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ABSTRACT

Epileptic seizures are manifestations of epilepsysed a temporary electrical disturbance in a gafup
brain cells. Electroencephalography (EEG) is anding of electrical activity of the brain and itrgains
valuable information related to the different ploysgical states of the brain. Flat EEGEEG) was
developed to compress and analyze information énbttain during epileptic seizures obtained from EEG
signal. In this study, théEEG is made in digital form by using Voronoi digétion. Khalimsky fuzzy
topology and fuzzy topological digital space is stoacted to be used in studying properties fuzpplogy

of fEEG. It is obtained thdEEG is a fuzzy topological digital space amdonnected.
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1. INTRODUCTION of the EEG signals into low-dimensional space is
called as flat EEGfEEG).fEEG has been used purely
Epileptic seizures are manifestations of epilepsyfor visualization, but the main scientific valueliie
caused a temporary electrical disturbance in apafu in the ability of flattening method to preserve
brain cells (neurons). The recording of electrisiginals information. The ‘jewel’ of thEEG method is EEG
emanated from the human brain, which can be cetlect signals can be compressed and analyzed.
from the scalp of the head is called Electroendeghaphy Nazihahet al. (2009) have constructdtEG as a
(EEG). Careful analysis of the EEG records canigeov digital space. They proved that the digital spaté¢he
new insights into the epileptogenic process and haase fEEG is an Alexsandroff space and have applied
considerable utilization in the diagnosis and treatt of relational topology in order to incorporate topotaj
epilepsy (Tahir, 2010). space of real time recorded EEG signal with digital
The methods in information geometry were fEEG. This construction is a key foundation f&fEG
developed by Amari and Nagaoka (2000) as earlywhich has linked with the idea of fuzzy information
since 1993. It has gain a big momentum when dealinggranulation. All points in digitafEEG which give the
with statistical data. On the other hand, (Zake2(8) coordinate of the location of the current source ar
has developed a novel method to map high dimenisionasupposed to be in the structure of discrete ohjdtts
signal, namely EEG signal into low dimensional gpac means that each of the points possesses smallest
(MC). The process is a transformation of EEG signal neighborhood in analogy of digital topology. It cae a
originating from the patient's head into two point or a small portion of region which contaievaral
dimensional planes. The result of the transformmtio points that caused the dysfunction of brain. Tewgry
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point is said to be integer grid on the plane. Ehaaints With volt is electric potential.
can also carry information such as magnetic field a .
images (Nazihah, 2009) 2.2. Alexandroff Fuzzy Topological Space

Alexandroff topological space (Kopperman, 2003) is
2. MATERIALSAND METHODS extended to fuzzy topological space and presented

o formally as follows.
2.1. Flat EEG Digital

fEEG is digitized into grid by using Voronoi Definition 1
digitization (Kiselman, 2004), as follows:
Let xJR, pOZ then the Voronoi cell with nucleus p Let (X,7) be a fuzzy topological space, thén1) is
is Equation (1): called Alexandroff fuzzy topological space if the
intersection of any open fuzzy set in X is opes; i.

Vo(p)={ xOR|OqOZ, d(x,p)x d(x,q) 1)

If A D% ther(ﬂAiJD%,for{AiliDI}
On the x-axis of the fEEG, the Voronoi cell is ‘
Equation (2):
The smallest neighborhood (Kiselman, 2004) is

vo(p) :{ xDRlp—% < < p+% , pi]Z} @) extended to fuzzy topology on X.
Definition 2
Each XIR is a member in only one Voronoi cet(p)
for every iJZ, so that the-axis Voronoi digitization of the Let (X,7) be a fuzzy topological space. The
fEEG has the following form Equation (3): smallest neighborhood oflX (with respect toz) is
defined by:

dig[{x}] ={p 0Z x OVo(p) } ©)
| . . S.©= ) U= i, )
fEEG is the Cartesian product of the x-axis and y- e000t
axis, so that the digitization of th&EEG is the
Cartesian product of the digitization of the x-aaisd Theorem 1
y-axis, namely Equation (4):
Let (X,7) be a fuzzy topological space, théqn 1) is
dig[{(x,y)}]:{ (P ,R,)OZ? |xT Vo(g ),y VO(Q} (4) an Alexandroff fuzzy topological space if and orly
Ox[OX, x possesses the smallest open neighborhood, i.e.,
Where: OxOX, S.(x)= (] U is an open fuzzy setin X.

xOUO%

Vo(p.)={ xOR|p, -L<x<p+2,p0Z
() ={xORIp-$<xsp+1.p07) o oot

And: Suppose(X,1) is an Alexandroff fuzzy topological

space with KIX. Consider N(X) =
Vo(py) :{ yORIp, _%< y=R +% 'R DZ} {N 0 X | N is an open neighborhood 01} . Pick 5(x)=NN
for NeN(x), then 5(x) is an open fuzzy set becauéés
an Alexandroff fuzzy topological space. Hen&x) is
fEEG:{ (p, Volt) | p= (g ,p 172 ;VohDR*} an open neighborhood of x. Based on the intersectio

(5) definition, it is clear that3(x) is a smallest open
neighborhood of x.

