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• Medical image processing ( 2D & 3D images )
• Local geometric feature analysis ( arc length, normal, curvature )

• Topological relationship analysis



• Data discretization ( Pixels, voxels, point clouds, meshes )

• Loss of local geometric details

• High-precision geometric features require large scale, 

high-resolution data

Voxel Point cloud Mesh

• Parameterized manifolds

• Continuously and differentiable, 

allowing for the determination of precise 

geometric properties

• Low storage and computing costs

• Rigorous theoretical analysis can be 

performed

Ball B-Spline Curve



• Ball B-Spline Curve ( BBSC )

( Abbreviated as � )

A smooth tubular surface, which can be viewed as a 2D manifold coordinated by u and v.

• Ball B-Spline Curve functional space

• Ball B-Spline Curve topological structure



• BBSC fitting

• Input: surface point, centerline

• Output: control parameters, knot vectors

• SE(3)-BBSCformer

• Input:

• Output:   
(Fitting scattered data points with ball b-spline 

curves using particle swarm optimization)
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• Training 
• Convergence speed

• Training stability

• Resistance to overfitting

• Computational Cost 
• Evaluation time ( ms )

• FLOPS

• Model parameters





• Conclusion

• Using BBSC to analyze tubular structure, and a functional space is constructed for this type of tubular manifold.

• An analytical method is constructed that uses SE(3) isovariant mapping to analyze BBSC and graph convolution 

to process the topology of tubular topological manifolds.

• Achieves superior accuracy in Circle of Willis branch classification.
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