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Space-time signal processing and filters 



The retina as a black box processor  



Natural scenes (as well as other 
environmental signals) are structured and 
highly redundant both in space and time 

Scale-
invariance in 
natural images 
(Field, ’87) 



Natural scenes (as well as other 
environmental signals) are structured and 

thus highly redundant both in space and time 

Scale-
invariance 
in natural 
images 
(Field, ’87) 



What	
  is	
  the	
  response	
  of	
  the	
  system?	
  

Luminosity grating 
 
is presented after adaptation and the minimum contrast 
m(I0,ω,k) needed to elicit a response level r0 is measured  

L = I0 1+mcos(kx)cos(ωt)[ ]

I0KI0
| k |,ω( ) = r0 mLinearity of the response 

Excellent reading: D. Hubel’s online book Eye,Brain and Vision 



Experimental filters (in Fourier)  

Note	
  transi6on	
  from	
  band-­‐pass	
  to	
  low-­‐pass	
  as	
  	
  

I0K 



On/Off-centre cells 

Similar organization in the temporal domain 



Optimizing compression of sensed signals 

i.e. the transfer function K has 
evolved to optimize the compression 
of the sensory signal sensed from 
the environment and sent to the 
visual cortex via the optic nerve 



“Whitening” is 
confirmed by 
experimental 
data at low 
frequencies and 
high intensities 



In the presence of noise 
Modula6on	
  
transfer	
  
func6on	
  


