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1. ABSTRACT

Time-frequencybasedmethodshavebeenshownto outper-
form other methodsin dealingwith newbornEEG.This is
dueto thefact thatnewbornEEGis nonstationaryandmul-
ticomponent.Thispaperpresentsanewtime-frequencybased
EEG seizure detectionmethod. It usesthe distribution of
theinterspike intervalsof a highfrequencysliceof thetime-
frequencyrepresentationof an EEG epoch to discriminate
betweenseizure andnon-seizure activities. Theseizure de-
tectedthrough this methodis then tracked throughoutall
theavailableEEGchannelsbycross-correlatingthebinary
encodedsignalsof boththedetectedseizure andthesubse-
quentEEG epochs in all channels. This approach allows
the studyof the migrating behaviorof seizure usingEEG
signals.

2. INTRODUCTION

Neonatalseizureis a commonoccurrencein newborn. Ap-
proximatelyonein every 200 newborn babiesexperiences
someformsof seizure,indicatingcerebralabnormalitiesor
damageto thebrain.

Seizurein adultsis usuallyaccompaniedby somewell-
recognizedclinicalmanifestationssuchasbodyjerking,repet-
itivewinking or flutteringof eyelids. In newborns,however,
the clinical signsarenot asclearandcaneasilybe missed
without constantcloseobservation. Monitoring brain ac-
tivity throughthe electroencephalogram(EEG) hasbeena
successfulmethodfor detectingseizurein adults.Theonset
of an EEG seizureis often identifiedin the EEG by sharp
andrepetitivewaveforms(figure 1). Thedetectionof these
waveformsis complicatedfor thecaseof newbornsincethe
brainof anormalneonatemayproducespuriouswaveforms
andsharpspikeswhicharetheresultsof extraelectricalac-
tivity associatedwith the maturingbrain [3]. The prob-
lem is to differentiatebetweenthesewaveforms.Figure 1
shows two differentepochsof neonatalEEG signalsasso-
ciatedwith seizureand non-seizureactivities. The spiky
natureof the sharpwaveformscan be seenas short time

broadbandeventsin theTF domain [4]. Experimentswith
suchwaveformsshowed that their TF signatureextend to
frequencieshigherthan

�������
[9] andthat thedistribution

of the interspike intervalsof theEEGseizureat thesehigh
frequenciesarevery differentfrom thatof thebackground.
Thesefindings formed the basisfor the presentproposed
seizuredetectionmethod.

It hasbeenobservedthatseizureactivity migratesfrom
oneregion of the brain to another, andthis is reflectedby
transitionof EEGseizurebetweendifferentchannels[10] [11].
In this paper, we proposeto usea cross-correlationbased
methodin orderto tracktheseizurein differentEEGchan-
nels.

3. HIGH FREQUENCY ACTIVITY OF EEG
SIGNAL

In traditionalanalysisof EEGsignalsusingpolygraphicrecord-
ing devices,thehighfrequency activity hasbeenoverlooked
dueto insensitiveresponseof themechanicalpen.Theanal-
ysis of EEG datarecordedby digital systemswith a high
samplingrate shows that thereis a high frequency activ-
ity in EEGsignalthatmaybeusedto discriminatebetween
seizureandlackof seizure(background)[9].

Spikes,which areoften difficult to characterizein the
time domain,canbe identifiedaslines or ridgesin the TF
domain,wheretheheightof theridgedependsonthepower
of the spikes. In figure 2, TF representationsof the EEG
signalsassociatedwith the first four secondepochsof the
signalsis shown in figure 1. Thetime–frequency distribu-
tion (TFD) usedis the exponentialdistribution (ED) with
���
	���
 [2]. For the sake of clarity, the part of TF plot
higherthan

� 	 ��� hasbeenemphasized.Fromfigure 2, we
canseethat the TF spikesduring normalactivity of EEG
data are less frequentand less regular than thoseduring
seizureactivity [4]. So, analyzingintervals betweensuc-
cessive spikes in the TF domainallows oneto distinguish
thenatureof spikefiring patternsrelatedto seizureandnon-
seizureactivities. Basedon this remark,oneway to differ-
entiatebetweenthe spike activity during seizureandnon-
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Fig. 1. NeonatalEEG signal (a) seizureactivity (b) nonseizure
activity

seizureis throughthedistributionof theinterspike intervals
(ISI) in thetime-frequency domain.

The distributions of interspike intervals in TF domain
relatedto signalsin figure 2 areshown in figure 3. Thedis-
tribution of the ISI is constructedby first extractinga slice
of the time-frequency representationof an EEG epochat
thefrequency

�������
. Theamplitudeof theobtainedsignal

is then thresholdedto eliminatethe lessenergetic spikes.
The thresholdedsignal is encodedsuchthat the valuesof
thesignalamplitudelargerthanthethresholdareassigneda
valueof 1 while theotheraresetto zero.A histogramof the
intervalsbetweenthe1sof theencodedsignalis finally con-
structedto obtainplots in figure 3. Thevalueof threshold
wassetat50. Thisvaluewasfoundto givehighestdetection
rate.

Figure 3 shows that thereis a cleardifferencebetween
thedistribution of ISI duringseizureandnon-seizureactiv-
ities. Thehistogramrelatedto theseizureactivity suggests
a nearlyexponentialdistribution. This remarkagreeswith
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Fig. 2. 4-secondepochof newbornEEGsignalin Time-frequency
domainshowing seizure(above)andnonseizureactivities(below).

theresultreportedin [7].

