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Recent work learns 3D manipulation from monocular RGB, but 
2D similarity often masks distinct 3D actions. Existing methods 
add structural cues or depth estimators, yet remain inefficient.  

Goal of the work:
Can we retain the benefits of 

depth-guided 3D reasoning without 

incurring inference-time cost?

Comparison of frameworks for 3D policy learning.

We answer this with MonoLift, 
which lifts monocular RGB inputs 
into 3D-aware perception and 
control by distilling knowledge from 
a depth-guided teacher (see(d)). 



Overview framework of MonoLift

MonoLift consists of two main components: 
• (i) Spatial Representation Distillation: Transfers fused RGB–depth features from the teacher to help the student 

disambiguate visually similar yet structurally different observations.  
• (ii) Temporal Dynamics Distillation: Aligns temporal feature trajectories to enable the student to capture motion patterns 

that reflect underlying 3D structural changes.  
• (iii) Action Distribution Distillation: Transfers action distributions shaped by the teacher’s 3D understanding, guiding the 

student to generate geometry-aware behaviors.

Overview of the proposed MonoLift framework.



Performance comparison



Conclusions

• (i) We propose MonoLift, a resource-efficient policy learning framework that learns from a 3D-
aware teacher built on a pre-trained depth estimator, enabling monocular RGB agents to 
perform structured perception and control without extra 3D data or inference overhead.

• (ii) We design a tri-level knowledge distillation strategy that conveys spatial, temporal, and 
behavioral cues to improve the student’s contextual understanding and decision-making under 
limited-modality constraints.

• (iii) We validate MonoLift across a wide range of simulated and real-world robotic manipulation 
tasks, demonstrating its ability to effectively learn 3D-aware policies while maintaining 
deployment efficiency.


