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@  Gun  with  means  for  verifying  the  boreline  direction. 

  The  direction  of  travel  of  a  shell  fired  by  a  gun  such  as  a 
battle  tank  depends  on  the  boreline  direction  of  the  barrel  in 
the  region  of  the  muzzle,  and  even  very  small  boreline  er- 
rors  can  give  rise  to  significant  aiming  errors  at  long  range. 
Errors  in  the  boreline  direction  can  often  exist  in  guns  hav- 
ing  relatively  long  barrels,  as  mechanical  backlash  and 
slackness  in  the  mounting  arrangement,  and  curvature  of 
the  barrel  due  to  thermal  stress  can  shift  the  position  of  the 
muzzle  sl ightly  from  its  true  position. 

A  solid  state  optical  sensor  having  a  two  dimensional 
image  surface  is  arranged  to  view  the  muzzle  via  the  sight 
(periscope)  mirror  associated  with  the  optical  aiming  sight 
of  the  gun.  The  optical  sensor  is  positioned  closely  adjacent 
to  the  optical  aiming  sight  so  as  to  enable  all  position  errors 
between  the  aiming  sight  and  the  muzzle  to  be  removed. 
The  optical  sensor  is  scanned  in  a  television  like  raster  pat- 
tern,  and  window  signals  are  inserted  into  selected  line 
scans  so  that  the  actual  position  of  the  muzzle  can  be  very 
precisely  compared  with  its  required  position.  Any  depar- 
tures  from  the  required  position  are  compensated  by  feed- 
ing  correction  signals  into  the  optical  aiming  sight  to  shift 
the  gunner's  aiming  mark  accordingly. 



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

a p p l i c a b l e   to  guns   h a v i n g   a  r e l a t i v e l y   l o n g   and  m a s s i v e   b a r r e l  

s u c h   as  a  b a t t l e   t a n k .   The  d i r e c t i o n   of  t r a v e l   of  a  s h e l l  

f i r e d   by  a  gun  d e p e n d s   on  t h e   b o r e l i n e   d i r e c t i o n   of   t h e   b a r r e l  

in  t h e   r e g i o n   of  t h e   m u z z l e ,   and  e v e n   v e r y   s m a l l   b o r e l i n e  

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

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

s i g n i f i c a n t   a i m i n g   e r r o r s   can   r e m a i n .   T h e s e   e r r o r s   a r e   a t  

l e a s t   in  p a r t   due  to  u n c e r t a i n t i e s   in   t h e   d i r e c t i o n   of   t h e  

b o r e l i n e   of  t he   m u z z l e ,   and  t h e y   can   s t e m   f rom  t h e   p r e s e n c e  
of  t e m p e r a t u r e   g r a d i e n t s   a c r o s s   t h e   d i a m e t e r   of  t h e   b a r r e l  

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

s l a c k n e s s   in  t h e   s u p p o r t s   w h i c h   l o c a t e   t h e   b a r r e l .   I t   h a s  

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

a l i g n i n g   t h e   a i m i n g   mark   of  an  o p t i c a l   s i g h t   w i t h   a  

r e f e r e n c e   image   o b t a i n e d   v i a   a  r e f l e c t o r   m o u n t e d   on  t h e  

m u z z l e   of  t h e   gun ,   so  t h a t   m o v e m e n t   of  t h e   m u z z l e   c a u s e d   b y  

d i s t o r t i o n   of  t he   b a r r e l   can   be  d e t e c t e d .  

P r a c t i c a l   d i f f i c u l t i e s   a r e   e x p e r i e n c e d   in   i m p l e m e n t i n g  

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

e l e v a t i o n   a x i s   of  t h e   b a r r e l   is  i n v a r i a b l y   o f f - s e t   f r o m   t h a t  

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

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

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

be  p a r t i c u l a r l y   s e v e r e   in   t h o s e   c a s e s   w h e r e   an  a r r a n g e -  

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

f i t t e d   to  an  e x i s t i n g   b a t t l e   t a n k   so  as  to   u p g r a d e   i t s  