4. DETECTION OF EEG SEIZURE

TheproposedTF basedalgorithmfor seizuredetectioncom-
paresareferencehistogramto ahistogramof anEEGepoch
usingthe Jensenfunction [5]. The seizureis saidto have
occurredif the Jensenfunction returnsa valuethat is less
thana given threshold.The algorithmof seizuredetection
comprisesthefollowing steps:

Step 1– Segmentation:It hasbeenreportedin theliter-
atures [1] [8] that seizurecan last from a few secondsto
minutes. Basedon this, we segmentthe EEG signal into
4-secondepochs.This lengthalsocorrespondsto the time
windows thatgivesthebestdetectionperformance.

Step 2 – Time–frequency representation:The4-second
EEGepochis mappedto TF domainusingexponentialdis-
tribution with ����	���
 .



1 2 3 4 5 6 7 8 9 10 11
0

5

10

15

20

25

30

Interval between successive spikes

R
ep

ea
tit

io
n

75Hz

1 2 3 4 5 6 7 8 9 10 11
0

5

10

15

20

25

30

Interval between successive spikes

R
ep

ea
tit

io
n

75 Hz 

Fig. 3. Histogramof successive spikeseventinterval (a)Seizure;
(b) Nonseizure

Step 3 – Sampleextraction: A time–frequency slice
from theTFD of theEEGepochat

�������
is extracted.Ex-

perimentallyaTFD slicearoundthis frequency corresponds
to thebestdiscriminationbetweenseizureandnonseizure.

Step 4 – Thresolding:Theextractedsignals,in step3,
thresholdedto keeponly the mostsignificantcomponents,
andconvertedinto avectorof 0 and1. As discussedbefore,
thevalueof thethresholdhasbeenselectedexperimentally
as50.

Step 5 – Encoding:Thesignalobtainedfrom step4 is
encodedwherebytheamplitudelargerthanthethresholdis
assigneda value1 while theotheramplitudesareassigned
a value0.

Step 6 – Histogramconstruction:A histogramof the
timeintervalsbetweentheonesof theencodedsignalis con-
structed.

Step 7 – Histogramscomparison:Thehistogramscom-
puted from step 6 is comparedto a referencehistogram
using the Jensenfunction. The referencehistogramwas
constructedby averaginga givennumberof histogramsof

seizureepochsfrom ourEEGdatabase.
Step 8 – Decision: The outputof the Jensenfunction,

which is between0 and1, is comparedto a thresholdvalue.
TheEEGepochis declaredto haveaseizureif theoutputis
smallerthanthethresholdvalue(thevaluewasexperimen-
tally chosenat 0.2).

The seizuredetectionmethodhasbeenassessedusing
the EEG dataof threenewborn babieswho were admit-
tedat theRoyal Women’s HospitalPrenatalIntensive Care
Unit in Brisbane,Australia. In the assessment,we made
a databaseof 290 four-secondepochsof EEGsignalscon-
taining seizureactivity labeledby the neurologist.Half of
them(145epochs)wereusedto constructthereferencehis-
togram. Applying the proposeddetectionschemeto the
EEGdataresultedin acorrectdetectionof 136seizureepochs
outof thetotalof 145;thatis acorrectdetectionrateof 94%

5. TRACKING SEIZURE ACTIVITY

It hasbeenreportedthat seizureactivity travels from one
sectionof the brain to another [6] [11]. This is for exam-
ple thecaseof multifocal seizures.So,oncetheseizurehas
beendetectedusing the above scheme,it is tracked along
the differentEEG channels.The trackingprocessusesthe
cross–correlationbetweenencodedsignalsof the detected
seizureandthatof thesubsequentEEGepochsfrom differ-
ent channels.By usingthe encodedsignals,insteadof the
real signals,we areaiming at reducingthe computational
time.

To keeptrackof theseizure,we usedthehighestvalue
above a certainthresholdof the cross–correlationbetween
encodedsignalscorrespondingto thedetectedEEGseizure
and the 4–secondepochsin different channels. In other
words,only the EEG seizurewith the highestsimilarity to
thedetectedoneis considered.

Figure 4 shows theresultof applyingtheseizuretrack-
ing processfor a durationof 80 seconds( 20 epochsof 4-
secondepoch).Theseizurecanbeseentraveling from one
channelto another. This observedbehavior correlatesvery
well with thelabelingperformedby theneurologist.

Therearesometypesof seizuresthat tendto startfrom
a local areaof the brain andspreadto multiple areas.For
this typeof seizures,all thevaluesfrom thecross–correlator
largerthanapredefinedthresholdareto beconsidered.The
resultof applyingourproposedschemeto thistypeof seizures
will appearelsewhere. The resultsof this researchwill be
veryhelpful in localizingthesourceof theseizure.

6. CONCLUSION

This paperpresentsa new methodfor seizuredetectionand
trackingusingnewbornEEGsignal. This methodusesthe



Fig. 4. Seizuretrackedon 20–channelsEEGsignalof a newborn
baby

distributionof interspikeintervalsin thetime–frequency do-
main to discriminatebetweenseizureandnonseizure.The
seizureis thentrackedby cross–correlationbetweentheen-
codedsignalsof both the detectedseizureandsubsequent
EEGepochs.ExperimentalresultsusinglabeledEEGdata
showedthatbothprocessesperformedverywell.
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