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Figure 1: Left: segmentation of the fertility model using our algorithm and the as-rigid-as-possible parametrization of the segments. Middle:
the same global parametrization is used to compute a procedural texture for the surface via a slime simulation. Right: the parametrization is
also used to apply a regular texture to the surface (the transparent portion of the texture is not mapped to the surface).

Abstract

We present a reliable method for UV mapping that leverages a Voronoi-based decomposition of a triangulated surface mesh.
Given a sparse set of sample points on the input shape, we construct the corresponding Voronoi partition and iteratively refine
it to ensure that all regions are topologically equivalent to disks. The refinement proceeds in two stages: first, Voronoi cells
are subdivided until disk-like topology is guaranteed; then, adjacent regions sharing substantial boundary portions are merged
to reduce both their total number and perimeter-to-area ratio, while preserving disk equivalence. This topological guarantee
enables straightforward and reliable UV parameterization. Our method exhibits an extremely low failure rate, making it suitable
for practical use. In quantitative experiments on standard UV mapping benchmarks, we achieve performance comparable to
state-of-the-art techniques. Furthermore, we analyze robustness and efficiency across different sampling densities, providing

insights into the computational cost of each step of the pipeline.

CCS Concepts

» Computing methodologies — Machine learning; Shape analysis; * Theory of computation — Computational geometry;

1. Introduction

In computer graphics and geometry processing, triangular meshes
have become the standard representation for three-dimensional sur-
faces. Their simplicity and expressiveness make them suitable for a
wide range of applications, spanning from animation and physical
simulation to shape analysis and texture mapping. Among these,
UV mapping plays a central role, enabling the transfer of surface
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attributes such as textures and colors from a two-dimensional im-
age domain to the surface of a 3D model. This is particularly bene-
ficial for real-time and interactive applications, where performance
requirements impose a low vertex count, and the high-quality stan-
dards force the use of attributes at sub-vertex resolution.

In the context of computer graphics [MYV93] and manu-
facturing design [PSOA18], significant efforts have been made
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to design recursive or repetitive patterns [NPP21, DGWB 14],
curves [MNPP22, MMM 24], and shapes [RNP 22] directly on
surfaces. However, most practical applications require more com-
plex designs and higher efficiency, thus still relying on UV
parametrizations that can be handcrafted by an artist, jointly pro-
cessed with the surface for generating procedural patterns [Sta03,
KCPS15, MMMR22], or baked with solid textures [EMP 02,
HarO01, MBMR22].

Despite its ubiquity and significance, the construction of reliable
UV maps remains a challenging problem. Many existing methods
are prone to failure in the presence of complex topologies, irregular
sampling, or numerical instability [SSS22], making robustness and
predictability critical requirements for practical use.

In this work, we introduce a novel approach to UV mapping that
exploits the structural properties of triangular meshes to design a
method that is efficient, simple to implement and highly reliable.
The key idea is to build on a Voronoi decomposition of a sparse
point sampling of the input mesh, and to refine this decomposition
into regions that are guaranteed to be topologically equivalent to
disks. Our algorithm proceeds in two phases. First, Voronoi cells
are iteratively subdivided until all regions exhibit disk-like topol-
ogy. Second, neighboring regions that share a substantial boundary
component are merged to reduce both the total number of charts
and their perimeter-to-area ratio, while maintaining disk equiva-
lence. This topological guarantee allows for straightforward UV
parameterization of each region and significantly reduces the oc-
currence of degenerate cases.

A primary motivation behind our work is to minimize the num-
ber of failure cases, which are a persistent obstacle in existing UV
mapping pipelines. By leveraging mesh topology in combination
with a principled refinement strategy, our method achieves an al-
most negligible failure rate while preserving performance compa-
rable to state-of-the-art techniques. We further demonstrate that the
algorithm is robust under varying sampling densities, and we pro-
vide a detailed analysis of its computational cost across the main
stages of the pipeline.

The remainder of this paper is organized as follows. In Section 2,
we review prior work on UV mapping and mesh decomposition.
Section 3 presents the background necessary to introduce our ap-
proach. Section 4 describes the proposed algorithm in detail. Sec-
tion 5 reports experimental results and comparisons with existing
methods. In addition, in Section 6, we propose an analysis of the ro-
bustness of the proposed method to different densities of the mesh,
as well as its runtime performance. Finally, Section 7 discusses lim-
itations and outlines directions for future research.

2. Related work

The importance of constructing reliable UV maps dates back to the
earliest days of computer graphics [Cat74] and makes it one of the
most active research areas in geometry processing, even in recent
years [BKP 10, Cral8]. Consequently, a wide variety of different
approaches have been developed to accomplish the task of comput-
ing a UV parametrization of a surface [FSZ 21].