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

day  s t a n d a r d s .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   a  gun  i n c l u d e s   a  b a r r e l  

m o u n t e d   so  as  to  be  r o t a t a b l e   in  e l e v a t i o n ;   an  o p t i c a l  

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

a i m i n g   s i g h t   and  a r r a n g e d   so  t h a t   t h e   m u z z l e   of  t h e   b a r r e l  

is   w i t h i n   i t s   f i e l d   of  v i e w   f o r   a l l   p o s s i b l e   o p e r a t i o n a l  

a n g l e s   of  e l e v a t i o n   of  t h e   b a r r e l ,   w h e r e b y   i t   r e c e i v e s   a n  



i m a g e   of  t he   m u z z l e ;   and  m e a n s   o p e r a t i v e   to  d e t e c t   d e p a r t u r e s  

of  s a i d   image   f rom  a  p r e d e t e r m i n e d   e x p e c t e d   p o s i t i o n   r e l a t e d  

to  t h e   n o m i n a l   a n g l e   of  e l e v a t i o n   of  t h e   b a r r e l .  

G e n e r a l l y   a  b a r r e l   i s   a l s o   m o v a b l e   i n  t r a v e r s e   ( s o m e t i m e s  

t e r m e d   t r a i n i n g )   and  s u c h   a  m o v e m e n t   may  c a u s e   t h e   i m a g e   o f  

t h e   m u z z l e   to  s h i f t   s l i g h t l y   r e l a t i v e   to   t h e   o p t i c a l   s e n s o r  -  

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

u s e d   to   moun t   t h e   b a r r e l   and  t h e   s e n s o r .   In  s u c h   a  c a s e ,   t h e  

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

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

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

l o c a t i o n   of  t h e   o p t i c a l   s e n s o r   i s   no  l o n g e r   c r i t i c a l   w i t h  

r e s p e c t   to  t h e   e l e v a t i o n   a x i s   of   t h e   b a r r e l ,   as  w o u l d   be  t h e  

c a s e   i f   a  r e f l e c t o r   w e r e   u s e d   to   r e t u r n   a  n a r r o w   beam  o f  

l i g h t   in  t h e   m a n n e r   of   o u r   c o - p e n d i n g   p a t e n t   a p p l i c a t i o n  

p u b l i s h e d   u n d e r   n u m b e r   2 0 6 9 1 0 5 A .  

C o n v e n i e n t l y   p a r t   of  t h e   o p t i c a l   s y s t e m   of  t h e   o p t i c a l  

a i m i n g   s i g h t   i s   u s e d   to   r e c e i v e   t h e   i m a g e   of  t h e   m u z z l e   a s ,  
in  g e n e r a l ,   t h e   p o s i t i o n   of  t h e   b a r r e l   in  e l e v a t i o n   a n d  

t r a v e r s e   i s   s i m i l a r   to   t h e   a x i s   of   t h e   o p t i c a l   a i m i n g   s i g h t  -  

t h e   e l e v a t i o n   of  t h e   b a r r e l   i s   v a r i e d   s o m e w h a t   a b o v e  ' t h a t   o f  

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

i s   to   be  e n g a g e d .  

Many  e x i s t i n g   b a t t l e   t a n k s   a r e   p r o v i d e d   w i t h   an  o p t i c a l  

a i m i n g   s i g h t   w h i c h   i s   p o s i t i o n e d   to   one  s i d e   of   t h e   a x i s   o f  

t h e   b a r r e l   and  i s   p r o v i d e d   w i t h   an  a d j u s t a b l e   s i g h t   m i r r o r  

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

to  a d j u s t   t h e   v i e w i n g   a n g l e   of  e l e v a t i o n   of   t h e   o p t i c a l   s i g h t .  

T h i s   m i r r o r   can  a l s o   be  c o n v e n i e n t l y   u s e d   to   c o l l e c t   t h e   i m a g e  

of  t h e   m u z z l e ,   and  s i n c e   t h e   m u z z l e   i s   l a t e r a l l y   o f f - s e t  

f rom  t h e   a x i s   of  t h e   o p t i c a l   a i m i n g   s i g h t ,   t h e   two  i m a g e s ,  

i . e .   t h e   image   of   t h e   t a r g e t   and  t h e   image   of  t h e   m u z z l e ,  

can  be  e a s i l y   s e p a r a t e d   w i t h i n   t h e   a i m i n g   s i g h t   i t s e l f .  

