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The  i n v e n t i o n   r e l a t e s   to  a  method  and  a p p a r a t u s   for  e l e c t r o -  

o p t i c a l l y   c o n v o l u t i n g   a  s igna l   a v a i l a b l e   in  image-form  with  at  l e a s t  

one  known  c o n v o l u t i o n   f u n c t i o n .   Such  a  t echn ique   can  be  used,   f o r  

example,   to  t r a n s f o r m   unsharp  a s t ronomic   images,  r adar   images,   X- r ay  

images,   a i r   r e c o n n a i s s a n c e   p i c t u r e s   and  the  l i ke   i n to   sharp  ones,  o r  

to  encode  or  decode  i m a g e s .  

I t   is  known,  for  example  from  Dutch  p a t e n t   appln .   76 ,00155  

open  to  p u b l i c   i n s p e c t i o n ,   t h a t   the  unsha rpness   of  an  image  can  b e  

e l i m i n a t e d   by  d e f l e c t i n g   the  unsharp  image  r e l a t i v e   to  an  o p t i c a l   mask 

d i s p o s e d   p a r a l l e l   t h e r e t o .   This  mask  i n c o r p o r a t e s   a  computed  or  e x -  

p e r i m e n t a l l y   de te rmined   f unc t i on   which  d e f i n e s   the  t r a n s p a r e n c y   o f  

each  p o i n t   of  the  mask.  By  d e t e r m i n i n g   the  l i g h t   f lux   on  the  o ther   s i d e  

of  the  mask  by  means  of,  for  example,  a  p h o t o m u l t i p l i e r   tube  and  a p p l y -  

ing  the  ou tpu t   s igna l   t h e r e o f   to  a  mon i to r ,   a  s h a r p  i m a g e   of  the  o r i -  

g ina l   unsharp   image  is  produced  on  the  moni tor   s c r een .   In  f a c t ,   t h e  

ach ievement   of  the  sharp  image  is  the  r e s u l t   of  a  c o n v o l u t i o n   of  t h e  

o r i g i n a l   unsharp  image  w i t h - t h e ( c o m p u t e d   or  e x p e r i m e n t a l l y   d e t e r m i n e d )  

f u n c t i o n   i n c o r p o r a t e d   in  the  mask .  

Consequent ly ,   t h i s   p r i o r   t echn ique   r e q u i r e s   the  m a n u f a c t u r e ,  

u s u a l l y   by  p h o t o g r a p h i c   p r o c e s s e s ,   of  at  l e a s t   one  o p t i c a l   mask  b u t  

o f t en   two  masks  w i l l   be  r e q u i r e d   i f   the  f u n c t i o n ,   which  w i l l   be  c a l l e d  

c o n v o l u t i o n   f u n c t i o n   h e r e i n a f t e r ,   has  p o s i t i v e   as  well   as  n e g a t i v e  

p a r t s .  

I t   is  an  ob j ec t   of  the  i n v e n t i o n   to  p rov ide   a  t echn ique   t h a t  

is  s imple r   than  the  p r i o r   a r t   t e chn ique   in  the  sense  t h a t   i t   does  n o t  

r e q u i r e ,   and  hence  obv ia t e s   the  manufac tu re   of,  such  m a s k s .  



To  achieve  t h i s   o b j e c t ,   in  accordance   wi th   the  i n v e n t i o n   a  

method  of  the  above  type  is  c h a r a c t e r i z e d  i n   t h a t   the  image  of  the  s i g -  

nal  a v a i l a b l e   in  image-form  is  a p p l i e d   to  the  e n t r a n c e   window  of  an 

e l e c t r o - o p t i c a l   image- forming   device   i n c l u d i n g   an  i n t e g r a t i n g   s c r e e n  

and  d e f l e c t i o n   means;  and  t ha t   by  c o n t r o l l i n g   the  d e f l e c t i o n   means  t h e  

inpu t   image  is  p r o j e c t e d   onto  the  i n t e g r a t i n g   sc reen   dur ing   time  i n t e r -  

va ls   c o r r e s p o n d i n g   to  the  value  of  the  c o n v o l u t i o n   f u n c t i o n   as  a s s o c i a -  

ted  with  the  i n s t a n t a n e o u s   d e f l e c t i o n   and  with  such  an  i n t e n s i t y   t h a t  

the  c o n v o l u t e d   s i g n a l   in  image-form  is  p roduced  on  the  s c r e e n .  

An  appa ra tu s   acco rd ing   to  the  i n v e n t i o n   is  c h a r a c t e r i z e d  

by  at  l e a s t   one  t e l e v i s i o n   camera  tube  having  an  image  s e c t i o n ,   w h i c h  

image  s e c t i o n   i n c l u d e s   d e f l e c t i o n   means  for  the  i n p u t   image .  

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

a f t e r   with  r e f e r e n c e   to  the  accompanying  d rawings ,   in  w h i c h :  

Fig.   1  s c h e m a t i c a l l y   shows  an  appa ra tu s   for  pe r fo rming   a  

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

Fig.  2  i l l u s t r a t e s   the  method  a cco rd ing   to  the  i n v e n t i o n  

for  a  s imple   form  of  the  c o n v o l u t i o n   f u n c t i o n ;   and  

Fig.   3  shows  an  example  of  an  embodiment  of  an  a p p a r a t u s  

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

Fig.   1  shows  an  i npu t   image  1,  which  may  be  a  p h o t o g r a p h i c  

image  or  a  ( s t a t i o n a r y   or  moving)  image  formed  in  a  d i f f e r e n t   manne r .  