The standard pipeline to produce a UV parametrization consists

of computing cuts of the surface and then parametrizing regions
separately [CCC 08], although recent research efforts have shown
that a joint optimization of the cuts and the parametrization can
be an optimal strategy for computing reliable UV maps [PTH 17,
LKK 18]. However, the task of cutting and parametrizing the sur-
face at the same time can often result in challenging and unstable
optimization problems, and thus the majority of the proposed solu-
tions are focused on specific subproblems.

UV parametrization. Primarily, studies and efforts have focused
on the computation of a piecewise linear map from a surface to the
real plane, without concerns about segmenting or cutting the sur-
face. The Tutte embedding [Tut63] was the first to be successfully
applied to produce a fully bijective mapping (often also called flip-
free mapping), in the case of surfaces with disk topology. Later,
other approaches have been developed to achieve different goals.
Well-established examples are: (i) the harmonic mapping, which
minimizes distortion and metric dispersion [EDD 95], (ii) the con-
formal mapping, which locally preserves the angles [LPRMO02],
and (iii) the as-rigid-as-possible (ARAP) parametrization intro-
duced by Liu ef al. [LZX 08], which locally minimizes the length
distortion. More sophisticated methods proposed refined energies
and convoluted optimization problems that try to achieve fully bi-
jective maps, while at the same time preserving some other desir-
able properties. A successful example is the Scalable Locally Injec-
tive Mapping (SLIM) [RPPSH17], which extends the ARAP metric
with flip-free energies. Garanzha er al. [GKK 21] proposed a strat-
egy to resolve flipped triangles, given an initial UV parametriza-
tion, by changing vertices positions. Another solution has been in-
troduced by Gillespie ef al. [GSC21], who propose to remesh the
surface in order to compute a map that is both fully bijective and
conformal. Although most of these approaches can be technically
applied to arbitrary meshes, they are specifically designed to pro-
duce parametrizations of surfaces that are topologically equivalent
to a disk, generally requiring a prior step where the mesh is either
cut or segmented.

Surface segmentation. Our approach falls into the category of
those methods that try to produce a valid segmentation of the
surface, which then can be fed to a UV mapping algorithm for
computing piecewise continuous parametrization of the entire sur-
face. Earlier attempts revolved around the identification of feature
points [KLTO5] or regions with high curvature [SH02]. Other com-
mon strategies were based on the Voronoi decomposition from a
sparse sample set [CCC 08], but also to deploy hierarchical struc-
tures [KTO03], and the introduction of developability energies based
on Gaussian curvature [JKS05]. Shapira et al. [SSCOO0S8] proposed
to introduce an energy based on the shape diameter function to ob-
tain a consistent and informative segmentation of the surface. Spec-
tral approaches based on the eigendecomposition of the Laplace-
Beltrami operator were also very popular, primarily relying on K-
means clustering [LZ04] and contour analysis [LZ07] in the spec-
tral embedding. More recently, Mancinelli et al. [MM 23] devel-
oped in this direction by introducing a spectral pipeline to compute
a semantically meaningful segmentation of a triangular mesh. De-
spite all these approaches successfully accomplishing their goal of
segmenting a surface while highlighting or representing some types
of features, they still present some limitations. On one side, most of
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the currently available solutions are based on the solution to numer-
ical optimization problems, which makes them prone to failure and
does not always guarantee the optimal solution. On the other hand,
none of the discussed approaches is principled toward a decompo-
sition into topological disks, which is a better fit for UV mapping
algorithms.

3. Background

Continuous setting. In this work, we consider a surface as a 2-
dimensional Riemannian manifold M embedded in R, possibly
with boundary M. Given two points x;y € M on the surface, we
denote with dp (x;y) their geodesic distance over M. A segmenta-
tion of M is a set S(M) = {Sy;---; Sk} of compact submanifolds
of M, where Uf»‘zl S; =M and Vi # j, S;NS; is either empty ora 1-
dimensional manifold (i.e., a curve). For deeper discussions about
surfaces and Riemmanian manifold, we remand to [DC16,MorO1].

The UV mapping (or parametrization) of a manifold M is a con-
tinuous bijective map j : M — R2. When such a map cannot be
found, we also admit as a valid UV parametrization a piecewise
continuous bijective map j : M — R? defined by means of a seg-
mentation S(M) as

J)=]3i(x) = xe8; )

where j;:S; — R? is a continuous bijective map (i.e., a UV map
for ;). We remand to a recent survey from Fu et al. [FSZ 21] for
additional details on UV parametrization.

Discrete setting. We discretize a 2-dimensional manifold M as
a triangular mesh M = (V;E;T), where: V C R3 is a set of ver-
tices; T CV xV xV is a set of triangles between vertices in V;
E CV xV is aset of edges inferred from the triangles. Although
we admit meshes with boundaries and self-intersections, through-
out this work we require our meshes to be manifold, which means

e 1o more than two triangles can share a single edge;
e a vertex must be surrounded by a single triangle fan (either open
or closed).

