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Optimal Feature Space Selection in Detecting Epileptic Seizure
based on Recurrent Quantification Analysis and Genetic
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Selecting optimal features based on nature of the phenomenon and high discriminant ability is very
important in the data classification problems. Since it doesn't require any assumption about stationary
condition and size of the signal and the noise in Recurrent Quantification Analysis (RQA), it may be useful
for epileptic seizure Detection. In this study, RQA was used to discriminate ictal EEG from the normal EEG
where optimal features selected by combination of algorithm genetic and Bayesian Classifier. Recurrence
plots of hundred samples in each two categories were obtained with five distance norms in this study:
Euclidean, Maximum, Minimum, Normalized and Fixed Norm. In order to choose optimal threshold for each
norm, ten threshold of € was generated and then the best feature space was selected by genetic algorithm in
combination with a bayesian classifier. The results shown that proposed method is capable of discriminating
the ictal EEG from the normal EEG where for Minimum norm and 0.1<e<l, accuracy was 100%. In
addition, the sensitivity of proposed framework to the € and the distance norm parameters was low. The
optimal feature presented in this study is Trans which it was selected in most feature spaces with high
accuracy.

Index Terms: Electroencephalogram, Seizure Epileptic Detection, Recurrent Quantification Analysis,
Feature Selection, Genetic Algorithm, Bayesian Classifier.
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Fig. (2): Box plot the values of second moments for EEG signal
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Table (2): parameters for the genetic algorithm
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Table (1): Exacted features from Recurent plot
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Fig. (1): Box plot values of first moments for EEG signal.
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Table (3): Kolmogorov-Smirnov test for normal and epileptic
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Fig. (3): Bayesian classifier structure
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Fig. (4): Recurent plot of epileptic EEG for € = 0.5, A) Euclidean B) Maximum distance C) Minimum distance D) Mahalanobis E)
Manhatan

Table (4): Average accuracy of 50 iterations for genetic algorithms
S5 s sl S5 07 Sl oo SMam (it e Sl F) gz

alold bz 0.1 0.2 0.3 04 0.5 0.6 | 0.7 0.8 0.9 1
alold ,vw;la 100 % 100 % 100 % 100 % 100 % 97/99 % 100 % 99/93 % | 99/83 % | 99/97 %
alold (o0 98/98 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 99/89 %

wgdﬁﬁl 100 % 100 % 100 % 100 % 100 % 100 % 99/72 % | 99/96 % | 99/96 % | 99/79 %

M’JYLDLB 98/74 % | 98/60 % | 98/77 % 100 % 98/30 % | 98/57 % | 98/36 % | 98/30 % | 98/43 % 100 %

Cybe0 99/59 % | 99/69 % | 99/45 % | 99/69 % | 98/40 % | 99/42 % | 98/70 % | 98/57 % | 97/95 % 100 %
90 Table (5): The average number of features used in 500 iteration
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Fig. (5): Box plot values of p for Recurrence features
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Table (7): The average value of p in 50 status
0040 p polas lawgie (V) Jgux
Sy | Pl (il
RR 7/6 x 1075
DET | 3/86 x 1072

L 8/81 x 1073
Lo | 5/41x 1077
(L) | 4/46 x 1072
ENTR | 2/58 x 10~
LAM | 5/21x1073
TT | 5/64 x 1077
Vmax | 7/69 x 1072
Tl 1/09 x 1075
T2 | 1/17 x 1072
Trans | 9/62 x 10~12

Table (8): conditions for 100 % Accuracy
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Table (9): The optimal features selection of recurrence quantification analysis
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Table (10): Summary of previous investigations in the diagnosis of epileptic seizures on normal status
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EEG signal
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