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Epilepsy is the third most common neurological disorder after Alzheimer’s disease and stroke.

According to the World Health Organization (WHO), epilepsy affects more than 65 million people

worldwide, with more than 200,000 new cases diagnosed each year. This disease is characterized

by transient and unexpected electrical disturbances of the brain or excessive neuronal discharges

of its electrical activity. Different brain modalities are used in the study of epilepsy, such as elec-

troencephalogram (EEG), magnetoencephalogram (MEG), and intracranial electroencephalogram

(iEEG). Prediction and localization of the seizure is a challenging problem that attracted the

research community. In particular, the detection of the Seizure-Onset Zone (SOZ) is essential for

identifying the neuronal regions for surgical resection or for neurostimulation. Both resection and

neurostimulation are defined as efficient alternatives to pharmacological treatments, which fail in

25 à 33% of the cases due to the resistance of the organism. Therefore, controlling the spreading

of the epileptic seizure dynamics has been a point of interest, where closed-loop control based on

intracranial electrical stimulation is applied at the early evolution stage of epilepsy. However, this

requires the accurate detection and localization of the seizure onset zone [1].

Understanding the seizure propagation dynamics helps in defining efficient control loops for con-

trolling the spread of the seizure and also for identifying the SOZ. The seizure dynamics models

are known to be highly nonlinear and complex [2]. A well-known model that consists of large-

scale networks of nonlinear differential equations with delay called epileptor will be studied in

this project [3, 4, 5]. This patient-specific network includes various types of delays that affect

the accuracy of the modeling. In particular, we will be interested in the estimation of the state

and parameters of the model, which is a crucial phase in analyzing the seizure propagation. In

addition, the controller loops usually depend on the states, when some of the existing references
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suppose that the state is known and measurable, there are some states in the epileptor model

which are not accessible for measurements. In this study, we will, in particular, extend the con-

ventional observer design theory to the epileptor network of nonlinear dynamical equations with

delay, such as high gain observers. We will also have a particular interest in designing estimators

with finite-time convergence, a particularly appreciated property for real-time applications. The

methods will be validated using the virtual epileptic patient and publicly available dataset [6].
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