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The Quest 

The retina is a sophisticated processing unit of the 
central nervous system encoding visual stimuli in a 
highly parallel, adaptive and computationally 
efficient way. 

 

 
 

There is increasing evidence that rather than being 
a simple columnar encoder of visual information, 
the retina performs sophisticated non-linear 
computations, with highly selective extraction of 
specific spatio-temporal features (e.g. motion 
selectivity). 

Understanding the neurobiological principles 
beyond retinal functionality is essential to develop 
successful artificial computer vision architectures. 

RENVISION's goals 

− Achieve a comprehensive understanding of 
how retina encodes the visual information 
through different cellular layers, generating 
new knowledge on retinal processing; 

− Develop retina-inspired computational 
approaches emulating the organization and 
behaviour of retina 

− Interpret retinal coding with advanced 
computer vision and machine learning models 
to address high-level computer vision tasks. 

Advanced Technologies 

Unique large-scale and high-resolution recording 
framework integrated with advanced computational 
technologies will allow for the holistic analysis of 
retina structure and functions. 

High-density multi-electrode array 

This novel technology allows 
high-resolution recording of a 
whole retina electrical activity 
at the ganglion cells layer and 
with the resolution of single or 
very few neurons. 

 

 
 

High-resolution light-sheet microscopy 

3D fluorescence imaging of 
retina will allow studying 
structural connectivity of inner 
layers with particular attention 
to connections between 
amacrine and ganglion cells. 

 

 
 

Further integration of calcium imaging will permit the 
fused analysis of internal retina activity with the light 
stimuli and their electrical encoding 

Expected Outcomes 

Advancing the understanding of retina processing will 
allow the development of novel technologies aiming at 
retina modelling and computer vision, with several 
innovative results: 

− The first investigation of the retina at cellular 
resolution, analysing the entire population of retinal 
ganglion cells and the synaptic partners in the 
inner retina. 

− A unique extensive study of whole retinal visual 
information processing by integrating several 
facets of neuroscience, at cellular, developmental, 
system, and computational levels. 

− Advanced computational models of the retina, 
emulating the overall encoding behaviour. 

− A new retina-inspired perspective on fundamental 
questions in image processing, pattern recognition 
and computer vision. 

− Bio-inspired computational framework designed to 
solve complex computer vision task, such as 
automatic scene categorization, and human action 
recognition. 

 

 
 

 

 