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

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

to   i d e n t i f y   t h e   p o s i t i o n   of   t he   m u z z l e .   G e n e r a l l y   t h e r e  

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



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

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

p r o c e s s i n g .   For   e x a m p l e ,   in  d a y l i g h t   t he   m u z z l e   w i l l   a p p e a r  

as  a  v e r y   d a r k   s h a p e   a g a i n s t   a  b r i g h t   sky  b a c k g r o u n d .   I f   t h e  

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

to  o b s e r v e   t h e   m u z z l e   by  a  s i m i l a r   t e c h n i q u e   e v e n   in  c o n -  

d i t i o n s   of  t w i l i g h t   or  p a r t i a l   d a r k n e s s .   H o w e v e r ,   i t   i s  

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

as  to  f a c i l i t a t e   d e t e c t i o n   of   i t s   p o s i t i o n   d u r i n g   d a r k n e s s .  

The  p a s s i v e   l i g h t   s o u r c e   may  be  of  a  c h e m i c a l   n a t u r e   s o  

t h a t   i t s   n o t   a d v e r s e l y   a f f e c t e d   by  t h e   v i b r a t i o n   and  s h o c k  

e x p e r i e n c e d   by  t h e   m u z z l e   when  t h e   gun  i s   f i r e d .  

I f   t h e   m u z z l e   d e p a r t s   f rom  i t s   c o r r e c t   p o s i t i o n   due  t o  

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

e s t i m a t e   of  t h e   m a g n i t u d e   and  s e n s e   of  t h e   e r r o r   can   b e  

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

s i g h t   so  as  to  s h i f t   t h e   a i m i n g   p o i n t   of  t h e   s i g h t   to   c o m -  

p e n s a t e .   T h i s   c o r r e c t i o n   can   be  a c h i e v e d   in  an  a u t o m a t i c  

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

c o n s c i o u s l y   m o n i t o r   t h e   p o s i t i o n   of  t h e   m u z z l e   in  t h e s e  

c o n d i t i o n s .  

In  some  c a s e s ,   t h e   d e g r e e   of  e r r o r   can  be  q u i t e   s i g n i f i -  

c a n t   and  can  a r i s e   f r o m   s e v e r a l   s o u r c e s .   I f   t h e   b a r r e l   i s  

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

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

d i r e c t i o n   of  t h e   b a r r e l   in  t h e   r e g i o n   of  t h e   m u z z l e .   F u r t h e r -  

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

t h a t   i t   can   s l i d e   b a c k w a r d s   w i t h i n   t h e   c r a d l e   when  t h e   gun  i s  

f i r e d   so  as  to   e n a b l e   t h e   r e c o i l   f o r c e   to   be  a b s o r b e d .  

M e c h a n i c a l   s l a c k n e s s   w i t h i n  t h e   c r a d l e   can  i m p a r t   u n c e r t a i n t y  

to  t h e   b o r e l i n e   d i r e c t i o n   of  t h e   b a r r e l ,   as  can   m e c h a n i c a l  

wea r   o c c u r r i n g   w i t h i n   t h e   t r u n n i o n   b e a r i n g s   w h i c h   s u p p o r t s  

the   c r a d l e   and  e n a b l e   i t s   angle  of  e l e v a t i o n   to   be  a l t e r e d .  

The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   by  way  of  e x a m p l e  

w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h  

F i g u r e s   1  and  2  shows   p a r t   of  t h e   o p t i c a l   s y s t e m   f o r  

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

F i g u r e   3  shows  t he   f i e l d   of  v i e w   of  an  o p t i c a l   s e n s o r ,  

F i g u r e   4  shows   p a r t   of  s i g n a l   p r o c e s s i n g   c i r c u i t s  



by  m e a n s   of  w h i c h   t h e   n a t u r e   of   t h e   p o s i t i o n   e r r o r   can   b e  

d e t e r m i n e d ,   a n d  

F i g u r e s   5  and  6  show  e x p l a n a t o r y   w a v e f o r m s   r e l a t i n g   t o  

t he   o p e r a t i o n   of  F i g u r e   4 .  

