
THD-BAR: Topology Hierarchical Derived 

Brain Autoregressive Modeling for EEG Generic Representations

• We propose THD-BAR framework, a generic foundation model for EEG generic

representation learning. Pre-trained on 17 diverse datasets, it captures complex

spatio-temporal dynamics, yielding significant performance on various

downstream tasks over existing methods.

• We introduce the BTH, which establishes a "whole brain - brain region -

channel" relationship grounded in physiological structure. Building on this

hierarchy, we develop the THVQ-VAE to generate discrete, multi-scale

quantized tokens.

• A nested "next-scale-time prediction" strategy is employed for pre-training.

This strategy compels the BAR module to learn complex spatio-temporal

dependencies by predicting tokens hierarchically across scales within each time

step before progressing to the next time step, thus modeling both intra-time

hierarchical relationships and inter-time dynamics.
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The pipeline of the THD-BAR framework A BAR causal transformer is trained via “next-scale-time prediction".

Topology-Hierarchical Vector Quantized-Variational Autoencoder (THVQ-VAE)

Brain Topology Hierarchy (BTH). 

S1: Whole Brain; S2: Major Brain Regions; S3: Sub-regions; S4: Channel Clusters; S5: Individual Channels.

Conceptual comparison of autoregressive prediction strategies.

The overall performance 

comparison on 10 EEG datasets.

Mask design ablation study. Multi-scaleablation study.
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