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Abstract

In view of the fact that the existing epileptic seizure detection methods rely heavily on high-quality
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manual labeling by neurologists, have poor generalization ability across patients, and are difficult
to capture the core clinical pain points of long-term temporal dependence of EEG signals, this paper
proposes an unsupervised EEG epileptic seizure detection model based on improved Transformer.
The model can learn general features from massive unlabeled EEG records without a large amount
of labeled data. The multi-scale adaptive position coding is used to enhance the model’s ability to
capture multi-scale temporal features of EEG. The channel-temporal dual-dimensional sparse at-
tention mechanism is designed to effectively model inter-channel correlation and long-range tem-
poral dependence while suppressing noise and artifact interference. The mask reconstruction pre-
training task based on anomaly perception is constructed to guide the model to learn more discrim-
inative unsupervised features. The experimental results on two international standard EEG epi-
lepsy datasets, CHB-MIT and Bonn, show that the F1-score of the proposed model reaches 89.2%
and 96.4%, respectively, with only 10 % labeled data. The performance is better than all the main-
stream unsupervised methods published in recent years, which verifies the effectiveness and clini-
cal application value of the proposed method.
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Figure 1. Framework of unsupervised seizure detection model based on improved Transformer
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Table 1. Performance comparison on CHB-MIT dataset
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SSL-SE-EEG T 85.3 81.8 80.6
EEG-TGC T 86.1 82.7 81.5
DUFGNet T 86.9 83.5 82.3
SM-Mamba o B 87.8 84.6 83.3
AR T 89.2 86.5 89.2
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Table 2. Performance comparison on Bonn dataset
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CNN 2B 94.3 93.8 93.2
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AR ol g 96.4 96.0 96.4
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Table 3. Ablation experiment results on CHB-MIT dataset
< 3. CHB-MIT HiE&EHRt Sl 4a R

TR TR AR A Acc (%) Prec (%) Fl (%)
BB 83.5 79.6 78.4
+MSAPE 85.1 81.5 80.4
+CTSA 85.9 82.4 812
+AAMR 86.7 83.3 82.1
+MSAPE+CTSA 87.2 84.1 82.9
+MSAPE+AAMR 87.8 84.7 83.6
+CTSA+AAMR 88.3 85.4 84.3
AR 89.2 86.5 89.2
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Figure 2. Reconstruction loss curve in pre-training stage
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