The  i npu t   image  is  a p p l i e d   through  an  o b j e c t   lens  system  or,  in  g e n e r a l ,  

an  imaging  system  2  to  the  en t r ance   window  of  an  e l e c t r o - o p t i c a l   d e v i c e  

3 .  

In  Fig.  1  an  e l e c t r o - o p t i c a l   device  in  the  form  of  a  t e l e -  

v i s i o n   camera  tube  compr i s ing   an  image  s e c t i o n ,   for  example  an  image 

i socon ,   i s   used.   The  inpu t   image  is  a p p l i e d   via  the  e n t r a n c e   window  4 

of  the  camera  tube   to  the  p h o t o c a t h o d e   5  l o c a t e d   d i r e c t l y   behind  t h e  

e n t r a n c e   window,  which  pho toca thode   5  is  r e s p o n s i v e   to  i n c i d e n t   l i g h t  

to  emit  e l e c t r o n s   in  an  amount  p r o p o r t i o n a l   to  the  amount  of  i n c i d e n t  

l i g h t .   By  app ly ing   a  s u i t a b l e   p o t e n t i a l   d i f f e r e n c e   between  the  p h o t o -  

cathode  and  a  t a r g e t   6  d i sposed   o p p o s i t e   to  the  p h o t o c a t h o d e ,   the  i n -  

put Jmage  is  p r o j e c t e d   onto  the  t a r g e t   in  the  form  of  a  charge  image.  The 

t a r g e t   is   of  known  per  se  s t r u c t u r e   and  is  adapted  to  also  a l l o w  

scanning   from  behind  by  means  of  an  e l e c t r o n   beam  7  in  known  per  s e  

manner,  a s  a   r e s u l t   whereof  an  image  o u t p u t   s i g n a l   can  be  o b t a i n e d   a t  

8  in  a  manner  known  in  the  t e l e v i s i o n   a r t ,   which  image  ou tpu t   s i g n a l  



can  be  v i s u a l i z e d   on  a  moni to r   9  in  a  l i k e w i s e   known  m a n n e r .  

In  o rder   to  al low  c o n v o l u t i o n  o f   the  i n p u t   image  with  a  

given  f u n c t i o n   in  the  d e s i r e d   manner ,   the   s e c t i o n   of  .the  camera  t u b e  

a c c o r d i n g   to  the  i n v e n t i o n   between  the  p h o t o c a t h o d e   and  the  t a r g e t ,  

the  s o - c a l l e d   image  s e c t i o n ,   is  p r o v i d e d   with  h o r i z o n t a l   and  v e r t i c a l  

d e f l e c t i o n   c o i l s ;   for  the  sake  of  c l a r i t y ,   only  a  s i n g l e   se t   of  d e f l e c -  

t i on   c o i l s   10  is  shown  in  the  d rawing .   In  a cco rdance   wi th   the  i n v e n t i o n ,  

the  d e f l e c t i o n   c o i l s   are  c o n t r o l l e d   by  means  of  s i g n a l s   d e r i v e d   f r o m  

the  c o n v o l u t i o n   f u n c t i o n ,   so  t h a t   a f t e r   the   c o m p l e t i o n   of  the  d e f l e c -  

t i on   in  a c c o r d a n c e   wi th   the  c o n v o l u t i o n   f u n c t i o n ,   the  charge  image  f o r m -  

ed  on  the  t a r g e t   is  r e p r e s e n t a t i o n   of  the  i n p u t   image  c o n v o l u t e d   w i t h  

the  c o n v o l u t i o n   f u n c t i o n .   The  c o n t r o l   d e v i c e   is  s c h e m a t i c a l l y   shown 

in  Fig.   1  at  12 .  

In  t h i s   manner  no  masks  need  be  m a n u f a c t u r e d   and  no  s e p a r a t e  

i n t e g r a t i n g   dev ice   is  r e q u i r e d   as  the  t a r g e t   f u l f i l s   t h i s   f u n c t i o n .  

For  the  purpose   of  e l u c i d a t i o n ,   the  m e t h o d  a c c o r d i n g   to  t h e  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  a   s imple  e x a m p l e .  

I t   is  a s s u m e d  t h a t   the  i n p u t   image,  d e s i g n a t e d   fo (x) ,   i s  

o n e - d i m e n s i o n a l   and  w i l l   t h e r e f o r e   form  a  l i n e   on  the  t a r g e t ,   the  c o n -  

s t i t u e n t   image  p o i n t s   of  which  l i n e   each  have  a  b r i g h t n e s s   c o r r e s p o n d -  

i n g  t o   f  ( x ) .   This  l ine   l i e s   in  the  x - a x i s .   I t - i s   f u r t h e r   assumed  t h a t  

the  i n p u t   image  has  to  be  c o n v o l u t e d   wi th   a  known,  l i k e w i s e   o n e - d i m e n -  

s i o n a l   c o n v o l u t i o n   f u n c t i o n  g ( x ) .  

