
Part-level Scene Reconstruction Affords 

Robot Interaction

EvaluationIntroduction Framework Overview
• Reconstructing surroundings is critical for robots, enabling them to 

understand and interact with their environments.

• While existing methods replace the objects with pre-built CAD models,
our work introduces a part-level reconstruction approach that:

• Captures scene geometric details using primitive shapes.

• Estimates scene kinematics for robot interactions.
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Individual part alignment
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Quantitative results on geometric similarity

• Our part-based method outperforms the baseline.

• More powerful 3D detection/completion models can further enhance 
the effect of scene reconstruction methods.

Quantitative results on kinematic structure estimation

• Metric: mean average precision (mAP) 

• Measure the alignment between the
human-annotated kinematic structure 
and the estimated structure based on 
the undirected contact relations 
between parts.

• Our method successfully estimates the 

kinematic structures of 5 object 

categories with mAP values close to 1.0. 
(a) Different kinematic trees represent the parts of a table.

(b) One error in kinematic structure estimation results in 
undesired articulation.

Qualitative comparisons of reconstructed interactive 
scenes at the object level (b) and the part level (c) Kinematic structure (connectivity) estimation

(a) Complete and segment the noisy object point clouds, resulting in (b) a part-based 
panoptic map. (c) Each completed part is replaced with the most aligned primitive shape. 
The optimal combination of part alignments, is selected to (d) estimate the kinematic 
structure (connectivity) among the parts. The kinematic parameters are then obtained by
template matching. (e) The replaced object parts and their relations are compiled into a 
URDF representation and can be imported into various simulators for TAMP tasks.

System architecture


