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©  Area  weapon  simulation. 
(57)  An  area  weapon  simulation  for  simulatin 
gun-batteries  and  the  like  in  training  exercis 
means  for  scanning  a  narrow  beam  over  a 
means  for  detecting  incidence  of  the  beam  on 
the  target  field  (which  field  is  typically  300m  b 
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  An  area  weapon  simulation  for  simulating  minefields, 
gun-batteries  and  the  like  in  training  exercises  comprises 
means  for  scanning  a  narrow  beam  over  a  target  field, 
means  for  detecting  incidence  of  the  beam  on  targets  within 
the  target  field  (which  field  is  typically  300m  by  1500m)  and 
hit  indicating  means  responsive  to  detected  incidence  of  the 
beam  on  a  target.  The  hit  indicating  means  is  enabled  or 
disabled  either  in  response  to  stored  lethal  area  position  data 
relating  to  the  weapons  or  in  response  to  a  periodic  signal 
representative  of  the  stopping  power  of  the  weapons. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t h e   s i m u l a t i o n   o f  

" a r e a "   weapon   s y s t e m s ,   t h a t   i s   to  say  g r o u p s   of  c o - o p e r a t -  

i n g   w e a p o n s   such   as  gun  b a t t e r i e s   or  mine   f i e l d s ,   w h i c h  

h a v e   e f f e c t   o v e r   w ide   a r e a s .  

O p t i c a l   w e a p o n   s i m u l a t o r s   a r e   known  in  w h i c h   a  l o w -  

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

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

r e f l e c t o r .   The  l a s e r   p r o j e c t o r   i s   p r o v i d e d   w i t h   a  s e n -  

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

l i g h t   r e f l e c t e d   f rom  t he   t a r g e t   to   be  d e t e c t e d   when  t h e  

a i m  i s   c o r r e c t   and  t he   t a r g e t   has   been   " h i t "   by  a  l a s e r  

beam  f rom  t h e   p r o j e c t o r .   T h i s   i n f o r m a t i o n   i s   g e n e r a l l y  

c o m m u n i c a t e d   to  t he   t a r g e t   e q u i p m e n t   by  c o d e d   l a s e r   p u l s e s .  

Such  weapon   s i m u l a t o r s   a r e   u s e f u l   f o r   s i m u l a t i n g  

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

t he   e f f e c t   of  t he   gun  on  w h i c h   t h e y   a r e   m o u n t e d .   F u r t h e r -  

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

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

w i t h i n   t he   s c a n n e d   a r e a .   A c c o r d i n g   to  t he   p r e s e n t   i n v e n -  

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



b e a m - f o r m i n g   means   f o r   g e n e r a t i n g   a  n a r r o w ,   s h a r p l y  

d e f i n e d   beam  of   r a d i a t i o n ,   c o n t r o l l e d   s c a n n i n g   means   f o r  

s c a n n i n g   s a i d   beam,   d e t e c t o r   means  a r r a n g e d   to   d e t e c t  

i n c i d e n c e   of  s a i d   beam  on  a  t a r g e t ,   and  h i t   i n d i c a t i o n   m e a n s  

r e s p o n s i v e   to  s a i d   d e t e c t o r   means   and  a r r a n g e d   to  i n d i c a t e  

a  " h i t "   when  s a i d   beam  i s   i n c i d e n t   upon  a  s a i d   t a r g e t ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   s c a n n i n g   means   i s   a r r a n g e d  

to  s c a n   s a i d   beam  at   l e a s t   o v e r   an  a n g l e   c o r r e s p o n d i n g   t o  

the   t y p i c a l   l e t h a l   r e g i o n s   of  a  g r o u p   of  two  or  more   a c t u a l  

or  h y p o t h e t i c a l   c o - o p e r a t i n g   w e a p o n s   and  in  t h a t  

f u r t h e r   means   a r e   p r o v i d e d   f o r   s t o r i n g   a n d / o r   e n t e r i n g   d a t a  

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

w i t h i n   t he   r e g i o n   s c a n n e d   by  s a i d   beam,   s a i d   f u r t h e r   m e a n s  

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

a c c o r d i n g   to  s a i d   d a t a .  

The  s c a n n i n g   means   may  i n c o r p o r a t e   a  p u l s e   c o d e r  

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

r e l e v a n t   t a r g e t s .  

The  s c a n n i n g   means   may  c o m p r i s e   a  p a i r   of  s u p e r -  

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

a r r a n g e d   to  s c a n   s a i d   beam  in  a  two  d i m e n s i o n a l   m a n n e r .  

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

r a n g e - f i n d i n g   means   i n c o r p o r a t e d   in  or  o t h e r w i s e   a r r a n g e d  

to  c o o p e r a t e   w i t h   t he   s c a n n i n g   means   so  as  to  a c c u r a t e l y  

d e t e r m i n e   the   t w o - d i m e n s i o n a l   p o s i t i o n   of  t h e   or  e a c h  

t a r g e t .  