Mathemat ics   t e aches   t h a t   the  b r i g h t n e s s   of  each  image  p o i n t  

x  o f - t h e   x - a x i s   of  the  c o n v o l u t e d   image  f  ( x )   can  be  computed  a s  

f o l l o w s :  

This  i n t e g r a l   is  known  by  the  f o l l o w i n g   names:  c o n v o l u t i o n  

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

I t   appears   from  the  above  t h a t   by  means  of  the  c o n v o l u t i o n  

i n t e g r a l   the  b r i g h t n e s s   of  each  p o i n t   of  the  sharp  image  can  be  com- 

puted  i f   fo (x)  and  g(x)  are known  in  m a t h e m a t i c a l   f o r m .  

I t   is  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 ,   however,   to  fo rm 

the  sharp  image  w i thou t   the  need  to  f i r s t   p o i n t - w i s e   scan  the  u n s h a r p  

image  in  o rde r   to  de te rmine   f o (x) . 

By  way  of  a  simple  example  i t   is  assumed  t h a t   g(x)  and  

f  (x)   have  the   f o l l o w i n g   form  (see  Fig.   2 ) :  



U s i n g   the  above  c o m p u t a t i o n ,   the   f o l l o w i n g   va lue s   for   f  (x) 

are  f o u n d :  

This  r e s u l t   can  be  o b t a i n e d   by  f i r s t   p r o j e c t i n g   f  ( x )   i n  

s h i f t e d   f a sh ion   so  t h a t   fo (o)  c o i n c i d e s   with  the  p o i n t   x  =  2  and  s u b -  

s e q u e n t l y   again  p r o j e c t i n g   fo (x)  so  t h a t   fo (o)  c o i n c i d e s   with  x  =  3 .  

In  o t h e r   words,  f  ( x )   i s   f i r s t   s h i f t e d   two  p o s i t i o n s   to  the  r i g h t   a n d  

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

s u p e r p o s e d .   The  d u r a t i o n   of  each  p r o j e c t i o n   of  the  s h i f t e d   fo (x)  i s  

d e t e r m i n e d   by  the  va lue   of  g ( x ) .   This  means  t h a t   in  the  p r e s e n t   example  

the  two  p r o j e c t i o n s   have  the  same  d u r a t i o n ,   so  t h a t   one  and  the  same 

i n t e n s i t y  o f   the  image  is   a c h i e v e d .   However,  i f ,   for  example,   g (3 )  

would  have  the  va lue   2  i n s t e a d   of  the  va lue   1,  the  second  p r o j e c t i o n ,  

i . e .   the  one  with  fo (x)  s h i f t e d   t h r e e   p o s i t i o n s   to  the  r i g h t ,   s h o u l d  

have  to  have  a  d u r a t i o n   t w i c e  t h a t   of  the  f i r s t   p r o j e c t i o n ,   a s s u m i n g  

t h a t   the  r e l a t i o n s h i p   be tween   d u r a t i o n   of  the  p r o j e c t i o n   and  i n t e n s i t y  

of  the  image  formed  on  the   s c r een   i s   a  l i n e a r   o n e .  



C o n s e q u e n t l y ,   i n  g e n e r a l   fs (x)  can  be  ach ieved   by  s h i f t i n g  

f  ( x )   along  the  x - a x i s   u n t i l   fo (o)  c o i n c i d e s   with  a  p o i n t   on  the  x - a x i s  

in  which  g ( x )  ≠   9  and  by  p r o j e c t i n g   f0(x)  in  t h i s   p o i n t   for  a  d u r a t i o n  

de t e rmined   by  the  a s s o c i a t e d   value  of  g(x)  and  by  s u b s e q u e n t l y   r e p e a t -  

ing  these  s t eps   for  a l l   of  the  o ther   p o i n t s   on  the  x - a x i s   in  w h i c h  

g ( x )  ≠   o.  This  p r o c e d u r e   r e q u i r e s   f0(x)  to  be  known  in  image-form  o n l y  

and  not .  in   m a t h e m a t i c a l   f o r m .  

Al though  the  example  p roceeds   from  very  simple  o n e - d i m e n -  

s i o n a l   f u n c t i o n s   and  only  a  small  number  of  image  p o i n t s ,   the  same 

t e c h n i q u e   may  be  a p p l i e d   to  more  compl i ca t ed   t w o - d i m e n s i o n a l   f u n c t i o n s  

and  a  l a rge   number  of  c l o s e l y   spaced  image  p o i n t s   and  even  to  c o n t i -  

nuous  f u n c t i o n s .  

In  some  cases   the  convolution  f u n c t i o n   g(x)  may  have  n e g a t i v e  

p a r t s .   As  a  r e s u l t   t h e r e o f   i t   may  appear  n e c e s s a r y   to  form  n e g a t i v e  

image  i n f o r m a t i o n   as  an  i n t e r m e d i a t e   step  in  the  c o n v o l u t i o n   p r o c e d u r e .  

When  using  a  t e l e v i s i o n   camera  tube  as  d e s c r i b e d   above,  in  which  a  

charge  image  is  formed  on  the  t a r g e t ,   i t   is   p o s s i b l e   indeed  to  a l s o  

form  n e g a t i v e   c o n t r i b u t i o n s   to  the  u l t i m a t e   charge  image.  As  a  m a t t e r  

of  f a c t ,   no rmal ly   a  t e l e v i s i o n   camera  tube  is  a d j u s t e d   so  t h a t   t h e  

charge  image  on  the  t a r g e t   is  the  r e s u l t   of  the  secondary   e m i s s i o n  

caused  by  the  p r imary   p h o t o e l e c t r o n s   o r i g i n a t i n g   from  the  p h o t o c a t h o d e .  

