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In a real house, occlusions make it hard to capture legs from exo views...
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Self-Supervised Hierarchical Representation of Human Body Movements
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Overview Let movement patterns emerge through bottom-up learning
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& under tables

Tiny cameras on feet

We learn human movement representations from 3D poses alone
in meaningful units, not fixed-length units.

As meaningful units, we focus on fine-grained movement patterns 
that recur in daily behaviors (Action Motifs).

Key challenge

To learn Action Motif representations with only self-supervision, we also 
need to learn their temporal segments jointly.

• Different segmentations induce 
different semantic interpretations.

Action Motif Dataset (AMD)

1. Discover frequent patterns in the dataset
2. Select non-overlapping pattern assignments with DP

latent
tokens

K/V Q Consolidation via cross-attention
Consolidate each variable-length segment into 
a latent token via cross-attn for a unified representation.

Recurring Action Atom patterns = Action Motifs

Action Motifs in AMD

• Without understanding semantics, 
we can’t determine the segments.

Sit Stand

Pick up

dependency between segmentation & representation semantics&

Pretext task: predict masked latent tokens

predictor
Latent-space loss focuses 
learning on semantics, 
not trivial pose details.
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Ours:     Take dish out 
of cupboard

MBERT: Drink

Ours:     Drink
MBERT: Use smartphone

Dark-colored SMPLs denote ground truth

Action Motifs

Colors denote 
k-means cluster IDs. 

Same color =
Shared Action Motif
across activities

• Natural appearance
• 14.2h videos & SMPLs
• 50 subjects

video 1
video 2

video N
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