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

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

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

r e t r o - r e f l a c t i o n   of  t he   beam  f rom  t h e   t a r g e t   b u t   may  

a l t e r n a t i v e l y   be  l o c a t e d   on  the   t a r g e t .  

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

a r r a n g e d   to  p e r i o d i c a l l y ' e n a b l e   and  d i s a b l e   s a i d   " h i t "  

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

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

r e g i o n s .  



The  memory  means   may  be  a r r a n g e d   to  s t o r e   t h e   c o o r d -  

i n a t e s   of  m i n e s   in  a  s i m u l a t e d   m i n e f i e l d   w i t h i n   t he   s c a n n e d  

a r e a   and  t h e   h i t   i n d i c a t i n g   means  w i l l   t h e n   i n d i c a t e   a  " h i t "  

when  a  t a r g e t   ( t y p i c a l l y   a  t a n k   or  o t h e r   v e h i c l e )   c r o s s e s  

any  p o i n t   c o r r e s p o n d i n g   to  t he   s t o r e d   c o o r d i n a t e s .  

The  memory   means   may  be  a r r a n g e d   to  s t o r e   f a l l - o f -  

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

t h e   guns   of   a  gun  b a t t e r y ) .   In  such   a  c a s e   t he   s c a n n e r   i s  

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

t a r g e t   r a n g e s   may  be  d e t e r m i n e d   oy  an  a r t i l l e r y  

s p o t t e r .   The  s p o t t e r   may  t h e n   c h o o s e   one  of  s e v e r a l   s t o r e d  

f i r e   p a t t e r n   t y p e s   and  f e e d   i t   i n t o   t h e   memory  b e f o r e  

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

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

h i s   s p o t t i n g   and  c a l c u l a t i o n   and  t he   e f f e c t i v e n e s s   of  h i s  

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

The  f a l l - o f - s h o t   d a t a   may  be  s t o r e d   as  p o i n t   c o -  

o r d i n a t e s   and  t h e   h i t - i n d i c a t i n g   means   may  i n c o r p o r a t e  

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

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

p o i n t   c o o r d i n a t e s   and  g e n e r a t i n g   a  h i t   i n d i c a t i o n   in  a c c o r d -  

a n c e   w i t h   s a i d   d i s t a n c e .   In  such   a  c a s e ,   t he   s c a n n e r   may  
i n c l u d e   r a n d o m i s i n g   means   f o r   d e t e r m i n i n g   w h e t h e r   or  n o t  

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

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

means   may  s u i t a b l y   c o m p r i s e   an  e l e c t r o n i c   r a n d o m   n u m b e r  

g e n e r a t o r   l i n k e d   to  t h e   h i t - i n d i c a t i n g   m e a n s .  

The  p r o c e s s i n g   means   may  c a l c u l a t e   t he   d i s t a n c e s   o f  

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

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

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

The  f a l l - o f - s h o t   d a t a   may  be  s t o r e d   as  a r e a s   w i t h i n  

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

r a n d o m i s i n g   means   b e i n g   p r o v i d e d   f o r   g e n e r a t i n g   t he   a p p r o p -  
r i a t e   p r o b a b i l i t y   of  a  h i t   i n d i c a t i o n .   The  f a l l - o f - s h o t  

d a t a   may  be  s t o r e d   as  a  p l u r a l i t y   of   h i t - p r o b a b i l i t y   e o n -   . 
t o u r s ,   a p p r o p r i a t e   w e i g h t i n g   f a c t o r s   b e i n g   p r o v i d e d   i n  



t h e   r a n d o m i s i n g   means   to   g e n e r a t e   t h e   a p p r o p r i a t e   p r o b -  

a b i l i t y   of  a  h i t   i n d i c a t i o n .  

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

w e a p o n s   may  be  s i m u l a t e d   by  p r o v i d i n g   an  a r r a y   of  c l o s e l y  

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

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

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

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

The  h i t   p r o b a b i l i t y   d i s t r i b u t i o n   may  be  s i m u l a t e d  

by  p r o v i d i n g   o p t i c a l   means   f o r   r a n d o m l y   or  p e r i o d i c a l l y  

d i v e r t i n g   t he   r e t r o - r e f l e c t e d   t a r g e t   r a d i a t i o n   f rom  t h e  

d e t e c t o r .  