Due  to  the  secondary   emiss ion ,   a  p o s i t i v e   charge  image  is  produced.   I t  

is  p o s s i b l e ,   howeve r , t o   a d j u s t   the  tube  so  t h a t   the  image  is  fo rmed  

d i r e c t l y   by  slow  p r imary   p h o t o e l e c t r o n s   r e a c h i n g   the  t a r g e t .   In  t h i s  

manner,  n e g a t i v e   c o n t r i b u t i o n s   to  the  image  are  f o r m e d .  

In  p r i n c i p l e ,   i t   is  s u f f i c i e n t   to  change  the  p o t e n t i a l   d i f -  

f e rence   between  p h o t o c a t h o d e   and  t a r g e t   in  order   to  r e - a d j u s t   the  t u b e .  

In  the  event  of  a  r e l a t i v e l y   high  p o t e n t i a l   d i f f e r e n c e   a  p o s i t i v e   c o n -  

t r i b u t i o n   to  the  charge  image  is  achieved  whereas  in  the  event  of  a  

r e l a t i v e l y   low  p o t e n t i a l   d i f f e r e n c e   a  nega t i ve   c o n t r i b u t i o n   t h e r e t o   i s  

a c h i e v e d .  

C o n s e q u e n t l y ,   the  con t ro l   device   12  should  c o n t r o l   not  o n l y  

the  d e f l e c t i o n   c o i l s   but  also  the  ad jus tmen t   of  the  tube.   However,  i n  

gene ra l   the  a b s o l u t e   value  of  the  i n t e n s i f i c a t i o n   of  the  image  s e c t i o n  

for  forming  p o s i t i v e   charge  d i f f e r s   from  t h a t   for  forming  n e g a t i v e  

charge.   Consequen t ly ,   t h i s   should  be  taken  in to   account   in  the  c o n t r o l  

device   when  r e - a d j u s t i n g   the  t u b e .  



Should  the  r e - a d j u s t m e n t   of  the  tube  be  found  o b j e c t i o n a b l e ,  

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

t i o n   may  be  solved  by  s e p a r a t i n g   t h i s   f u n c t i o n   i n to   a  n e g a t i v e   and  a  

p o s i t i v e   p o r t i o n   and  s u b s e g u e n t l y   c o n v o l u t i n g   the  posi t ive  p o r t i o n   w i t h  

the  image  to  be  p r o c e s s e d   in  a  f i r s t   tube  and  c o n c u r r e n t l y   c o n v o l u t i n g  

the  modulus  of  the  n e g a t i v e   p o r t i o n   with  the  image  to  be  p r o c e s s e d   i n  

a  second  t u b e .  

The  d e s i r e d   ou tpu t   image  is  ach ieved   by  s u b t r a c t i n g   t h e  

o u t p u t   s i g n a l   of  the  s e c o n d  t u b e   from  tha t   of  the  f i r s t   tube.   This  i s  

s c h e m a t i c a l l y   shown  in  Fig.   3.  The  s i g n a l   1  a v a i l a b l e   in  image-form  i s  

a p p l i e d   through  a  s e m i - t r a n s p a r e n t   m i r ro r   30  and  an  o p t i c a l   system  2 a  

to  a  dev ice   3a  s i m i l a r   to  the  one  d e s i g n a t e d   3  in  Fig.   1  in  order   t o  

r e a l i z e   c o n v o l u t i o n   with  the  p o s i t i v e   p o r t i o n   g(x) pos  of  the  c o n v o l u -  

t i on   f u n c t i o n   g(x) ,   whi le   the  image  is  at  the  same  time  r e f l e c t e d   b y  

the  s e m i - t r a n s p a r e n t   m i r r o r   30  to  a  mi r ro r   31  app ly ing   the  image  t h r o u g h  

an  o p t i c a l   system  to  a  dev ice   3b  s i m i l a r   to  the  one  d e s i g n a t e d   3  i n  

Fig.   1  in  o rder   to  r e a l i z e   c o n v o l u t i o n   with  the  n e g a t i v e   p o r t i o n   g ( x )  .  

of  the  c o n v o l u t i o n   f u n c t i o n   g ( x ) .  

The  ou tpu t   s i g n a l s   of  the  two  dev ices   are  s u b t r a c t e d   f rom 

each  o the r   in  known  per  se  manner  in  a  d i f f e r e n t i a l   a m p l i f i e r   33,  t h e  

o u t p u t   s i g n a l   of  which  may  be  a p p l i e d   to,  for   example,   a  moni tor   9  i n  

o rde r   to  v i s u a l i z e   the  r e s u l t   of  the  c o n v o l u t i o n .  

By  means  of  the  method  accord ing   to  the  i n v e n t i o n ,   an  u n -  

sharp  i npu t   image  can  be  t r a n s f o r m e d   in to   a  sharp  ou tpu t   image  in,   f o r  

example,   20  msec.  This  high  p r o c e s s i n g   r a te   r e n d e r s   the  i n v e n t i o n  

s u i t a b l e   for  p r o c e s s i n g   s t a t i o n a r y   as  well   as  moving  i m a g e s .  

There  are  d i f f e r e n t   manners  of  r e a l i z i n g   t h a t   the  i n p u t  

image  is  p r o j e c t e d   onto  the  t a r g e t   at  l o c a t i o n s   de t e rmined   by  the  c o n -  

v o l u t i o n   f u n c t i o n   dur ing   the  pe r iod   of  time  de t e rmined   by  t h i s   f u n c t i o n .  

