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From EEG Structure to Hyperbolic Representation Learning
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Key Questions00
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1. Why Hyperbolic?
• Why does Euclidean space struggle with hierarchical structure?

2. Why EEG?
• Does EEG exhibit tree-like structure?

3. Why HEEGNet?
• Can hyperbolic representation improve cross-subject EEG 

generalization?



Introduction



EEG01 : A non-invasive window into fast brain dynamics
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Applications01 : EEG supports diverse brain-state decoding tasks
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Variability01 : EEG distributions vary substantially across subjects
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Multimodality01 : Complementary signals provide different views of the same state
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Representation01 : How should heterogeneous neural signals be represented?
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Hyperbolic Foundations



Hierarchy02 : Tree structures grow exponentially with depth
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Euclidean Limitation02 : Polynomial volume growth causes crowding and distortion
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Continuous Tree02 : Hyperbolic space naturally matches hierarchical expansion
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Hyperbolic Geometry02 : Negative curvature creates exponentially expanding space
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Poincaré Disk02 : A compact visualization of an infinite hyperbolic space
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Hyperbolicity02 : How tree-like is a representation?
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HEEGNet



EEG Geometry03 : EEG representations exhibit tree-like structure
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Geometry Matters03 : Hyperbolic classification improves cross-domain performance
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Architecture03 : Euclidean feature extraction meets hyperbolic representation learning
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Domain Shift03 : Hyperbolic geometry alone cannot remove subject variability
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Alignment03 : Align subject-specific moments first, then distributions
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Generalization03 : Geometry and domain alignment work together

24



Conclusion



Conclusion03 : EEG may need the right geometry

26
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