Hence, théEEG in digital form Equation (5):

:{ (X, ¥) o | % YOZ; vOltDR*}
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Suppose Ox[OX, x has the smallest open (AmAz)

neighborhood S(x). Let V=\U, be an arbitrary
i :(U B(n, )] ﬂ[u ”B(nz,»)] =U((Boy )N (B )
i j

intersection of open set, wherdj is open in X. If oy

V=0 then V is open and we are done.\fz0 and
pick xOV, then x0OU,,0i01so that S(x)0 U, Qi0|
because5(x) is the smallest open fuzzy set contairkng
Therefore, S(x)0 V. Hence, V is open because it

There are two possible results of finite intersact
of elemeng, i.e.,

(B(n,)NB(n,))=0 or (B(n,)NB(n,))0B, so that

contains an open set around each of its points. (A,nA)={JO=001 or (A,nA)= LkJé(nk) where
2.3. Khalimsky Fuzzy Topological on Z and Z? B(n,)OB. Hence,(A, nA ) Ot
Khalimsky topologyT, (Melin, 2008) is extended to . L ,

fuzzy topology onZ. The construction of the fuzzy ° Let  {A} OO where  A;0T,  with
topological is done by a collection of fuzzy sétattis a A, =JB(ny. A, =JB(n,), ... B(n,)OB,[JA =
base that will generate a fuzzy topology. i i [
. Let B(n) be a fuzzy set o as follows Equation ADA,O. =[UB(”11)]U[U B(nzj)]U ...=

. ] J
B(n)= U(U B(n, )] =UB(nij)

i j ]
{(npge, (M} iif nis odd
(-1 (n= 1), (... (n)) (6) Therefore, | JA, can be expressed as union of
em TEm iif niseven y P
(n+ 1, (n+ 1)) elemenB. Hence,| JA Dt.

Fuzzy topology T in Theorem 2 is called as
Collection of the fuzzy se®&n), nOZ is denoted by  Khalimsky fuzzy topology, denoted b, and (Z,%,) is
B={B(n)|n0z} and collection of all possible union of called Khalimsky fuzzy topological spacé. together
elements ofs is denoted byt :{ Us|g 0 B} with T, is called as Khalimsky fuzzy line.

Theorem 3
Theorem 2

(z%,1,.) is a fuzzy topological space
(z, %) is a fuzzy topological space

Pr oof
Pr oof
Sinceg(Z,t,) is a fuzzy topological space ther, is
We use definition of fuzzy topological space in a fuzzy topology generated by
(Srivastaveet al., 1981): family{ A, xB, | A;,B,0t,} (Palaniappan, 2005), so that

(z*,..) is a fuzzy topological space.
The topology T, on 7Z? is called as Khalimsky
fuzzy topology orZ’ andZ? together witht . is called

« Pick =0, then =000, so that 0O = 0O.
Hence[1Ot. Therefore,t contain constant fuzzy
set

« Let A A0t with A, =(JB(n,), A,=[JB(n,) and Khalimsky fuzzy plane.

i j The elements of the familyA, xB, | A,B,00t,} as
B(n,), B(n,) LB follows Equation (7):
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B(p)=

{ g, ()
{ (07 Moy (P ), (PH gy PN (B Mgy ()

if p is mixed

if pispureopen e n

or
{ (0 Mgy (B (PHggy (PN (B My (B )
(p:Ug(p)(p)):(pH “B(p) (ﬁ+ ))!(F_)+ “’B(p) (p+ ))l
(P Mgy () (P Mgy (B ). (P Mgy (P7))

(p._:l-lg(p)(p._)):(p“ Ug(p) (ﬁ. ))I(FT HB(p) (p. ))
if p is pure closed

(7)

with p = (xy)0Z% p™ = (x+1, y+1); p' = (x-1, y+1);5°
=+_(x,y+1); P = (tLy-1); p= (-1, y-1); f = (y-1);
P = (x+1y); p = (x-1y).

Based on the definition 2, Theorem 1 and propertie
of B(p), we have the following corollaries:

Coroallary 1
B(p) is the smallest open neighborhood of p.

