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Characterization of Spike & Wave Signals in

Epileptic EEG: A non-linear non-parametric time

series approach
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This thesis presents new strategies for analyzing the highly non-linear
and complex time series that arise from recording the electrical signals of
the brain (EEG) of epileptic patients. These new strategies are necessary
because, to date, there is no satisfactory theoretical or empirical model for
this type of time series. The availability of simple and interpretable time
series models for epileptic data has been recognized as a prerequisite for
improving the diagnosis and treatment of this disease. As will be shown in
the body of this work a judicious use of available nonparametric and semi-
parametric autoregressive time series models will reveal the structure of
this type of data. Studies in this thesis lie on the boundaries of several
fields: applied statistics, nonlinear dynamics and brain science. Therefore
our goal was to use existing techniques to uncover hidden information about
the up to know not well understood and less well modeled phenomenon of
epileptic seizures. v :

A particular segment of one of the channels of epileptic EEG so called “Spike and
Wave (SW)” was analyzed in this work. SW appears during “absence seizure” in which
patient had stared fixedly into space with loss of contact with the external world.
Because of complexity and highly non-linearity, SW have attracted the attention of
researchers in many field, psychiatrists, satiations, physicists and so on.

At first the comparison of the fully and popular non-parametric models, Nadaraya-
Watson(NW) kernel estimator, Local Linear Polynomial Regression(LLPR) and
Support Vector Machine(SVM), for SW activity was investigated. This thesis describes,
to our knowledge, the first application of Support Vector Machine Regression to EEG
data. It is shown that automatic methods for the selection of tuning parameters are not
optimal for finding mimetic models for SW and Local Linear Polynomial Regression
does not produce mimetic simulations either in the noise free or the stochastic case. The
performance of the simplest of all the models, the NW regression, is the
most stable to stochastic simulations.

And next, the fully nonparametric model for the SW is successively
simplified by developing of structured nonparametric regression models
(Partial Linear Model, Additive model, Single Index Model and these
combined models). A number of conclusions seem to be warranted.

This work contains, to our knowledge, the first use of partial linear,
additive and single index models to EEG data. The criteria for evaluation
are NOT one step ahead prediction only but the much more stringent
criterion of being mimetic.



And Partial Linear Additive Model was newly suggested in this work. It is
a combined model of Partial Linear Model and Additive Model and shown
for the first time that SW activity may be separated into the sum of linear
and non-linear components, and moreover this non-linear component can be
split into some additive non-parametric component by use of this new Model.
The separate observation of the linear and nonlinear components suggests
new interpretation in terms of nonlinear dynamics.

Also it is a first time that an extremely simple model may describe the
genesis of the SW models, consisting of a linear part and some bi-variate no-
linear functions. Further parametric modeling may be based upon these
results.

Single index models reveal for the first time static non-linearities of the
sigmoid type that may suggest lines of physiological modeling.

Through this thesis, these results will contribute to approach to
physiological and physical neural mass model for SW. And also it will be
useful and helpful suggestions and motivations for the researchers who are
studying epileptic EEG.
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