
Dynamic Skeletonization via 
Variational Medial Axis Sampling

Qijia Huang, Pierre Kraemer, Sylvain Thery, Dominique Bechmann

SIGGRAPH ASIA 2024



Medial axis





Method overview

1. Find medial spheres
○ determine the cluster of each medial sphere
○ adjust each medial sphere to its cluster
○ correction: project each adjusted medial 

sphere onto the medial axis
○ split sphere if required

2. Establish connectivity



Distances

● distance of sphere              with a point     : 
● distance of sphere              with a plane        :

● squared distance sphere – plane:



Distances of a medial sphere s to points / tangent planes

Mesh Oriented point cloud

weighted squared distance from 

weighted squared distance from tangent planes 
associated with 



Clusters associated with the medial spheres

● associate vertex      with the medial sphere          that minimizes the cost:



Sphere updating

● adjust each medial sphere                   to match the geometry of its cluster: 

● solved with Gauss-Newton method

● final error by cluster: 



Sphere correction

● Adjusted medial spheres no more on the medial axis
● Project back each medial sphere                   onto the medial axis

○     closest point on the shape to 
○ direction 
○ make     tangent to      along 
○ iteratively reduce its radius and move its center along     so that it becomes tangent to another 

point of the shape (shrinking ball algorithm)



Sphere splitting

● start with one medial sphere
● at each iteration

○ sort the clusters by error
○ if a cluster has an error above some threshold and its neighbors clusters have not been 

splitted yet
■ select the vertex with maximal error, define it as a new medial sphere

● stop when all clusters errors are below some threshold (or a number of medial 
spheres is met)



Connectivity

● Last step: establish the connectivity between medial spheres

➡ use the dual of the connectivity of their clusters



Results (quality)

ε: two-sided Hausdorff distance between 
original and reconstructed shapes

reconstructed shape: interpolation of the 
medial spheres along the edges and 
faces of the medial mesh

|V| number of vertices

|M| number of medial spheres



Results (time)







Ablation



Resolution



Robustness to noise



Interactivity



Limitations

● Convergence / optimality?
● Topology preservation? → not the same genus
● Connectivity? → overlapping triangles / tetrahedra