R e f e r r i n g   to  F i g u r e s   1  and  2,  o n l y   t h o s e   p a r t s   of  a  

b a t t l e   t a n k   n e c e s s a r y   f o r   an  u n d e r s t a n d i n g   of  t h e   p r e s e n t  
i n v e n t i o n   a r e   i l l u s t r a t e d .   A  b a r r e l   1  i s   s l i d a b l y   m o u n t e d  

w i t h i n  a  c r a d l e   2  w h i c h   in  t u r n   i s   m o u n t e d   on  t r u n n i o n  

b e a r i n g s   3  so  t h a t   t h e   b a r r e l   1  i s   r o t a t a b l e   in  e l e v a t i o n  

r e l a t i v e   to  t he   b o d y   of   a  t a n k   ( n o t   shown)   on  w h i c h   i t   i s  

m o u n t e d .   An  o p t i c a l   a i m i n g   s i g h t   4  i s   m o u n t e d   a l o n g   s i d e ' t h e  

b a r r e l   and  i s   p o s i t i o n e d   so  t h a t   a  d i s t a n t   t a r g e t   4  can   b e  

v i e w e d   v i a   a  p e r i s c o p e   m i r r o r   6  w h i c h   i s   r o t a t a b l e   i n  

e l e v a t i o n   a b o u t   an  a x i s   7.  A  g u n n e r   a c q u i r e s   t h e   t a r g e t   5  i  

c o n v e n t i o n a l   m a n n e r   by  c e n t e r i n g   an  i m a g e   of   t h e   t a r g e t  

w i t h i n   t h e   c r o s s   w i r e s   of   h i s   e y e p i e c e   8.  The  b a r r e l   of  t h e  

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

t u r r e t   so  t h a t   t h e y   move  t o g e t h e r   in   t r a v e r s e   a l t h o u g h   t h e  

s i g h t   can  be  moved  r e l a t i v e   to   t h e   t r a v e r s e   a x i s   and  e l e v a t i  

a x i s   to   a  c e r t a i n   e x t e n t .   The  b a r r e l   1  t h e r e f o r e   p o i n t s   i n  

t h e   same  g e n e r a l   t r a v e r s e   d i r e c t i o n   as  t he   o p t i c a l   s i g h t ,  

b u t   i t   i s   o f f - s e t   in   e l e v a t i o n   t h e r e f r o m   by  an  a n g l e   w h i c h  

i s   r e l a t e d   to   t h e   r a n g e   of  t h e   t a r g e t .   I f   t h e   t a n k   i s   n o t  

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

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

t h e   t r a v e r s e   a n g l e   of   t h e   b a r r e l .   Thus   in  g e n e r a l ,   t h e  

b o r e s i g h t   d i r e c t i o n   9  of  t h e   b a r r e l   i s   s o m e w h a t   a b o v e   t h e   1:  

of  s i g h t   10  of  t h e   o p t i c a l   s i g h t ,   b u t   i s   u n l i k e l y   to   d i f f e r  

t h e r e f r o m   by  a  v e r y   l a r g e   a n g l e .  

I t   i s   c u s t o m a r y   to  use   some  fo rm  of   b a l l i s t i c   c o m p u t e r  

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

t h e   b a r r e l   in  o r d e r   to   s t r i k e   a  t a r g e t   w i t h   a  h i g h   d e g r e e   o  

p r o b a b i l i t y   of  s u c c e s s .   V a r i o u s   f a c t o r s   a f f e c t   t h e   t r a j e c t o  

of  a  s h e l l   w h i c h   i s   f i r e d   f rom  t he   b a r r e l   of  t h e   gun  a n d  

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

and  n a t u r e   of   t he   a m m u n i t i o n ,   w i n d   s t r e n g t h   and  a i r  

p r e s s u r e .   A l l   of  t h e s e   f a c t o r s   a r e   t a k e n   i n t o   a c c o u n t   i n  



a u t o m a t i c a l l y   a d j u s t i n g   t h e   a i m i n g   mark  of  t h e   e y e p i e c e   8 

