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Exploring the retina structure and
functions
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Exploring the retina structure and

functions
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Exploring the retina structure and

functions
Photorecentors 1 The retina is a highly structured dynamical
P network.
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Exploring the retina structure and

functions
Photoreceptors 1 The retina is a highly structured dynamical
network.
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Exploring the retina structure and
functions
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Exploring the retina structure and

Photorece tors 1 The retina is a highly structured dynamical
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Develop a new strategy, combining experiments and modeling, to
better understand the retinal network dynamics using appropriate
spatio-temporal stimuli and closed loop experiments.



Context

Develop a new strategy, combining experiments and modeling, to better
understand the retinal network dynamics using appropriate spatio-
temporal stimuli and closed loop experiments.

Fundings : RISE, DocWalker, Associated INRIA Team Fusion, EDSTIC
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Work already done

1 Stay of S. Ebert in Valparaiso (DocWalker, Oct.-Nov. 2023) :
* Design of simple stimuli;
* Experiments;
* First analyses.
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Work already done

1 Stay of S. Ebert in Valparaiso (DocWalker, Oct.-Nov. 2023) :
* Design of simple stimuli;
* Experiments;
* First analyses.
2 Venue of F. Miqueles and J. Portal-Diaz at INRIA (RISE, Feb.-Apr. 2024):
* Tools to analyse the spatio temporal information provided by raw data;
Spatio temporal FFT, attempts to characterize a convolution kernel;
Spikes in ERG;
Parameters estimation + stimulus design.
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Linear response
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Trends in Neurosciences

Zapp, Soren J. et al. Trends in Neurosciences, Volume 45, Issue 6, 430 - 445

The behaviour of individual retinal cells is characterized by a cascade
of convolutions and weak non linearities.



Linear response
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S. Souihel, B. Cessac, Journal of Mathematical Neuroscience, 2021, 11
B. Cessac, Journal of Imaging, 2022, 8 (1)

E. Kartsaki, G. Hilgen, E. Sernagor, B. Cessac, Neural Computation, 2024, 36 (6)
S. Ebert, T. Buffet, B. S. Sermet, O. Marre, B. Cessac, Nature Com., 2024, 15 (6118)

The behaviour of the retinal network is characterized by a cascade of
convolutions and weak non lineatrities.
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A Multi-Electrode Array
naturally provides a space-
time sampling of the retinal

response.

Linear response



Linear response
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A Multi-Electrode Array
naturally provides a space-
time sampling of the retinal

response.
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Linear response
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Work already done

1 Modelling the retinal response to moving stimuli (S. Ebert, L. Piovano)
* Explicit computation of a spatio-temporal kernel featuring the retina response
* Property of the Fourier Transform
« Existence of spatio-temporal resonances.
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Work already done

1 Modelling the retinal response to moving stimuli (B.C, S. Ebert, L. Piovano)
* Explicit computation of a spatio-temporal kernel featuring the retina response
* Property of the Fourier Transform
« Existence of spatio-temporal resonances.
2 E. Petit thesis (funding EDSTIC)
* Parameters estimation from experiments in a simplified retina model
« Simulations on the Macular simulator.
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Work already done

1 Modelling the retinal response to moving stimuli (B.C, S. Ebert, L. Piovano)
* Explicit computation of a spatio-temporal kernel featuring the retina response
* Property of the Fourier Transform
« Existence of spatio-temporal resonances.

2 E. Petit thesis (funding EDSTIC)
* Parameters estimation from experiments in a simplified retina model
« Simulations on the Macular simulator.
3 Mathematical study of optimal design (L. Sacchelli, INRIA - L. Pronzatto, I3S)
* Exploring different criteria for optimal design (KL divergence, information)
* ANR project lead by L. Sacchelli
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Next steps

Real time parameters
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Next steps

1 Stay of E. Petit, B. Cessac in Valparaiso (January 2025)
« Attending the Laconeu Sumer School.

« Attend experiments, learn how to handle data, how to efficiently interact given the distance.
* Discuss the problem of MEA resolution
« Stimuli design.
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Next steps

1 Stay of E. Petit, B. Cessac in Valparaiso (January 2025)
« Attending the Laconeu Sumer School.
« Attend experiments, learn how to handle data, how to efficiently interact given the distance.
* Discuss the problem of MEA resolution
 Stimuli design.

2 Co-supervised internship with L. Sacchelli
« contribution of geometric control theory to experimental design
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Next steps

1 Stay of E. Petit, B. Cessac in Valparaiso (January 2025)
« Attending the Laconeu Sumer School.
« Attend experiments, learn how to handle data, how to efficiently interact given the distance.
* Discuss the problem of MEA resolution
e Stimuli design.

2 Co-supervised internship with L. Sacchelli
« contribution of geometric control theory to experimental design

3 Mathematical study of optimal design (L. Sacchelli, L. Pronzatto)
* Exploring different criteria for optimal design (KL divergence, information)
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