How does the retina encode this huge information to be efficiently and rapidly decoded by the brain ?

Brief summary

• The retina is organized into a feedforward and lateral structure made of specific cell types and specific synapses.

• Local circuits, involving a few cells and synapses, process the local visual information.
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• The retina is organized into a feedforward and lateral structure made of specific cell types and specific synapses.

• Local circuits, involving a few cells and synapses, process the local visual information.

• These circuits tile the whole retina, spanning the whole visual field.

• The output of each circuit is a spike train, encoding the visual information from Gcells to thalamus and visual cortex.

• These circuits are entangled (sharing cells).
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1. The retina is a high dimensional, non autonomous and noisy dynamical system, layered and structured, with non stationary and spatially inhomogeneous entries (visual scenes).

Local circuits of non linear cells, connected with non linear synapses

efficiently process the local visual information. These local circuits are connected together, spanning the whole retina in a regular tiling.

3. The conjunction of non linearities and regular structure can produce highly complex spatio-temporal dynamics.

4. The retina is sensitive to changes in its physiology (development, pharmacology, pathologies). These changes can be addressed from the point of view of bifurcations theory.

The Biovision lab

Understanding the normal visual system at neuronal and perceptual levels 

Analysis of visual media and user perception

Understanding the impact of low vision at neuronal and perceptual levels

•

Modeling of retinal prostheses stimulation and cortical responses

•

Understanding eccentric vision pointing for selection and identification

•

Understanding low vision impact on attentional and oculo-motor behaviors when reading

• Attentional and behavioural studies using virtual reality 

Diagnosis, rehabilitation, and low vision aids

Main mechanisms

• There is a competition between 2 mechanisms:

-Refractoriness and desynchronisation (sAHP).

-Mutual excitation and synchronisation (Acetylcholine).

• There is an intermediate regime of coupling, where variability is maximum.

• Therefore there is a wide repertoire of patterns The variabilities can be explained with a unique mecanism:

1. Closeness to bifurcation; 2. Dynamic coupling via Ach.

3. Spatio-temporal variability of sAHP.
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  Weak coupling leads to small localized activity -Moderate coupling leads to propagating patterns -Strong coupling leads to complete synchrony of neurons What are the sources of these variabilities ? Is there a unique, global, mechanism explaining them ? What are the sources of these variabilities ? Is there a unique, global, mechanism explaining them ?

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

• The retina is organized into a feedforward and lateral structure made of specific cell types and specific synapses.From http://webvision.org.es

The retina is a high dimensional, non autonomous and noisy dynamical system, layered and structured, with non stationary and spatially inhomogeneous entries (visual scenes).

Local circuits of non linear cells, connected with non linear synapses efficiently process the local visual information. These local circuits are connected together, spanning the whole retina in a regular tiling.

The conjunction of non linearities and regular structure can produce a highly disordered spatio-temporal dynamics.

The retina is sensitive to changes in its physiology(development, pharmacology, pathologies). These changes can be addressed from the point of view of bifurcations theory.

The retina is a high dimensional, non autonomous and noisy dynamical system, layered and structured, with non stationary and spatially inhomogeneous entries (visual scenes).

Local circuits of non linear cells, connected with non linear synapses efficiently process the local visual information. These local circuits are connected together, spanning the whole retina in a regular tiling.

The conjunction of non linearities and regular structure can produce highly complex spatio-temporal dynamics.

The retina is sensitive to changes in its physiology(development, pharmacology, pathologies). These changes can be addressed from the point of view of bifurcations theory.

Retinal anticipation

 Is our model able to anticipate more complex trajectories, with accelerations for instance ?

 How to calibrate connectivity using biology ?

 How does anticipation affect higher order correlations ? 

Conclusions

• Visual entries are neither stationary, nor spatially regular.

• The « longitudinal » pathways PhotoReceptors => Bipolar cells => Ganglion cells efficiently encode the visual information into parallel flows.

• Lateral connectivity (Horizontal and Amacrine) cells contributes to visual encoding as well. Horizontal cells contribute to the shaping of spatio-temporal receptive fields. What is the role of Amacrine cells ?

• On the basis of biophysical modelling + mathematical analysis we found that Amacrine cells may generate, from the non stationary stimulus, spatiotemporal correlations (waves) contributing to better deciphering a visual scene (anticipation).

• This is very different from the « efficient coding » paradigm where longitudinal pathways are assumed to be independent. We switch from a paradigm of « rate » decoding to « correlations » decoding.

Thanks 