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Fig. 1. We allow users to perform robust Boolean operations in real time on non trivial meshes containing thousands of triangles. In this example, the user first
selects an arbitrary number of deformation handles (left). During the interactive session the handles can be freely moved in space, and the system applies both
As-Rigid-As-Possible deformation [Sorkine and Alexa 2007] and our robust Booleans in real time. The two meshes of the armadillo contain 50K triangles each.
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Cherchi, G. et al

Fig. 2. Computing a Boolean between two shapes amounts to: (i) resolve mesh intersections, creating a set of conforming surface patches; (ii) merge the

patches to form the output depending on the Boolean operator of choice.

Fig. 3. Two failure examples of Cork [Bernstein 2013].The Euler character-
istic of the 2D version (middle) of A \ B is -50. The one of the 3D version
(right) is 16. The Boolean with thickened disks was also tested on the the
experimental tool available in Geogram/Graphite [Levy 2022] — which is
restricted to solid objects - leading the program to a crash.
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2.1 Numerical models
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2.2 Surface and volume-based methods
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2.3 Exact and approximated methods
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2.4 In/out classification
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Fig. 4. First step of the Boolean pipeline. We start from an generic triangle soup (left) and detect intersection points and lines (1). We then split triangles to
incorporate new points first (2), and then segments (3). The output is a well formed simplicial complex (right).
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ALGORITHM 1: »s / ws ss fi »
Input: »pa s sMy,...,Mp » xspop sPi,....,Pm
Output: x Ps ®m » sPi,...,Pmym r wpu s sM,..., My
for each patch P do
» z Ps wg ws M, ..., My
fim r rs rwg ®» w»peP rsp oW wfin  poo S 1)
for each input mesh M do
WP W ST W TS nS »nrn M S )
if r and M intersect then
fim » rs wgrx mg tEM S )
wape aw x x % (8 Poo). (g )

if volume is negative then
‘ s Ps wngws M
end
end
end

end

Fig. 5. For each manifold patch in the simplicial complex we robustly devise
inside/outside relationships with input shapes with exact ray casting. We
shoot a ray towards infinite and analyze its first intersection with all the
input meshes. Given an intersection point i and the triangle #; containing
it, the ray traverses the mesh from inside to outside if the volume of the
tetrahedron (;, poo) is negative, from outside to inside otherwise. This check
can be performed exactly with arithmetic orientation predicates.

5 INSIDE/OUTSIDE CLASSIFICATION
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Fig. 6. Five alternative cases of intersection between a ray and a triangle mesh. When the ray crosses the surface at a point that is inside a triangle (left) the
test depicted in Figure 5 can reliably determine the inside/outside relation between the patch being tested and the surface crossed. When the ray hits a
vertex or an edge the check becomes ambiguous. Our method always reconducts to the leftmost case via numerical perturbation of the ray. Note that the
pathological cases depicted in the figure are not exhaustive. In fact, rays may also be tangent at a (coplanar) triangle.
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Fig. 7. Two examples of our interactive rotation demo: one mesh rotates on top of the other while the system executes a Boolean operator in real time.
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Size libigl (t) FA(t) Ours ()
[ /A VA 1/ 4/
no LAV /4
1 /A VAR /] / 11/
1 1 /4 /11 4/ 4/ / 14/ 1
17/ 41 4/ /1] 14

Table 1. Performances of the interactive rotation demo. For each scene we
measure its size as the cumulative number of triangles and report minimum,
maximum and average time per frame over a continuous run of 3 minutes.
With libigl we denote the most recent implementation of [Zhou et al. 2016].
FA is a hybrid pipeline that uses the original implementation of the arrange-
ment in [Cherchi et al. 2020] with our in/out classification based on ray
casting. All timings are in seconds.