A  f i r s t   p o s s i b i l i t y   is  the use of a  s t e p - l i k e   v o l t a g e   a p p l i e d  

to  the  d e f l e c t i o n   means.  The  l e v e l   of  a  c e r t a i n   s tep  de t e rmines   the  l o -  

c a t i o n   of  the  p r o j e c t i o n   of  the  image,  while  the  time  i n t e r v a l   d u r i n g  

which  t h i s   level   is  m a i n t a i n e d   de te rmines   the  i n t e n s i t y .  

If   the  t r a n s i t i o n   from  a  f i r s t   l e v e l   to  a  next  ( i . e .   from  a  

f i r s t   p r o j e c t i o n   l o c a t i o n   on  the  t a r g e t   to  a  next   p r o j e c t i o n   l o c a t i o n )  

cannot   take  p lace   momentaneously ,   dur ing  t h i s   t r a n s i t i o n   i t   can  be  e n -  

sured   t h a t   no  e l e c t r o n s   r e a c h - t h e   t a r g e t ,   for  example,   by  d e a c t i v a t i n g  

the  a c c e l e r a t i n g   f i e l d   between  p h o t o c a t h o d e   and  t a r g e t .   In  t h i s   m a n n e r ,  



the  image  t h a t   might  be  formed  dur ing   the  t r a n s f e r   between  two  l o c a -  

t i ons   can  be  s u p p r e s s e d .  

Such  a  temporary  s u p p r e s s i o n   of  the  image  i n t e g r a t i o n   can  

also  be  o b t a i n e d   by  means  of  a  f a s t   s h u t t e r   ( d e s i g n a t e d   20  in  Fig.  1) 

mounted  in  f r o n t   of  the  en t r ance   window,  which  s h u t t e r   c loses   for  s h o r t  

p e r i o d s   of  time  at  the  d e s i r e d   i n s t a n t s   i n  a c c o r d a n c e   with  the  a s s o c i a t e d  

va lues   of  the  convo lu t i on   f u n c t i o n .   I f   n e c e s s a r y ,   an  a d d i t i o n a l   lamp  21 

may  be  used  for  i l l u m i n a t i n g   the  i n p u t   image .  

A  f u r t h e r   p o s s i b i l i t y   is  to  apply  such  a  d e f l e c t i o n   v o l t a g e  

to  the  d e f l e c t i n g   means  tha t   the  i n p u t   image  is   moved  with  uniform  s p e e d  

to  a n d : f r o   over  the  t a r g e t ,   for  example  in  accordance   with  a  t e l e v i s i o n  

frame,  at  any  r a t e   over  tha t   p o r t i o n   of  the  t a r g e t   where  the  c o n v o l u -  

t ion   f u n c t i o n   is  not  pe rmanent ly   n i l .   The  i n t e n s i t y   at  the  s u c c e s s i v e  

image  p o s i t i o n s   is  de te rmined   by  a  l i g h t   source  modulated  in  a c c o r d a n c e  

with  the  c o n v o l u t i o n   f u n c t i o n ,   i f   n e c e s s a r y   in  combina t ion   with  a  s h u t -  

t e r ,   or  only  by  c o n t r o l l i n g   the  s h u t t e r   t imes  in  accordance   with  t h e  

va lues   of  the  convo lu t i on   f u n c t i o n .  

I t  i s   also  p o s s i b l e   to  use  a  p l u r a l i t y   o f  l i g h t   s o u r c e s ,  

i f   n e c e s s a r y   with  a s s o c i a t e d  s h u t t e r s ,   so  t h a t   d i f f e r e n t   p o r t i o n s   o f  

the  image  can  be  p roces sed   with  d i f f e r e n t   c o n v o l u t i o n   f u n c t i o n s .  

In  a l l   c a s e s ,  t h e   c o n t r o l   of  the  l i g h t   sources   and/or   s h u t -  

t e r ( s )   should  be  r e l a t e d   to  the  i n s t a n t a n e o u s   l o c a t i o n   of  the  p r o j e c t i o n  

of  the  image  on  the  t a r g e t   and  hence  to  the  i n s t a n t a n e o u s   value  of  t h e  

d e f l e c t i o n   v o l t a g e ( s ) ,   as  i n d i c a t e d   by  the  broken  l i n e s   in  Fig.  1 .  

Various  m o d i f i c a t i o n s   of  the  above  embodiments  of  the  me- 

thod.  and  the  appa ra tus   accord ing   to  the  i n v e n t i o n   w i l l   be  obvious  to  t h e  

worker  in  the  a r t .   Such  m o d i f i c a t i o n s   are  c o n s i d e r e d  t o  f a l l   wi th in   t h e  

scope  of  the  i n v e n t i o n .  



