
� Over 1,000+ event types, timestamped at frame-level granularity.
� Multi-domain: Tennis, badminton, table tennis, etc.
� Multi-level granularity (Glow, Gmid, Ghigh)
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Ablation Studies
� Understanding fast, frequent, and fine-grained (F3) events is crucial for

video analytics but remains underexplored.
� Applications: sports analytics, surveillance, autonomous driving«
� Challenges: subtle visual cues, motion blur, dense and precise timing.
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Experimental Results

� Video Encoder (VE)
Extracts frame-wise features: ܨ ൌ ሺܺሻǡܧܸ where ܺ א Թுൈௐൈଷൈே

� Event Localizer (LCL)
Predicts event probabilities per frame: ሺ Ƹ݌ଵǡ Ƹ݌ଶǡ ǥ ǡ Ƹ݌ேሻ ൌ ߪ ܮܥܮ ܨ

� Multi-label Classifier (MLC)
Predicts event types: ෠ܧ௜ ൌ ߪ ܥܮܯ ௜݂ ൌ Ƹ݁௜ǡଵǡ Ƹ݁௜ǡଶǡ ǥ ǡ Ƹ݁௜ǡ௄ ǡ Ƹ݁௜ǡ௝ א ሾͲǡ ͳሿ

� Contextual Module (CTX)
Refines event sequence: ሺॱଵǡ ॱଶǡǥ ǡ ॱெሻ ൌ ሺܺܶܥ ෠ܧଵǡ ෠ܧଶǡǥ ǡ ෠ܧெሻ

Evaluation Metrics
� F1 score (event & element level): Measures precision and recall of predicted events.
� Edit score: Sequence-level similarity using Levenshtein distance.
� Temporal tolerance: F1 scores computed with ±1 frame tolerance for precise localization.
Baseline Models
� Video encoders: TSN, I3D, VTN, SlowFast, TSM.
� Head architectures: MS-TCN, ASFormer, G-TAD, ActionFormer, E2E-Spot.
Results & Analysis
� Capturing fine-grained temporal cues matters more than encoder complexity.
� E2E-Spot (GRU) head module outperforms, offering efficient long-term modeling.
� F3ED consistently outperforms all baselines across F1 and Edit scores.

� Frame-wise > clip-wise: dense sampling is crucial for fast actions.
� Multi-label > multi-class: better handles long-tail event combinations.
� CTX (BiGRU) improves sequence validity and accuracy.
� Longer clips help but with diminishing returns.
� Stride size matters: larger strides hurt performance.

Generalizability to ³6HPL-F3´ Data

� F3ED performs well on other domains: badminton, diving, gymnastics, 
soccer, pipe inspection.
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Real-World Applications
Serve & Return Patterns On-the-run returning an approach shot
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