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Disorder of normal brain function

Epilepsy > Impacts 2% of the world’s population
It is defined by the recurrence of epileptic seizures
(can lead to a sudden death!!)
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Challenges:
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Originality and main contribution of the paper:

1. Applying data augmentation (DA) techniques on the seizure class followed by the widely
used CNN-LSTM classifier.

2. Validation of the cross-site generalization ability of our DA-CNN-LSTM method.

3. The use of a local data set constitutes a challenge and an important originality of the
study which can help other researchers to select widely applicable methods.
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Children Hospital Boston data set (CHB-MIT): angers
. # of Duration
) Subject Gender Age seizure (hh: mm: ss)
e 24 cases (9 cases were selected for this study)
chbO1 F 11 7 40:33:08
) ) chb02 M 11 3 35:15:59
Between 9 and 42 continuous .edf files for each chb03 e 14 . 38:00:06
case chb04 M 22 4 156:03:54
chb05 F 7 5 39:00:10
o . . hb06 F 15 10 66:44:06
* One hour of digitized EEG signals in each EDF Ehbm E 145 3 67-03-08
file chb08 M 3.5 5 20:00:23
chb09 F 10 4 67:52:18
« 18 common electrodes , bipolar montage chbl10 M 3 1 S0:01:24
chbll F 12 3 34:47:37
, chb12 F 2 27 20:41:40
* Sampling Frequency of 256 HZ chbl3 F 3 12 33:00:00
chbl4 F 9 8 26:00:00
o . . chbl5 M 16 20 40:00:36
664 EDF files (Records) in total ohb16 - ; 10 10:00:00
chb17 F 12 3 21:00:24
] ) ) chbl8 F 18 6 35:38:05
e 535 files with no seizures chb19 E 19 3 20:55-46
chb20 F 6 8 27:36:06
_ - _ chb21 F 13 4 32:49:49
* 129 files with one or more seizures chb22 F 9 3 31:00:11
chb23 F 6 7 26:33:30
_ chb24 ; - 16 21:17:47
* 182 seizures Total 185 979:56:07
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Ethics approval by the agreement of
the CHU Angers committee

20 cases aged between 1 and 17

Between 20 and 45 continuous .edf files for
each case

48 hours of digitized EEG signals in most of
EDF files

One to seven seizures for each patient

Between 13 and 19 electrodes , monopolar montage

Sampling Frequency of 256 HZ

Around 960 hours of EEG recording




uco &P EN!;Ieg

Data Augmentation (DA) Techniques for imbalanced data set@®
et e o e

NIVERSITAIRE

1- Sliding windows:
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4 experiments:
Experiment 1: Train and test the model on the CHB-MIT data set without using DA techniques

Experiment 2: Same as the first one but using DA techniques

Experiment 3: Train the model on the CHB-MIT data set and test it on the CHU data set

without using DA techniques

Experiment 4: Same as the third one but using DA techniques
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CNN-LSTM Accuracy Precision Recall Fl-score
One site 98.3% = 0.06 93.5% = 0.08 93.5% £ 0.08 93.5% = 0.08
One site - DA 98.7% * 0.01 97.0% * 0.01 96.8% * 0.02 96.9% * 0.01
Cross-site 87.3% = 0.08 86.5% = 0.07 87.0% £ 0.06 86.9% + 0.07

Cross-site - DA

89.9% *+ 0.05

89.1% + 0.02

89.0% + 0.04

88.9% + 0.03

CNN Accuracy Precision Recall Fl-score

One site 97.9% + 0.12 92.5% + 0.15 92.0% + 0.15 92.2% + 0.15
One site - DA 97.6% * 0.10 96.0% * 0.09 96.0% + 0.10 96.0% *+ 0.10
Cross-site 85.8% £ 0.20 85.3% + 0.23 85.0% £ 0.25 85.1% + 0.24

Cross-site - DA

89.7% + 0.18

88.0% + 0.17

87.0% + 0.16

88.0% + 0.17

LSTM Accuracy Precision Recall Fl-score

One site 98.0% + 0.12 93.0% + 0.14 92.0% + 0.13 92.5% + 0.14
One site - DA 97.8% + 0.09 96.5% + 0.07 94.5% + 0.06 95.5% + 0.06
Cross-site 86.6% + 0.21 86.0% + 0.23 86.5% + 0.21 86.2% + 0.22

Cross-site - DA

89.7% £ 0.12

88.7% £ 0.14

88.0% £ 0.13

88.3% +0.14
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Authors Years Methods Accuracy Precision Recall Fl-score
Single-Site: Ozcan et 2019 3D CNN - - 81.20% -
al. [1]
Single-Site: Duan et 2019 Bi-GRU 94.8% - 91.7% -
al. [2]
Single-Site: Sanguk 2021 Dense-LSTM 93.3% - 92.9% 92.3%
_ ‘ Ryu [3]
: 5. = = B Cross-Site: Danielle 2021 CNN - - 89.3% -
= D= = S et al.[4]
1 L |
Mt oo 1 Our Cross-Site model 2022 CNN-LSTM DA 98.7% 97.0% 96.8% 96.9%
Our Single-Site 2022 CNN-LSTM DA 89.9% 88.5% 89.6% 89.0%
model
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* Very promising results
» especially on imbalanced data sets
» model robust to cross-site variability

* Future Work
» develop reliable models that can be applied to different types of epilepsy
using more sophisticated ML and DA methods.
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