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ABSTRACT
Epilepsy is one of most common neurological disorders that affects people of all ages and can cause unpredictable
seizures which may even cause death. The prediction of epileptic activities thus can have a great impact in avoiding
fatal injuries through early preparation with medicines and also in improving the efficacy of medicines. A technique
for early prediction of epileptic seizure from EEG signal is proposed in this paper. The pre-ictal period of epileptic
seizure clearly depicts a start of seizure and comparing the changes in entropy of EEG signals in different brain regions
during the pre-seizure period, the proposed technique could successfully predict the seizure using entropy analysis.
Moreover, the region of the epileptic activities was also localized by dividing the total brain into four topographic
regions and by calculating the entropy from this four zones separately. Thus, this proposed technique has the potential
to help the clinical neurologists to investigate seizure detection and treat the patient in a better way with less
supervision and better accuracy.
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INTRODUCTION
According to the World Health Organization (WHO), approximately 50 million people worldwide are
suffering from epilepsy which constitutes 1% of the global diseases. 80% of the epileptic cases are from
developing world, and in some areas 80-90% of the patients do not receive any treatment (WHO, 2005).
Epilepsy is a special type of anomaly in brain function, predominantly by unpredictable and periodic
interruptions of normal electrical activities of brain, called epileptic seizures. The International League
Against Epilepsy (ILAE) defines epilepsy as:


“At least two unprovoked (or reflex) epileptic seizures occurring more than 24 hours apart.



One unprovoked (or reflex) epileptic seizure, and a probability of further epileptic seizures similar
to the general recurrence risk (at least 60 percent) after two unprovoked seizures, occurring over
the next 10 years diagnosis of an epilepsy syndrome.”
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The electrical changes in brain region is depicted by the signal anomaly. The behavior of
electroencephalogram changes rapidly in seizure period. And this random irregularity have abnormal
impact on the normal brain function (Teplan, 2002). This abnormal excessive or synchronous neuronal
activity in the brain can cause lapse of attention, whole body convulsion, sustaining physical injuries and
even death. Fortunately, the seizure can be anticipated from this anomaly of the pre seizure period signal.
The features extracted from the EEG signal are the factors behind the anticipation. Epileptic Seizure can be
predicted by analyzing the EEG pre-ictal period of epilepsy which normally starts 30 second preceding the
seizure period (Chaudhary, et al., December, 2012). The early prediction has two valuable impacts, one is
to avoid fatal injuries with the early preparation with medicines, and the other is to increase the effect of
medicines (Ramgopal, et al., 2014). However, Twenty percent of epilepsies are drug resistant (Dollahpour
& Jalilifar, 2014). Hence, these patients can only be treated with surgery rather than drug or medication
alone. And thus in the context of surgery, localization of brain region responsible for epileptic seizure is
another necessity.
Generally by identifying the abrupt nature of the signal, the seizure can be predicted. But this process
requires a continuous monitoring by another person and has a higher probability of error. Hence, to make
the process of onset prediction completely computerized, multiple automation techniques based on signal
processing have been the topic of research. There are various types of linear as well as nonlinear methods
used for early prediction of epileptic seizure. The linear methods include phase synchronization whereas
the nonlinear techniques are Correlation integral, Dimension, Lyapunov exponent, entropy etc. In addition,
measuring the spike rate of intracranial EEG signal, the seizure can be predicted (Shufang, et al., 2013).
Furthermore, the beta band power analysis of EEG signal has been performed in some previous research
works for predicting seizure (Ahmad, et al., 2013). In biomedical field, entropy measurement to assess the
complexity of signal is getting popular recently, as the natural and physiologically meaningful features can
be obtained by capturing the feature of how chaotic a signal gets with time (Li, et al., 2018).
In this context, this work aimed to develop a technique to predict the epileptic seizure as well as to localize
the source of epileptic activity. The pre-recorded multichannel EEG data were separated according to four
different zones of brain and pre-ictal and ictal EEG signals were decomposed with wavelet transformation.
Furthermore, the entropy of wavelet coefficients were measured and compared among different channels
for four different regions to predict epileptic seizure and localize the source of epileptic activities in the
brain.
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METHODOLOGY
EEG Dataset
The EEG dataset available on CHB-MIT Scalp EEG database provided by Physionet was used in this work
(Goldberger, et al., 2000). There were 23 channels of EEG signals for each epileptic patients. 23 electrodes
were positioned according to the international 10-20 system. Recordings, grouped into 24 cases, were
collected from 23 subjects, there were 5 males and 17 female subjects while 1 is unknown. The signals
were sampled at a rate of 256 Hz and with 16-bit resolution. Most files contained 23 EEG channels (24 or
26 in a few cases). Each channel represents the bipolar EEG measurement taken from the reading of a pair
of electrodes. The records include total 198 seizure events from 916 hours of continuous measurement of
EEG. Line noise was removed from the signals already (Goldberger, et al., 2000).
Computational Framework
The EEG signal of pre-ictal period and non-ictal period were separated and decomposed by wavelet
transformation up to 5th level of details. As the EEG signals had been sampled with 256 Hz, and the noise
had already been removed, decomposing the signal into five level of details can subdivide the frequency
bands successfully. Then the twenty three channel data were grouped into 4 different groups according to
the four different zones of brain as shown in Fig. 1. Sequentially the entropies were calculated for ictal and
pre-ictal periods and they were compared to predict and localize the seizure activities. Data analysis and
interpretation were done via MATLAB and Microsoft Excel. A simple block diagram as in Fig. 2 illustrates
the methodological framework.

