Implicit Modeling \%{:

Implicit Surface:

f(x,y,2)=0

Inside:

f(x,y,2)<0

Outside:
f(x,y,2>0
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Boolean Operations with Implicit Surfaces ;

w=f(X,Y,2) w:g(x,y,z)W“w=f(x,y,2) w=9g(x,Y,2)
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Surface drawn
at this radius

F(P) =

-#
1

W (P)- T
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Objective: Given {Xk’ Yk}kzl find function Y = f (X)
such that f (Xk) = Yk . Problem is ill-posed.

Solution by radial basis functions:

f(x)= Y Q|x xi||) Fc=y

Where F i =/ Q‘Xi - xjH). Thus c=F ly if F is non-singular.

If / (t) satisfy some conditions then F is non-singular
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Surface reconstruction with RBFs e

n off-surface points w=F (X, Y, Z)
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Holes are because of small support
(choosing large support is
computationally expensive)

Irregularly sampled points
(decimated mesh)
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Surface reconstruction with multiscale RBFs 7

hierarchy of point sets (down-sampling)
<




Surface reconstruction with multiscale RB Fsﬁ%T

90% decimated Smooth reconstruction




Some defects comes from
noisy boundary

\

Points with normals
from merged scans

Reconstruction with fidelity measure

Fidelity is low (near holes) => approximation
Fidelity is high => interpolation




Al =b (A+cl)/ =D

interpolation approximation

already close to original model

Points at level k

f k-1 —
Original Intermediate e
points level e
LR Y (p)
Not use points if <1
Final Level Points Nf (p)H

used
Taubin’s distance
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Surface S inimplicitformF(p) =0
agebraic_dist(q, S)=|F(q)
Taubin_dist(q, S) =|F (q)|/|NF (q)|

0=F(p)» F(@)+(p- a)NF(), p-a=/NF(q)

Reduced

3376K points

24 min
507K functions

Original




Points used
at final level Approximated by 84K functions
(871K points)

Small bumps

Points at level k




Original mesh
with
sharp features

RBF-based reconstruction
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Erom two Missed data is

range images reconstructed but ... Too smooth

A solution can be found in:
A.Sharf, MAlexa, D.Cohen-Or, “ Context-based Surface Completion”, SIGGRAPH 2004
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Multi-level Partition of Unity Implicits
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Very fast reconstruction from scattered data

Ability to process huge data
Adaptive error-controlled approximation Approximation of
Representation of sharp features 14 million points

A solution can be found in:
Ohtake, Belyaev, Alexa, Turk, Seidel, SIGGRAPH 2003
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RBF-based methods are global in nature: RBF fitting requires
solving a large system of linear equations.

It is faster to solve Nk systems of linear equations of size kxk
than one systemof size NkN
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W (X)Q (X)

W, (X)
weighted average of local approximations

f(x) =




Support of Q(X)A

dist;nce

Q(x)=0 (local approx.)

Weighted average of o w(x)QX)

the local approximations F(x)= W (X)

Sharp Features

%

Local analysis of
l points and normals

Different piecewise-smooth Q
approximations are used /
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Exact

Hierarchical CS-RBF

Partition of Unity
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Lorensen & Cline 1987 Fujishiro et. al. 1996




1002 grid

2008 grid
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Output
Post-
processing
—_—
Polygonization by MC Optimized Mesh
0
Output
Post-
processing
—_—
Optimized Mesh

Polygonization by MC
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Mnew — Mold+ D(M OId’f)

Multi-force= S of 3 forces
A

—

toward isosurface

[Verti ces are moved ]

~
Integration (Mesh relaxation)
of normals
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Direction : - sign( f )Nf

f<O

f>0




Implicit surface
normal + —

o
el
e
",

7 $ #J

E(x) = (m(P)Xx- R))

incident trianglesto x

distance

m(P,)
m(P,) .
X m(P) = (P)
[INF (P) ||




Uniform sampling
failsto insert a point here

/D\**L

Small bump
wR
X =
Wi
W : curvature

Uniform weighting | | Curvature weighting
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Initial mesh:
5,000
triangles

(508 MC grid)
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15,000
triangles

—

5,000
triangles

30,000
triangles




