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ABSTRACT

Electroencephalogram (EEG) is a recording of dlgatractivity of the brain. It contains valuable
information related to the different physiologictates of the brain. A quantitative EEG analysis iheen
developed over the years that introduce objectieasuare, reflecting not only the characteristicghaf
brain activity itself but also giving clues conceg the underlying associated neural dynamics.hia t
study, the image form of the EEG signals is segeteimto parts that have the nearly equal electrical
current strength. This segmentation uses fuzzy aasneAn example of EEG signal data will be provided
and segmented using the obtained method.
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1. INTRODUCTION medication (Engekt al, 1993). The main problem in
epilepsy surgery is to resolve the size and lonadibthe
Epileptic seizures result from a temporary eleatric epileptic foci. Therefore, it is crucial to deterai an
disturbance of the brain. Sometimes seizures may gaccurate technique which is capable to localize the
unnoticed, depending on their presentation andepileptic focus in patient who is suffering fromilepsy.
sometimes may be confused with other events, ssich a The Electroencephalogram (EEG) is a resultant signa
stroke, which can also cause falls or migraine®éSil  of the active potentials of many nerve cells in the
2005). Epileptic seizures may cause negative phlsic cerebral cortex and captures the cerebral function.
psychological and social consequences, including tf EEG is one of the irregular and feeble signalshie t
consciousness, injuries and sudden death (Eual, living body (Zhangaet al, 2001). It plays an
2010). Prediction of seizures is challenging beedahsre  important diagnostic role in epilepsy and provides
is very little confirmed knowledge of the exact supporting evidence of a seizure disorder as well a
mechanism responsible for the seizure. Effectiveassisting with classification of seizures. Careful
algorithms for automatic seizure detection and iptiech analysis of the EEG records can provide new insight
can have a far reaching impact on diagnosis aathtent into the epileptogenic process and may have
of epilepsy (Adeli, 2007). Surgical treatment magy dn considerable utilization in the diagnosis and tmesait
option in patients having epileptic seizures refmc to of epilepsy (Binjadhnan and Ahmad, 2010).
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In recent years, some researchers have studied ofor cluster centec; at each pixep; at timet. The fuzzy
seizure detection and prediction from EEG analysisneighborhood is represented by a membership fumctio
using two different approaches: (1) Examinatiorttef Hg. The memberships functiopCj at timet proposed by
waveforms of the EEG S|g_nals §uch as splkgs, wh|chAbdy (2014) as Equation 1 and 2:
may be precursors to seizures; (2) Analysis of the
nonlinear spatiotemporal evolution of the EEG signa W)
to find a governing rule as the system moves from ay, (p), =—————
seizure-free to seizure state (Adeli, 2007). Allthé J Vi) +d(R. G)
methods used to analyze the neuronal activitiethén ) ) ) )
brain during epileptic seizures using EEG signalthe ~ Where, ¥j);is the electrical potentia] at timet.
wave form. In the work of Abdy (2014), the neuronal
activities in the brain during epileptic seizures And:
displayed on flat EEG were transformed into image
form. The flat EEG is a new method to map high d(p,q) = ((4}_ - ¥)2+(¥,- - y)z) (2)
dimensional EEG signal into low dimensional space !
(Zakaria, 2008). Seizure and the flat EEG that are.
modeled as a dynamical systems share the samgt
dynamics. Besides, their augmented dynamic trajgcto
is linearly ordered and order isomorphic to eadheot
by the relation induced from their motion (Ahmadian
Ken, 2010). In this study, image form of the EEG
signals during epileptic seizures is segmented into _ _
regions using fuzzy c-mean. (Vj)._Vj o/ and( d p, §)) _d(p.§)=dp ) 3)

ars
2. MATERIALS AND METHODS

1)

distance between pixpland cluster center at timet.
andardization will be done %4 andd(p;, p) so they
will  free from unit (dimensionless quantity).
Standardization ol; and d(p;, p;) as follows (Abdy,
2014) Equation 3:

i Ya(n.q)

) Due to )’ and @d(pi, ¢) must be positive and
2.1. Image form of EEG Signals greater or equal to O, respectively, we transfohent
Let C be all the cluster centers at time.e.: C; = {cy, into (0, a] and [0, b], respectively. This transfation
Cyr....Cr}; M = the number of cluster center at time  €&n be accomplished by applying a linear mapping
Each¢ carries the position a flat EEG and electrical function as given below (Abdy, 2014) Equation 4to

potential, in short:

+| (V) e

" |(VJ )Imin

V)= (V) = (V) i) + & £>0 (4)
(Cj)‘: ((X,y) ’\/j)‘ : (Vj)max_(\/j)min ( : : )
V, = The electrical potential of the cluster cerjterso And:
C = {(xy), Viix y, V; OR} : :
: ] ( ) ‘(d(g’q))mm + (d( p' ?))max
: d(p.q)) = , ,
where,j=1, 2,....m. G (d(g,q)) —(d( P, ?)) _ (5)
Let P be the entire pixels of the flat EEG, i.e.: thas SO
“((¢(n.c)) ~(«p.9),,
P={p, p.... p} suchthatp=(xy) , therCO F
Hence:
A fuzzy neighborhood can be defined as a degree .
Hx(Y) to which two pointx andy are neighbors. Several (Vj)
definitions have been proposed (Demko and Zahzah,'“c,-(pl)z(v )”+(d ) (6)
1995; Bloch et al, 1997), which are typically ! (R.G)
decreasing functions of the distance between both o . )
points. For purpose of forming image at flat EEGy w If it is considered that the fuzzy neighborhood for

consider a fuzzy neighborhood of electrical potnti €ach cluster centey at timet form a fuzzy region of
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the electric current at flat EEG, théhis a fuzzy set
whose membership valug,(p,), of each its elements,

i.e., Equation 7:

