\

Motion processing in the retina

Selma Souihel, Bruno Cessac

» To cite this version:

Selma Souihel, Bruno Cessac. Motion processing in the retina. GDR multielectrodes , Nov 2017,
Strasbourg, France. hal-01638105

HAL Id: hal-01638105
https://inria.hal.science/hal-01638105
Submitted on 19 Nov 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inria.hal.science/hal-01638105
https://hal.archives-ouvertes.fr

Motion processing intheretina

Selma Souihel, Bruno Cessac
selma.souihel@inria.fr, bruno.cessac@Qinria.ir

The visual system uses motion anticipation to
compensate the delays in retino-cortical transmis-
sion.

Recent experimental and modelling studies on
simple stimuli (moving bars) (|1], [2]) show that
a notable preprocessing of visual motion is made
by the retina.

They emphasized the role of the gain control oc-
curring at the level of bipolar and ganglion cells
(RGCs), in anticipation and other motion fea-
tures.

These studies feature independent RGCs while
these are, in reality, connected (via amacrine
cells).

We want to understand how non linear mecha-
nisms (gain control, spike frequency adaptation
and connectivity), act on the anticipation of com-
plex shapes motion.

For this we have developed a retina simulator,
PRANAS |3| emulating the retina spike response
to a visual scene.

We have studied the pairwise correlations between
ganglion cells, under the influence of a moving ob-
ject both, in vivo and in silico.

Simulator

PRANAS [4] is a software able to convert a movie into
spike trains similar to those transmitted by the retina to
the brain. It uses a three-processing-stage model mim-
icking photoreceptors, bipolar cells and ganglion cells.
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frequency adaptation

Adaptation is commonly defined as a decrease in re-
sponse to a constant stimulus. In our work, we regard
it as all the non-linear phenomena involved in the neu-
ronal response to motion stimuli. We implemented dif-
ferent adaptation mechanisms, ranging from the cascade
model by Chen & al. |2| to moving threshold at the level
of RGCs. We found that a simple threshold adaptation
following the equation:

0(t) = 0o — v[6(Viip)|

where v a strength coeflicient of the timewise bipolar
potential variation Vj;, and g the initial threshold

gives fairly good results in terms of anticipation.
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In vivo results : RGCs population response to a moving bar
Courtesy of Olivier Marre.

tion performance test

In order to test our correlation algorithm, we generate
two correlated Poisson processes following the method :

® X, Y and Z are three independent Poisson variables
of rates A1, Ao and A\is.

® II; & Il are Poisson processes such as : 1I{ = X U Z
& Tl = Z U Z with rates A and ).

A=A+ A2 — A A2 & N = Ao +

The rates are :

A12 — A2A12

The joint probability of II; and Il is then given by
P = X124+ A2 — A1 A2 12

And finally the correlation is : p = PN
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Theoretical and empirical parameters of two Poisson correlated processes
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ental data correlation

We compute the mean correlation over 80 recorded sala-
mander retina RGCs, chosing pairs with similar spike
rate activity. The stimulus center is at t=1000ms.

Mean firing rate and mean correlation

L] 1
Error region

800 1000 1200 1400 1a00 1800
Time {ms)

L] 1
Error region
Mean correlation

800 1000 1200 1400 1a00 1800
Time (ms)

Correlation of a PW Sm
AT

a00 1000 1200 1400 1600 1800
Time {ms)

The correlation is negative, which can be explained by
lateral inhibition. The minimum is then achieved when
the cell responds to the translating bar, showing that

lateral inhibition is maybe increased by neurons activity.
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results, in vivo & in silico
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Population response to smooth motion of a translating bar A)

The results using direct integration of gain control equations. B) The

results using linear spatio-temporal filtering at the level of bipolar
cells and a discrete leaky integrate and fire model to produce spikes,
with PRANAS. C) The results of the implementation of Chen & al.
model in PRANAS. D) The results using threshold adaptation as a

function of A(Vbz’p)’ and the pooling of bipolar cells by ganglion cells.

ion with moving window

Moving window analysis of two Poisson correlated processes
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The reconstructed firing rates and correlation follow
quite good the variation of the empirical measures. The
width of the moving window for both computations is
taken here equal to 30 ms.

1
Correlation window width (ms) 120
160 Firing window width (ms)

The error is lower when the width of correlation compu-
tation window is taken equal to the firing rate window.
The window should also be small enough to follow the
variations of the firing rate and big enough to retrieve

significant statistics.
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Our treshold adaptation model enabled us to reproduce anticipation but also other motion features, such as alert

response, motion onset and motion reversal.

In terms of run-time efficiency, the threshold adaptation computation is faster than the cascade model of Chen & al.

There are biological evidences of adaptation at the level of bipolar and ganglion cells, and amacrine cells seem to play

a crucial role.

Our study of correlation on experimental data recorded from salamander retina shows the effect of neurons activity on

lateral inhibition.

Our future work will be to model amacrine cells in order to mimic a biologically plausible connectivity.



