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Abstract— Epileptic patients often show Interictal Epilep-
tic Discharges (IED’s) in the electroencephalogram (EEG)
recorded between seizures. This epileptiform activity is in many
cases related to the location of the seizure onset, and is believed
to reflect the frequency of the seizures. We present a fully
automated technique that is able to extract the IED’s from the
EEG, despite the obscuring artifacts. The presented technique is
based on a multi-objective optimization by maximizing the sig-
nal’s kurtosis and minimizing its distance to a defined template.
Preliminary results show that this technique automatically
extracts a source on which spike detection techniques should
perform better than on the regular channel selection procedure.

I. INTRODUCTION

Epilepsy is a disease affecting 0.5-1% of the population

and which is characterized by the occurence of seizures,

originating from within the brain by a simultaneous burst

of neuronal activity. The effect of the seizures is affecting

the patients’ lifes since it is often associated with changes in

consciousness and abnormal behaviour or physical malfunc-

tioning. About 25% of the epileptic patients are suffering

from refractory or drugresistant epilepsy, being in need of

a surgical intervention to free them from future seizures

or at least decrease their frequency. For this presurgical

evaluations are necessary, including the positioning of the

seizure onset. Since the neuronal activity can be measured

in the EEG through potential distributions on the scalp,

this makes it an excellent means for detecting the cerebral

activities.

A. The spike process

Often, patients suffering from epilepsy show epilepsy

related activity in between the occurrences of seizures. The

spike process that is generated in the EEG gives in most cases

a reliable estimate to the brain area related to the the seizure

onset, making it a reliable tool for localization purposes. Next

to these localization purposes, recent studies ask for a decent

tool to summarize spike processes into statistics [3]. Few

solutions have been offered, mostly offering the capability of

spike counting on a single channel from the EEG. However,

all of these techniques suffer from the sensitivity of the EEG
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to artifact introduction such as ocular movement, muscle

contractions, electrode artifacts and the interference of the

regular background activity. The challenge is to find a

representation of the EEG in which the processes of interest

are well separated from this background and the introduced

artifacts. In this way, processing of the EEG is shifted toward

processing of the appropriate partial signal, a task that is

much easier to accomplish by physicians as well as by

software.

B. Blind Source Separation

Given n time series Y (nxN), it is always possible to

have a representation in some signals X (mxN) that form

a linear combination W (mxn) of Y , up to some noise

η (mxN). Or, vice versa, the measurements could always

be written as a linear combination A = W+ (nxm) of the

sources X , up to some noise μ (nxN). Here, W+ denotes

the pseudoinverse of A. Blind Source Separation (BSS)

searches for this linear combination and the corresponding

sources given the measurements. Assuming the noise level

is neglegible, we obtain:

Y = AX or X = WY. (1)

This linear mixing model supports the EEG measurements

very well[]. The rows in W or the columns in A are then

the reflection of the activation each source component has

at the corresponding electrode site, i.e. the corresponding

topography. However, there is still a need to determine the

method that is to be used in order to obtain as physiologically

reasonable source components as possible.

II. METHOD

A. Preprocessing

Since the EEG consists of an amount of extracerebral

artifacts that are mixed into the scalp potentials resulting

from cerebral activities, there is a need to get rid of those

artifactual components before the actual processing can take

place. Recently, pSVD [1] has been developed, a method to

extract the artifacts introduced by ocular movements from

the EEG. Using a sliding window it removes the component

if and only if it is associated to the first principal eigenvector

and if the topography corresponds to one of the topographies

from a template dictionary up to some error threshold. Since

those are the only artifacts in the EEG’s that really obscure

the spike processes in the interictal EEG, we removed

them prior to all other processing. The cleaned EEG, after

centralization and normalization, is denoted as Yc.
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B. A template for the spike channel

In the presented method, we try to estimate the mixing

channel of the spike process by using the principle of

simultaneous neuronal activation. Since the spike is a direct

consequence of a spontaneous neuronal activity burst, there

is a high synchronization in the EEG at the moment of

the spike. This prior knowledge is exploited by using the

correlation matrix of the original signal matrix. Summation

of the absolute values over the columns, and assigning

the appropriate sign to the vector elements by using the

summation of the signatures over the columns, results in a

basic topography to start from. CYcYc being the correlation

matrix of Yc, we obtain for the template topography:

t =
n

∑
i=1

C(i)
YcYc

· sign

(
n

∑
i=1

sign
(

C(i)
YcYc

))
, (2)

where sign(a) represents the sign function, equal to 1 if a ≥
0, and −1 elsewhere.