1.  A  method  for  e l e c t r o - o p t i c a l l y   c o n v o l u t i n g   a  s i g n a l   a v a i l -  

able  in  image-form  with  at  l e a s t   one  known  c o n v o l u t i o n   f u n c t i o n ,  

c h a r a c t e r i z e d   in  t h a t   the  image  of  the  s i g n a l   a v a i l a b l e   in  i m a g e - f o r m  

is  a p p l i e d   to  the  e n t r a n c e   window  of  an  e l e c t r o - o p t i c a l   i m a g e - f o r m i n g  

dev ice   i n c l u d i n g   a  screen   i n t e g r a t i n g   acco rd ing   to  time  and  f u r t h e r  

i n c l u d i n g   d e f l e c t i o n   means;  and  t h a t   by  c o n t r o l l i n g   the  d e f l e c t i o n  

means  the  i n p u t   image  is  p r o j e c t e d   onto  sa id   i n t e g r a t i n g   screen   d u r i n g  

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

a s  a s s o c i a t e d   with  the  i n s t a n t a n e o u s   d e f l e c t i o n   and  with  such  an  i n t e n -  

s i t y   t h a t   the  convo lu t ed   s i g n a l   in  image-form  is  p roduced  on  the  s c r e e n .  

2.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

i n t e n s i t y   of  the  image  formed  on  the  i n t e g r a t i n g   s c r e e n ,   as  a s s o c i a t e d  

with  each  d e f l e c t i o n   p o s i t i o n   and  de te rmined   by  the  convolution  f u n c -  

t i o n ( s ) ,   is  o b t a i n e d   by  i l l u m i n a t i n g   the  i npu t   image  with  l i g h t   of  c o n -  

s t a n t   i n t e n s i t y   and  c o n t r o l l i n g   the  d u r a t i o n   of  each  p r o j e c t i o n   in  a c -  

cordance  with  the  a s s o c i a t e d   value  of  the  c o n v o l u t i o n   f u n c t i o n .  

3.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

i n t e n s i t y   of  the  image  formed  on  the   i n t e g r a t i n g   s c r e e n ,   as  a s s o c i a t e d  

with  each  d e f l e c t i o n   p o s i t i o n   and  de t e rmined   by  the  c o n v o l u t i o n   f u n c -  

t i o n ,   is  o b t a i n e d   by  p r o j e c t i n g   the  inpu t   image  dur ing   a  c o n s t a n t   t i m e  

i n t e r v a l   and  c o n t r o l l i n g   the  b r i g h t n e s s   of  each  p r o j e c t i o n   in  a c c o r d a n c e  

with  the  a s s o c i a t e d   value  of  the  c o n v o l u t i o n   f u n c t i o n .  

4.  A  method  a cco rd ing   to  claim  2  or  3,  c h a r a c t e r i z e d   in  t h a t   i n  

between  two  s u c c e s s i v e   p r o j e c t i o n s   of  the  i npu t   image  onto  d i f f e r e n t  

l o c a t i o n s   of  the  i n t e g r a t i n g   s c r een ,   the  image  fo rma t ion   on  said  s c r e e n  

is  p r e v e n t e d .  

5.  A  method  a cco rd ing   to  claim  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

image  fo rma t ion   is  p r e v e n t e d   by  app ly ing   a  s u i t a b l e   p o t e n t i a l   to  t h e  

i n t e g r a t i n g   s c r e e n .  

6.  A  method  a cco rd ing   to  claim  4,  c h a r a c t e r i z e d   in  t h a t   t h e  

image  fo rma t ion   is  p r e v e n t e d   by  means  of  a  s h u t t e r   d i sposed   in  f r o n t   o f  

the  e n t r a n c e   window,  which  s h u t t e r   is  c o n t r o l l e d   by  a  s i g n a l   d e r i v e d  

from  the  c o n v o l u t i o n   f u n c t i o n .  



7.  A  method  accord ing   to  any one  of  p r e c e d i n g   c la ims  1 - 5 ,  

c h a r a c t e r i z e d   in  t h a t   the  inpu t   image  is  i l l u m i n a t e d   by  at  l e a s t   one 

l i g h t   source ,   sa id   l i g h t  s o u r c e   be ing   a c t u a t e d   at  i n s t a n t s   and  f o r  

i n t e r v a l s   as  de te rmined   by  t h e  c o n v o l u t i o n   f unc t i on   and  p r o v i d i n g   t h e  

same  l i g h t   i n t e n s i t y   when  a c t u a t e d .  

8.  A  method  accord ing   to  claim  6,  c h a r a c t e r i z e d   in  t h a t   t h e  

inpu t   image  is  i l l u m i n a t e d   by  at  l e a s t   one  cons t an t   l i g h t   s o u r c e .  

9.  A-method  accord ing   to  claim  1  or  3,  c h a r a c t e r i z e d   in  t h a t  

such  an  e l e c t r i c a l   s i g n a l   is  a p p l i e d   to  the  d e f l e c t i o n   means  t h a t   t h e  

i n p u t  i m a g e   is  c o n t i n u o u s l y   d e f l e c t e d   over  the  i n t e g r a t i n g   screen  and 

t h a t   t h e .  i n p u t   s i g n a l   is  i l l u m i n a t e d   with  a  l i g h t   i n t e n s i t y   d e t e r m i n e d  

by  the  c o n v o l u t i o n   f u n c t i o n ( s )   only  at  l o c a t i o n s   de te rmined   by  s a i d  

c o n v o l u t i o n   f u n c t i o n ( s ) .  

10.  A  method  accord ing   to  claim  9,  c h a r a c t e r i z e d   in  t h a t   t h e  

i l l u m i n a t i o n   is  each  time  r e a l i z e d ,  b y   means  of  one-or   more  l i g h t   s o u r c e s  

the  i n t e n s i t i e s   of  which  are  c o n t r o l l e d   by  the  c o n v o l u t i o n   f u n c t i o n ( s )  

and  by  means  of  at  l e a s t   one  s h u t t e r   d i sposed   i n  f r o n t   of  the  e n t r a n c e  

window  and  c o n t r o l l e d   by  the  c o n v o l u t i o n   f u n c t i o n ( s ) .  