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

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

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

t a r g e t s   w i t h   a  s c a n n e r   r e m o t e   f rom  any  such   w e a p o n s   t o  

d e t e r m i n e   t he   t a r g e t   p o s i t i o n s ,   d e t e r m i n i n g   an  a p p r o p r i a t e  

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

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

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

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

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

The  m e t h o d   is   u s e f u l   f o r   t he   t r a i n i n g   of  a  f o r w a r d  

o b s e r v a t i o n   o f f i c e r   (F.O,O,)  who  in   a c t u a l   w a r f a r e   w i l l   b e  

t y p i c a l l y   s e v e r a l   m i l e s   in  f r o n t   of  t h e   b a l l i s t i c   w e a p o n s  
and  w i l l   d e t e r m i n e   t he   t a r g e t   p o s i t i o n s   w i t h   a  a s e r  

r a n g e - f i n d e r   and  r a d i o   t h e s e   p o s i t i o n s   back   to  the   b a l l -  

i s t i c   w e a p o n s   ( t y p i c a l l y   a  gun  b a t t e r y ) .  

The  m e t h o d   of  t h e   i n v e n t i o n   d o e s   n o t   r e q u i r e   t h e  

p a r t i c i p a t i o n   of   an  a c t u a l   gun  b a t t e r y   or  o t h e r   s e t   o f  

b a l l i s t i c   w e a p o n s   s i n c e   t he   r a n d o m i s e d   f a l l - o f - s h o t   may  
be  d e t e r m i n e d   by  c a l c u l a t i o n   w i t h   t h e   a i d   of  an  a p p r o p -  

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

g e n e r a t o r .   H o w e v e r ,   in   some  c a s e s   i t   may  be  a p p r o p r i a t e  

to  i n v o l v e   a c t u a l   b a l l i s t i c   w e a p o n s   f i r i n g   b l a n k   a m m u n i t i o n ,  

in   w h i c h  c a s e  s i m u l a t e d   f a l l - o f - s h o t   d i s p l a y e d   by  t he   e q u i p -  
m e n t   may  be  c o m m u n i c a t e d   back   to  t h e   weapon   p e r s o n n e l .  T h e  

s c a n n e r   u s e d   may  s u i t a b l y   be  in  a c c o r d a n c e   w i t h   t he   o t h e r  

a s p e c t   of  t he   i n v e n t i o n .  



T h r e e   e m b o d i m e n t s   of  t he   i n v e n t i o n   w i l l   now  b e  

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  F i g u r e s   1 

to  3  of  t h e   a c c o m p a n y i n g   d r a w i n g s ,   of  w h i c h :  

F i g u r e   1  i s   a  d i a g r a m m a t i c   i l l u s t r a t i o n   of  a  

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

f o r   use   in  t h e   s i m u l a t i o n   of  m i n e f i e l d ,  

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

s c a n n e r   a r r a n g e m e n t   and  m e t h o d   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   f o r   u s e   in   t h e   s i m u l a t i o n   of  a  gun  b a t t e r y ,   a n d  

F i g u r e   3  i s   a  d i a g r a m m a t i c   i l l u s t r a t i o n   of  a  

s i m p l i f i e d   v e r s i o n   of  t h e   s c a n n e r   shown  in  F i g u r e   1 .  



F i g u r e   1  shows   a  t a n k   1  and  a  s c a n n e r   c o m p r i s i n g   a n  

I . R .   l a s e r   d i o d e   2  and  c o l l i m a t o r   3  ( w h i c h   c o n s t i t u t e   b e a m  

f o r m i n g   means   and  g e n e r a t e   a  n a r r o w   l o w - i n t e n s i t y   beam  4 

of  I . R .   r a d i a t i o n )   and  a z i m u t h   and  e l e v a t i o n   d u a l - p r i s m  

s c a n n e r s   5  and  6  r e s p e c t i v e l y   ( w h i c h   c o n s t i t u t e   c o n t r o l l e d  

s c a n n i n g   means   and  s c a n   beam  4  o v e r   a r e a   7 ) .   Tank  1  i s  

p r o v i d e d   w i t h   an  1 .R.   r e f l e c t o r   ( n o t   s h o w n )   w h i c h   r e f l e c t s  

beam  4  b a c k   to  t h e   s c a n n e r .   The  s c a n n i n g   r a n g e   c o r r e s p o n d s  

to  an  a n g l e   of  s c a n   of  a p p r o x i m a t e l y   +10  d e g r e e s   in  a z i m u t h  

and  +10  d e g r e e s   in  e l e v a t i o n .   D u a l - p r i s m   s c a n n e r   5  i s  

shown  p a r t i a l l y   c u t   away  to  show  two  wedge   p r i s m s   8  and  9 

w h i c h   a r e   m o u n t e d   on  a  common  a x i s   f o r   r o t a t i o n   by  s t e p -  

m o t o r s   10  and  11  r e s p e c t i v e l y .   P r i s m s   8  and  9  c o n t r a -  

r o t a t e   so  as  to  l i n e a r l y   s c a n   b e a m  4   in  a z i m u t h ,   in  t h e  

w e l l - k n o w n   m a n n e r   d e s c r i b e d   f o r   e x a m p l e   on  p a g e s   10  to  12 

of  The  I n f r a r e d   H a n d b o o k   by  W.L.  Wol fe   and  G . T .   Z i s s i s  

