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1. Problem definition
 Given putative correspondences, 3D registration aims at estimating the six-

degree-of-freedom (6-DoF) pose between two point clouds
 Correspondences can be generated by matching geometric or deep learned 

3D features

6DoF pose transformation
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2. Challenges
 Outliers are the main concern

• Data nuisances (noise, resolution variation, limited overlap, etc)
• Limited distinctiveness of point cloud features

Feature limitation

Noise Resolution Variation

Occlusion Limited Overlap
Data nuisances
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3. Existing solutions
 Two main categories

1. Deep learned

 Massive training data (with labels)
 Not lightweight, requiring GPU resource
 Weak generalization ability 

GeoTransformer, CVPR2022PointDSC, CVPR2021SpinNet, CVPR2021

Learn features Learn to find inliers End-to-end registration
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3. Existing solutions
 Two main categories

2. Traditional: Maximum clique based methods are dominating

① First construct a compatibility 
graph

② Find the maximum clique

Prior: Inliers are compatible 
with each other

 Still sensitive to heavy outliers
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4. Our insight
 Loosen the maximum clique constraint

• We do not have a “perfect” compatibility metric
• Inliers are not “perfect” inliers, they not always form the maximum clique
• Mine more local consensus information in the graph

Compatible? Inliers also suffer errors
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5. Our contributions

 A novel 6-DoF pose hypothesis representation: Maximal Cliques 

(MAC)

 A novel correspondence-based 3D registration method based on 

MAC

 Surprisingly effective: 1) SOTA in registration recall and accuracy; 

2) Friendly to deep learned methods (MAC is a booster for 

learned ones)
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6. Details of MAC

MAC is technically very simple,  which performs hypothesis 
generation & verification (like RANSAC) in a graph space 
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6. Details of MAC

Step 1: Graph construction
1) Node: correspondences
2) Edge: compatible correspondences, measure with a compatibility metric

Motivation: The graph space can more accurately depict the affinity
relationship between correspondences than the Euclidean space
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6. Details of MAC

Step 2: Search maximal cliques
1) Quick search with a igraph C++ library
2) Node-guided selection: i) there are too many MACs in a graph (>10,000); 

ii) representative MACs are selected based on node-guided selection, i.e., 
the ‘best’ MAC associated with a node is kept for that node
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6. Details of MAC

Step 3: Hypotheses generation & evaluation
1) Hypotheses generation: Each MAC generates one hypothesis with SVD
2) Hypotheses evaluation: metrics in RASNAC, such as inlier count, MAE, 

MSE, are employed to find the best hypothesis
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7. Experiments-comparative exp.
1. U3M dataset: an object-scale dataset

U3M object dataset
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7. Experiments-comparative exp.
2. 3DMatch/3DLoMatch dataset: an indoor scene dataset
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7. Experiments-comparative exp.
2. 3DMatch/3DLoMatch dataset: MAC can boost deep –learned methods.
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7. Experiments-comparative exp.
3. KITTI dataset: an outdoor scene dataset
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7. Experiments-analysis exp.
1. The quality of MAC hypotheses
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7. Experiments-analysis exp.
2. The upper bound of MAC

Comparison with current SOTA: 98.46%/91.24% vs ~94%/58%
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7. Experiments-analysis exp.
3. Efficiency analysis
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8. Conclusion
1. MAC’s advantages

Simple Effective General

• Technically simple
• A few parameters
• Learning-free

• SOTA performance
• Light-weight
• Robust to outliers

• Cross-dataset 1st

• Booster for learning
• Various scenarios



20

8. Conclusion
2. MAC’s limitations & future work
• MAC can generate high-quality hypotheses, but may still fail to find them
• A better hypothesis evaluation metric is desired
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Final Remark

Handcrafted methods can be great again.
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Github: https://github.com/zhangxy0517/3D-Registration-with-Maximal-Cliques
Contact: 2426988253@mail.nwpu.edu.cn; jqyang@nwpu.edu.cn
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