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Polyhedral Design with Concave Faces & Holes

» Recursive subdivision
» Catmull-Clark uses face centroids
» Doo-Sabin shrinks faces
» Concave faces need decomposition
= Ambiguous, high-valence vertices
» Direct surfacing methods
» Curve network from the polyhedron
» Dual (vertices +> faces)
» Doo—Sabin (vertices/edges — faces)
»> Topology-preserving
» Also for curve network based design:
» Initial network from polyhedra
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Related Work — Polyhedral Design with n-Patches

[Zheng et al., 2005]  [Rockwood et al., 2016]

[Loop—DeRose, 1990]



Workflow

Computation steps:
1. Input polyhedron
2. Auxiliary polyhedron
3. Ribbons
4

. Surfaces

» Input can be concave, multi-sided & multiply connected
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Let's see these steps in detail!



Auxiliary Polyhedron

(+ some corrections for better patch quality. . .)



Ribbon Generation

Compatibility

Preliminary ribbons by midpoints
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Patch Creation — Generalized B-Spline Surface (GBS)

Curved domain

» Multi-sided, multiply connected
» Curved domain, local parameters
» Patch equation:

S(u,v) =) Ci-pii(u, v)Nj(s)Bi(hi)

i,k
Y Final patch
» Rationally scaled B-spline/Bézier



Discussion



Fullness Control




Patch Quality




Comparison with Subdivision
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Doo—-Sabin Catmull-Clark Our method




Alternative Chamfering

Default offsets Edge-symmetric offsets



Alternative Patches

Other curved domain based patches can be used. ..

» Biharmonic patches [Vaitkus, 2023]
» Minimize a discrete Laplacian (thin-plate energy)
> Interpolate G! boundary conditions (from the ribbons)
» Very similar results

» Kato patches? [Kato, 2000]
» The basis of SuperD [Rockwood et al., 2016]
» Can handle holes
» Highly curved “concave” edges — curved domain?
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Conclusion & Future Work

Topology-preserving surfacing

Handles n-sided, multiply connected faces

Uses Generalized B-Spline (GBS) patches
Next:

» Open control meshes
> G2 continuity
» Optimized domain mapping etc.
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» Based on an offsetting process
>
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