C. Spike separation

The epileptic spike is more or less distributed according

to a Laplacian distribution, which means that its kurtosis

should be high. In the preprocessing, the high leptokurtic

eye movement artifact has already been removed. Searching

for a maximal kurtosis of the signal is thus a possible

objective. Combining the maximization of kurtosis, while

staying in the neighborhood of the template topography,

results in a spatially constrained form of ICA. For simplicity

of representation, there is only interest in the spike

channel for now, which reduces W and X to the vectors

w and x, respectively, unless denoted otherwise. The two

objectives are then given by F1 (w) = kurtosis(wX) and

F2 (w) = ||w, t||. We replace the kurtosis by a nonlinear

function g, which is a more general and robust information

theoretic measure [4]. For F2 we use the consine of the

angle between the two vectors to represent their similarity,

since this measure is bounded within [−1,1], giving

F2 (w) = abs
(
wT t

)
. Both object functions are then to be

maximized over w. Combining both objectives results in

a weighted addition of the form maximizewF(w), where

F(w) = αF1 (w) + (1−α)F2 (w), and α is yet to be

determined.

Maximization of the function F (w) is a numerical prob-

lem that can be solved using the fixed-point algorithm [4],

which is very efficient and statistically robust. The updating

of the weight vector is then given by

w(k +1) = αF1 (w(k))+(1−α)F2 (w(k)) (3)

where

F1 (w(k)) = E
{

Ycg
(

w(k−1)T Yc

)}
(4)

−E
{

g′
(

w(k−1)T Yc

)}
w(k−1)

F2 (w(k)) = sign
(
wT t

)
t, (5)

and g equals the hyperbolic tangent function, tanh.

Fig. 1. An example of a realistic pareto front [pt0976 00:00:01 00:00:11].
For illustration purposes the resolution for α was chosen 0.01 and was
limited between 0.01 and 0.98

III. RESULTS

A. Materials

The dataset was collected at the Reference Center for

Epilepsy, at the Ghent University Hospital, Belgium. Data

was used from 6 patients with diagnosed epilepsy, consisting

of recordings of approximately 20 minutes of interictal EEG

each. The EEG was registered using a Telefactor Beehive

system at a sample rate of 200Hz. Twenty-one electrodes

were placed on the patient’s head according to the inter-

national 10-20 system with six extra electrodes to cover the

temporal regions. All the EEG’s showed interictal discharges

(IED’s) which were marked by a local physician.

B. Optimal Parameter Values

The optimal parameter value of α in equation 3 is

dependent on the presented dataset. For each dataset an

optimization takes place by doing a pareto front analysis.

This implies that the original objective functions are taken

and their optimal results are returned for each value of α .

However, this is computationally very inefficient and thus

the stepsize of α has been limited to 0.05, thus having 19

possible values in the set ]0,1[. Moreover, all values below

0.9 are distributed in the objective space with a very small

variance. Increasing α beyond 0.9 decreases the optimum,

which supports our choice.

The optimal value for α is found by choosing the

value for which the Euclidian norm of the vector Jα =
[F1 (w∗|α) F2 (w∗|α)] is maximal. A pareto front with the

direction of increasing α is given in fig. 1. The objective

space contains a high density in the neighborhood of α = 0,

thus favoring low values over high ones. This is a direct

consequence of the different scales of the object functions

and optimal solutions are to be found in the proximity of

α = | F2
F2−F1

|.
C. Measure of Performance

Since it is difficult to place objective measures on the

evaluation of spike recognition within the EEG, we return to
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Fig. 2. EEG fragment and its associated spike channel (gray: before
filtering, black: after eye movement artifact removal)

basic subjective channel evaluation. We assume that in the

recovered spike channel s, at least the indicated IED’s are

present next to some additional epileptic interictal activities.

The spikes are marked by physicians, which allows to

increase the objectivity of the evaluation. In fig. 2,3, two

examples are presented wherein the spike has been extracted

after choosing an optimal α-value for the problem at hand.

