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\ Sequential Multi-Factor Disentanglement

“Learning representations that separate multiple static and dynamic factors within temporal data into distinct,
interpretable, and independently controllable components.”
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\ Challenges:

\ No standard framework: fragmented datasets and inconsistent evaluation
\ Dependence on labels: costly, domain-specific annotations required

\ Manual latent mapping: human inspection needed to align latents and factors
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\ Contributions

\ MSD: First benchmark for multi-factor sequential disentanglement across video, audio, and time series
\ Ten unified metrics evaluating factor control, structure, and consistency
\ Automated latent alighment via a Latent Exploration Stage (LES)

\ VLM-based Tagger & Judge for zero-shot labeling and evaluation

\ SSM-SKD model achieving state-of-the-art results




\ Overview of MSD
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\ Latent Exploration Stage

\ Bridges latent and semantic spaces - learns / ,ﬁi \

mappings between latent variables and
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\ VLM-Based Tagger & Judge
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» @ * Haircolor: orange

Dataset
*  Shirt color: white
* Pants color: green
« Skintone: gray
* Shoe color: yellow

Differences: = : — «  Pose: wavin
«  Hair color (blue vs purple) . Ha‘|r color: red,.green, blue, ... &
- Skintone (lightvs gray) e Shirt color: white, blue, red, ...

* Pants color:red, green, white, ...
« Skintone: light, dark, gray, ...

* Pose type: standing, walking, ...
» Shoe color: yellow, brown, gray, ...

*  Shirt color (gray vs red)




\ Results & Takeaways

\ Consistent ranking across datasets
\ VLM-based evaluation aligns with ground truth

\ Reliable, label-free assessment
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