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Combinative Matching 
for Geometric Shape Assembly



*Figure courtesy of Lu et al.

Given a set of fractured pieces 𝒫 = {𝑃1, 𝑃2, … , 𝑃𝑁}, our goal is to recover the 6-DoF 
pose {𝑇1, 𝑇2, … , 𝑇𝑁}, in SE(3) for each piece and restore the underlying object.
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3D Geometric Shape Assembly



3D Geometric Shape Assembly

Archaeology Scientific domain
(e.g., Protein docking)

Robotics



State-of-the-art methods

Leveraging SE(3) equivariance 
for multi-part correlations

Pose regression with limited 
spatial information

Effective matching between 
mating surfaces of parts

Heavily rely on segmentation 
of mating surfaces

Approximate high-order conv.
for dense matching of parts

Often fails to establish good 
correspondences between 
mating surfaces

Wu et al.
(Wu et al., ICCV 2023)

PMTR
(Lee et al., ICML 2024)

Jigsaw
(Lu et al., NeurIPS 2023)

Wu et al., “Leveraging SE(3) Equivariance for Learning 3D Geometric Shape Assembly”, ICCV 2023
Lu et al., “Jigsaw: Learning to Assemble Multiple Fractured Objects”, NeurIPS 2023
Lee et al., “3D Geometric Shape Assembly via Efficient Point Cloud Matching”, ICML 2024



Previous Approach

under the assumption of the same appearance between mating parts.
Equative matching: establishing correspondences based on visual similarity alone



Previous Approach

Point Cloud Registration
https://mvp-dataset.github.io/MVP/Registration.html

under the assumption of the same appearance between mating parts.
Equative matching: establishing correspondences based on visual similarity alone



Beyond Equative Matching



Beyond Equative Matching



Combinative Matching: ‘combination’ or ‘joining’ of elements 
form the basis for matching



Objectives for Combinative Matching

: maximize ‘orientation’ consistency
(in SO(3))



Objectives for Combinative Matching

: maximize ‘visual’ feature similarity

: maximize ‘occupancy’ feature dissimilarity

: maximize ‘orientation’ consistency
(in SO(3))



Objectives for Combinative Matching

: maximize ‘visual’ feature similarity

: maximize ‘occupancy’ feature dissimilarity

: maximize ‘orientation’ consistency



Learned orientation analysis
Several notable patterns

𝒙𝑖: directed toward the center of the surface

𝒙𝑖: parallel to the 2D plane of the interface

𝒚𝑖: pointing in/outward on concave/convex

𝒚𝑖: magnitudes correlating with the degree of
convexity/concavity

src and trg orientations are aligned in parallel
(enforced by objective)

Learned orientations capture surface structures (convex, concave, curvature, 2D plane)
without any explicit supervisions dedicated to these aspects



Learned correlation analysis

Shape + OccupancyShape only Occupancy only

+ =

Learning occupancy ’dissimilarity’ effectively resolves local ambiguity

Assembly



Network Architecture

Combinative matching objective

Point matching loss



Qualitative Comparisons

Two-part assembly result Multi-part assembly result



Comparison with SoTA



• Assembly as a more realistic and challenging generative task is 

key to interacting AI with reality, e.g., manufacturing and design. 

• Leveraging geometric equivariance and invariance in a careful 

design is crucial for addressing the tasks in a realistic 

environment.

• Combinative matching, which considers both shape and 

occupancy relations in matching, significantly improves the 

performance of geometric assembly and potentially extends to 

other relational tasks. 

Summary
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