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Abstract: Flat EEG is a way of viewing electroencephalography signals on
the real plane. The wealth of information contained within makes it a great
platform to study epileptic seizure. In this study, the time embedment
nature of Flat EEG is exploited to establish a dynamic Flat EEG model.
Basically, a geometrical representation which displays the important
information visually for Flat EEG at any time will firstly be formulated,
followed by the representation of a Flat EEG signal as a trajectory in state
space. Based on these, the modeling of Flat EEG as a dynamical system
using the notion of flow is presented. This dynamic model would serve as
the groundwork for the indisputably essential dynamic justification of Flat
EEG in future research.
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Introduction
Epilepsy is one of the most common brain disorders in
the world. This disorder can happen to anyone in the
world at any age regardless of gender. The Commission
on Epidemiology and Prognosis and International League
Against Epilepsy 1993 defined epilepsy as “occurrence of
at least two unprovoked seizure” (Panayiotopoulos, 2010),
that is, it usually occurs more than once and is not
prompted. This brain disorder is not contagious i.e.,
cannot be transmitted or spread from one person to
another. Statistically, the number of people with epilepsy
in the world is at least 50 million in total which is roughly
1.5% of the world population (Jahnecke et al., 2007).
Epilepsy is not a form of mental illness and it
generally does not affect the ability to think and learn. In
fact, most people with epilepsy have normal mental
intelligence, with some having superior cognitive
abilities (Wyllie et al., 2006). Nevertheless, epilepsy
can limit one’s independence, freedom and quality of
life. For example, a person with epilepsy has limited
job options, have trouble in getting a driving license,
faces social rejection, discrimination or prejudice due
to other people’s fears and misconceptions about their
condition. Epilepsy is dangerous as it can lead to
fatality especially when a seizure continues for a long

period of time and causes brain damage. Such a
situation is known as status epilepticus.
Two of the methods for controlling or stopping
seizures are taking anticonvulsant medications and
undergoing surgery. The former method is challenging in
terms of finding the exact combination of medications and
dosage. Besides, this method is not promising because
some seizures can still fail to be controlled in spite of the
best available medication. Moreover, anticonvulsant
medications carry undesired side effects (Sharon et al.,
2004; Stefan and Feuerstein, 2007). The effects are based
on the type of anticonvulsant medications used which in
turn are based on the type of epilepsy seizure. Frequently,
it adversely affects the cognitive ability of patients
(Bennett, 1992). Consequently, some patients choose to
undergo epilepsy surgery. As a matter of fact, neurologists
often suggest surgery as the best solution. The target of
this method is to remove problematic epileptogenic tissue
while sparing essential brain areas to avoid neurologic
deficits. Therefore, knowing the exact location of
problematic cells i.e., epileptic foci is crucial.
Electroencephalography is the process of obtaining
electrical potentials produced by neurons inside the
brain. This harmless electrophysiological process which
uses a machine called electroencephalograph (Fig. 1) is
usually performed by a certified technologist.
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neuromagnetic inverse problem (Fig. 2). Consisting of
four components i.e., Magnetic Contour Plane (MC),
Base Magnetic Plane (BM), Fuzzy Magnetic Field (FM)
and Topographic Magnetic Field (TM), each of these
components are homeomorphic to one another (Liau,
2001). For recorded data, the model is capable of
portraying current sources topographically in three
dimensions space. The advantage of this method is that,
it does not need prior information and it is not time
consuming (Tahir et al., 2005).
To study the brain disorder more effectively, a novel
method called Flat electroencephalography (Flat EEG)
(Fig. 3) was invented to view EEG signals on the first
component of Fuzzy Topographic Topological Mapping
(FTTM). Thus, theoretically, by FTTM model, EEG
signals can be portrayed in 3-dimension space. This
method consists of a flattening procedure (a
stereographic projection) which serves as the
transformation from EEG to MC (Fauziah, 2008) (Fig.
4). The main scientific value of this method lies in its
ability to preserve the orientation and magnitude of EEG
signals to MC, allowing it to be compressed and
analyzed. Hence, performing analysis on EEG signals
would allow researchers to reveal interesting patterns
contained within the signals.
Basically, Flat EEG is a platform which enables
EEG signals be studied on the Cartesian plane
mathematically, hence allowing the extraction of
“hidden” information within EEG signals that cannot
be obtained by traditional visual inspection.
Furthermore, characteristics and properties obtained
from this platform can be used to describe epileptic
seizure since epileptic seizure and Flat EEG are
topologically conjugated (Tahir and Tan, 2010) (Fig. 5).
There have been numerous researches utilizing various
mathematical tools to visualize and extract “hidden”
information within EEG signals via Flat EEG on a
particular frame (or time) with promising outcome. For
instance, implementation of Fuzzy C-Means (FCM) on Flat
EEG enables one to compute the number of cluster centers
along with its locations, hence made tracking brainstorm
during epileptic seizure possible (Fauziah, 2008).
Apart from that, the algebraic study on Flat EEG
demonstrates not only the possibility of transforming
Flat EEG from one mathematical structure to another
i.e., from topological to algebraic but also shows that
Flat EEG can be decomposed into semigroup of upper
triangular matrices under matrix multiplication and
hence revealing that patterns exist in epileptic seizure
process rather than chaotic (Faisal and Tahir, 2010).
Furthermore, study on the dynamic structure of Flat
EEG, in particular, its structural stability from
topological viewpoint, proves that Flat EEG in the
presence of artifacts could still offer significant
descriptions of electrical activities in the brain during
seizure attack (Tan and Tahir, 2014) (Fig. 6).