( E n v i r o m e n t a l   Res .   I n s t .   M i c h i g a n ) .   S t e p - m o t o r s   10  and  11 

r o t a t e   t h e   p r i s m s   in  s t e p s   of  0 . 1 1 2 5 0   and  a r e   c o n t r o l l e d  

by  c o n t r o l   b o a r d   12,  w h i c h   a l s o   c o n t r o l s   s i m i l a r   s t e p -  

m o t o r s   ( n o t   shown)   in  e l e v a t i o n   s c a n n e r   6.  The  i n s t a n t -  

a n e o u s   p o s i t i o n   of  beam  4  i s   c a l c u l a t e d   on  c o n t r o l   b o a r d  

12  and  f ed   to  a  c o r r e l a t o r   b o a r d   13.  L a s e r   d i o d e   2  i s  

p u l s e d   by  c l o c k   c o n t r o l   14  and  p u l s e s   of   r e t r o - r e f l e c t e d  

r a d i a t i o n   f rom  t a n k   1  a r e   d i v e r t e d   by  beam  s p l i t t e r   15 

to  d e t e c t o r   16,  w h i c h   f e e d s   an  a m p l i f i e r   17.  A m p l i f i e r  

17  i n c o r p o r a t e s   a  c o m p a r a t o r   ( n o t   shown)   to   b l o c k   o u t  

i n p u t   n o i s e .   A  c l o c k   o u t p u t   f rom  c o n t r o l   14  t o  

c o r r e l a t o r   b o a r d   13  e n a b l e s   t he   l a t t e r   to  c a l c u l a t e   t h e  

r a n g e   of  t he   t a n k   1  and  h e n s e   m o n i t o r   i t s   e x a c t   p o s i t i o n  

w i t h i n   a r e a   7.  C o r r e l a t o r   13  i n c o r p o r a t e s   a  p r o g r a m m a b l e  

memory  18  w h i c h   s t o r e s   a  s e t   of  p o s i t i o n s   w i t h i n   t a r g e t  

a r e a   7  a t   w h i c h   m i n e s   a r e   deemed  to  be  l a i d .   C o r r e l a t o r  

b o a r d   13  s e n d s   a  s i g n a l   to  a  p u l s e   code   g e n e r a t o r   19  i m m e d -  

i a t e l y   t h e   t a n k   1  or  any  o t h e r   t a r g e t   p r o v i d e d   w i t h   a  



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

( w h i c h   a r e   shown  as  c r o s s e s   in  memory  18  and  a r e a   7 ) .  

The  code   g e n e r a t o r   19  c a u s e s   t he   s c a n n e r   to  s end   c o d e d  

l a s e r   p u l s e s   to  t he   t a n k ,   w h i c h   p u l s e s   c a u s e   the   t ank   t o  

e m i t   smoke  or  g i v e   some  o t h e r   i n d i c a t i o n   t h a t   i t   has  b e e n  

" d i s a b l e d "   by  a  m i n e .  

F i g u r e   2  shows   a  s c a n n e r   s i m i l a r   to   t h a t   shown  i n  

F i g u r e   1  e x c e p t   t h a t   i t   i s   p r o v i d e d   w i t h   s i g h t s   20  t o  

e n a b l e   i t   to  be  u s e d   m a n u a l l y   as  a  low  p o w e r e d   l a s e r  

r a n g e - f i n d e r   and  a  d i s p l a y   21  w h i c h   d i s p l a y s   f a l l - o f - s h o t ,  

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

f i r e   p a t t e r n   F  s t o r e d   in  memory  18  w i t h   t h e   i n s t a n t a n e o u s  

p o s i t i o n   of  a  t a r g e t   T  as  d e t e r m i n e d   by  t h e   s c a n n e r .   T h e  

s c a n n e r   i s   made  m a n - p o r t a b l e   and  is   o p e r a t e d   by  a  f o r w a r d  

o b s e r v a t i o n   o f f i c e r   ( F . 0 . 0 . )   22  in  a  t y p i c a l   s p o t t i n g   a r e a  

in   f r o n t   of  a  r a n g e   of   h i l l s   b e t w e e n   a  gun  b a t t e r y   B  a n d  

an  a r r a y   of  t a r g e t s   T.  The  gun  b a t t e r y   B  need   no t   have   a  

r e a l   e x i s t e n c e  -   a l l   t h a t   is   n e c e s s a r y   i s   t h a t   d a t a   on  

a  r e a l i s t i c   f i r e   p a t t e r n   l i a b l e   to  be  p r o d u c e d   by  such   a  

b a t t e r y   s h o u l d   be  a v a i l a b l e   to  t he   F . 0 . 0 .   or  s t o r e d   i n  

memory  1 8 .  