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

a i m i n g   mark   w i t h   t h e   o p t i c a l   image   of  t h e   t a r g e t   5.  The  p o s i t i o n  

of   t h e   a i m i n g   mark   i n  t h e   e y e p i e c e   8  a s s u m e s   t h a t   t h e   b o r e l i n e  

d i r e c t i o n   of   t h e   m u z z l e   11  is   c o r r e c t ,   b u t   in   p r a c t i c e ,   t h e  

p o s i t i o n   of   t h e   m u z z l e   can  a l t e r   r e l a t i v e   to   t h e   b o d y   of  t h e  

t a n k   due  to   m e c h a n i c a l   w e a r   w i t h i n   t h e   c r a d l e   and  t h e  

t r u n n i o n   b e a r i n g s   as  p r e v i o u s l y   m e n t i o n e d .   Even  v e r y   m i n o r  

p o s i t i o n a l   e r r o r s   a t   t h e   m u z z l e   11  can  a l t e r   t h e   b o r e s i g h t  
d i r e c t i o n   of  t h e   b a r r e l   and  s i g n i f i c a n t l y   r e d u c e   t h e   p r o b a -  

b i l i t y   of   s u c c e s s f u l l y   s t r i k i n g   a  t a r g e t .  
The  a c t u a l   p o s i t i o n   of  t h e   m u z z l e   11  i s   v i e w e d   by  a n  

o p t i c a l   d e t e c t o r   20  v i a   o p t i c a l   p a t h   21.   The  same  p e r i s c o p e  
m i r r o r   6  i s   u s e d ,   s i n c e   in  g e n e r a l   t h e   a n g u l a r  p o s i t i o n   of   t h e  

m u z z l e   w i l l   n o t   d e v i a t e   s i g n i f i c a n t l y   f rom  t h a t   of   t h e  

t a r g e t   5.  As  can   be  s e e n   f r o m   F i g u r e   1,  t h e   p o s i t i o n   of  t h e  

m u z z l e   i s   l a t e r a l l y   o f f - s e t   f r om  t h e   o p t i c a l   p a t h   10  by  t h e  

d i s t a n c e  x   and  t h u s   t h e   o p t i c a l   d e t e c t o r   20  can   be  r e a d i l y  

a c c o m m o d a t e d   a l o n g   s i d e   t h e   o p t i c a l   s i g h t   4.  The  u s e   of   t h e  

d e f l e c t i o n   p r i s m   22  and  t h e   l e n s   23  a l l o w   t h e   d e t e c t o r   20  t o  

be  l o c a t e d   a t   any  c o n v e n i e n t   p o s i t i o n   a d j a c e n t   to   t h a t   o f  

t h e   o p t i c a l   a i m i n g   s i g h t  4 .  

The  o p t i c a l   d e t e c t o r   20  can   t a k e   any  c o n v e n i e n t   f o r m ,  

b u t   in  v i e w   of  t h e   h o s t i l e   e n v i r o n m e n t   in  w h i c h   i t   i s  

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

o p t i c a l   s e n s o r ,   which  i s   s c a n n e d   in   a  r a s t e r   p a t t e r n   in   a  

m a n n e r   w h i c h   i s   s i m i l a r   to   t h a t   of   a  t e l e v i s i o n   c a m e r a   a r r a n g e -  
m e n t .   By  u s i n g   t h e   o p t i c a l   d e t e c t o r   20,  t h e   a c t u a l   p o s i t i o n  
of  t h e   m u z z l e   11  can   be  c o m p a r e d   w i t h   s t o r e d  d a t a   r e l a t i n g  

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

t r a v e r s e .   I f   any  d i s c r e p a n c y   i s   f o u n d ,   a  c o m p e n s a t i n g   s i g n a l  

can  be  a p p l i e d   to   t h e   o p t i c a l   s i g h t   8,  so  as  to  p r o d u c e   a  

