of  c l a i m   15  w h e r e i n   t he   a i r c r a f t  

is   in  f l i g h t   and  the   s t e p   of  d e t e r m i n i n g  

t he   e r r o r   v e c t o r   i n c l u d e s :  

o  p e r f o r m i n g   a  s e r i e s   of  i n - f l i g h t   i t e r -  

a t i v e   s o l u t i o n s ,   e a c h   s o l u t i o n   d e t e r -  

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

e r r o r   v e c t o r   by  c o m p a r i n g   the   a c t u a l  

t r a j e c t o r y   to  the   p r e d i c t e d   t r a j e c t o r y .  



18.  The  me thod   of  c l a i m   17  w h e r e i n   the   s t e p   o f  

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

o  moving   the   p o s i t i o n   of  the   a p p a r e n t  

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

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

s p o n d i n g   e r r o r   v e c t o r   c o m p o n e n t   f o r  

each   i t e r a t i v e   s o l u t i o n .  

19.  The  m e t h o d   of  c l a i m   15  w h e r e i n   the  s t e p   o f  

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

s e v e r a l   t r a c e r   b u l l e t s   f o r   f a c i l i t a t i n g  

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

20.  The  m e t h o d   of  c l a i m   15  w h e r e i n   the   a i r c r a f t  
is   i n - f l i g h t   and  t he   s t e p   of  d e t e r m i n i n g  
the   e r r o r   v e c t o r   i n c l u d e s :  

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

c o m p o n e n t s   of  t he   e r r o r   v e c t o r .  



21.  The  me thod   of  c l a i m   20  w h e r e i n   t h e   s t e p   o f  

c o r r e c t i n g   the   s i g h t i n g   s y s t e m   i n c l u d e s :  

o  moving   t h e   p o s i t i o n   of  the   a p p a r e n t  

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

m a g n i t u d e s   p r o p o r t i o n a l   to  t he   o r t h o g -  

o n a l   e r r o r   v e c t o r   c o m p o n e n t s   t h e r e b y  

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