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Context

Neural fields models are an efficient description of neural dynamics at a meso-
scopic scale when the spatial position of neural populations is taken into ac-
count. These models are also appealing from an experimental point of view as
they yield predictions for optical imaging experiments that images the activity
of the (visual) cortex.

Most neural fields models [3] have been used in the context of a static stimulus
or in deprived environments because it eases a lot their mathematical study.
These models have nevertheless been successful in accounting for visual hallu-
cinations [4] and for orientation selectivity [1] for example.

A natural generalization is to suppose that the stimulus has a either a specific
spatial structure (e.g. symmetries) or temporal structure (periodic or quasi-
periodic). A periodic stimulus with simple spatial structure is called a flickering



stimulus and it can produce visual hallucinations [2] that have yet to find a
satisfactory model (see for example Figure 1).
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Figure 1: Two examples of hallucinatory percepts. Physical biasing patterns
are shown in black, and hallucinations are shown in gray (depicting the shadowy
nature of the percepts). (a) If the area around a small fan shape is flickered,
subjects report seeing illusory circular patterns. (b) If the area around a circular
pattern is flickered, all subjects report seeing an illusory rotating fan shape.
From [2].

Subject of the internship

The aim of the internship is to study a model that extends the work [7] to explain
some of the flickering stimuli seen in [2]. We will start with a single population
and describe the effect of a periodic stimulus on the global dynamics. We
will study the existence, number and period of periodic solutions of (1) using
tools from functional analysis, see for example [8] in the case of equilibria. An
alternative method could be to define Poincaré sections and study the discrete
maps associated to them.

More precisely, we study

d
VOOV = [ JeySVE Oy + Lu(xt) (1)

Q
where J are the synaptic connections and the nonlinearity S represent the f —1
curve of the neurons. The stimulus /.., seen here as an external input, is time
periodic.

The extension to two populations will then be considered. This case is much
richer and more relevant from a biological point of view. This case was nu-
merically explored in [7] and will be studied mathematically with the theory of



dynamical systems with symmetries [5]. The study is very likely to lead to the
study of quasipatterns [6] which are yet to be predicted in neural systems.

Advisor

The student will be advised by Romain Veltz (Romain.Veltz@inria.fr), Pascal
Chossat (pascal.chossat@inria.fr) and Olivier Faugeras (olivier.faugeras@inria.fr).

Skills and profile

The student will use standard tools issued from dynamical system and numerical
calculus.
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