The  a r r a n g e m e n t   i s   u s e d   as  f o l l o w s :  

1)  The  F . 0 . 0 .   s w i t c h e s   t h e   d u a l - p r i s m   s c a n n e r s  

5  and  6  so  t h a t   beam  4  r e m a i n s   p a r a l l e l   to   s i g h t s   2 0 ,  

and  d e t e r m i n e s   t a r g e t   r a n g e .   The  r a n g e ,   a z i m u t h   a n d  

e l e v a t i o n   of  e a c h   t a r g e t   a r e   fed   i n t o   c o r r e l a t o r  

b o a r d   1 3 .  

2)  The  F . 0 . 0 .   s e l e c t s   one  of  f i v e   f i r e   p a t t e r n s ,  

n a m e l y :  

a)  GUNS  PARALLEL -   a l l   guns   in  t h e   b a t t e r y   f i r e  

p a r a l l e l  -   t h e   f i r e   p a t t e r n   r e p r o d u c e s   t h e   g u n s '   p o s i t i o n s .  

b)  C o n v e r g e  -   a l l   guns   l a i d   to  c o n v e r g e   on  o n e  

p o i n t .  

c)  L i n e  -   guns   l a i d   to  f i r e   a l o n g   t h e   l i n e   s a y  

a  r o a d .  



d)  L o z e n g e  -   f i r e   p a t t e r n   when  f i r i n g   f o r   t a r g e t  

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

e)  S p a r e .  

C o r r e l a t o r   13  c a l c u l a t e s   t he   e x a c t   s h a p e   and  p o s i t i o n   o f  

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

a l g o r i t h m   and  r andom  number   f a c i l i t y   and  s t o r e s   t h i s  

p a t t e r n   in   memory  1 3 .  

3)  The  F . 0 . 0 .   t h e n   a c t i v a t e s   s c a n n e r s   5  and  6 

w h i c h   u n d e r   t h e   c o n t r o l   of  b o a r d   12  s c a n   f o r   t a r g e t s   T 

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

c o r r e l a t o r   b o a r d   13,  a f t e r   a l l o w i n g   an  a p p r o p r i a t e   t i m e  

to  a l l o w   f o r   t h e   t ime   of  f l i g h t   of  t he   s h e l l s .  

4)  C o r r e l a t o r   13  c o r r e l a t e s   t h e s e   p o s i t i o n s  

w i t h   f i r e   p a t t e r n   F  and  g e n e r a t e s   t h e   a p p r o p r i a t e   p a t t e r n  

of   " h i t s "   on  d i s p l a y   21.  T h i s   e n a b l e s   t h e   F . 0 . 0 .   t o  

s e e   w h i c h   t a r g e t s   have   been   " h i t "   and  to  a d j u s t   t h e   f i r e  

p a t t e r n   a c c o r d i n g l y   and  t h e n   r e p e a t   s t e p s   3)  and  4 ) .  

The  " h i t s "   i n f o r m a t i o n   d i s p l a y e d   on  d i s p l a y  

21  and  s t o r e d   in  memory  13  i s   t r a n s m i t t e d   to  t h e   t a r g e t s  

T  in  t h e   fo rm  of  coded   l a s e r   p u l s e s   g e n e r a t e d   by  c o d e r   19  

and  t r a n s m i t t e d   by  t h e  p r o j e c t o r .   D e t e c t i o n   e q u i p m e n t  

( n o t   s h o w n )   on  t h e   t a r g e t s   t h e n   c a u s e s   them  to  e m i t  

smoke  and  d i s p l a y   f l a s h i n g   l i g h t s   when  " h i t " .  

F i g u r e   3  shows  a  s i m p l i f i e d   v e r s i o n   of  t h e   m i n e -  

f i e l d   s i m u l a t o r   a r r a n g e m e n t   of  F i g u r e   1,  w h i c h   may  b e  

p r e f e r a b l e   in  some  c i r c u m s t a n c e s .   As  in  F i g u r e   1,  t h e  

s c a n n e d   a r e a   or  t a r g e t   f i e l d   7  r e p r e s e n t s   a  s i m u l a t e d  

m i n e f i e l d ,   and  i s   t y p i c a l l y   of  d i m e n s i o n s   300m  by  1 5 0 0 m .  

