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ABSTRACT— Neuroinverse problem are often associated with complex neuronal activity. It involves locating
problematic neuron which usually a highly challenging task. While epileptic foci localization is possible with the aid
of EEG signals, it relies greatly on the ability to extract hidden information or pattern within EEG signals. Flat EEG
being an enhancement of EEG is a way of viewing electroencephalograph on the real plane. In the perspective of
dynamical systems, the equivalency of epileptic seizure and Flat EEG is important since the underlying structure of
Flat EEG is dynamic. In this paper, a basis for the topological space of Flat EEG is presented. It is expected to
facilitate in the constructions of dynamic transformation from epileptic seizure to Flat EEG. It provides a better
understanding on Flat EEG itself.
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1. INTRODUCTION

Epilepsy is one of the most common brain disorders in the world. This disorder has no age, gender, racial, social
class, nationality nor geographic boundaries. In other words, it can happen to anyone in the world. According to the
Commission on Epidemiology and Prognosis and International League Against Epilepsy 1993, epilepsy can be defined as
an “occurrence of at least two unprovoked seizures” (Panayiotopoulos, 2010), that is, it usually occur more than once and
is not prompted. This brain disorder is not infectious, that is, it is not passed down through families. In fact, people can’t
“catch it”. Statistically, the number of people with epilepsy in the world is at least 50 millions in total which is roughly
1.5% of the world populations (Jahnecke et. al., 2006)

Epilepsy is not related to mental illness. Instead, it is a condition of the brain. It generally does not affect the learning
and thinking ability. As a matter of fact, most people with epilepsy have normal mental intelligence, with some having
superior cognitive abilities (Wyllie et al., 2006). However, epilepsy can limits one’s independence, freedom and quality
of life. For examples, a person with epilepsy has limited job options, has trouble on getting a driving license, facing
social rejection, discrimination or prejudice due to other people’s fears and misconceptions about his or her 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 situation is known as epilepticus.

Two of the methods of controlling or stopping seizures are by taking anticonvulsant medications and undergo
surgery. The former method is challenging in terms of finding the exact combinations of medications and dosages.
Besides, this method is not promising because some seizures can still failed to be controlled in spite with the best
available medications. Moreover, anticonvulsant medications carry undesired side effect (Sharon et al., 2004; Stefan and
Feuerstein, 2007). The effects are based on the type of anticonvulsant medications one consumed. Frequently, it
adversely affects the cognitive ability of patients (Bennett, 1992). Consequently, some patients choose to undergo
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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,
determining 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. An
instrument called electroencephalograph (Figure 1) is used. With this instrument, the summed electrical activities due to
ionic current flows between neurons during the transmission of information underneath the electrodes can be recorded
noninvasively from the scalp. This process last 20 up to 40 minutes. Electroencephalography is very important apparatus
in neurosurgery as it is able to detect abnormal patterns of electrical activity inside the brain. The advantage of this
technology, other than harmless in diagnosing epileptic seizure is also one of the most economic methods (Kiymik et al.,
2005).

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

In the Introduction section, present clearly and briefly the problem investigated, with relevant references. The main
results should be enunciated.

2. LITERATURE REVIEW

All 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 examples, multimodality approach (Desco et al., 2001), 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, A. et al., 2006), 3-D source localization of
epileptic foci by integrating EEG and MRI (Natasa, M. et al., 2005) 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 these methods has their own advantages and weaknesses.

Fuzzy Topographic Topological Mapping (FTTM) is a fuzzy and topological based model for solving neuromagnetic
inverse problem (Figure 2). It consists 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). The model is capable of portraying current sources topographically in three dimensions
space. The advantage of this method is that, it does not need priori information and it is not time consuming (Tahir et al.,
2005).
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Figure 2. FTTM

A novel method called Flat electroencephalography (Flat EEG) (Figure 3) was introduced to view EEG signals on the
first component of Fuzzy Topographic Topological Mapping (FTTM). It enables EEG signals be portrayed in 3-
dimension space (Fauziah, 2008). This method consists of a flattening procedure (a stereographic projection) which
serves as the transformation from EEG to MC (Figure 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 pattern contained within the signals.

Figure 3. AFlatEEG att=3

EEG tensor —tv @

Figure 4. Stereographic projection
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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). This notion was adopted by Fauziah
(2008) and Tan et. al., (2015) respectively, to model epileptic seizure and Flat EEG as dynamical system (Figure 5).

Basically, they viewed an event of epileptic seizure and an event of Flat EEG as a trajectory in the Euclidean space R™
and R" respectively.

