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The v i s u a l  system of  the f l y  per forms v a r i o u s  computa t i ons  on 
p h o t o r e c e p t o r  o u t p u t s .  The d e t e c t i o n  and measurement o f  movement 
o f  an o b j e c t  in  the env i ronmen t  i s  based on n o n l i n e a r  m u l t i p l i -  
c a t i o n - l i k e  i n t e r a c t i o n s  between a d j a c e n t  p a i r s  and p a i r s  o f  
groups o f  p h o t o r e c e p t o r s .  The p o s i t i o n  o f  a smal l  c o n t r a s t e d  
o b j e c t  a g a i n s t  a un i f o rm  background i s  measured, at  l e a s t  in  
p a r t ,  by n o n l i n e a r  f l i c k e r  d e t e c t o r s .  A f l y  can a l so  d e t e c t  
and d i s c r i m i n a t e  a f i g u r e  t h a t  moves r e l a t i v e  to a ground t e x -  
t u r e .  
Th i s  compu ta t i on  o f  r e l a t i v e  movement r e l i e s  on a more complex 
a l g o r i t h m ,  one which d e t e c t s  d i s c o n t i n u i t i e s  in  the movement 
f i e l d .  The expe r imen ts  i n d i c a t e  t h a t  the  ou tpu t s  o f  n e i g h b o u r i n g  
movement d e t e c t o r s  i n t e r a c t  in  a m u l t i p l i c a t i o n - l i k e  f a s h i o n  
and then in  t u r n  i n h i b i t  l o c a l l y  the f l i c k e r  d e t e c t o r s .  
The f o l l o w i n g  main c h a r a c t e r i s t i c  p r o p e r t i e s ,  p a r t l y  a d i r e c t  
consequence o f  the  a l g o r i t h m ' s  s t r u c t u r e ,  have been e s t a b l i s h e d  
e x p e r i m e n t a l l y :  
a) Coherent  mot ion  o f  f i g u r e  and ground i n h i b i t  the  p o s i t i o n  

d e t e c t o r s  whereas i n c o h e r e n t  mot ion  f a i l s  to  produce i n h i -  
b i t i o n  near the edges o f  the moving f i g u r e ,  p rov ided  the 
t e x t u r e s  o f  f i g u r e  and ground are s i m i l a r .  

b) The movement d e t e c t o r s  u n d e r l y i n g  t h i s  p a r t i c u l a r  compu ta t i on  
are d i r e c t i o n - i n s e n s i t i v e  at  i n p u t  f r e q u e n c i e s  (a t  the pho to -  
r e c e p t o r  l e v e l )  above 2,3 Hz. They become i n c r e a s i n g l y  d i r e c -  
t i o n - s e n s i t i v e  f o r  lower  i n p u t  f r e q u e n c i e s .  

c) At h i g h e r  i n p u t  f r e q u e n c i e s  the f l y  cannot  d i s c r i m i n a t e  an 
o b j e c t  a g a i n s t  a t e x t u r e  o x c i l l a t i n g  at  the same f r equency  
and a m p l i t u d e  at  0 ~ and 180 ~ phase,  whereas 90 ~ and 270 ~ 
phase s h i f t  between f i g u r e  and ground o s c i l l a t i o n s  y i e l d s  
maximum d i s c r i m i n a t i o n .  

d) Under c o n d i t i o n s  o f  cohe ren t  movement, s t r o n g  s p a t i a l  i n -  
coherence i s  de tec ted  by the same mechanism. 

The a l g o r i t h m  u n d e r l Y i n g  the r e l a t i v e  movement compu ta t i on  i s  
an example o f  a coherence measur ing  p rocess ,  o p e r a t i n g  on the 
o u t p u t s  o f  an a r r a y  o f  movement d e t e c t o r s .  Th i s  c o m p u t a t i o n a l  
process i s  in  a sense ana logous to the i n t e r f e r e n c e  w i t h  l i g h t  
waves t h a t  leads  to the f o r m a t i o n  o f  a ho logram.  In o rde r  to  
a v o i d  m i s i n t e r p r e t a t i o n s ,  the ana logy  drawn here has to be con- 
s i d e r e d  w i t h  some c a u t i o n .  The r e s u l t s  o f  the " h o l o g r a p h i c "  
c o m p u t a t i o n s ,  c a r r i e d  out  by the v i s u a l  system of  the f l y ,  under  
the  c o n d i t i o n s  of  r e l a t i v e  m o t i o n ,  are no t  s t o r e d  f o r  a long 
t i m e .  In a t y p i c a l  f i g u r e - g r o u n d  t e s t ,  the  response o f  a f l y  
drops to zero in  about  a second a f t e r  f i g u r e  and ground are os-  
c i l l a t e d  in  s y n c h r o n y .  A ho logram,  s t o r e d  on a p h o t o g r a p h i c  
p l a t e ,  p r a c t i c a l l y  l a s t s  f o r  ever .  

Much more i m p o r t a n t  however is  the f a c t  t h a t  the p h o t o r e c e p t o r s  
o f  the f l y  r e c e i v e  l i g h t  from smal l  s o l i d  ang les  t h a t  o v e r l a p  
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o n l y  w i t h  the r e c e p t i v e  f i e l d s  o f  n e i g h b o r i n g  p h o t o r e c e p t o r s .  
A t y p i c a l  p o i n t  on the p h o t o g r a p h i c  p l a t e ,  where a hologram 
is  s t o r e d ,  may in  p r i n c i p l e  r e c e i v e  r a d i a t i o n  from a s o l i d  ang le  
o f  2~. Th is  p r o p e r t y  i s  a necessary  r e q u i r e m e n t  f o r  the h o l i s t i c  
f e a t u r e  o f  i n f o r m a t i o n  s to rage  whereas in  the f l y  the c o l l e c t i o n  
o f  o p t i c a l  data is  c o n f i n e d  to r a t h e r  l o c a l  r eg i ons  o f  n e i g h -  
b o r i n g  r e c e p t i v e  f i e l d s  o f  p h o t o r e c e p t o r s  or neu roommat id ia .  

The Conc lus i on  is  t h a t  the e v a l u a t i o n  o f  r e l a t i v e  movement by 
the v i s u a l  system of  the f l y  makes use o f  compu ta t i ons  a n a l o -  
gous to those t h a t  take p lace d u r i n g  the process o f  hologram 
f o r m a t i o n ,  w i t h o u t  l e a d i n g ,  however,  to a h o l o g r a p h i c  p a t t e r n  
o f  the f l y ' s  o p t i c a l  e n v i r o n m e n t .  
The p o i n t  s t r e s s e d  here i s  the e x p e r i m e n t a l l y  e s t a b l i s h e d  f a c t  
t h a t  the f l y  i s  equipped w i t h  neurona l  components whose f u n c t i o n s  
cou ld  be implemented f o r  the p r o c e s s i n g  o f  i n f o r m a t i o n  i f  the 
nervous system were to process and p o s s i b l y  s t o r e  data in  h o l o -  
g r a p h i c  f a s h i o n .  


