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GEM-4D: Geometry-Enhanced Video World Models for Robot Manipulation
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* For robot control, this breaks the link between predicted
videos and executable actions: if points cannot be tracked
consistently, generated rollouts cannot reliably guide
manipulation.

* GEM-4D makes video futures actionable by distilling dense
4D correspondence supervision during training, improving
real-world-manipulation-success from 61% to 81% with-no
extra inference cost.

Methods

Geometry-Grounded World Model

{TBERLB Boint correspondence is determined by 3D geometry,
not just RGB appearance.

Pixel in next frame Scene flow / object motion

l Intrinsic matrix Camera translation l

v v
prr1 ~ K [Rt—>t+1 D(p;) K' p; + Tipp1 + AXt]

Camera rotation T T
Depth at p; Inverse intrinsic matrix

Inter-frame correspondence is governed by geometry: depth, camera
motion, and scene flow determine where each physical point moves. Thus,
robot-ready video prediction requires dense geometric consistency, not just
visual realism.

predicts geometry velocity from intermediate Video DIT
features, using frozen 4D geometry features as supervision.
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* Joint Objective: RGB flow and geometry flow are jointly
optimized, grounding the backbone in both visual
appearance and geometric correspondence.

Adaptive Inverse Dynamics for Action
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3D Scene Grounding + Confidence-Gated Tracking: The
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ML, otherwise.

From Generated Videos to Successful Robot
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Geometry Supervision Matters Actions

Domain Method RGB (Appearance) Depth (Geometry) P (Geometry)
FVD| SSIM{1 PSNR{1T AbsRel] 417 0o T Chamfer |
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Real GEM-4D(VGGT)  33.68 75.89 20.64 21.73 71.03 83.80 0.2370
GEM-4D 31.82 82.05 21.11 20.13 78.19 88.21 0.2001
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clusion

GEM-4D shows that grounding video world models in dense
4D geometry turns visually plausible futures into physically
trackable, actionable rollouts for robot manipulation.
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