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Background
• EEG(electroencephalography) : 

Non-invasive, Easy to acquire for Neuroscience & BCI

• Deep Learning(CNNs/RNNs/GNNs) :
 strong task-specific performance

• Foundation models :
revolutionize NLP & CV
unlock robust, transferable EEG representations



Challenges in EEG Foundation Models
• Fixed-Window Tokenization : 

Destroys local spatiotemporal coupling patterns 

• Dense Full Attention :
Introduces spurious correlations in noisy EEG data

• Common-Channel Strategy :
Discards non-shared channels → loss of brain region information



Overview of our CSSBFM



Whole-Brain Topology & Functional Partitioning
• 58-Channel Whole-Brain Topology : 

Based on 10-10 system 

• Neuroscience-Guided Connectivity :
Local: physical distance prior
Global: cross-hemisphere functional prior

• Spectral Clustering → 5 Functional Regions



Cross-scale Unified Spatiotemporal Tokenizer (CUST)
• Unified Spatiotemporal Graph : 

Integrates spatial & temporal structure 

• Decoupled Multi-Hop Convolution :
Exact k-hop aggregation (K=3)

• Multi-Scale Parallel Tokenization:
Captures patterns at different scales



Cross-region Sparse Spatiotemporal Attention (CSSA)
• Spatial: Cross-Region Sparse Attention 

Guided by functional brain partitions
Each electrode attends only to relevant regions 

• Temporal: Index-Aligned Sparse Attention
Time axis partitioned into T_r regions
Cross-region alignment by intra-region offset

•  Parallel Dual-Branch Fusion
Spatial & temporal branches in parallel
Learnable weighted aggregation



Datasets & Experimental Setup
• Baselines: 

BENDR, BIOT, LaBraM, EEGPT 

• Evaluation: 
Subject-independent split

• Metrics: 
BAC, Kappa, Weighted F1/AUROC



Main Results



Conclusions & Future Work
• Key Takeaway : 

Explicit cross-scale spatiotemporal modeling enhances generalization and 
robustness of EEG foundation models. 

• Future Directions :
Multi-modal fusion → Clinical diagnosis → Personalized BCI
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