T a r g e t s   s u c h   as  t a n k   1  a d v a n c e   in  d i r e c t i o n   D  a c r o s s   t h e  

s i m u l a t e d   m i n e f i e l d .   A  s i m i l a r   r e a l   m i n e f i e l d   w o u l d   o n  

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

t a r g e t s   c r o s s i n g   i t   in  d i r e c t i o n   D  a t   some  s t a g e   b e f o r e  

t h e y   r e a c h e d   i t s   f a r   s i d e .   Th i s   p a r a m e t e r ,   known  as  t h e  

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

of  F i g u r e   3  to   c h a r a c t e r i s e   m i n e f i e l d   7,  and  t h e r e   i s  

t h u s   no  n e e d   to  s t o r e   the   i n d i v i d u a l   p o s i t i o n s   o f  

s i m u l a t e d   m i n e s .   A c c o r d i n g l y   c o n t r o l   b o a r d   12  of  F i g u r e  

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



p o s i t i o n s )   is   d i s p e n s e d   w i t h   in  F i g u r e   3  and  b e a m  4   i s  

s c a n n e d   c o n t i n u o u s l y   by  s c a n n e r s   5  and  6,  w h i c h   may  i n c o r -  

p o r a t e   m o t o r s   23,  24  of  any  s u i t a b l e   t y p e .   A  c o n t r o l  

c o m p u t e r   26  i s   p r o g r a m m e d   w i t h   an  a p p r o p r i a t e   p e r c e n t a g e  

s t o p p i n g   p o w e r   v ia   an  i n p u t   27  and  an  i n t e r n a l   s i g n a l  

g e n e r a t o r   28  s e n d s   a  p e r i o d i c   two  s t a t e   s w i t c h i n g   s i g n a l  

to  c o d e   g e n e r a t o r   19.  C o n t r o l   c o m p u t e r   26  c a u s e s   c o d e  

g e n e r a t o r   19  e i t h e r   to  s e n d ,   or   to  f a i l   to  s e n d ,   a  " h i t "  

s i g n a l   to   t a n k   1  v i a   l a s e r   d i o d e   2,  a c c o r d i n g   to  t h e  

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

s i g n a l   g e n e r a t o r   28.  Thus  t h e   m a r k - t o - s p a c e   r a t i o   R 

of  t h e   s w i t c h i n g   s i g n a l   c o r r e s p o n d s   to  the   p r o b a b i l i t y  

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

to  be  " h i t " .  

The  o v e r a l l   t i m e   r a t i o   R  of   e n a b l i n g   t o  

d i s a b l i n g   a  " h i t "   i n d i c a t i o n ,   t h e   number   of  t i m e s  N   t h a t  

an  a v e r a g e   t a r g e t   is   s t r u c k   by  beam  4  b e f o r e   i t   c r o s s e s  

m i n e f i e l d   7  and  the   p e r c e n t a g e   s t o p p i n g   power   SD  a r e   s i m p l y  

r e l a t e d   by  t he   f o r m u l a :  

Thus  i f   t h e   s c a n n i n g   r a t e   of  t h e   beam  4  i s   know  ( so   t h a t  

N  i s   k n o w n )   the   r e q u i r e d   v a l u e   of   R  can  be  f o u n d   f o r   a n y  

r e q u i r e d   s t o p p i n g   p o w e r .   A c c o r d i n g l y   s c a n n e r s   5,  6  a r e  

p o w e r e d   by  c o n s t a n t   s p e e d   m o t o r s   23  and  24  of  any  s u i t a b l e  

t y p e .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   c o n t r o l   26  c o u l d  

be  u s e d   to   p e r i o d i c a l l y   e n a b l e   and  d i s a b l e   t he   d e t e c t o r   16 

by  b l o c k i n g   i t s   l i g h t   p a t h ,   or   to  p e r i o d i c a l l y   e n a b l e   a n d  

d i s a b l e   t h e   a m p l i f i e r   17,  to  a c h i e v e   a  s i m i l a r   r e s u l t .  

F u r t h e r m o r e   i t   is  not   a b s o l u t e l y   n e c e s s a r y   t h a t   c o n t r o l   2 8  

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

a  c o n t r o l l a b l e   mark:   s p a c e   r a t i o  -   a l t e r n a t i v e l y   i t   c o u l d  

g e n e r a t e   a  random  t w o - s t a t e   s i g n a l   w i t h   a  p r o b a b i l i t y  

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

p o w e r   e m p l o y e d ,   as  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  t h e  

a r t .   A l l   t h a t   is  n e c e s s a r y   i s   t h a t   t he   o v e r a l l   r a t i o   o f  

e n a b l e d   t i m e   to  d i s a b l e d   t i m e   s h o u l d   be  c o n t r o l l a b l e .  



