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Neurophysiology is a branch of physiology and neuroscience that is concerned with the study of the
functioning of the nervous system. Neurophysiological time series are signal shaped time series which
are governed from different processes that are related to nervous system. The most important
neurophysiological time series which is directly related to the activity of the nervous system is the
EEG signal. Besides EEG time series there are some other neurophysiological signals which are
indirectly related to the activity of the nervous system. For instance, the respiratory signal is another
type of neurophysiological time series which is governed from the process of the nervous system. In
fact, ventilation occurs under the control of the autonomic nervous system from the medulla oblongata
and the pons in the brainstem. These areas of the brain form the respiration regulatory center, a series
of interconnected brain cells within the lower and middle brain stem which coordinate respiratory
movements. We can call other types of neurophysiological time series such as fixational eye
movements time series, etc.

Analysis, modeling and prediction of neurophysiological time series always have been an important
issue between researchers. One of the most important aspects of these modeling and analysis has been
from mathematical point of view. In fact, using mathematics for the modeling purpose helps scientists
to investigate precisely about the processes. Employing mathematical models can help them in
forecasting the processes in the next step where the biological modeling cannot help.
Fractals are scale-invariant geometric objects. A scale invariant object can be self-similar or self-
affine. A self-similar object is a union of rescaled copies of itself which is isotropic or uniform in all
directions. But in case of self-affine objects, the mechanism is an isotropic or dependent on the
direction. Regular fractals have higher self-similarity, but random fractals have a weaker self-
similarity.
The class of regular fractals includes many familiar simple objects, such as line intervals, solid
squares, and solid cubes, and also many irregular objects. The scaling rules are characterized by
“scaling exponents” (dimension). “Simple” regular fractals have integer scaling dimensions. Complex
self-similar objects have non-integer dimension. Therefore, it is completely incorrect to define fractals
as geometric objects having “fractional” (non-integer) dimension. Fractals maybe defined as
geometric objects whose scaling exponent (dimension) satisfies the Szpilrajn inequality:

X > Dr 1)
where X is the scaling exponent (dimension) of the object and Dy is its topological dimension, i.e.,
Euclidean dimension of units from which the fractal object is built. For example, in case of Brownian
motion: the path of a particle, a line of dimension one, traveling for a long time over a plane region,
eventually covers the entire plane, an entity of dimension two. In case of multi fractal system a single
fractal dimension cannot describe its dynamics. In this case, a continuous spectrum of exponents is
needed.
We deal with many multi fractal systems in nature such as fully developed turbulence, heartbeat
dynamics, etc. In general, fractal analysis can be categorized in two parts. Fractal pattern analysis and
fractal time series analysis. Scientists have found that many of neurophysiological time series are
multi fractals which are described by a spectrum of fractal dimensions. So, fractal theory can be used
for analysis, modeling and prediction of neurophysiological time series. In all analysis, modeling and
prediction of time series using fractal theory, the concept of fractal Brownian motion comes to the
account where unlike classical Brownian motion, the increments of time series need not be
independent.
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During years different works have been reported in literatures which focused on analysis of
neurophysiological time series using fractal theories [1-10]. In a recent work on prediction of epileptic
seizure onset we proposed a new methodology which is based on studying the EEG signals using two
measures, the Hurst exponent and fractal dimension. In order to validate the proposed method, it was
applied to EEG signals of patients with epilepsy by computing the Hurst exponent and fractal
dimension in pre-seizure, seizure, and some post seizure activities, and then the results were validated
versus the reference data. We found out that there are big fluctuations in the Hurst exponent and
fractal dimension plots of EEG time series before the seizure onset. The results of these analyses
showed that were able to forecast the onset of a seizure on the average of 25.76 seconds before the
time of occurrence [11].

In case of employing fractals for the modeling purpose limited works have been reported in
literatures. We can call the work which model the human EEG signal upon receiving external stimuli,
based on fractional diffusion equations. In this model first we developed fractional diffusion equation
by relating the diffusion of external stimulus to the brain and then applied this model to the EEG
signal as the feature of human consciousness. This model was solved and generated a time series. In
order to check the similarity between the generated time series and the real EEG signals we computed
the Hurst exponent for both time series. The results showed that the Hurst exponent spectra for the
modeled EEG signal mimic the Hurst exponent spectra for the real EEG signal. The results of this
modeling showed very good agreement with the real human EEG signal [12]. Please note that
modeling of neurophysiological time series using fractals is not limited to fractional diffusion models
and can be done using other types of fractal equations (models), such as fractal telegraph equations,
based on the problems in hand.

Another aspect of using fractals is predictability. In the last mentioned paper we brought the
predictability to fractional diffusion model by inserting the Hurst exponent. In fact, the Hurst
exponent as indicator of long term memory of the process brings the predictability to the account.
Based on the value of the Hurst exponent in each point of time series the process can be Brownian
motion, positively or negatively correlated. Fractal dimension (D) and the Hurst exponent (H) have
relationship only when the time series is long. This relation can be expressed as:

D=2-H (2)

So, modeling of fractal time series can lead to their prediction by considering the long term memory
through incorporating the Hurst exponent to the models.

In overall, using fractal theory can help us in analysis, modeling and prediction of neurophysiological
time series. In fact, it will have outstanding clinical advantages which can speed up clinical practice
for treatment of patients and drug design development.

Beside all efforts done in using fractal theory in analysis, modeling and prediction of
neurophysiological time series, still a lot of works are remain to do in this area. So, there are many
open windows to researchers in order to analyze, model and forecast the neurophysiological time
series.
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