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Recall: B-spline & BB-form 

(uniform)
B-spline

BB-form

BB=Bernstein-Bezier

Interpolate 
corners



→ Free-form
→ Euler count
→ T-junction
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Polyhedral-net Splines  (Geometry)

G-spline control net

Polyhedral 
control net
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B-spline: built-in smoothess



merge parameter directions

transition between coarse 
and fine meshes

polar

PnS   Jorg Peters

Polyhedral net patterns     



→ Free-form
→ Euler count
→ T-junction

Polyhedral-net Splines     Jorg Peters

Polyhedral-net Splines

Bi-3 spline 
T-junction 
multi-sided

G-spline control net

Polyhedral 
control net

Bezier control net
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PnS3
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Splines on Meshes with Irregularities     Jorg Peters

Tensor borders  (Hermite data, ribbons,...)

BB-coefficients of 
reparameterization



Polyhedral-net Splines (PnS2) 
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➢  Blender Add-on
Disclaimer:

○ Blender offers only uniform bi-3 splines! 
○ Blender splines: Slow initialization!  
○ Blender renders incorrectly:    evaluates lines, 

forms quads, uses approximate normals of 
quads  —> export as iges  and use FreeCAD

https://uf-cise-surflab.github.io/blender-polyhedral-splines-web/


Polyhedral-net Splines (PnS2) 
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➢  Blender Add-on

○ Blender offers only uniform bi-3 splines! 
○ Blender splines: Slow initialization!  
○ Blender renders incorrectly:    evaluates lines, 

forms quads, uses approximate normals of 
quads

➢ AMC ToMS: C++ Library, 
○ Export to: IGES  (freeCAD), bv (Bezierview) 
○ Analysis add-on

https://uf-cise-surflab.github.io/blender-polyhedral-splines-web/
https://www.freecad.org/
https://www.cise.ufl.edu/research/SurfLab/bview/webgl/#
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Polyhedral-net Splines 



PnS shapes
Polyhedral-net Splines     Jorg Peters



PnS avoids  (one type of)  trimming
Polyhedral-net Splines     Jorg Peters

Trim   → not exact (pixel 
dropout under zoom)



Spline Polyhedral Mesh    Jorg Peters

Polyhedral-net Splines:  Alternative to (some types of) trimming     
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Designer: “Polyhedral Splines are better than 
Subdivision Surfaces“

Tony Black

PnS2

PnS3



Geometry Analysis
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A good idea: use splines for geometry and analysis     

1983
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A good idea: use splines for geometry and analysis     

Physical Domain  Parametric Domain

Physical Domain  Parametric Domain
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A good idea: use splines for geometry and analysis     

1992
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A good idea: use splines for geometry and analysis     

1993
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A good idea: use splines for geometry and analysis     

2004
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Higher order isoparametric analysis (IGA)

Fehmi Cirak, Ortiz 
2000, 2001,...
irregular 

Parametric Domain                 Physical  Domain
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Standard Galerkin weighted by first 
fundamental form 

1st fundamental form
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Polyhedral-net Splines  & Eng Analysis 

8  dof  

control -net = dof (geometry, analysis function)
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Geometry and Computing using 
Polyhedral-net Splines 

8  dof  vs
8x3 pieces
8x8 triangulation
degree 2  C0
volumetric 
…

43008 dof
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Geometry and Computing using 
Polyhedral-net Splines 
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Geometry and Computing using 
Polyhedral-net Splines 

https://www.pnsplineiga.com/main-menu

https://www.pnsplineiga.com/main-menu
https://youtu.be/zbdtXnd5mOo
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Blender Add-on AMC ToMS 2023: C++  PnS2   PnS3  PnS_IGA

https://uf-cise-surflab.github.io/blender-polyhedral-splines-web/
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Engineering analysis should match an underlying designed shape and not restrict the quality of the shape. I.e. one would like  finite 
elements matched to a geometric space optimized for generically good shape.
Since the 1980s, classic tensor-product splines have been used both to define good shape geometry and analysis functions (finite elements) 
on the geometry.

Polyhedral-net splines (PnS)  generalize tensor-product splines by allowing  additional control net patterns required for free-form surfaces:
isotropic patterns, such as  n quads surrounding a vertex,  an n-gon surrounded by quads,  polar configurations  where many triangles join; 
and preferred direction patterns, that adjust parameter line density, such as T-junctions.
PnS2 generalize C1 bi-2 splines, generate C1 surfaces and can be output bi-3 Bezier pieces. There are two instances of PnS2 in the public 
domain: a Blender add-on and a ToMS distribution with output in several formats.
PnS3 generalize C2 bi-3 splines for high-end design.

PnS generalize the use of higher-order isoparametric approach from tensor-product splines. A web interface offers solving elliptic PDEs on 
PnS2 surfaces  and using PnS2 finite elements.

Polyhedral-net Surfaces for Geometry & Analysis


