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Skeleton: Discretized Medial Axis

S
o Maedial Axis: The set of centers N
of spheres that have at least two O |
closest points on the boundary of ©

the shape. Such a sphere is called
a medial sphere

[Tagliasacchi et al. 2016]
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Surface

Oriented Point
cloud

Discretization of Medial Axis
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Voronoi Diagram
[Amenta et al. 1998]

s

Shrinking balls

[Ma et al. 2013]

Random sampling

[Dou et al. 2022][Wang et al. 2024]

Impratical for application

Simplification
(Finexto Coarse)

Refinepgnent ?
[ ]

Coverage Axis++
[Wang et al. 2024]

Coverage Axis

[Dou et al. 2022]

Q-MAT

[Li et al.2015]

Feature preservation

Time consuming

No control on the result
Irregularity of the distribution
of medial samples
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@® Sphere-plane distance:

dpn(8) = n' - (p AaIE=

o
\

\ @ Spherical quadric error metric: (thiery et al. 2013
) 1
3 dpn(8)® = Qpn(s) = ESt A-s—b"-s
i
: @® Diffused quadric:
f A(t;)
i Q5= Y S2Q

Vs 15
3 2107
f}EJ ('l.?,‘)

@® Sphere-point distance:

A(t;): area of triangle (KNN graph for point cloud)
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Compute clusters

TOKYO R

@ ASIA2024 &

E'Ui(mj) — sz(m3)+ Al

A=0 A=1
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e For each cluster vertices, fitting a -
sphere which minimizes the following -2 ( &
metric:

(gi,r;) = arg I;il’iqn?(ESQEM (Cz) + A Eeudidean(ci)) - :" ‘

A=1 (Q
Esqem(C Z Qu, (M) N

Eeucl’idean (Cz ) -

M| =2 |M| =3
e No guarantee that the optimized

sphere is medial sphere or within the
shape

‘\) ( Y e Sphere Projection: Project the sphere
k\ ' s center on the medial axis in the ,

direction of the gradient of distance

function .
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@® For each cluster C; evaluate the error to
determine whether it should be split.

1
E(Ci) = A U;‘. Ey; (mi)

@ Taking the vertex that has largest error as a
seed to create a new sphere

Vmaz = arg max E, (m;)
v; €C;
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Connectivity
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- Build edge if two clusters are adjacent.

Build face if three clusters share the
same neighbours

e

;.

voss

220
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0.03

M| =124 , | - (M| = 124 M| = 124
€ =2.478% € = 2.258% € =1.697% € = 0.944%

Coverage axis Coverage axis++ Q-MAT Ours
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Comparison: Different resolution

€ =3.319%

€ = 5.538% € =2.717% € =2.526%

Y

Coverage Axis ++ Q-Mat Ours Coverage Axis ++ Q-Mat Ours
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Limitation and future work

® Limitation:

® No Global Convergence: There is potential for
oscillations in the positions of medial spheres.

® Topology Mismatch: Coarse resolutions may
result in a topology that differs from the input
shape.

® Suboptimal connectivity: Intersecting triangles
or closed surfaces may occur.

3-6 December 2024 Tokyo International Forum, Japan  ASIA.SIGGRAPH.ORG/2024

® Future work:

® Medial Sample Freezing: Lock samples in place
to improve control.

® Adaptive Density Function: Enable region-
specific refinement.

® Support Diverse Inputs: Extend to binary images
or incomplete data.
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Gallery

Th

[=]

Project page: “ AANE
https://huang46u.github.io/VMAS
Code will release soon!
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