Corollary 2

A Khalimsky fuzzy topological spacéz,t,)is an
Alexandroff fuzzy topological space.

On the Khalimsky fuzzy planeB(p) is the smallest
open neighborhood @f on the plane (Corollary 1), so that
B(p) define adjacenc;pfwz on Z? (Herman, 1998), i.e.,

Op, g1Z* then (p,q)0p, , if and only if ptq and p1B(q)

or g0 B(p). The adjacency induced by Khalimsky fuzzy
topology T_. is called Khalimsky adjacency.

2.4. Fuzzy Topological Digital Space

Topological digital space (Herman, 1998) is
extended to fuzzy topology and it is called fuzzy
topological digital space
Definition 3

Let V be any set andr is an adjacency on V. A
digital space (M) is called fuzzy topological digital
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space if there exist a fuzzy topologyon V, such that

for any fuzzy set A in V, if A istconnected then A is
T - connected (topologically connected)

Definition 4

Let (X,f) be a fuzzy topological space. The
adjacency induced by fuzzy topology denotedp, , is

defined as: (c,d)dp, if and only if &d and
cdS (dyordOS (c), Oc, dIX.

Theorem 4

Let (X,7) be an Alexandroff fuzzy topological space
and A is any fuzzy set oX, then A isp, - connected if
and only if A is T - connected.

Pr oof

We prove it from the left, the rest is left.
Now we show that if there exist),vO% such

thatUnAz0, VnAzO and AOQOV) then
min(py (G )My G )M, (G )% C or (UnVnA)z0. Pick
cO0@@n A) and dO(Vn A) then A and dJA. Since
A is p. -connected, there is a p.-path
<c=p,.p in A from ¢ to d. Due to
A 0(U n V) (assumption), then there must be a¥k<n
such thatp,_, 00 or p,(p, )20 and ROp, OV or
Hy(p )% 0. Sincep,,.p)0p,, either p_,0S(p) or
P.0S (n.,). We complete this first part of the proof

assuming that the latter is the case; the proothef

alternative is strictly analogous. Sindg is an open
fuzzy set which contain (p, it follows from the

definition of the smallest neighborhood ti&a{p,_,)0 U
and sop, 00U or p,(p,)# 0. Likewise, since c, @A and
<C = mpy,..-,ph = d >is ap. - path connected ¢ and d in
A R O A or pa()#0. Hence,
min(pg (G )My G, (G )% Cor (UnVnA)=0.

Theorem 5

Let (V,7) be an Alexandroff fuzzy topological space
then Vv, p. is a fuzzy topological digital space if and only
if Vis 7-connected
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Pr oof

Since V,p, is a fuzzy topological digital space then

V,p, is a digital space. Therefore, V is - connected
(definition of digital space). By Theorem 4, V is

z-connected. The same theorem implies that if this

condition is satisfied, therv,p, is necessarily a fuzzy
topological digital space.

Corollary 3

If (z%1) is a Khalimsky fuzzy topological space
then (z%,p,) is a digital space wittp, as Khalimsky
adjacency.

Corollary 4

If (z%,1) is a Khalimsky fuzzy topological space
and p, is an adjacency induced by then (Z%,p,) is a
fuzzy topological digital space.

3. RESULTS AND DISCUSSION

In this study, fEEG digitized as in (5) will be
showed as a fuzzy topological digital space.

Theorem 6
fEEG is a Khalimsky fuzzy topological space.

Pr oof

SupposefEEG = {(x.y),,, |x.yOZ; VoltOZ*} as

mentioned in (5). HowevefEEG can be redefined as
follows:

fEEG ={(X.y),, |%.YOZ: VoltOZ"}

=(L)*(Z,%,)= (2T ,)

By the Theorem S(Zz,fzz) is a Khalimsky fuzzy

topological space. TherefogEG is a Khalimsky fuzzy
topological space.

Corollary 5
fEEG is an Alexandroff fuzzy topological space.
Pr oof

By using Corollary 2 and Theorem 6.
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Theorem 7

(fFEEGp, )is a digital space

Pr oof
By using Corollary 3 and Theorem 6.
Theorem 8

(fEEG,pfZ2 ) is a fuzzy topological digital space.

Pr oof
By using Corollary 4 and Theorem 6.
Theorem 9

fEEGIs T~ connected

Pr oof

By using Theorem 8 and Theorem 5.

4. CONCLUSION

In this study, it is shown thédEEG during epileptic
seizure is a Khalimsky fuzzy topological spaceyzz{
topological digital space ani'j22 - connected.
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