N

N

Two-dimensional neural field simulator with parameter
interface and 3D visualization
Eric Nichols, Axel Hutt

» To cite this version:

Eric Nichols, Axel Hutt. Two-dimensional neural field simulator with parameter interface and 3D visu-
alization. 3rd International Conference on Neural Field Theory, Jun 2014, Reading, United Kingdom.
hal-01064205

HAL Id: hal-01064205
https://inria.hal.science/hal-01064205

Submitted on 15 Sep 2014

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-01064205
https://hal.archives-ouvertes.fr

informatics 4" mathematics

A

I.N.R.I.LA. Nancy - Grand Est
Equipe NeuroSys

615 rue du Jardin Botanique
54600 Villers-les-Nancy

Two-dimensional neural field simulator with
parameter interface and 3D visualization

France o’
web: http://neurosys.loria.fr Er|C NlChOlS Axel HUtt .:?':“3,2-'::‘;

mail: eric.nichols@inria.fr
emall: eric.nichols@ d European Research Council

Established by the European Commission

Overview
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A simulator” calculating two-dimensional dynamic neural fields with multiple order derivatives is presented in this work.
The simulated neural fields are of the type

(75 +72 +1) V(w,t) =I(z,t)+ / d’y L([x—y])S[V{y,t-21))
where I, L and S are respectively a field's input, spatial delay kernel with axonal transmission speed ¢ and nonlinear
firing rate function S = Sp /(1 + exp(-a(V-0)). A Fast Fourier Transform in space 1s used to accelerate the integral
calculation. The stochastic differential equation is useful for studying processes such as breathers, activity spread
and Turing patterns shown below.

The underlying code 1s written in Python and is therefore cross-platform. It 1s also open-source, allowing researchers to
modify the simulator in any manner.

Interface Output Visualization
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Neural Field Simulation

— The show3d library was created for the neural field simulator to visualize the output
of simulations in three dimensions. It 1s built upon the Python binding to OpenGL
for speed. The library is embedded within the simulator and can also be downloaded
separately' along with documentation to view any 2D matrices in three dimensions

— The simulator consists of a graphical interface (right) to facilitate
modification of parameters before and during simulations that include:
. t1m1ng. of snnul.atlon .and. discretization of the time #d, (77% 8 +1>V(a:,t) — I(z,t)+ / %y L([x—y]) S[V(y, ¢ E=)]
» field size and discretization of the field space,

| Start y

Simulation timing Stimulus from external source

» starting voltage V" and noise, - _— e et using the Python language.
 J values (minimum — maximum) displayed on the graph, Discratize:/ 0 003 ceconds Hot) =1 4T
« derivative reducing prefactors, Y e
e transmission speed, - | Zf: 3000 — The simulator output allows the researcher to...
« stimuli from external source, Discret::;tjo':u .| umn:S o =/5.65 » move the field in every direction,
» a selection of three spatial connectivity kernels and S — * spin the field in every direction,
« firing rate settings. GZ:;':' a"dvr:: ’ Kernel3 3 e zoom the field in and out,
Zmin=[_ Vmin ) L(z)= % )ez"“"‘ * change the background colors,
— The interface 1s used to start, pause, continue and restart V0e0) and moiee m - * change the graph colors to interpolate between 2 or 3 colors with selections of 8 colors,
new simulations. Vo=0.0 ai = 14 » adjust the color ranges to higher or lower values to highlight different depths,
noise =(0.1 B 3.0 e save an image or make a video of the animated field for later review and
— Moving the mouse over the stimulus from external source, Derivative prefactors Firing rate » modify the interval of axis values.
kernel and firing rate areas of the interface pauses the simulation y=l1 :LM)
and displays the relative values in the visualization window, e So= 1.<1>+e
allowing adjustments of these equations' parameters to be viewed. T_S";oo e o ;‘:}‘:’050

— The selected values in this window are saved for quick
subsequent parameter modification and simulation.

Turing Pattern Activity Spread Breather
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A Breather is shown in a 30mm? field discretized into 512 units with
V=0, noise=0.1, td=0.002, y=1, n=0, c=500, L=(10 - 14)exp(-|x|/3)/2n3,
I=10(exp(-x%/5.657%)/n5.657%), Sp=1, a=10000 and @®=0.005. The graph's
parameters are Zmax=0.0046 and Zmin=0.0039.

Spatio-temporal activity spread. The graph's parameters are
Zmin=Vmin and Zmax=2.03, cutting off Vmax=<6.05. The field is
10mm?, discretized into 256 units, V=2, noise=0, td=0.004, y=1,
n=0.35, c=10, S0=2, a=5.5, ®=3, I=2+(exp(-x*/0.2%)/n0.2°) and
L=0.1Z._,*cos(k;, x)exp(-|x|/10)).

A Turing pattern appears in a noisy 90mm~ field discretized into 512
units with Vg=5.4, noise=0.1, td=0.01, y=1, n=0, ¢=1000, /=0, S0=2,
0=1.24, ®=3, L=((20.7 - 18(0.7%))exp(-|x|/0.7))/2x. The graph's
parameters are Zmax=»FVmax and Zmin=Vmin. The pattern begins to
emerge from the noise at 5 seconds (s) and V is stable at 12 seconds.
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