Figure 1. A 10-20 EEG system divided into four zones.

18

Bangladesh Journal of Medical Physics

Pre-recorded
EEG Signal,
23 Channels of
data

Vol. 11, 2018

Segmentation
of the data
according to
four different
zones of brain

Comparing
the entropy
change in four
zones.

Wavelet
transform
ation

Calculation of the
Shannon Wavelet
Entropy for preictal and inter-ictal
period

Figure 2. Computational framework for the prediction of epilepsy and localization of epileptic source.

Entropy Analysis Method
Shannon wavelet entropy was measured for the pre-ictal and non-ictal signal. The signal was sampled into
1
𝑠.
256

N number of values with a sampling time Δ𝑡 =

‘Daubechies 4’ was used as the mother wavelet and

the signal is decomposed through all the resolution levels from 1 to 𝑗 = 1 𝑡𝑜 𝑗𝑚𝑎𝑥 = 5.
The wavelet expansion of the signal is,
𝑗𝑚𝑎𝑥

𝑓(𝑥) ≅ ∑ ∑ 𝐶𝑗,𝑘 𝜓𝑗,𝑘 (𝑥)
𝑘

j=1

where, 𝐶𝑗,𝑘 is the wavelet coefficient and Ϝ = {𝜓𝑗,𝑘 (𝑥)} is the orthonormal basis of wavelet transformation.
The Shannon Wavelet Entropy (Shannon, 1948) is a very useful tool to measure and analyze the information
contained in any probability distribution.
𝑗𝑚𝑎𝑥

𝑆ℎ𝑎𝑛𝑛𝑜𝑛 𝑊𝑎𝑣𝑒𝑙𝑒𝑡 𝐸𝑛𝑡𝑟𝑜𝑝𝑦, 𝑆[Ρ

𝑤]

= − ∑ 𝜌𝑗 𝑙𝑜𝑔2 (𝜌𝑗 )
j=1

where,
𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑊𝑎𝑣𝑒𝑙𝑒𝑡 𝐸𝑛𝑒𝑟𝑔𝑦, 𝜌𝑗 =

𝐸𝑛𝑒𝑟𝑔𝑦 𝑎𝑡 𝑗𝑡ℎ 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑙𝑒𝑣𝑒𝑙, 𝐸𝑗
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦, 𝐸𝑡𝑜𝑡

𝐸𝑗 𝑎𝑛𝑑 𝐸𝑡𝑜𝑡 are defined as,
𝐸𝑗 = ∑ |𝐶𝑗,𝑘 |2
𝑗
𝑗𝑚𝑎𝑥

𝑗𝑚𝑎𝑥

𝐸𝑡𝑜𝑡 = ∑ 𝐸𝑗 = ∑ ∑ |𝐶𝑗,𝑘 |2
j=1

j=1
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RESULTS AND DISCUSSIONS
The EEG signals were decomposed with wavelet transformation with five level of decomposition. Fig. 3
shows the non-ictal, pre-ictal and ictal period signal of 23 channels of a patient. As the seizure period
approaches, the signal tends to show increment in amplitudes and the introduction of spikes arises. This
period is called pre-ictal period and is marked in brown. The non-ictal period, marked in gray, has the
difference with the pre-ictal period in terms of amplitudes. The ictal (seizure) period, marked in white has

Amplitude in Microvolts

the continuous spikes and shows rapid increase of neural electrical activities.

