SGIP: Learning Scene-Grounded Interaction Priors
for Scene-Aware Human Motion Prediction
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1 Privileged teacher (training only). Given intent extracted by a VLM from training videos, an LLM scores how well each token
affords that intent. A geometric score from observed motion identifies which same-class instance is being approached.
Their fusion forms the teacher prior; an intent-aware refiner distinguishes sitting from standing.
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Best on all four metrics among observation-only models. Traj-path: 549 vs. 642 mm
on GIMO (-14.5%); Traj-dest: 576 vs. 659 mm on PROX (-12.6%).
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2 Observation-only student. Through privileged intent distillation, a permutation-equivariant MLP over motion and token
geometry learns the teacher's prior via forward KL (where motion is grounded), and its trajectory and pose via motion KD
(how it moves there). No intent, gaze, VLM, or LLM is needed at inference.
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Motion predictor. The top token's embedding steers the trajectory branch. Its 3D mask and the predicted path bias scene
attention in the pose branch, keeping the full-body pose consistent with the chosen target.
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Semantic+geometric grounding
No extra sensing at inference

No explicit interaction target
Geometry alone is ambiguous
Gaze requires extra sensing
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Privileged Teacher Branch Motion Predictor

The same observed motion can lead to different targets or free-space

GIMO, 5 seeds; errors in mm. z/Y: prior/motion KD; R/G: rubric/geometry. Motion KD alone yields only 43% teacher-student token agreement (70% with prior KD).
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