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

As  t h e   f i e l d   of  v i e w   of  t h e   o p t i c a l   d e t e c t o r   20  i s   a n  

o b l i q u e   v i e w   a l o n g   t h e   l e n g t h   of  t h e   b a r r e l  1 ,   t h e   o p t i c a l  

d e t e c t o r   r e c e i v e s   an  i m a g e   of  t h e   k i n d   i l l u s t r a t e d  

d i a g r a m m a t i c a l l y   in  F i g u r e   3.  T h i s   F i g u r e   r e p r e s e n t s   a  l i g h t  



b a c k g r o u n d   30,  c o n s i s t i n g   of   r e l a t i v e l y   b r i g h t   sky  and  a  d a r k  

mass   31  r e p r e s e n t i n g   t h e   b u l k   of  t h e   b a r r e l   1.  The  c u r v e d  

i n t e r f a c e   r e g i o n   32  b e t w e e n   l i g h t   a n d  d a r k   r e p r e s e n t s   t h e  

p o s i t i o n   of   t h e   m u z z l e   11  i t s e l f .   In  o r d e r   to  d e t e r m i n e  

w h e t h e r   t h e   l i n e   32  i s   in   e x a c t l y   t h e   c o r r e c t   p o s i t i o n ,   t w o  

w i n d o w s   33  and   34  a r e   e l e c t r i c a l l y   i n s e r t e d   i n t o   t h e  

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

t h e   w i n d o w s   a r e   c h o s e n   so  t h a t   t h e   l i n e   32  s h o u l d   p a s s   e x a c t l y  

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

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

t h e   n a t u r e   and  s e n s e   o f   t h e   p o s i t i o n a l   e r r o r .   C o m p e n s a t i o n   i s  

t h e n   a p p l i e d   to  t h e   a i m i n g   mark   in   t h e   o p t i c a l   s i g h t ,   and  a s  

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

mark   t h e   e r r o r   i s   p r o g r e s s i v e l y   e l i m i n a t e d .  

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

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

in  F i g u r e   4.  The  o u t p u t   of   t h e   o p t i c a l   d e t e c t o r   20  o f  

F i g u r e   2  i s   in  t h e   f o r m   of   a  v i d e o   s i g n a l   c o n s i s t i n g   o f  

s e q u e n t i a l   l i n e   s c a n s   in   t h e   m a n n e r   of   a  c o n v e n t i o n a l   t e l e -  

v i s i o n   r a s t e r .   T h i s   s i g n a l   i s   r e c e i v e d   a t   t e r m i n a l   40  a n d  

p o r t i o n s   of  i t   c o r r e s p o n d i n g   to  t h e   two  l i n e   s c a n s   A  a n d   B 

in  w h i c h   t h e   w i n d o w s   33  and  34  a p p e a r   a r e   g a t e d   o u t   by  a  

g a t e   c i r c u i t   41.  The  p o r t i o n s   of   t h e   v i d e o   s i g n a l   to   b e  

g a t e d   o u t   a r e   d e t e r m i n e d   by  t h e   c o n t e n t s   of  a  d a t a   s t o r e   4 2 ,  

w h i c h   i s   a c c e s s e d   in   d e p e n d e n c e   on  t h e   n o m i n a l   e l e v a t i o n  

and  t r a v e r s e   a n g l e s   of   t h e   b a r r e l   1.  T h e s e   a n g l e s   a r e  

o b t a i n e d   f r o m   s u i t a b l e   a n g u l a r   p o s i t i o n  s e n s o r s   43  and  54.  T h e  

d a t a   s t o r e   42  t h u s   s e t s   a  w indow  g e n e r a t o r   44,   w h i c h   g e n e r a t e s  

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

of  t h e   two  w i n d o w s   33  and  34.  In  t h i s   e x a m p l e ,   i t   i s   a s s u m e d  

f o r   c o n v e n i e n c e   t h a t   b o t h   w i n d o w s   33  and  34  a r e   of  i d e n t i c a l  

d u r a t i o n s   so  t h a t   a  common  w indow  g e n e r a t o r   44  can  be  u s e d ,  

b u t   t h i s   n e e d   n o t   n e c e s s a r i l y   be  t h e . c a s e .   The  d a t a   s t o r e   42  

c o n t r o l s   t h e   g a t e   c i r c u i t   41  so  as  to   s e l e c t   a p p r o p r i a t e  

