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Definition

Homotopic opening

Let X be a discrete object.
Y ⊂ X is a homotopic opening if
X − Y is contractible
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Opening holes

Algorithms

KISS algorithm

Input: X ⊂ Z
d

Output: Homotopic opening for X
C ← {x} , for x ∈ X ;
S ← N∗

α
(x) ∩ (X − C );

while S 6= ∅ do

x ← some point in S ;
S ← S − {x};
if x is simple for C then

C ← C ∪ {x};
S ← S ∪ (N∗

α
(x) ∩ (X − C ));

return X − C ;
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Opening holes

Algorithms

Better use the distance transform
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Opening holes

Algorithms

Algorithm 1: random propagation

C ← {x}, for random x ∈ X

such that dtX (x) is maximal;
S ← N∗

α
(x) ∩ (X − C );

while S 6= ∅ do
x ← random point in S such
that dtX (x) is maximal;
S ← S − {x};
if x is simple for C then

C ← C ∪ {x};
S ←
S ∪ (N∗

α
(x) ∩ (X − C ));

return X − C ;
Complexity

dD: 3dn(lg n + f (d))
3D: n lg n
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Opening holes

Algorithms

Problems:

Not straight lines → later

Torus → next
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Opening holes

Algorithms

What happens to the torus?

Too many points with equal distance

Solution: propagate by layers (Algorithm 2)
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Algorithms

Algorithm 2: propagation by layers

C ← {x}, for random x ∈ X with
highest dtX value;

repeat
m← max{dtX (x) |
x ∈ N∗

α
(C ) ∩ X ,

x simple for C};
L←
dt−1

X
([m − 1,m]) ∩ N∗

α
(C );

foreach x ∈ L do

if x is simple for C then

C ← C ∪ {x};

until idempotency ;
return X − C ;

Complexity

dD: 3dn2f (d)
3D: n2
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Opening holes

Algorithms

Why do we obtain those segments?

Solution: keep fronts separated (Plugin)

17 / 23



Opening holes

Algorithms

Plugin: simple balls

Input: C ⊂ X , x ∈ x , r ≥ 0
Output: Can we add point x to

C?
foreach y ∈ Nα(x) do

if C ∪ (B(y , r) ∩ X ) is

collapsible to C then

return true;

return false; Complexity

dD: f (d)→ |Nα|r
2d f (d)

3D: f (d)→ r6
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Algorithms

Why the neighborhood? The tangency problem
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Algorithms

Problems:

3D isn’t great→ some day
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Opening holes

Conclusion

2 algorithms + 1 parameter for ball radius

Algorithm 1: faster (n lg n) but worse output

Algorithm 2: slower (n2) but better output

Study the tangency problem in 3D
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Download this presentation:

http://aldo.gonzalez-lorenzo.perso.luminy.univ-amu.fr/downloads.html

Thank you for your attention
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