Figure 5. Dynamical system of Flat EEG

Throughout the years, various mathematical tools have been applied on Flat EEG to extract hidden information that is
hardly noticeable by traditional visual inspection. 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, 2011) (Figure 6).

Q, Q

Figure 6. Pictorial representation of topological conjugacy.

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. It leads to the possibility of brainstorm tracking (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
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into semigroup of upper triangular matrices under matrix multiplication and hence revealing that EEG patterns recorded
during epileptic seizure is not chaotic after all (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) (see Figure 6).

(Digz (®7)r,. )

Figure 6. A structurally stable diffeomorphism f in (Diffvr (iR”)rC,)

Several topological properties on Flat EEG’s state space were established in (Tan et. al., 2015) which serve as the
groundwork for dynamic topological transformation from epileptic seizure to Flat EEG i.e., in justifying Flat EEG as an
alternative platform to study epileptic seizure. In this paper, a topological basis of Flat EEG’s state space is presented.
This finding is expected to facilitate in the construction of dynamic transformation from epileptic seizure to Flat EEG.

3. MATERIALS AND METHODS
Firstly, consider the flow of Flat EEG modeled in (Tahir and Tan, 2010). The function

w, (y) suchthat i : RxY —Y with the following two properties are fulfilled:
i. wo(y)=y VyeY=%R", and
ii. forall t and seR
YioWs =W

Here, for any y, €Y =R", y,(y) is generally defined as w; (y,)=y; i.e. the state of the system which initiates
from y, attime i is y,.

Basically, for each y, €Y =R", the flow of Flat EEG defines a trajectory that represents an event of Flat EEG.

Let a trajectory be denoted as O%(yk), then (O'//t(yk),z-ou/[(yk)) is a topological space where 70,0 18 the order

topology induced naturally from the order structure contained within the trajectory (Tan and Tahir, 2010).

Further, let the state space be denoted as Y :HOu/t(yk) i.e., the disjoint union of all the non-intersecting

keA
trajectories, then (Y ' Ty ) is a topological space where 7, is the disjoint union topology which can be defined as
= {ﬂl Uﬂz UUﬂa :ﬁl € Tou/t(n) 1ﬂ2 € TOWI(YZ) !"'1ﬂa € Tolm(ya)} (@)
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It is not difficult to realize that equation (1) is generated by a basis. Formally, the basis can be written as

BY = {}/1 U72 UUQ/a 7/1 € Bou/t(n)’]/z € BOVt(YZ)’.“,ya € BOW{(Ya)} (3)

Theorem 1: If 7, = {,Hl Upg,U..UB,: B € 7o, <y1>’ﬂ2 €7y, (m,...,ﬂa €7q,, )} is the disjoint union topology
onY = Hov«(yk) , then it is generated by the basis

keA

BY = {71U72 UUya :7/1 € Bom(yl)’yz € Bom(yz)"“,ya € Bom(ya)}.

Proof:
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Rearranging the terms,
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Notice that, (ﬂ skjj for all 1<k <a and i is simply the basis element form by the finite intersection of
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subbasis. Consequently, {ﬂ Sij forall 1<Kk <a and i can be rewritten as y,; where y,; € B, o ).That is,
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This shows that an open set in the disjoint union topology on Y = HOM(YK) can be expressed as a union of basis
keA
elements obtained from their respective order topologies. Therefore, the basis for the disjoint union topology on

Y = Howt(yk) can be denoted as

keA

BY = {71U72 U"'Uya € Bom(yl)’yz € Bomyz)"”’ya € Bomya> } "
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4. RESULTS

The trajectories of Flat EEG that are modeled as dynamical system are topological spaces. Furthermore, by the
disjoint union topology, the union of all these trajectories, which formed the state space of Flat EEG’s dynamical system,
is also a topological space. This topology is generated by a basis that can be expressed as the union of basis element
obtained from their respective order topologies.

5. DISCUSSIONS

Flat EEG’s state space is a topological space and is well-behaved. Since it is generated by a basis, study on the
topological properties of Flat EEG’s state space can now be performed on the basis, a smaller set which is a subset to the
disjoint union topology.

6. CONCLUSIONS

In this paper, a basis for Flat EEG’s state space is presented. This finding is essential as it is expected to facilitate in
the constructions of dynamic transformation from epileptic seizure to Flat EEG, particularly, in proving the bicontinuous
property of the dynamic transformation from epileptic seizure to Flat EEG. Besides, it provides a better understanding on
the topological properties of epileptic seizure and Flat EEG since the exploration on topological properties is possible via
the basis instead of its topology.
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