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

two  w i n d o w s   33  and  34,  t h e   l i n e   s i g n a l   c o r r e s p o n d i n g   t o  

t h e   v e r t i c a l   p o s i t i o n   of   w indow  33  b e i n g   t e r m e d   l i n e   A  a n d  



t h e   o t h e r   v i d e o   l i n e   b e i n g   t e r m e d   l i n e   B.  T h e s e   two  v i d e o  

l i n e s   a r e   p a s s e d   v i a   r e s p e c t i v e   a m p l i f i e r s   and  l i m i t e r s   45  a n d  

46  and  a p p l i e d   to   t h r e e   d u a l   i n p u t   l o g i c   g a t e s   47,  48  and  4 9 .  

The  i n v e r s e   of  v i d e o   l i n e   B  i s   a p p l i e d   to  t h e   l o g i c   g a t e   4 9 .  

Each  of  t h e   t h r e e   l o g i c   g a t e s   r e c e i v e s   an  e n a b l e   s i g n a l   f r o m  

t h e   w indow  g e n e r a t o r   44  so  t h a t   an  o u t p u t   l o g i c   s i g n a l   i s  

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

a r e   s u b t r a c t e d   a t   t h e   two  f u r t h e r   l o g i c   g a t e s   50  and  51,   so  a s  

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

two  o u t p u t   t e r m i n a l s   52  and  53.  The  s i g n a l   r e c e i v e d   a t  

t e r m i n a l   52  i s   i n d i c a t i v e   of  any  Y  a x i s   p o s i t i o n a l   e r r o r   i . e .  

e l e v a t i o n   e r r o r ,   and  t h e   s i g n a l   p r o d u c e d   a t   t e r m i n a l   53  i s  

i n d i c a t i v e   of  X  a x i s   e r r o r ,   i . e .   t r a v e r s e   e r r o r .  
The  way  in  w h i c h   t h e s e   s i g n a l s   a r e   g e n e r a t e d   i s  

i l l u s t r a t e d   more   s p e c i f i c a l l y   in   F i g u r e s   5  and  6,  F i g u r e   5A 

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

11  i s   c o r r e c t l y   p o s i t i o n e d ,   F i g u r e   5B  i l l u s t r a t i n g   t h e   w a v e -  

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

c o r r e c t ,   b u t   i s   low  in  e l e v a t i o n .   F i g u r e   6A  i l l u s t r a t e s   t h e  

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

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

and  f i n a l l y ,   F i g u r e   6B  i l l u s t r a t e s   a  c o m p o s i t e   e r r o r   in   w h i c h  

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

v i e w   of  t h e   i n t e r c o n n e c t i o n   of   t h e   l o g i c   c i r c u i t s   w h i c h   i s  

i l l u s t r a t e d   in  F i g u r e   4,  i t   i s   b e l i e v e d   t h a t   t h e   way  in  w h i c h  

t h e   v a r i o u s   w a v e f o r m s   a r e   g e n e r a t e d   i s   s e l f - e x p l a n t o r y .   I t  

w i l l   be  a p p a r e n t   f r o m   F i g u r e s   5  and  6  t h a t   t h e   p o l a r i t y   of  t h e  

Y  a x i s   s i g n a l   i n d i c a t e s   t h e   s e n s e   of  t h e   e r r o r ,   and  has   t h e  

z e r o   v a l u e   w h e n n o   e r r o r   i s   p r e s e n t .   H o w e v e r ,   t h e   X  a x i s   s i g n a l  

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

when  t h e r e   i s   no  t r a v e r s e   e r r o r .   The  e f f e c t   of  a  t r a v e r s e   e r r o r  

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

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

be  r e a d i l y   d e t e r m i n e d .   The  two  c o n t r o l   s i g n a l s   X  and  Y  a r e  

a p p l i e d   to  t h e   e y e p i e c e   8  in  a  c o n v e n t i o n a l   m a n n e r   so  as  t o  