R ={((% V.4 (R % YOR, 4, (p) 0 [0, @)

The fuzzy setP; constitutes union of the fuzzy
neighborhood of the cluster centers at timélence, it
can be obtained the membership vaju€p); of each
pixel p; by using the operation of union (max operator),
i.e., Equation 8:

Ho(P) = mavl 4, (p)] (8)

Each pixel within a fuzzy region of flat EEG can be
interpreted as degree to which that pixel is a emntrr
source at flat EEG. Next, the membership valueashe
pixel p; is transformed into the image data his is done
so we can see the sources of electricity in flaGEES
grey levels. Each pixel will be represented by raeder
value in the interval 0 to 255. The membership edlus
mapped to 0 in the image data and the membership va
1 mapped into the image data 255. The transformatio
that is used at each pixp] into the image dath is a
linear function (Abdy, 2014), namely Equation 9:

I, = 2554, (0;) 9)

Hence, it is obtained the image form of EEG signals®

at the flat EEG during epileptic seizure.

2.2. Segmentation

Segmentation, one of the bottlenecks of medical

image processing, is a fundamental building blook f
higher-level image analysis; it allows a compact
description of the image into contours, regionse Th
segmentation actually attempts to discover assonmt

n

DUl -yt

k=1

In(U V) = (10)

c
i=1

where,c is the number of the cluster €lc< n); nis the
number of samples in the vectdr u is the element of
the partition matrixU of size € x n), in which each
member indicates the degree of membership of data
vector in cluster; v is the cluster center of th®8 cluster
andm is the fuzzifierm>1, which controls the fuzziness
of the method. The elements of the partition mdlttiis
constrained to contain elements in the range [@nd] it
should satisfy the following conditions Equation 11

C
Yty =Ll< k <n
i=1

and (11)
n

0> e <ml<isc
k=1

In the framework of the segmentation of an image of
size (\xM), the vectoiX contains all the gray level of the
image, scanned line by line, i.e.,= NM. The fuzzy c-
means algorithm performs the partition of the vecfo
into ¢ fuzzy subsets where ;1 represents the
membership value ofx, in cluster i The FCM
clustering technique can be summarized by the
following steps (Sayadit al, 2007):

Step 1:Initialization (Iteration 0):

Scan the image line by line to construct the vextor
containing all the gray level of the image

« Randomly initialize the centers of the classes
vectorV®

From the iterationt=1 to the end of the algorithm:

Step 2: Calculate the membership matti®) of element
Mik using Equation 12:

> \1

between subclasses of a population to reduce the | ¢ "Xk _Vi" m-1
dimension (Demko and Zahzah, 1995). There are taiam Y = L ||x _Vv" 12)
approaches used in segmentation which are basedspn AU
and fuzzy methods. Crisp segmentation algorithneigaes
partitions such that each object is assigned tatlyxane Step 3: Calculate the vectoW © = [vi, W,...,w] using
class; on the other hand, fuzzy methods provideushm Equation 13:
more adequate tool for representing real datatams: In
this study, we use Fuzzy C-Mean (FCM) algorithmegi Z": 20X,
by Bezdek (1981). The FCM algorithm minimizes the v =i " (13)
objective function for the partition of data s&t= [x,, ' -
Xa,...7% ", given by Equation 10 (Sayaetial, 2007): 2
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Step 4: Convergence test: [V © - V ¢"Y||<¢ then stop,  at every time by using (9). The obtained image forms
otherwise, increase t by one and return to Step 2are segmented into regions by using FCM in Matlab
¢ is a chosen positive threshold. routine programFKig. 1 and 2.

3. RESULTS 4. DISCUSSION

In this section, we present a few results of the We have shown that the EEG signals during epileptic
extensive simulations carried out in order to seizure can be transformed into image form at etiery
segmentation of the EEG signals image by usingyfuzz and then it is segmented into regions. The san@ col
c-mean. Three cluster centers of the flat EEG giwen the segmentation at tinbeshow the locations of the source
Table 1. These data are transformed into image form of electric current which has nearly equal cursgréngth.

Table 1.Position and electrical potential of the clustenters at two different times

Position
Time Electrical potential
(second) X y (W)
3.0186 -4.03605 90.1207110
-7.9024 -2.56866 353.3531700
-7.9033 2.56786 650.2743200
2.3517 -0.20946 7.2889276
gt 4.2557 5.63958 45.,7452240
-3.6039 -0.34369 113.3302500
-4.8150 6.45112 239.9282700
-2.5861 -2.57170 199.6538100
4.4190 -5.56860 417.6533000
14" -7.4909 2.28810 61.3587620
-1.9327 -3.94050 11.7119320
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Fig. 1. Segmentation of EEG signals at time 9th
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Fig. 2. Segmentation of EEG signals at time 14th
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