Size min max avg

1 11
1 1 14 14
1 1 1

Table 2. Performances of the interactive deformation demo. Timings (in
seconds) report on the cumulative time to perform four ARAP iterations
and our Boolean algorithm.
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Fig. 8. Dataset of big meshes we considered for the experiments in Table 3.
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Input libigl (1) FA (1) Ours (t) libigl (x) FA (x)

obj 1 obj 2 size inters  bool tot inters inters bool tot inters bool tot inters
T e M .1 1 14 1 4 1 ' L4 1 11 1'% X X X
o B oun 1 4 11 4 1 1 o 1 1 11 1 X X ‘X X
gms 1 1 11 1 4 4 1 4 11 4 17 4 1 4 X "X 14 X T4 X
o rew 1 11° 4 41 1 1 1 11 1 X ‘X X X
xS o 1 11 11 4 1 41 1 11 14% X X 1 X
o rp r 1 4 11 1 4.4 4 4 1 11 1 11 X 4x ‘X X
rgmlw 1 1 1 14 4 4 14 4 114 X  6.15% X X
rgm™m gms 11 4 44 o 1 4 1 44x X X ‘X
rgm  mppuw 11 ’ 44 1 1 1 4x X X ‘X
rgw s 4 1 1 1 1 4 1 X 1X  9.51x 1 X
rgm rgw 4 44 1 1 4 10X X A4 4X 1 x
rgm™m xpx 11 44, 1 4 1 71X X X 4 X
gms npoun 4 14 1 14 4.4 1'% X X 1x
x g ml g w 1 1 4 4 1 4x X X X
L A rgw 44 1 1 4 4 11 X X X 8.12x
g ms rg W 44 1 441 1 14 1 4 X 1 X 1 X 41 X
gms xS 1 4 1 1 4 4 1 1 11X X X ‘X
npun rm r 1 11 ’ 1 11 X 1 4x 4 1% 11X
xs npoun 11 4 1 1 x X X 44X
rgwnl gnwns 11 4 1 11 4 1 4 X 85.79% 1'% 3.35%x
gms rmp ox 1 1 4 11 1 11 4 9.35x X X T4x
rgnl wmpuw 1 41 1 14 41 11.93% 44x 1 X - X
xS rgmw 4 1 11 4 1 44 111 4 11 X 4 X X 44 x

b T rgm 4 ’ 11 1 4 4 1 1 X 4 X 4 X 4 X
xS rp r 4 4 1 4 1 X 1 X 4 4x 4 X

r g wnl rgm 1 1 11 4x ‘X 4x 4.14x
x g wl xS : ’ o 1 ’ 11 1x X 1 1Ix 4 X
xgwnl xp 1 4 ’ 1 4 ’ 1 X 4 X 35.13x 41 X

Table 3. Comparative analysis of our Boolean algorithm w.r.t. any combination of the huge models in Figure 8. For each test we report the name of the two
objects and their cumulative size, in millions of triangles. With libigl we denote the best performing implementation of [Zhou et al. 2016], which endows
a well crafted parallelization that fully exploits the recently improved thread safety of the lazy rational kernel in CGAL 5.4. FA is the author’s reference
implementation of the Fast Arrangement algorithm [Cherchi et al. 2020]. Running times are in seconds. All tested methods perform equally well on any
Boolean operator, we therefore restricted experiments to Boolean unions only. The rightmost sections of the table, denoted with X, report our speedups. On
average, we are almost 25x faster than libigl and our intersection resolution step is more than 5x faster than [Cherchi et al. 2020]. Best and worst speedups
for each algorithmic step are highlighted in bold blue and red, respectively. All tests were performed on a Mac Book M1 Pro with 8 performance cores and

32GB of RAM.
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Fig. 9. Our method scales optimally to variadic Booleans involving hundreds of shapes. We executed the operations in the figure in two different ways: passing
in input each decorative element separately, and merging all decorative elements into a single input mesh. In both cases the running time was the same, thus
no computational overhead was introduced for the increased number of input shapes.
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6.3 Processing of Huge Meshes
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6.4 Variadic Booleans
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