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Overview

m [nput: Arbitrary set of polygons
-- holes, gaps, self-intersections, non-
manifold
m Output: implicit surfaces
-- watertight, with some other nice

Algorithm

Use MLSto generate the implicit surface
Enforce true normal constraints

Adjust theimplicit surfaceto fit tightly
around the input polygons and enclose all
input vertices.

properties. m A hierarchical fast evaluation scheme
m Optional preprocessing
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Vaue Constraints at Points

N points located at positions P, , i O[1...N]
Build a function f (X) which approximates
thevalues ¢ at those points

b(x) is the vector of basis functions

c isthe unknown vector of coefficients

Vaue Congtraints at Points
m Standard least-squares fit:
b"(p,) ]
: c=|: , theresulting function

o ('pN) f(x)=b' (x)c

Images from B-
° CAM website.
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Vaue Constraints at Points
m Moving |east-squares fit:

W(x, py) b"(p.) a
. : [of . :
w(x, py) | " (Py) w(x, py) || %

-weighting functionw(x, p,) isused to vary ¢ depending on x.
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Images from B-CAM website.
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Vaue Constraints at Points

{w(x, p) } b’ (p.) {w(x, P,
.. H c = ‘.
W(X, py) bT(pN) W(X, py)
a

W(X)Bc(x) =W(X)¢
Il
The normal equations: BT (VV()())@2 BC(X) =B" (VV(X))Z(D

() =b" (\H BT (W(x))*p
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The fit function:
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Vaue Constraints at Points

m Using point constraints scattered over input
polygons
-- potentially alarge number of points
-- undesirable bumps and dimples

m SO, scatter an infinite number of points
continuously across the surface of each

polygon.
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Generated using
integrated polygonal
congtraints

Generated using different densities of
scattered point congtraints

Images from Shen04 paper.
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Vaue Congtraints over Polygons

m MLS formulation for point constraints:

B" (W(X))°Be() = B'W(x)°9
1l

[iw(x, P b( mbT(pi)]c(x) = W (x p)b(P)A
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Vaue Congtraints over Polygons

m [ntegrate value constraints over K polygons,
Q,, kO[1..K]-

(S0 (1) et = - R )
g
(kZ AJC(X) =230 A=[, W pb(pD' (P)dp
8 = [, w(x p)b(p)gdp
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Normal Constraints

m One of popular normal constraints: pseudo-
normal constraints: [Turk and O’ Brien, 1999
-- A zero constraint at a point on the surface;
A positive congtraint offset slightly outside the surface
A negative one slightly inside
-- This approach does not work well.
. an essential singularity at that point.
. undesirable oscillatory
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‘Q ‘s‘ '. L : T:'.:)-: 1I....

Normal Constraints

m A function §x) associated with polygon Q,

is defined , with normal constraints:
S(¥) =g +(x-q,)"
| SUa tYuX TPyt 2

MNisthe normal of polygon, s® isan arbitrary point on the
polygon.

m These functions are blended using MLS
instead of constant values.
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Interpolation and Approximation

m Theweighting function in the paper is set
to be: —
w(x, p) = ———
[x=pi"+&
The parameter £ allowsadegreeof control over thefunction' sbehavior.

m ¢ =0, interpolation ¢ =0,
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Images from B-CAM website.
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Interpolation and Approximation
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The center images show input constraints as dotted lines and the
contour as asolid line. The outer images show the resulting function
asaheight-field.

Images from B-CAM website.
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Two problemsin approximation
m Surfaces may fall away

-- ¢ islarge

m Theoriginal vertices may fall outside of the
implicit surface.
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Adjustment

m -- Samplethe average value of MLS function
with thedesired ¢ over theinput polygons.
-- Extract a surface using that as iso-value.

m --|teratively adjust the ¢ values assigned to

~ade
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Iterative adjustment

with different values
of ¢

The original and
constructed surfaces
together.

the vertices Adjust the surface to
average value but no
iterative adjustment.
ﬁ# ,‘ ,:}g No adjustment at all
&
Images from B-CAM website.
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Preprocessing Performance
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Figure from Shen04 paper,
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Discussion
m Watertight & Haveto be watertight
= Adjustment procedure.... .
Time-consumin % Movie il
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