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

g u n n e r .   The  n a t u r e   of  t h e   c o n t r o l  s i g n a l s   may  be  f ed   v i a   a  



s i m p l e   d e c o d e r   so  as  to  c o n v e r t   t hem  to  t h e   fo rm  in  w h i c h  

t h e y   can   be  a c c e p t e d   by  t h e   e y e p i e c e   8,  b u t   t h e   e x a c t   n a t u r e  

of  t h e   d e c o d e r   w i l l ,   of  c o u r s e ,   d e p e n d   on  t h e   k i n d   of  e y e p i e c e  

u s e d ,   and  t h e   m e c h a n i s m   by  m e a n s   of  w h i c h   t h e   a i m i n g   mark   i s  

m o v e d .  



1.  A  gun  i n c l u d i n g   a  b a r r e l   (1)   m o u n t e d   so  as   to  be  r o t a t a b l e  

in  e l e v a t i o n ;   an  o p t i c a l   i m a g i n g   s e n s o r   ( 2 0 )   l o c a t e d   in  t h e  

v i c i n i t y   o f   an  o p t i c a l   a i m i n g   s i g h t   (4)   and  a r r a n g e d   so  t h a t   t h e  

m u z z l e   ( 1 1 )   o f   t h e   b a r r e l   i s   w i t h i n   i t s   f i e l d   of  v i e w   f o r   a l l  

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

i t   r e c e i v e s   an  image   of   t h e   m u z z l e ;   and  m e a n s   ( f i g u r e   4)  o p e r a t i v e  

to  d e t e c t   d e p a r t u r e s   of   s a i d   image   f rom  a  p r e d e t e r m i n e d   e x p e c t e d  

p o s i t i o n   r e l a t e d   to   t h e   n o m i n a l   a n g l e   of  e l e v a t i o n   of   t h e   b a r r e l .  

2.  A  gun  as   c l a i m e d   in  c l a i m   1  and  w h e r e i n   m e a n s   a r e   p r o v i d e d  

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

e l e v a t i o n   and  t r a v e r s e .  

3.  A  gun  as   c l a i m e d   in  c l a i m   1  ( o r   2)  and  w h e r e i n   p a r t   of   t h e  

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

i m a g e   o f   t h e   m u z z l e .  

4.  A  gun  as   c l a i m e d   in  c l a i m   3  and  w h e r e i n   t h e   image   of  t h e  

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

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

5.  A  gun  as   c l a i m e d   in  any   of  t h e   p r e c e d i n g   c l a i m s   and  w h e r e i n  

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

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

e n a b l e   t h e   p o s i t i o n   of  t h e   image   on  i t s   s u r f a c e   to  be  d e t e r m i n e d .  

6.  A  gun  a s   c l a i m e d   in  c l a i m   5  and  w h e r e i n  t h e   o p t i c a l   d e t e c t o r  

i s   a  s o l i d   s t a t e   d e v i c e   in  w h i c h   t h e   t w o - d i m e n s i o n a l   i m a g e  

r e c e i v i n g   s u r f a c e   i s   s c a n n e d   in  a  t e l e v i s i o n - l i k e   r a s t e r   p a t t e r n .  

7.  A  gun  as   c l a i m e d   in  c l a i m   6  and  w h e r e i n   t h e   a c t u a l   p o s i t i o n  

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

so  a s   to   d e t e c t   d e p a r t u r e s   t h e r e f r o m .  

8.  A  gun  a s   c l a i m e d   in  c l a i m   7  and  w h e r e i n   t h e   e x p e c t e d   p o s i t i o n  

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

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

p a t t e r n .  

9.  A  gun  as   c l a i m e d   in  any  of  t h e   p r e c e d i n g   c l a i m s   and  w h e r e i n  

d e p a r t u r e s   o f   s a i d   image   f rom  i t s   e x p e c t e d   p o s i t i o n   a r e   u s e d   t o  

s h i f t   an  a i m i n g   m a r k   in  s a i d   o p t i c a l   a i m i n g   s i g h t   so  as  t o  

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