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Background & Motivation
Why is SASP Important?

Clinical Practicality:
• New patients arriving at the 

hospital can use the model 
immediately

• No need to wait weeks to collect 
personal data

• Significantly reduces deployment 
costs

Scientific Significance:
• Proves the existence of universal 

pre-seizure patterns

• Challenges the traditional notion 
that "every patient is unique“

• Provides a new perspective for 
understanding epilepsy 
mechanisms

• All of these can serve as major 
advantages—this paper



Challenges

• 1. Preserve both high- and 
low-frequency biomarkers 
(HFOs & slow oscillations).

• 2. Model dynamic phase–
amplitude coupling across 
frequencies.

• 3. Handle heterogeneous 
electrode layouts & variable 
channel numbers.



FAPEX Framework Overview

• FrNFO: Fractional Neural 
Frame Operator – adaptive 
time–frequency 
decomposition.

• APCE: Amplitude–Phase 
Cross Encoding – 
bidirectional selective state-
space modeling.

• SCA: Spatial Correlation 
Aggregation – channelwise 
linear attention.

• Unified training and 
evaluation via subject-
agnostic nested cross-
validation.



FrNFO

• Learnable fractional-
order convolutions with 
adaptive multi-scale 
windows.

• Each channel learns its 
fractional order θ 
independently.

• Preserves high-frequency 
oscillations with minimal 
spectral leakage.

• Provably robust 
amplitude representation 
from a scattering 
perspective.



APCE & SCA
• Dual bidirectional selective state-space (BSSM) modules.
• Phase-to-Amplitude and Amplitude-to-Phase interactions.
• Dynamic transitions conditioned by complementary embeddings.
• Residual fusion captures mutual information between amplitude and phase.

• Linear attention across channels (linear complexity).

• 3×3 depthwise convolution + RMSNorm aggregates local patterns.

• Sigmoid gating improves robustness and stability.



Datasets
• 12 Benchmarks Across Humans, Dogs, Rats, & Macaques

• Modalities: Scalp-EEG, SEEG, ECoG, LFP, Standardized 64-Channel Inputs for Fair 

• Reveals shared pre-seizure signals (e.g., SASP) across species, from rodents to 
primates—challenges "epilepsy is uniquely individual" myth.



Main Results 
• Evaluated on 7 public 
benchmarks: BEIRUT, CANINE, 
FMCE, CTLE-RATLFP, LPIRE, HUP, 
and RESPECT.

• FAPEX-Base achieves Top-1 F1 
and Sensitivity on all 7 datasets; 
Top-1 ROC on 6/7.

• Outperforms supervised 
baselines such as TimeMixer, 
Medformer, EEGConformer, and 
PatchTST by ≈10–15% in 
Sensitivity.

• Compared to self-supervised 
baselines (CBraMod, Neuro-BERT, 
VQ_MTM), FAPEX-Base (SSL)
gains an additional 3–5% in F1 and 
AUROC.

• These results demonstrate 
robust generalization across 
species (human, rat, dog) and 
modalities (EEG, ECoG, SEEG, LFP).



Main Results 

•  Evaluated on 5 private datasets: AGS, 
ATLE, IESS, KAIME, and PCS.

•  FAPEX-Base (SL) surpasses all baselines 
in both F1 and Sensitivity, often exceeding 
95% ROC.

•  On IESS and KAIME, FAPEX-Base (SSL) 
reaches >98% ROC and >94% F1, indicating 
strong within-institution consistency.

•  Self-supervised pretraining further 
improves low-data robustness — especially 
in ATLE and KAIME, where labeled data are 
scarce.

•  The architecture scales effectively across 
different EEG configurations and species 
(human, macaque) without retraining from 
scratch.



Cross-Cohort Transfer & Generalization

• Tested in source-only, 
domain generalization, semi-
supervised, and domain 
adaptation setups.

• Consistent F1 gains (>30%) 
even without target labels.

• Robust across species, 
institutions, and modalities.



Conclusions

• Achieved Top-1 results on 12 datasets spanning four species and multiple EEG 

modalities.

• Demonstrated consistent superiority over 30+ supervised and self-supervised 

baselines.

• Provided evidence of a distinct preictal state, confirming the existence of 

predictable neural dynamics before seizures.

Future Directions: Data Expansion, Multimodal Integration, Edge & Wearable 

Deployment, etc..
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