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ABSTRACT

This research presents a multi-objective, EEG-based framework to advance the understanding and
personalized management of sleep disorders using machine learning. The study is driven by three
interconnected objectives: sleep signature discovery, neural plasticity estimation, and neurofeedback
simulation each contributing to an adaptive and interpretable sleep analytics system. First, a
Transformer—Graph Attention Network (GAT) model was developed to learn high-level EEG
embeddings representing subject-specific sleep signatures. Graphs constructed using cosine
similarity and refined through GAT attention captured both spectral similarity and disorder
consistency, achieving a 92.4% accuracy and 0.92 Fl-score, outperforming baseline PSD models.
Second, contrastive learning using triplet loss quantified inter-night adaptability as a proxy for neural
plasticity. Multi-night embeddings of 120 subjects were compared to derive plasticity scores, which
correlated positively (r = 0.92) with delta power drop across NREM sleep, reflecting sleep-dependent
synaptic recalibration. The model achieved 87% triplet accuracy, demonstrating robust subject-level
representation learning, Finally, a Transformer-based neurofeedback simulator was developed to
identify dysregulated EEG patterns using spectral power rules (e.g., excess alpha/beta in insomnia).
Adaptive modulation of abnormal bands by 35% simulated electrophysiological normalization,
improving regulation accuracy to 92% post-intervention. Overall, this integrative pipeline provides a
scalable, data-driven approach to characterize sleep physiology, quantify brain adaptability, and
simulate personalized neurofeedback bridging the gap between sleep analytics and precision
therapeutics.

Keywords: EEG, Sleep Disorders, Transformers, Paediatric Sleep Study, Polysomnography, Sleep
Architecture

Publications:

1. Amala, K. A., Vaidehi, V., (2025), Personalized Sleep Signature: A Novel Approach To
Unveil Paediatric Sleep Behaviour With Transformer Attention Mechanism And Graph
Attention Networks. Journal Of Theoretical And Applied Information Technology,
Vol.103(No.7). Https://Jatit.Org/Volumes/Vol103n07/33vol103n07.Pdf

2. Amala, K, A, & Vaidhehi, N. (2025). Graph-Based Learning For Sleep Microarchitecture: A
Hybrid Graph Autoencoder And Graph Attention Network Approach. International Journal
Of Research In Medical Sciences, 13(11), 4696-4702.
Https://Doi.Org/10.18203/2320-6012.1jrms20253587