Fig. 1. EEG signal (www.wikipedia.com)

With this instrument, the summed electrical activity
which results from the ionic current flows between
neurons during the transmission of information
underneath the electrodes can be recorded noninvasively
from the scalp. Usually, recordings only last for 20 to 40
min
(including
preparation
time).
Electroencephalography is important in neurosurgery as
it is able to detect abnormal patterns of electrical
activity inside the brain. The advantage of this
technology, other than being harmless in diagnosing
epileptic seizure is that it is also one of the most
economic methods (Kiymik et al., 2005).

Literature Review
Various research using different concepts and
techniques to identify epileptic foci has been established
in the interest of creating better life for epileptic patients.
For example, via multimodality approach (Desco et al.,
2001), by using large-area magnetometer and
functional brain anatomy (Tiihonen et al., 2004),
examining correlations among electrodes captured by
linear, nonlinear and multi linear data analysis
technique (Evim et al., 2006), 3-D source localization
of epileptic foci by integrating EEG and MRI data
(Natasa et al., 2003) and even approaches that are
based on statistical tools such as Bayesian method
(Toni et al., 2005) and maximum likelihood
estimation approach by Jan et al. (2004). Each of the
methods has their own advantages and weaknesses.
Fuzzy Topographic Topological Mapping (FTTM) is
a fuzzy and topological based model for solving
496

Tan Lit Ken et al. / American Journal of Applied Sciences 2015, 12 (7): 495.505
DOI: 10.3844/ajassp.2015.495.505

Fig. 2. FTTM

Fig. 3. A flat EEG at t = 3

Modelling is the scientific way of studying real world
phenomena to gain deeper understanding on it. It is the
idealization (or simplification) of a system in reality i.e.,
it usually incorporates only significant characteristics.
Since the importance of those characteristics is
subjective, various models can be built for a
phenomenon and the success of a model depends on the
accuracy of its predictions (Edwards and Hamsom,
2001). Modelling allows the properties and behavior of
any situation be studied economically and easily in an
abstract form (Samarskii and Mikhailov, 2002).

The main goal of modelling is to construct a model
that represents the reality as closely as possible.
However, it is often not possible to incorporate all
features due to the complexity of the phenomenon.
Consequently, simplification or idealization is a natural
step in modelling (Gibbons, 1995; Kalman, 1997).
Indeed, a model is simply the assumptions that the
modeler made. Simplifications are often executed to
discard features that are not very relevant and significant,
retaining only essential features of the problems.
497
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Fig. 4. Stereographic projection

Fig. 5. Pictorial representation of topological conjugacy

(

Fig. 6. A structurally stable diffeomorphism f in Diff ∇r ( ℜn ) ,τ C r
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Fig. 7. Mathematical modeling

According to Jagat (1988), the justification for these
simplifications can usually be found from the closeness of
agreement between observation and approximated model.
Mathematical models are models constructed using
mathematical theories (Edwards and Hamsom, 2001). In
mathematical modelling, real world phenomenon is
usually transformed into abstract mathematical world,
usually in the form of functions, equations or
inequalities, where plentiful of mathematic tools are
available for subsequent analysis. These tools are usually
developed by mathematicians who have little thought on
how it will eventually be used (Burghes et al., 1996). In
short, mathematical modelling utilizes mathematical
tools to test ideas and make predictions about the real
world (Fowkes and Mahony, 1994).