1.  An  a r e a   weapon   s i m u l a t o r   a r r a n g e m e n t ,   c o m p r i s i n g  

b e a m - f o r m i n g   m e a n s ( 2 , 3 ) f o r   g e n e r a t i n g   a  n a r r o w ,   s h a r p l y  

d e f i n e d   b e a m ( 4 ) o f   r a d i a t i o n ,   c o n t r o l l e d   s c a n n i n g   m e a n s ( 5 , 6 )  

f o r   s c a n n i n g   s a i d   b e a m ( 4 ) , d e t e c t o r   m e a n s ( 1 6 ) a r r a n g e d   t o  

d e t e c t   i n c i d e n c e   of  s a i d   b e a m ( 4 ) o n   a  t a r g e t ( l ) , a n d   h i t  

i n d i c a t i o n   m e a n s ( 1 9 , 2 1 ) r e s p o n s i v e   to  s a i d   d e t e c t o r   m e a n s  

and  a r r a n g e d   to   i n d i c a t e   a  " h i t "   when  s a i d   beam  i s   i n c i d e n t  

upon  a  s a i d   t a r g e t ,   c h a r a c t e r i s e d   in  t h a t   s a i d   s c a n n i n g  

m e a n s ( 5 , 6 ) i s   a r r a n g e d   to  s c a n   s a i d   b e a m ( 4 ) a t   l e a s t   o v e r   a n  

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

g r o u p   of  two  or  more  a c t u a l   or  h y p o t h e t i c a l   c o - o p e r a t i n g  

w e a p o n s ( B )   and  in  t h a t   f u r t h e r   m e a n s ( l 8 ) a r e   p r o v i d e d   f o r  

s t o r i n g   a n d / o r   e n t e r i n g   d a t a   r e l a t i n g   to  t h e   d i s t r i b u t i o n   o f  

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

b e a m , s a i d   f u r t h e r   m e a n s ( 1 8 ) b e i n g   a r r a n g e d   to  e n a b l e   o r  

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

2.  An  a r r a n g e m e n t   a c c o r d i n g   to  C la im  1  w h e r e i n   s a i d  

f u r t h e r   m e a n s ( l 8 ) c o m p r i s e s   c o n t r o l   means  a r r a n g e d   to  p e r i o d -  

i c a l l y   e n a b l e   and  d i s a b l e   s a i d   " h i t "   i n d i c a t i o n   in  a  p r e -  

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

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

3.  An  a r r a n g e m e n t   a c c o r d i n g   to  C la im  2  w h e r e i n   s a i d  

d e t e c t o r   m e a n s ( 1 6 ) i s   p e r i o d i c a l l y   e n a b l e d   and  d i s a b l e d   i n  

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

4.  An  a r r a n g e m e n t   a c c o r d i n g   to  C la im  1,  w h e r e i n   s a i d  

f u r t h e r   means  c o m p r i s e s   memory  m e a n s ( 1 8 ) f o r   s t o r i n g   d a t a  

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

a t i n g   m e a n s ( 1 2 , 1 3 , 1 4 ) a r r a n g e d   to  c o r r e l a t e   t h e   i n s t a n t a n e o u s  

o r i e n t a t i o n   of  s a i d   b e a m ( 4 ) w i t h   t he   o u t p u t   of  s a i d   d e t e c t o r  

m e a n s ( l 6 ) a n d   t h e r e b y   to  g e n e r a t e   t a r g e t   p o s i t i o n   d a t a ,   s a i d  

f u r t h e r   m e a n s ( 1 2 , 1 3 , 1 4 , 1 8 ) b e i n g   a r r a n g e d   to  i n s t a n t a n e o u s l y  

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

e n a b l e   or  d i s a b l e   t h e   g e n e r a t i o n   o f  s a i d   " h i t "   i n d i c a t i o n  

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

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



5.  An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  

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

s i g n a l s   to   e q u i p m e n t   on  t h e   or  e a c h   r e l e v a n t   t a r g e t .  

6.  An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m   w h e r e i n  

s a i d   s c a n n i n g   m e a n s ( 5 , 6 ) i s   a r r a n g e d   to  s c a n   s a i d   b e a m ( 4 )  

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

7.  An  a r r a n g e m e n t   a c c o r d i n g   to  C l a i m   3  w h e r e i n   s a i d   s c a n -  

n i n g   m e a n s ( 5 , 6 ) i s   a r r a n g e d   to  s c a n   s a i d   beam  o v e r   an  a n g l e  

of  t e n   d e g r e e s   or  m o r e .  

8.  An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  

w h e r e i n   s a i d   d e t e c t o r   m e a n s ( 1 6 ) i s   a r r a n g e d   to  d e t e c t   r e t r o -  

r e f l e c t i o n   of  s a i d   b e a m ( 4 ) f r o m   s a i d   t a r g e t ( l ) .  

9.  An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  

w h e r e i n   s a i d   s c a n n i n g   m e a n s ( 5 , 6 ) i s   a r r a n g e d   to  s c a n   s a i d  

b e a m ( 4 ) t w o - d i m e n s i o n a l l y .  

