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Individual neurons and synapses do not matter.

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).

2. 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 a highly disordered 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.
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1. What could be the spatio-temporal distribution of spikes emitted from the retina to the LGN-cortex, considering that inputs are non stationary (moving objects) ? 2. What could be the non stationary structure of spatio-temporal correlations ? 3. In particular is it possible to disentangle the effects of:

i. Stimulus induced correlations; ii. Network induced correlations ;

iii. Non linearities.

II. Cortical model

1. Which mechanism/principle is used to decipher "at best" the trajectory of a moving object from the retinal spike trains ? i. Firing rates ? ii. Individual spikes ? iii.Both ? 2. What could be the implications of questions/answers in item I with respect to the theory of efficient coding ?

A retina model I. Rectification generates null eigenvalues that actually prevent exponential instability ;

II. In the deterministic case times of exit from continuity domains can be explicitly computed. They depend on the stimulus ;

III. In the stochastic case these times become random.
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Piecewise linear stochastic system
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In this model, 1. Lateral inhibition decorellates the stimulus input; 2. Voltage correlations are integrating stimulus correlations/ network/rectification effects in a way that can be mathematically analysed; 3. A moving object generates a wave of activity which also impacts spatiotemporal spike correlations; 4. Rectification/Gain control have a strong impact on these correlations (some cell become suddendly silent).
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Spike response to correlated inputs 4
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Retina's layered structure

The visual system

The cortex has no clue of what is happening in the retina. It only receives spikes and has to extract all the visual information from them.

Question to mathematicians :

Would it be possible to extend this linear response in a more general context (Hawkes processes, Galves-Löcherbach model) ?
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• Visual entries are neither stationary, nor spatially regular.

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

• On the basis of biophysical modelling + mathematical analysis we found that Amacrine cells may generate, from a moving stimulus, spatio-temporal correlations (waves) contributing to better encoding a visual scene (e.g. anticipation).
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• We also showed theoretically that an object moving in the receptive field of laterally connected Ganglion Cells may dramatically imprint spike statistics, not only firing rates, but also higher order correlations, living, in the raster plots, a trace that could be deciphered.
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• Visual entries are neither stationary, nor spatially regular.

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

• On the basis of biophysical modelling + mathematical analysis we found that Amacrine cells may generate, from a moving stimulus, spatio-temporal correlations (waves) contributing to better encoding a visual scene (e.g. anticipation).

• We also showed theoretically that an object moving in the receptive field of laterally connected Ganglion Cells may dramatically imprint spike statistics, not only firing rates, but also higher order correlations, living, in the raster plots, a trace that could be deciphered.

• This leads to a paradigm 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.

Conclusions

Thanks 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

What could be the spatio-temporal distribution of spikes emitted from the retina to the LGN-cortex, considering that inputs are non stationary (moving objects) ?

What could be the non stationary structure of spatio-temporal correlations ?

In particular is it possible to disentangle the effects of: i. Stimulus induced correlations; ii. Network induced correlations ; iii. Non linearities.
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and do not commute in general but they have the same spectrum ;

2)Voltages correlations are due to :

I. Stimuli correlations ;
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