11.  A  method  accord ing   to  claim  10,  c h a r a c t e r i z e d   in  t h a t   a  

p l u r a l i t y   of  groups  of  l i g h t   sources   is  used  for  i l l u m i n a t i n g   the  i n p u t  

image,  which  are  each  c o n t r o l l e d   by  a  s e p a r a t e   c o n v o l u t i o n   f u n c t i o n .  

12.  A  method  accord ing   to  any one  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   in  t h a t   the  image- forming   device  is  a  t e l e v i s i o n   camera  

tube  having  an  image  s e c t i o n .  

- 13.  A  method  accord ing   to  any one  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   in  t ha t   a  convo lu t i on   f u n c t i o n   having  p o s i t i v e   and  n e g a -  

t ive   p a r t s   is  used  and  t h a t   the  c o n v o l u t i o n   f unc t i on   is  a c c o r d i n g l y  

d i v i d e d   in to   a  p o s i t i v e   p o r t i o n   which  is  convolu ted   with  the  s i g n a l  

a v a i l a b l e   in  image-form  in  a  f i r s t   e l e c t r o - o p t i c a l   image- forming   d e v i c e  

p roduc ing   a  f i r s t   p a r t i a l   image  ou tpu t   s i g n a l ,   and  a  n e g a t i v e   p o r t i o n  

which  is  conver t ed   in to   a  p o s i t i v e   p o r t i o n   by  o m i t t i n g   the  minus  s i g n  

and  which  is  convolu ted   with  the  s i g n a l   a v a i l a b l e   in  image-form  in  a  

second  image-forming  device  p roduc ing   a  second  p a r t i a l   image  o u t p u t  

s i g n a l ;   and  t h a t   for  forming  the  d e s i r e d   f i n a l   ou tpu t   image  the  second  

p a r t i a l   image  ou tput   s igna l   is  s u b t r a c t e d   from  the  f i r s t   p a r t i a l   image 

ou tpu t   s i g n a l .  



14.  A  method  a c c o r d i n g   to  any one  of  claims  1-12,  c h a r a c t e r i z e d  

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

used  and  t h a t   the  c o n v o l u t i o n   f u n c t i o n   is  d iv ided   i n to   a  p o s i t i v e  

p o r t i o n   which  is  f i r s t   c o n v o l u t e d   with  the  s i gna l   a v a i l a b l e   in  i m a g e -  

form  to  produce   a  f i r s t   c o n v o l u t e d   p a r t i a l   image  s i g n a l   which  is  t empo-  

r a r i l y   s t o r e d ,   and  a  n e g a t i v e   p o r t i o n   which  is  c o n v e r t e d   i n to   a  p o s i -  

t i v e   p o r t i o n   by  o m i t t i n g   the  minus  sign  and. which  is  s u b s e q u e n t l y   c o n -  

v o l u t e d   with  the  s i g n a l   a v a i l a b l e   in  image-form  to  produce  a  s e c o n d  

c o n v o l u t e d   p a r t i a l   image  s i g n a l ;   and  t h a t   for  forming  the  f i n a l   c o n v o -  

l u t e d   image  the  second  p a r t i a l   image  s i g n a l   is  s u b t r a c t e d   from  the  f i r s t  
p a r t i a l   image  s i g n a l .  

15.  A  method  acco rd ing   to  any one  of  claims  1-12,  c h a r a c t e r -  

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

is  used;   t h a t   the  e l e c t r o - o p t i c a l   image- forming   device   is  a  t e l e v i s i o n  

camera  tube  on  the  t a r g e t   of  which  p o s i t i v e   as  well   as  n e g a t i v e   c h a r g e  

image  c o n t r i b u t i o n s   can  be  formed  by  r e - a d j u s t i n g   the  tube;   and  t h a t  

in  the  even t   of  a  p o s i t i v e   va lue   of  the  convo lu t i on   f u n c t i o n   the  t u b e  

is  o p e r a t e d   in  the  p o s i t i v e   mode  and  in  the  event  of  a  n e g a t i v e   v a l u e  

of  the  c o n v o l u t i o n   f u n c t i o n   the  t u b e  i s   ope ra t ed   in  the  n e g a t i v e   mode. 

16.  An  a p p a r a t u s   for  e l e c t r o - o p t i c a l l y   c o n v o l u t i n g   a  s i g n a l  

a v a i l a b l e   in  image-form  with  at  l e a s t   one  known  c o n v o l u t i o n   f u n c t i o n ,  

c h a r a c t e r i z e d   by  at  l e a s t   one  t e l e v i s i o n   camera  tube  having  an  image 

s e c t i o n ,   which  image  s e c t i o n   i n c l u d e s   d e f l e c t i o n   means  for  the  i n p u t  

image .  

17.  An  appa ra tu s   a c c o r d i n g   to  claim  16,  c h a r a c t e r i z e d   by  a  c o n -  

t r o l   dev ice   app ly ing   to  the  d e f l e c t i o n   means  a  s i g n a l   d e r i v e d   from  t h e  

c o n v o l u t i o n   f u n c t i o n .  