10.   An  a r r a n g e m e n t   a c c o r d i n g   to  C la im   8  w h e r e i n   s a i d   s c a n -  

n i n g   m e a n s ( 5 , 6 ) c o m p r i s e s   f i r s t   and  s e c o n d   p a i r s   of  s u p e r -  

i m p o s e d   c o n t r o - r o t a t i n g   p r i s m s ( 8 , 9 ) s a i d   p r i s m s   b e i n g   r o t a t e d  

by  c o n t r o l l e d   s t e p p i n g   m o t o r s ( 1 0 , 1 1 ) , s a i d   s t e p p i n g   m o t o r s  

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

11.   An  a r r a n g e m e n t   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

f u r t h e r   c o m p r i s i n g   r a n g e - f i n d i n g   m e a n s ( 1 4 ) a r r a n g e d   t o  

c o o p e r a t e   w i t h   s a i d   c o r r e l a t i n g   m e a n s ( 1 2 , 1 3 , 1 4 ) t o   d e t e r m i n e  

t he   t w o - d i m e n s i o n a l   p o s i t i o n   of  s a i d   t a r g e t ( l ) i n   r e l a t i o n  

to  l e t h a l   a r e a s   of  s a i d   w e a p o n s .  
12.   An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  w h e r e i n  

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

m e a n s ( 1 9 ) .  

13.   An  a r r a n g e m e n t   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m   w h e r e i n  

memory  m e a n s ( 1 8 ) i s   a r r a n g e d   to  s t o r e   t he   c o o r d i n a t e s   o f  

m i n e s   w i t h i n   a  s c a n n e d   a r e a ( 7 ) c o r r e s p o n d i n g   to  a  s i m u l a t e d  

m i n e f i e l d , t h e   h i t   i n d i c a t i n g   m e a n s ( 1 9 ) b e i n g   a r r a n g e d   t o  

i n d i c a t e   a  " h i t "   w h e n e v e r   a  t a r g e t   c r o s s e s   any  p o i n t   (X)  

in  s a i d   s c a n n e d   a r e a ( 7 ) c o r r e s p o n d i n g   to  t he   s t o r e d   c o o r d i n -  

a t e s .  

1 4 .   An  a r r a n g e m e n t   a c c o r d i n g   to  any  of  C l a i m s   1  to  9 

w h e r e i n   s a i d   memory  m e a n s ( 1 8 ) i s   a r r a n g e d   to  s t o r e   f a l l - o f -  

s h o t   d a t a   of  a  p l u r a l i t y   of  b a l l i s t i c   w e a p o n s  ( B ) .  



15.  An  a r r a n g e m e n t   a c c o r d i n g   to  C l a i m   4  or  C la im  13  

w h e r e i n   s i g h t i n g   m e a n s ( 2 0 ) a r e   p r o v i d e d   to  e n a b l e   t he   r a n g e  

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

16.   An  a r r a n g e m e n t   a c c o r d i n g   to  C l a i m   14  or  C la im  15  a s  

d e p e n d e n t   on  C l a i m   4  w h e r e i n   s a i d   f a l l - o f - s h o t   d a t a   i s  

s t o r e d   as  p o i n t   c o o r d i n a t e s   and  s a i d   h i t - i n d i c a t i n g   m e a n s ( 1 9 )  

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

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

r e p r e s e n t e d   by  s a i d   p o i n t   c o o r d i n a t e s   and  g e n e r a t i n g   a  h i t  

i n d i c a t i o n   in  a c c o r d a n c e   w i t h   s a i d   d i s t a n c e .  

17.   An  a r r a n g e m e n t   a c c o r d i n g   to  C l a i m   14  or  C la im  15  

as  d e p e n d e n t   on  C l a i m   4  w h e r e i n   s a i d   f a l l - o f - s h o t   d a t a   i s  

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

minimum  h i t   p r o b a b i l i t y .  

18.   A  m e t h o d   of  s i m u l a t i n g   a  p l u r a l i t y   of  b a l l i s t i c  

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

t a r g e t   a r e a ( 7 ) f o r   one  or  more  t a r g e t s   (T)  w i t h   a  s c a n n e r ( 5 )  

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

t a r g e t   p o s i t i o n ,   d e t e r m i n i n g   an  a p p r o p r i a t e   f i r e   p a t t e r n  

f o r   the   or  e a c h   s a i d   t a r g e t   p o s i t i o n ,   d e t e r m i n i n g   t he   r a n -  

d o m i s e d   f a l l - o f - s h o t   of  s u c h   w e a p o n s   (B)  c o r r e s p o n d i n g   t o  

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

t a r g e t   a r e a   to  d e t e r m i n e   t he   t r u e   n u m b e r   of  " h i t s "   a g a i n s t  

t he   or  e ach   s a i d   t a r g e t .  

19.  An  a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   2  or  C la im  3  w h e r e i n  

s a i d   c o n t r o l   m e a n s ( 2 6 ) i n c l u d e s   means   f o r   g e n e r a t i n g   a  r a n d o m  

v a r i a b l e   and  means   f o r   p e r i o d i c a l l y   e n a b l i n g   or  d i s a b l i n g  

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

s a i d   r andom  v a r i a b l e .  






	bibliography
	description
	claims
	drawings