Flat EEG is a model and a visual entity that progress
through time. By the definition of dynamical system, this
shows that it is a model of a dynamical system,
particularly flow. This is certainly appropriate since Flat
EEG is potentially generated by differential equations
(Basar et al., 1988; Fell et al., 1996; Thomasson et al.,
2001; Song et al., 2004). Thus, in this study, Flat EEG
will be modeled as a dynamical system. The
establishment of dynamic model for Flat EEG would
serve as the groundwork for dynamic topological
transformation from epileptic seizure to Flat EEG i.e., to
justify Flat EEG as an alternative platform to study
epileptic seizure. Besides, it will also allow the structural
stability of Flat EEG to be studied.

Mathematical modelling can generally be divided
into four steps (Jagat, 1988) (Fig. 7) they are:

Materials and Methods

•

•
•
•

This section will present the dynamic model
construction for Flat EEG. Firstly, Flat EEG at any
particular time is transformed into points. The collection
of points are then viewed as a trajectory in a state space
and hence modeled as a dynamical system.

Simplifications-Identify significant characteristics
and make assumptions i.e., make connections
between related variables
Translation-Write assumptions in mathematical
equations
Solving-Manipulate and solve the problems using
available tools
Comparison-Interpret and check the results obtained
to see the degree of agreement, correspondence and
validity

Geometrical
Representation
Electroencephalography

of

Flat

A point is the fundamental element of dynamical
systems. Thus, to model Flat EEG as dynamical system,
a new representation of Flat EEG must first be built.
Basically, a geometrical representation i.e., a point will
be used to represent Flat EEG. In this new
representation, Flat EEG at any time is transformed into
a n-tuples where n depends on the total number of
information contained in Flat EEG.
Flat EEG at any time displays the average electrical
potential readings from each of the sensors. This
information must be taken into account when
transforming to a point. That is, it must be retained in the
new representation. Generally, the Flat EEG of an EEG

A dynamical system is a system whose temporal
evolution from some initial state is dictated by a set of
rules (Eduard et al., 1999). Another way to understand
this is, it consists of a set of variables that describe its
state and a law that describe the evolution of the state
variables with time, i.e., how the state of the system in
the next moment of time depends on the input and its
state in the previous moment of time (Eugene, 2007).
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signal recorded using n sensors will be represented as an
n-tuples in n-dimensional Euclidean space whereby n
accounts for all the sensors (Fig. 8). Consider the
flattening mapping:

the scalp will be removed and labeled on the axes of
ℜn (Fig. 9 and 10). Meanwhile recorded electrical
potential will take over its position. Hence, Flat EEG
at any time can now be rewritten as:

ry 
 rx
St ( ( x, y, z ) , e p ) = 
,

r
+
z
r
+ z e p ( x , y , z )


( e p ( x1 , y1 , z1 ) , e p ( x2 , y2 , z2 ) ,..., e p ( xn , y n , zn ) ) 


: e p ( xi , yi , zi ) ∈ ℜ ∀ 1 ≤ i ≤ n ∋ i, n ∈ Ν 

(1)

Then, at any time, Flat EEG can explicitly be
denoted as:

(3)

Therefore, a new geometrical representation of Flat
EEG has been built. In this new form, Flat EEG at any
time can be regarded as a point belonging to ℜn, where n
depends on the number of EEG sensors (Fig. 11). Apart
from being simple, it displays the numerical values of
recorded electrical activity inside the brain visually. This
new form which is the fundamental element of
dynamical system will allow Flat EEG to be modeled as
a continuous-time dynamical system.

  rx1
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 : xi , yi , zi , r , e p ( xi , yi , zi ) ∈ ℜ, xi + yi + zi = r

 ∀ 1 ≤ i ≤ n ∋ i, n ∈ Ν




Model Construction
It is reasonable and appropriate to model Flat EEG as
a dynamical system because Flat EEG evolves over time.
That is, real time is embedded within the data (Fig. 12).
To construct the model, it will firstly be assumed
that Flat EEG is governed by a set of n scalar
differential equations with a unique solution whereby
the solution for these set of differential equations will
be the flow of the dynamical system of Flat EEG.
Based on the definition of flow (Stephen, 2000), the
mapping can then be written as.

