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Abstract

We present a simple smoothing operator for surfel-bounded solids
obtained by adding two solids together using boolean operations.
When adding two surfel-bounded solids together with the union op-
erator, it is sometimes desirable to smooth out the sharp creases
in the surface of the resulting solid. This report presents a simple
local smoothing operator for this purpose. We illustrate that this
operator enables us to obtain a more natural integration of the two
solids added together.
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Abstract

We present a simple smoothing operator for surfel-bounded solidinebta
by adding two solids together using boolean operations. When adding tfed su
bounded solids together with the union operator, itis sometimes desirabletdts
out the sharp creases in the surface of the resulting solid. This resemns a
simple local smoothing operator for this purpose. We illustrate that thisatper
enables us to obtain a more natural integration of the two solids added togethe

1 Introduction

In [1] Adams and Dug presented a technique to perform boolean operations fai-sur
bounded solids. This report is an addendum to this work aeskmts the local smooth-
ing operator used to eliminate sharp creases.

The technique presented by Adams and Busr based on a fast inside-outside
test. The test classifies the surfels of two sokdandB as being completely inside
or outside the other solid or as intersecting with the serfaicche other solid. Surfels
are considered as being disks with centgra radius of influences and a normahs.
Each surfel thus represents a small area of the surface ebtitet belongs to. Only a
small number of these disks intersect with the surface obther solid. These surfels
are classified aisitersecting by the inside-outside test. In this report we present a local
smoothing operator that smooths out the region in the neigidod of the surfels
classified asntersecting. The operator enables us, if desired, to obtain a more natura
integration of the two solids added together with the uniparator.

In section 2 we present the mathematics of the smoothingatgrerin section 3
examples are given and possible difficulties are discudslecconclude in section 4.

2 Smoothing Operator

When adding two surfel-bounded solidlsandB together with the union operator, we
use the inside-outside test to decide which surfela ahdB are part of the surface of
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Figure 1: Union of head and body. Left: no smoothing. Rigimtosthing of surfels
in the neighborhood of the surface-surface intersectieesgh more natural integration
of the head and the body.
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Figure 2: Smoothing operator. The dashed surfels are tbtatd translated to their
new position. Sharp creases are eliminated.

the resulting solid. The resulting solid consists of thdedarof the surface ol outside
solid B and vice versa. The surfels classified as intersecting \wigthstirface of the
other solid are also added to the resulting solid. Figureft shows the result of the
union of head and body. A sharp crease can be seen in the kfglmsurface-surface
intersection.

In this section we propose a local smoothing operator thatswyell in most prac-
tical cases and results in a more natural integration ofvlwesolids added together
with the union operator.

The smoothing operator works on all surfal€lassified as intersecting by the
inside-outside test and all surfedswithin a distanced of s. Recall [1] that during
the inside-outside test we stored the nearest neighfmrall surfelss that intersect
with the surface of the other solid. Our operator works ako¥ed (figure 2). First,
surfelsis rotated so that it points in the direction:
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Next we translats in the direction of its new normal over a distarge
Xs < Xs+ B Ns (2)

In a second step we modify all the surfegjswithin a distanced of a surfels. The
distance betweeg andsis § with § < &. We replace the normal & by blending
between the normals of 5 and the (new) normais of s:

o -ng +(1—a;) - ng|l

with a; = §,/6. Next we translate the surfglover a distancél — a;) - B in the direc-
tion of its new normal:
Xs < Xs +(1—0) B -ng 4)
The parameterd and 3 are user-chosen and influence the region and the amount of
smoothing.

3 Discussion

The smoothing operator is not necessary to be able to petimwiean operations.
When sharp creases are wanted, one does not apply the sngooleiration. Figures 1
and 3, however, show two examples where the smoothing apesappropriate. The
example in figure 3 is taken from [1].

One drawback of this smoothing operator is that it is posgitbhave surfels within
a distanced that belong to a different surface (see figure 4) and whichilshoot be
smoothed. A possible solution to this problem is given inriégt instead of searching
for the surfels within a sphere of radids one might search for nearest surfels within
two ellipsoids with major axis of length and aligned as indicated in the figure. How-
ever, we did not encounter this problem in the practical gdemgiven in this paper,
and we did not implement the suggested solution.

If smoothing is desired, the resampling operator [1] is lolisd and smoothing is
applied as a post-process (after the resulting geometmyristaicted). As smoothing
is not performed during interaction, we did not optimizeait §peed. Typical timings
are in the order of one second.

4 Conclusion

This paper shows how sharp creases resulting from the umgerator in [1] can be
eliminated by a simple smoothing operator. Smoothing ig applied when desired as
illustrated in the examples. As discussed, the smoothiegadpr will not always yield
correct results. However, we did not encounter this probitethe practical examples
given in this paper.
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Figure 3: Mythical centaur. Left: no smoothing. Right: lbsmoothing in the neigh-
borhood of the surface-surface intersections.

Figure 4: Surfels of a different surface (red) within a distad of the intersection
curve. These surfels will be wrongly smoothed by the smoagtloperator.

Figure 5: Possible solution to the problem of figure 4. Usiligsoids to locate the
surfels in the neighborhood of the surface-surface intticaes.
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