18.  An  a p p a r a t u s   a c c o r d i n g   to  claim  17,  c h a r a c t e r i z e d   by  a  s h u t -  

t e r   d i s p o s e d   in  f r o n t   of  the  e n t r a n c e   window,  which  s h u t t e r   is  c o n t r o l l e d  

by  the  c o n t r o l   device   so  as  to  be  c losed   at  i n s t a n t s   de t e rmined   by  t h e  

c o n v o l u t i o n   f u n c t i o n .  

19.  An  appa ra tu s   a c c o r d i n g   to  any one  of  claims  16-18,  c h a r a c t e r -  

ized  by  a  c o n s t a n t   l i g h t   source  i l l u m i n a t i n g   the  input   i m a g e .  



20.  An  a p p a r a t u s   a c c o r d i n g   to  claim  16,  c h a r a c t e r i z e d   by  a  

c o n t r o l   device  app ly ing   to  t h e . d e f l e c t i o n   means  a  p e r i o d i c   e l e c t r i c a l  

s i g n a l   for  r e g u l a r l y   d e f l e c t i n g   the  input   image,  and  app ly ing   to  t h e  

s h u t t e r   d i sposed   in  f r o n t   of  the  en t r ance   window  a  s i g n a l   de r ived   f rom 

the  c o n v o l u t i o n   f u n c t i o n   so  as  to  open  and  c lose   sa id   s h u t t e r   a t  

i n s t a n t s   de te rmined   by  the  c o n v o l u t i o n   f u n c t i o n   and  for  i n t e r v a l s  

de t e rmined   by  sa id   c o n v o l u t i o n   f u n c t i o n .  

21.  An  a p p a r a t u s   a c c o r d i n g   to  claim  16  or  20,  c h a r a c t e r i z e d   by  

a  c o n t r o l   device   app ly ing   to  s a i d : d e f l e c t i n g   means  a p e r i o d i c   e l e c t r i c a l  

s i g n a l   for  r e g u l a r l y   d e f l e c t i n g   the  i npu t   image  and  c o n t r o l l i n g   one  o r  

more  l i g h t   sources   by  means  of  a  s i g n a l   de r i ved   from  the  c o n v o l u t i o n  

f u n c t i o n   so  as  to  i l l u m i n a t e   the  input   image  at  i n s t a n t s   de te rmined   by  

the  c o n v o l u t i o n   f unc t i on   and  for   i n t e r v a l s   de t e rmined   by  sa id   c o n v o l u -  

t ion   f u n c t i o n .  

22.  An  appa ra tus   a c c o r d i n g   to  claim  21,  c h a r a c t e r i z e d   by  a  

p l u r a l i t y   of  lamps  for  i l l u m i n a t i n g   the  inpu t   image,  the  l i g h t   s o u r c e s  

be ing   d iv ided   in to   groups  each  r e c e i v i n g   from  the  c o n t r o l   device  a 

c o n t r o l   s i g n a l   d e r i v e d   from  an  a s s o c i a t e d   c o n v o l u t i o n   f u n c t i o n .  

23.  An  appa ra tu s   a c c o r d i n g   to  any one  of  c laims  16-22,  c h a r a c t e r -  

ized   in  t h a t   the  image  s e c t i o n   of  the  t e l e v i s i o n   camera  tube  is  r e -  

a d j u s t a b l e   so  t h a t   in  a  f i r s t   range  of  p o t e n t i a l   d i f f e r e n c e s   be tween  

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

image  c o n t r i b u t i o n   can  be  formed  on  the  t a r g e t   while  in  a  second  r a n g e  

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

image  s e c t i o n   a  n e g a t i v e   charge  image  c o n t r i b u t i o n   can  be  formed  on  t h e  

t a r g e t ;   and  t h a t   means  are  p rov ided   for  r e - a d j u s t i n g   the  image  s e c t i o n  

in  r e sponse   to  each  change  in  p o l a r i t y   of  the  c o n v o l u t i o n   f u n c t i o n .  

24.  An  a p p a r a t u s   a cco rd ing   to  any one  of  claims  1 6 - 2 3 ,  

c h a r a c t e r i z e d   by  two  t e l e v i s i o n   camera  tubes  each  having  an  image  s e c -  

t ion   i n c l u d i n g   d e f l e c t i o n   means,  means  being  p rov ided   for  apply ing   t h e  

s i g n a l   a v a i l a b l e   in  image-form  to  the  en t r ance   windows  of  the  two  t u b e s ,  

and  s w i t c h i n g   means  being  p rov ided   for  sw i t ch ing   on  one  tube  and  s w i t c h -  

ing  off   the  o ther   in  response   to  each  change  in  p o l a r i t y   of  the  convo-  

l u t i o n   f u n c t i o n ,   the  image  fo rmat ion   in  one  tube  being  r e a l i z e d   u n d e r  

the  i n f l u e n c e   of  the  p o s i t i v e   p o r t i o n   of  the  c o n v o l u t i o n   func t ion   and 

the  image  format ion  in  the  o ther   tube  being  r e a l i z e d   under  the  i n f l u e n c e  

of  the  modulus  of  the  nega t i ve   p o r t i o n   of  the  c o n v o l u t i o n   f unc t ion ;   and 

by  a  device   s u b t r a c t i n g   the  ou tpu t   s i g n a l s   of  the  two  tubes  from  each  

o t h e r .  
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