Time
Figure 3. 23 Channel EEG of an Epileptic Patient showing non-ictal (grey background), pre-ictal (brown background) & ictal
(white background) period.
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The abrupt change in EEG signal patterns for a particular channel can be recognized visually as depicted in
Fig. 4. Here, FP1-F7 channel of a patient displays non-ictal (blue), pre-ictal (red) and ictal (black) EEG
signal distinguishably. The epileptic seizure was transient and there were twenty three channels of data to
be analyzed where any of them could have been contaminated with noise or abnormality. Hence, to perform
the onset prediction properly, the multichannel data were separated according to four different zones of
brain. If we do not subdivide the channels according to the topographic regions and calculate the overall
entropy for all the channels, the difference would not be significantly distinguishable as some distant
channels, away from the region of seizure location, might not show any difference between pre-ictal and
non-ictal period. Thus, this would enhance the chance of identifying the difference between entropies of
pre-ictal and non-ictal period. Afterwards entropies were calculated separately for the different channels
and sequentially the arithmetic mean of each zone was calculated to rule out the chance of measurement
error.

Figure 4. EEG signal of a patient from FP1-F7 channel: non-ictal (blue), pre-ictal (red) and ictal (black).

The entropy of wavelet coefficients were measured for approximately every 100s duration for the different
channels. Table 1 portrays a comparative analysis of the data of non-ictal and pre-ictal period of ten epileptic
patients. The change of entropy was significantly higher in a specific zone (highlighted cells in Table 1),
indicating the part of the brain responsible for the epileptic seizure. The total procedure was an onset
prediction. So the entropies were calculated for approximately every 100s duration.

21

Bangladesh Journal of Medical Physics

Vol. 11, 2018

Table 1. Difference between the entropies of ictal and non-ictal period of ten epileptic patients.
Difference between the entropies of pre-ictal and non-ictal period
Zone 1

Zone 2

Zone 3

Zone 4

Patient 1

0.0043

0.0110

0.0040

0.0051

Patient 2

0.0015

0.0045

0.0127

0.0054

Patient 3

0.0045

0.0154

0.0075

-0.0040

Patient 4

0.0015

0.0112

0.0025

0.0067

Patient 5

0.0054

0.0065

0.0108

0.0037

Patient 6

0.0025

0.0001

0.0054

0.0150

Patient 7

0.0069

0.0101

0.0000

0.0054

Patient 8

0.0032

0.0120

0.0025

0.0075

Patient 9

0.0105

0.0012

0.0059

0.0054

Patient 10

0.0048

0.0015

0.0007

0.0097

To illustrate the analysis, for instance, the difference between two 100s duration signal entropies of nonictal period of patient 1 was measured and found to be nearly zero for every zone. Whereas, measuring the
pre-ictal period entropy and comparing with the non-ictal signal entropy, the difference was substantial and
Zone 2 had the abrupt change in entropy. This sudden change lead us to predict the seizure and to localize
the region of epileptic activities. The data from Table 1 was plotted in Fig. 5.
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Figure 5. Change of Signal Entropy between Non-ictal and Pre-ictal period for ten patients.

22

Bangladesh Journal of Medical Physics

Vol. 11, 2018

From Fig. 5, it can be observed that Patient 9 had significantly higher change of entropy in brain zone 1,
i.e., epileptic activities were located under brain zone 1. Hence, it can be inferred that most of the epileptic
activities were localized under brain zone 1 and the EEG electrodes under brain zone 1 can successfully
demonstrate the onset of epileptic activity if the subject is not otherwise abruptly taken care of. Likewise,
brain zone 2 localized the epileptic activity site for patient 1,3,7,8. Fig. 6 shows the localized brain region
mapping of the comparative entropies as calculated in Table 1 for individual patients. The highlighted zones
localized the regions of epileptic seizure activities for individual subjects.

CONCLUSION AND FUTURE WORK
The pre-ictal period has great importance in predicting epileptic seizure. The epileptic seizure can be
predicted at onset with the abrupt change of signal entropy during pre ictal period and this research work
gives an approach about this fact. A sudden change in entropy in the pre-ictal period was noticed clearly in
the results and that was the focal point to predict the seizure early. Thus, this can be of great importance to
stop the seizure from occurring by the use of medications and creating awareness in advance. Moreover,
the region of the epileptic activities was also localized by dividing the total brain into four topographic
regions and by calculating the entropy from this four zones separately. Thus, this findings have the potential
to help the clinical neurologists to investigate seizure detection and treat the patient in a better way with
less supervision and better accuracy.
This work was based on the data provided in the Physionet. The technique can be further implemented in
future on real life cases to validate its applicability in clinical surroundings.
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Figure 6. Brain region mapping
of the comparative entropies for
seizure prediction of individual
patients.
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