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INTRODUCTION

A Practical Maximum Clique Algorithm for Matching with Pairwise Constraints :A way for 3D point cloud registration

3D point cloud registration cloud

extracting 3D keypoint 

correspondences

directly search for the subset 

of correspondences
estimating the registration 

function



keypoint-based 3D registration

A popular paradigm：
1. let                    and                    be two input point clouds

2. generate a tentative correspondence set                          

3. associates a point 

4. a 6 DoF rigid transformation can be estimated  from C

Disadvantage: outliers exist in C, thus the registration function must be estimated using a robust technique.

It is  vital to investigate keypoint-

based 3D registration



Find the largest subset of C that are pairwise consistent

Solve:

1.the registration function can be 

estimated from the data indexed by 

I ∗ 
2. value I∗ can directly be taken as 

the similarity score of shapes X 

and Y 



Graph formulation

Let G = (V , E) represent an undirected graph with vertices V = {vi} and edges E = {(vi,vj)}.

finding the MC of the 

consistency graph 

constructed from the 

correspondence set C 



MIP solutions

MC can be written as the MIP

The MIP formulation for MVC is

当vi、vj不属于一条边
时，xi、xj不同时为1，
所有的xi=1组成MC



BNB
BnB explores the set of cliques of G by building a search tree over the vertices V

A fundamental aspect of BnB algorithms is to prunebranches in the search tree that are

not promising. 



MCQ

A colouring of a graph G = (V; E) is a labelling f of itsvertices such that no adjacent vertices have the 
same colour

find the colouring with the minimum number of colours



PMC algorithm for MC 

To speed up MCQ, we introduce a novel extra pruning step to avoid exploring multiple 

branches during the search for the optimal solution



Results

⚫ To investigate the efficacy of the proposed method, The article compared the following algorithms for 
matching with pairwise constraints :

• MCQ: BnB method (Algorithm 2) 

• PMC: Our BnB method (Algorithm 3) with the same initial vertex ordering as MCQ.

• MIP-MC: MIP formulation of MC solved with GurobiOptimiser.

• MIP-MVC: MIP formulation of MVC solved with  Gurobi Optimiser

⚫ Two different datasets

• the Stanford 3D Scanning Repository (armadillo, buddha, bunny, and dragon)

• Mian’s dataset  (chef, chicken, parasauro and t-rex).



Results

Analyze:

• MIP-MC took several orders of magnitude more time than PMC to find the optimal solution. 

• In general, PMC found the optimal solution in less than10 seconds. 

• Although MCQ performed better than PMC for N = 1000, PMC converged considerably faster than MCQ 

for N = 5000 





conclusion

⚫That matching with pairwise constraints can be performed in reasonable time when 
posing the problem as maximum clique. 

⚫The article have also proposed a maximum clique algorithm that combines graph 
colouring with a proposed extra pruning step to very efficiently solve maximum clique. 

⚫The obtained results demonstrate that, using the proposed algorithm, matching with 
pairwise constraints is a very practical approach for point cloud registration
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