In this new representation, recorded electrical
potential, denoted generally as ep(xn, yn zn), is
positioned on the right bottom of its corresponding
sensor’s coordinate location. Notice that the location
of sensors placed on the head does not change
throughout a recording of EEG signals. Thus, the
complicated notation can certainly be reduced into a
simpler form without losing the essential information.
To do so, the coordinate location of sensors placed on

Fig. 8. Flat EEG at any time as n-tuples
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Fig. 9. Simplification of Flat EEG’s n-tuples representation

Fig. 10. Labeling of axes with sensors locations

It represents a Flat EEG signal of an epilepsy patient
who is having seizure. Distinct trajectories would
correspond to different patients. Thus, the Flat EEG
signal of any epilepsy patient who is having seizure can
be represented as a trajectory in the state space (Fig. 14).
Generally, a trajectory is the mapping:

ψt(y) where, ψ: ℜ×Y→Y and such that the following
two properties are fulfilled:
•
•
•

ψ0(y) = y ∀y∈Y = ℜn and
For all t and s∈ℜ
ψt°ψs = ψt+s

ψ t : Y → Y where ψ t ( yk ) = yt such that ψ 0 ( yk ) = yk
n

For any yk∈Y = ℜ , ψt(yk) defines a curve in Y when t
varies over ℜ (Fig. 13). This curve is also called as orbit
or trajectory.

where, by ψt(yk) = yt is read as “ yt is the state of the
system at time t initiated from yk”.
501
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Fig. 11. Flat EEG as a point in ℜn

Fig. 12. Embedment of real time in Flat EEG

Fig. 13. Flat EEG as a point on trajectory
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Fig. 14. Flat EEG of two different patients

Fig. 15. Event of Flat EEG in three different forms

Basically, the trajectory is a set of points and can be
denoted as:
Oψ t ( yk ) = { yt | yt = ψ t ( yk ) ; t ∈ ℜ}

where, (ep(x1, y1, z1), ep(x2, y2, z2),…, ep(xn, yn, zn))
represents Flat EEG at time, t with ep(xi, yi, zi) the
electrical potential recorded from sensor (xi, yi, zi)
(Fig. 15).

(4)

Recall that each Flat EEG at time t can be written as
a n-tuples (Equation 3). Thus, a trajectory (Equation 4)
can be rewritten as:
( e p ( x1 , y1 , z1 ) , e p ( x2 , y2 , z2 ) ,..., e p ( xn , yn , z n ) ) 
Oψ t ( yk ) = 

: e p ( xi , yi , zi ) ∈ ℜ ∀ 1 ≤ i ≤ n ∋ i, n ∈ Ν 

Results
Flat EEG at any time can be composed into points.
As a whole, it can be viewed as a trajectory in a state
space. Furthermore, the collections of all these
trajectories can be regarded to be governed by a flow and
hence be modeled as dynamical system.

(5)
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Discussion

Ethics

Epileptic seizure is a very complex process due to its
nature in exhibiting high variability i.e., high number of
state variables (Sergio et al., 2006). However, Flat EEG
which provides a reflection on the dynamics of electrical
activity in populations of neurons can be a good platform
to study epileptic seizure. In fact, there have been
numerous researches utilizing various mathematical
tools to visualize and extract “hidden” information
within Flat EEG signals. While most of these have
resulted in promising outcomes the indisputably essential
theoretical justification for Flat EEG as an alternative
platform in representing epileptic seizure dynamically
has not been constructed. It is anticipated that the
establishment of dynamic model on Flat EEG in this
study would contribute to the construction of dynamic
transformation from epileptic seizure to Flat EEG and
hence justifying Flat EEG theoretically. Apart from that,
the structural stability of Flat EEG could also be studied.

This article is original and contains unpublished
material. The corresponding authors confirms that all of
the authors have read and approved the manuscript and
no ethical issues involved.
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