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Abstract—Neural population models describe the macroscopic
neural activity that can be clinically recorded by an electroen-
cephalogram (EEG). Such models are relevant for the investi-
gation of many pathological neurological phenomena including
epilepsy and Parkinsons disease because the models operate on
the same scale as the recorded data. We present the model and a
formulation of the seizure abatement goal expressed as an optimal
control problem. We show several results including a realistic,
noise-driven simulation where the control is applied as needed
in a moving window.

One commonly observed electrographic seizure waveform
morphology which is frequently associated with absence
seizures, myoclonic seizures and complex partial seizures
is the spike wave discharges (SWD). Brain stimulation via
electrodes has been suggested as an alternative therapeutic
treatment for epilepsy for those patients in which pharmaco-
logical therapy for epilepsy is not sufficient.

In this work, we present the macroscopic neural population
model which will enable the analysis and prediction of system
behaviour, formulate seizure abatement as an optimal control
problem, and outline the computational method employed to
solve the optimal control problem.

Fig. 1. Connectivity scheme of the model. Excitatory (inhibitory) connections
indicated with arrows (buttons)

The model equations for (PY,IN,TC,RE) neurons denoted
as (x1, x2, x3, x4), respectively, is given as follows ([1], [2]),

ẋ1(t) =τ1(h1 − x1 + C1f [x1]− C3f [x2] + C9f [x3]) + u(t)

ẋ2(t) =τ2(h2 − x2 + C2f [x1]) + u(t)

ẋ3(t) =τ3(h3 − x3 − C6f [x4] + C7f [x1])

ẋ4(t) =τ4(h4 − x4 − C4f [x4] + C5f [x3] + C8f [x1])

The pseudospectral method is a direct collocation method
to transform an optimal control problem into a nonlinear
programming problem [3]. Using this method we show stimuli
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solutions that eliminate the pathological spike wave discharge
seizure behavior in the presented model.

Fig. 2. Optimized stimuli able to drive the system to the resting equilibrium

Finally, we develop a realistic simulation of seizure abate-
ment. We employ a moving window controller which monitors
the system state in real-time. When a seizure is detected
and the state approaches within a neighbourhood of Ω (i.e.,
‖x(t)−v‖ ≤ ε for all v ∈ Ω), the ensemble control is triggered
and drives the state to the stable equilibrium, thereby stopping
the seizure.

Fig. 3. Sliding window controller detects and stops seizures as they occur
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