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The Virtual Brain Project

@ CONNECTOME

COORDINATION FACILITY

Synchronization is a key issue to
achieve the normal behaviour.
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In neurodegenerative diseases, such as Parkinson or epilepsy, abnormal
synchronization induces undesired effects such as tremors and epileptic seizures.

Goal: to Reduce/control abnormal synchronization to avoid (lighten) such
undesired effects.

2 Administration of oral drugs (partially effective Parkinson’s disease but inefficient for
nearly 1/3 of epileptic patients)

Clinical methods (neurostimulation to modulate the neuronal activity to
desynchronise the phase dynamics of neurons).

B?Deep Brain Stimulation (DBS), microelectrodes are inserted in the basal ganglia.

B Transcranial Magnetic Stimulation (TMS), an external magnetic field interferes with
the neuronal activity
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Our goal is to propose and study of a novel minimally invasive
neurostimulation procedure principally oriented to suppress the
abnormal synchronization.

It could thus be potentially used to reduce focal epileptic seizures or to
deal with other neurological diseases.

We need:
2 a model;
2 a control strategy to reduce synchronisation;
2 an operational implementation of such strategy.
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Neurons modelled as nonlinear oscillators (Stuart-Landau model)

2 = (ak + wr — |2x]?) 2 + Zk,
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Deco, G., Kringelbach, M. L., Jirsa, V. K. and Ritter, P., The dynamics of resting fluctuations in the brain:
metastability and its dynamical cortical core, Sci. Rep., 7, 3095/541598-017-03073-5 (2017)
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let 2. = pk€L¢k and assume P ~ Pj forallkandj(and af = 1) then

N

: K .

¢k = Wk T N E Akj Sln(¢j — ¢k) Kuramoto model
g=1
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let 2. = pk€L¢k and assume P ~ Pj forallkandj(and af = 1) then

N
- K ,
¢k = Wk T _N E Akj Sln(¢j — ¢k) Kuramoto model

7=1
Order parameter Non Partially
1 N Synchronized  Synchronized Synchronized
Reb\If _ N E :ebqu state state state

R(t) K> K.

K=12

Nil, partial and full phase-locking in an all-to-all network of Kuramoto

K< K. oscillators. Phase-locking is governed by the coupling strength K and
£ the distribution of intrinisic frequencies w. Here, the intrinsic frequencies

— = were drawn from a normal distribution (hM=0.5Hz, SD=0.5Hz). The yellow
disk marks the phase centroid. Its radius is a measure of coherence.
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The Kuramoto model can be embed in a (2N-dim) Hamiltonian system.

Zwili ZAZJF

I;)sin(¢; — ¢i) = Ho(I) + V(9,1)

On the invariant “Kuramoto” torus, the dynamics of H is the same of the Kuramoto model

T ={(1,¢) e RY

x TV : I; = 1/2 Vi}

Moreover, the Kuramoto oscillators are in a synchronous state if and only if the

Kuramoto torus is (transversally) unstable.

Witthaut, D. and Timme, M., Kuramoto dynamics in Hamiltonian systems, Phys. Rev. E, 90, 032917
(2014).
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Using the Hamiltonian

Control theory one can
modify the Hamiltonian system
by adding a small term capable
to increase the stability of the

invariant Kuramoto torus
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Vittot, M., Perturbation theory and control in classical or quantum mechanics by an inversion formula,

Phys. A: Math. Gen. 37, 6337 (2004).

Gjata, O., Asllani, M., Barletti L. and Carletti, T., Using Hamiltonian control to desynchronize Kuramoto

oscillators, Phys. Rev. E, 95, 022209 (2017)
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fV(¢7 I)

2 Control only M << N nodes and add a tunable parameter Y

2 Consider a local field generated by the controlled nodes

Effective control
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normal regime_ trans seizure recime trans normal regFime
& ENEC > 2 ‘> B
|

X

original ‘ 5' | | | '
system W :
controlled "7 ]
system W
s
0.1 f I *‘H"'”' : :
T T ey

25 50 75 LI
Time (x107)

: fl f'||
|'l 'fl \ |"'| | Iﬂ| (' "' .l'l

F( 0.5 2 \ |l lI W Ii " |I ]
| A la /1 | {
1'1, L | v | i J v lf’ L/

‘AN

: 150 175 200

0.65

0.45

WWW.Uunamur.b& imoteo.carletti@unamur.be



150 T |

/l""\‘ ” "’ "-\\)’ “'/\‘
f \\‘ I \N. 1'
; "/ "\W QI‘\\‘\\‘\'\‘ e

100
R,

e
-2 ' : i 2
30 40 30 40 i 140 150 160
0 4

-30

Total signal (real part)

-100

channe!s {ctel)

-150

WWW.unamur.be timoteo.carletti@unamur.be



" PhysCon 2017

s T ‘gwt‘lf|nte£r‘)‘atjgggg’(.‘,qn.fqrense ogfhysi_cgqnd_ﬁoptrol.
I L-g;‘;_»i;.- ."; - .‘ ” e = ;% ‘ N vl e

e . » - P
-— .

Malbor Asllani & Timoteo Carletti

NAXYS

Namur Institute for Complex Systems UN'VERS]TE
DE NAMUR

WWW.unamur.be timoteo.carletti@unamur.be



WWW.unamur.be timoteo.carletti@unamur.be



