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Epileptic Seizure Detection Using CNN Ensemble Models
Based on Overlapping Segments of EEG Signals

Min-Ki Kim®

ABSTRACT

As the diagnosis using encephalography(EEG) has been expanded, various studies have been actively performed for classifying EEG
automatically. This paper proposes a CNN model that can effectively classify EEG signals acquired from healthy persons and patients
with epilepsy. We segment the EEG signals into sub-signals with smaller dimension to augment the EEG data that is necessary to train
the CNN model. Then the sub-signals are segmented again with overlap and they are used for training the CNN model. We also propose
ensemble strategy in order to improve the classification accuracy. Experimental result using public Bonn dataset shows that the CNN
can detect the epileptic seizure with the accuracy above 99.0%. It also shows that the ensemble method improves the accuracy of 3-class
and 5-class EEG classification.
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Fig. 1. Overview of the Proposed Method
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Table 1. The Details of the Proposed CNN Model

Layer Type Number of Ke}'nel Pool size
Kernels Size / Stride

Conv-1 & MP 64 1 x7 2/3
Conv-2 & MP 128 1 x5 2/2
Conv-3 & MP 256 1 x3 2/2
Dropout (0.5), Flatten
Dense-1 64
Dense-2 32
Dense-3 2or3or5
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Fig. 2. Overlapping EEG Segments
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Table 2. Window Size and Moving Distance

CNN Window Size (w) Stride (s)
CNN-1 1,024 1,024
CNN-2 512 256
CNN-3 512 128
CNN-4 256 128
CNN-5 128 112
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Table 3. 10-fold Cross Validation of 2-class Problem

Window Size (w)

Stride (s) Min Max Avg Std

Acc 97.22 100.0 98.83 1.03
1024, 1024 | Sen 86.11 100.0 97.22 4.90
Spe 96.53 100.0 99.24 1.16
Acc 97.41 100.0 98.81 0.93
512, 256 Sen 88.89 100.0 96.48 3.51
Spe 98.15 100.0 99.40 0.68
Acc 97.44 99.89 98.88 0.86
512, 128 Sen 87.22 100.0 96.61 4.78
Spe 98.19 100.0 99.44 0.61
Acc 96.83 99.60 98.91 0.82
256, 128 Sen 85.32 99.60 95.87 4.37
Spe 99.11 100.0 99.67 0.32
Acc 96.67 99.32 98.45 0.99
128, 112 Sen 85.49 99.38 95.46 4.36
Spe 97.99 99.85 99.20 0.64

Table 4. 10-fold Cross Validation of 3—class and 5-class Problems

Window Size (w) .

Stride (s) Min Max Avg Std
3 class 91.11 99.44 95.50 2.64

1024, 1024
5 class | 76.67 86.67 80.89 3.45
3 class 93.15 99.26 96.15 2.23

512, 256
5 class | 75.19 86.48 81.76 2.96
3 class | 94.78 99.67 97.34 1.87

512, 128
5 class | 78.56 86.44 83.14 2.28
3 class 92.54 98.49 96.01 2.12

256, 128
5 class | 76.90 84.21 81.25 1.99
3 class | 90.62 96.48 94.29 1.97

128, 112
5 class | 72.84 81.67 77.62 2.24
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Table 5. Accuracy, Sensitivity, Specificity of 2-calss
Problem on Test Data with Intra—ensemble
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Table 6. EEG Classification Accuracy of 3-class and 5-class
Problems on Test Data with Intra—ensemble

Window Size (w) Before Ensemble After Ensemble Window Size (w) Before Ensemble After Ensemble
Stride (s) Acc | Sen | Spe | Acc | Sen | Spe Stride (s) 3-class 5-class 3-class 5-class
1024, 1024 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 1024, 1024 9750 | 7100 | 9750 | 71.00
512, 256 | 99.33 | 96.67 | 100.0 | 100.0 | 100.0 | 100.0 °12. 2%6 9800 | 8450 | 9800 | 8750
512, 128 96.90 87.10 98.00 91.50
512, 128 99.00 | 97.00 | 99.50 | 99.50 | 97.50 | 100.0
256, 128 95.71 83.71 99.00 89.50
256, 128 99.00 | 95.71 | 99.82 | 99.00 | 95.00 | 100.0 128. 112 94.00 80.67 99.00 91.50
128, 112 98.50 | 96.11 | 99.10 | 99.00 | 95.00 | 100.0
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Table 7. EEG Classification Accuracy on Test Data
by Inter-ensemble

Inter-Ensemble 2-class 3-class 5-class
2 CNNs 99.50 98.00 89.00
3 CNNs 99.00 98.50 93.00
4 CNNs 99.00 98.50 93.00
5 CNNs 99.00 98.50 92.50

Table 8. Comparison of EEG Classification Accuracy

2-class 3-class 5-class
Mao 2J[8] NA NA 74.49
Xu £J[18] 99.39 NA 82.00
Acharya 9J[16] 90.33 88.67 NA
Ullah 9J[17] 99.70 99.10 NA
Ensemble Model 1 100.0 99.00 91.50
Ensemble Model 2 99.00 98.50 93.00
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