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Light photoreceptors ganglion cells bipolar cells amacrine cells horizontal cells

Retina's layered structure « Information » is processed by spikes.

Individual neurons and individual synapses do not matter.

The visual system

Retinal processing: What the visual cortex receives as information from the external world.

The external world is made of motion generating an ever changing (non stationary) flow of information.

Waves in the retina (and in the cortex) contribute, to a large extent, to the overwhelming capacity of the visual system to handle this information, with an energy consumption compatible with the narrow temperature range of organismes.
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Retinal processing: What the visual cortex receives as information from the external world.

The external world is made of motion generating an ever changing (non stationary) flow of information.

Waves in the retina (and in the cortex) contribute, to a large extent, to the overwhelming capacity of the visual system to handle this information, with an energy consumption compatible with the narrow temperature range of organismes.

Examples: Differential motion, interrupted motion, anticipation, surprise.

(To my knowledge) AI systems are not capable to process these tasks with a so low energy consumption (~ nW).

What can we learn from retinal waves activity that could be helpful to improve AI systems ?

The retina and its dynamics 1 2

Light photoreceptors ganglion cells bipolar cells amacrine cells horizontal cells

Retina's layered structure 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 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.

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 a highly complex spatio-temporal dynamics.

4. The retinal network naturally produces waves : spontaneous (developmental) or stimulus induced.

A modeller point of view

Why can we play tennis ? Retinotopy results from :

1) Competition at the synaptic level (fight for resources)

2) Chemotaxis (retinal afferents affinity to colliculus location depends on the concentration of ligands and receptors at the location)

3) Activity (effects of neuronal activity on the organisation of topography)

4) Plasticity

Retinotopy

From Nicholas Gale thesis , «Theoretical Investigations into Principles of Topographic Map Formation and Applications », Cambridge 2022.

Retinotopy results from :

1) Competition at the synaptic level (fight for resources)

2) Chemotaxis (retinal afferents affinity to colliculus location depends on the concentration of ligands and receptors at the location)

3) Activity (effects of neuronal activity on the organisation of topography)

4) Plasticity

Variational formulation

Retinotopy

From Nicholas Gale thesis , «Theoretical Investigations into Principles of Topographic Map Formation and Applications », Cambridge 2022.

Retinotopy results from :

1) Competition at the synaptic level (fight for resources)

2) Chemotaxis (retinal afferents affinity to colliculus location depends on the concentration of ligands and receptors at the location)

3) Activity (effects of neuronal activity on the organisation of topography)

4) Plasticity

+ Variational formulation
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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 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.

• Visual entries are neither stationary, nor spatially regular.Conclusions

• Visual entries are neither stationary, nor spatially regular.• The « longitudinal » retinal pathways PhotoReceptors => Bipolar cells => Ganglion cells efficiently encode the visual information into parallel flows.

• Visual entries are neither stationary, nor spatially regular.• The « longitudinal » retinal 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).

SACs realistic connections SACs on a lattice

SACs become points on a lattice

Model synaptic interactions

The Starburst Amacrine Cells Network • Waves propagate in a random landscape with refractory zones left by the previous waves (similar to forest fires although more complex).

•

The distribution of waves (long tail) looks like a critical phenomena. However, this regime is robust to physiological parameters variation => Griffiths phase ? (phase transition of infinite order) The nonlinear dynamics of retinal waves

•

Stage II retinal waves are due to the conjunction of :

1) Spontaneous bursting (initiation) ; 2) Acetylcholine network (propagation) ;

3) Long refractoriness (stop);

• Waves propagate in a random landscape with refractory zones left by the previous waves (similar to forest fires although more complex).

•

The distribution of waves (long tail) looks like a critical phenomena. However, this regime is robust to physiological parameters variation => Griffiths phase ? (phase transition of infinite order) How do our eyes learn to see ?

• Our eyes start to learn and see before birth.

• This process (retinal waves) is spontaneous and does not require a huge data basis of « natural » images.

• This process is partly controlled by genetics but nonlinear dynamics plays a major role.

• (Partly) due to this mechanism the visual system is able to handle motion.
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Using retinal waves to train AI networks ?

Waves distribution plays a major role + dynamical shaping of the retina and visual cortex.