In both cases the extracted channel returns the smoothly

contoured IED’s. However, in fig. 3 the eye artifact removal

has been to greedy. As a consequence the signal Yc didn’t

contain all of the spikes that were originally present in

the EEG. The spike extraction performs well under these

conditions, extracting all the remaining spikes.

The extraction of the IED is independent on the type of

epilepsy. As can be seen from both results in fig. 2,3, no

distinction is made between generalized or focal activity,

with an equal performance in both scenario’s. This points at a

wide applicability, a property that is essential when working

on interictal EEG’s stemming from a large patient population.

Since there is no objective measure available up till now, it

rests us to say that all instances that were visually inspected

agreed to the terms given above. Although the spikes were

present in the extracted channel, and care had been taken,

some of the channels still needed a manual reversal of their

Fig. 3. EEG fragment and its associated spike channel: the eye artifact
removal has been to greedy. Circles indicate the time instances where the
pSVD got mislead (gray: before filtering, black: after eye movement artifact
removal)

polarity in order to be consistent with the data.

IV. DISCUSSION

The method has shown nice convergence properties and

is statistically sound, returning the spike channel no matter

the initialization of the variables and parameters thanks to

the possibility of detecting the optimal working point on the

pareto front.

In case there are topographies of the IED’s close to the

topographies of eye movement artifacts, the IED’s are picked

up as being eye movement artifacts and thus removed by

pSVD. This inconvenience can be solved by adapting the

pSVD method, in which a learning process is introduced to

learn the typical IED topography for the reviewed patient.

By constraining the pSVD by an extra rule not to extract

topographic maps associated to IED’s, the EEG will be left

untouched at those specific time instances. Both methods will

benefit from mutual information exchange. However, a direct

consequence is that one of the most favorable properties of

pSVD, its real time analysis, will then be violated.
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V. CONCLUSION AND FUTURE WORKS

A. Conclusions

A fully automated method was found to successfully

extract a signal containing the spikes that were present in the

cleaned EEG itself. The reduction of a higher dimensional

dataset to one enhanced channel eases the process of spike

detection in a later stage. Making the manual channel selec-

tion obsolete and suppressing the background should make

future analysis with automatic spike detection methods much

more robust.

B. Future Works

A lot of work is yet to be done in order to see whether

spike detection programs will really benefit from this en-

hancement. To be able to present sound statistics, there is

a need for a larger dataset of scored epileptic EEG’s by

multiple physisian’s to decrease the subjectivity and increase

the statistical validity. In the near future, tests will be carried

out for the spike detection program developed within our

group [2], to see whether the performance can increase using

this method as a preprocessing step. A next step would be

the analysis of the ictal EEG, making use of the described

method, possibly in a slightly alternated form.

VI. ACKNOWLEDGMENTS

This paper has been made possible through grant

G.0416.04 from the Fonds voor Wetenschappelijk Onderzoek
- Vlaanderen (Funding for Scientific Research - Flanders).

We’d also like to thank the Reference Center for Epilepsy

of the Ghent University Hospital for the patient data and the

medical expertise.

REFERENCES

[1] R. Phlypo, P. Van Hese, H. Hallez, P. Boon, R. Van de Walle, Y.
D’Asseler and I. Lemahieu, ”pSVD: a noise robust, real time eye
movement artifact rejection from the EEG”, in MEDSIP2006, IET,
accepted.

[2] P. Van Hese, H. Hallez, B. Vanrumste, K. Vonck, G. Carroll, Y.
D‘Asseler, P. Boon, R. Van de Walle, I. Lemahieu, ”Evaluation of
spatial and temporal detection algorithms for interictal epileptiform
EEG activity”, in Proceedings of the 1st annual IEEE BENELUX/DSP
Valley Signal Processing Symposium, SPS-DARTS, Antwerp, Belgium,
2005, pp. 139-142.

[3] S.C.M. Ebus, H.J.M. Majole, J.B.A.M Arends, P.J.A.M. Boon, ”Can
spikes predict seizure frequency? Results of a pilot study in severe
childhood epilepsies treated with vagus nerve stimulation”, Seizure,
2004, 13, pp. 487–491

[4] A. Hyvärinen, ”Fast and robust fixed-point algorithms for independent
component analysis”, IEEE Trans on Neural Networks, 1999, 10, pp.
626–634

5289


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


