Reconstruction and Representation of
3D Objects Witlh Radial Basis Functions
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Mesh repair

Implicit surface modeling RBF surface modeling
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Generating off-surface data

Ensure a consistent distance-to-surface field

Off-surface point, X,
Conflicting data point

NemﬁHBﬁﬁiorma'
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Surface data point x; |

Minimal energy interpolants

We want to find the smoothest function which fits
our distance-surface data.

Radial Basis Functions

This is a specific example of an RBF

Forming a signed-distance function

Thin-plate spline in 3D

The minimizing interpolant has the form :

How do we find the weights | ; ?

Form & solve the linear system :




Fast solution Fast evaluation

Centre reduction Iso-surfacing

Greedy algorithm Surface-following
Fit an RBF to a subset of e minimizes RBF evaluations
B the x; | RBF centres are used as
Evaluate g = f; - s(x;) at all (- seads

E If max l q l efit_acc sop
—— —else-add centres where'q—

optimisation

Scapular N ™ Results

Original mesh 543 652 points
———— 1006700 triehgles———————

RBF representation 80 518 centres




Interpolating noisy data RBF smoothing

_ | Look for the function s* that minimizes

RBF smoothing Spline smoothing with RBFs

Look for the function s* that minimizes

Increasing r

DN | cocing smoothness [

Increasing smoothness

Reconstructing Eros Turbine blade

594,000 centres

104 fitting accuracy




Conclusions

~—=—A-functional representation-of a complex-objectis—

possible
= Smooth RBF interpolation is ideal for mesh repair
B The smoothest surface, most consistent with the |
B input data, is produced |
~— Gradients are determined analytically,
~ Fastevaluationis essential

Fast multipole methods

1. Hidrdekicalgadiitbonéxgopbpace

- [Fast multipele methods |

Fast multipole methods Fast multipole methods
| 2. ApprorimiRiaegRatheRrPoRyhisanslkeRttent series |




| Fitting & evaluation parameters i = RBF fitting strategies

Evaluatiomteqoktyon nodes f(x;

- Apimations.

RBF smoothing RBF fitting




Results i RBF smoothing

- Original mesh 437 645 points
847 414 triangles

~ New mesh 126 998 points /

B 5016/ triangles
32 461 centres

.~ RBFEExamples

Explicit surface modeling Registration of 3D surfaces




Surfacing examples Mesh repair (hole-filling)

Filleting Further applications

Point cloud reconstruction

Density: examples




3D density data visualisation Mesh optimisation

Grid-constrained  Optimised mesh  Mesh vertices
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Normal length validation Finding the weights | ;

— | The coefficients | are uniquely determined by the
interpolation conditions :




Radial Basis Functions How do we find the weights | ;2

Form & solve the linear system :

Iterative fitting of an RBF

- Animation - static images: |

Normal projection

Normal validation




Normal length validation

Validate normal lengths

Normal length validation Talk outline

Ensure a consistent distance-to-surface field = .
Implicit surface representation

Validate normal lengths Radial Basis Function (RBF) interpolation
B Fast algorithms for computing RBFs
| | licati

Why use RBFs? How to fit an implicit function

RBFs are ideally suited to scattered data | — | RBFs are ideally suited to scattered data
interpolation interpolation
Data are not required to lie on a regular grid | Construct a distance-surface distribution

Associated system nteed to be invertible | Fit an RBF to the distance distribution
-~ undervery mild conditions . - .
Polygonize the object’s boundary by iso-

Poly harmonic splines minimize certain surfacing the RBF
- energysemi-norms and are therefore |




Surfacing examples

How-farisx-from;

= Spline smoothing with RBFs

What is an RBF?

An-RBF-is-a weighted sum of translates of a radially

symmetric basic function augmented by a polynomial.
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