Given a triangular mesh M = (V; E; T), as discussed in [Hir03], we
can define the dual mesh of M denoted with M = (V; E; T), where:

e ¥; € V is the dual vertex of the triangle ¢;;
o ¢;; =iV e E is the dual edge of the edge shared by it €T,
e 7y € T is the dual face of vertex v; € V.

For more details about dual meshes we refer to [Hir03].

Although we can define exact geodesic distances also on triangu-
lar meshes [MMP87], we discretize geodesic paths using shortest
paths on the graph of the mesh. In particular, by exploiting Dijk-
stra’s algorithm [Dij59], the computation of the distance dps(x; T')
is numerically stable, and it is generally a fast and reasonably ac-
curate approximation on discrete surfaces with a very high vertex
count.

The UV parametrization of a triangular mesh M = (V;E;T) is a
piecewise linear map J : M — R? that maps each triangle ; € T into
a triangle in R? by means of a linear map J;. In the discrete setting,
we can segment a triangular mesh by partitioning its triangles, and
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we can still produce a UV parametrization by mapping segments
separately. We refer to the book by Botsch er al. [BKP 10] for a
deeper discussion on geometric algorithms for triangular meshes.

4. Proposed method

Our approach for producing a UV parametrization of a mesh M =
(V;E; T) can be summarized in three major steps:

1. we produce a geodesic Voronoi decomposition of the surface;

2. we refine the decomposition to ensure regions are topological
disks and have regular geometry;

3. we compute the UV mapping of each region and produce a UV
parametrization for the entire surface.

4.1. Voronoi decomposition

As discussed in Section 3, a segmentation of a triangular mesh
consists in a partitioning of its triangles. By considering the dual
mesh M = (V;E;T), we lift the problem of partitioning triangles
of the primal mesh to the partitioning of the vertices of the dual
mesh. One common approach, which is also used by well-known
geometry processing softwares like MeshLab [CCC 08], for par-
titioning surfaces is to compute the geodesic Voronoi decompo-
sition. Given a set of sample vertices P = {py;---;pn} CV on
the surface, the geodesic Voronoi decomposition of M is a set
Vor(M; P) = {Vor(M;pl% -+ ;Vor(M; pn)} such that)

Vor(M;p,-)I v : p; = argmin dM(v;pj) : )
pj2P

To ensure an even coverage of the surface and an efficient
decomposition, we employ the algorithm presented by Maggi-
oli et al. [MBRM25], that jointly computes a farthest point sam-
pling of n sample points and their Voronoi decomposition in time
O |V|log|V|logn .

4.2. Decomposition refinement

Subsampling. A geodesic Voronoi decomposition provides a valid
segmentation of the surface, but it does not provide any guarantee
about the topology of Voronoi regions (see the dark blue region on
the left frame in Figure 2), as instead required by our UV map-
ping solution. Liu et al. [LFXH17] have shown that, with sufficient
sampling density, Voronoi regions can be guaranteed to be topo-
logically equivalent to a disk; however, their approach results to be
computationally inefficient and produces a number of regions that
quickly becomes incontrollable. In contrast, we consider the fact
that a compact surface M (continuous or discrete) is a topological
disk if and only if its Euler characteristic c(M) = 1.

This notion can be exploited to refine the initial sampling and
produce a Voronoi decomposition into topological disks. As men-
tioned earlier, with enough sample points, Voronoi regions are
guaranteed to be topologically equivalent to a disk. However, in-
stead of increasing the sampling density everywhere, we consider
the fact that some Voronoi regions may already satisfy this condi-
tion. Consequently, we only need to further decompose the other
regions. Consider the sample p; and the Voronoi region Vor(M; p;)
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Figure 2: Left: the geodesic Voronoi decomposition of the surface produces regions that are not topologically equivalent to a disk. Middle:
our rst re nement step adds sample points to the critical areas, ensuring that each Voronoi region is a topological disk. Right: our greedy
merging algorithm minimizes the number of regions in the decomposition, while still ensuring a segmentation made of topological disks.

Algorithm 1 Subsampling algorithm. the mesh is decomposed into its single vertices, which induce topo-
1: procedure SUBSAMPLING(M, P, k) logical disks by de nition of manifold meshy; is decomposed
2 S : into topological disks and the algorithm continues to the follow-
3 for pi 2 P do ing iteration. IfjVij > k, the procedure is called recursively bh.
4 M;  submesh induced by VEVi; pi) Howeverj sinceMl; M, thgnj\ﬁj < jVj, meaning that each Ievgl
5: if (M) = 1then of_ recursion reduces the size of the mesh. Eventuglly, the algorithm
6: S S[f Mig will produce amesiv =(V ;E ;T )suchthajV j kandthe
7 else recursion will terminate.
8 po VORONOFPSM;, k) Each re_cursi\_/e step produces a decomposition o_f the sgbmesh_into
o S SUBSAMPLING(M;, PO K) topological disks. Since the union of all these regions will result in
10: S S[S the original mesiM, the algorithm successfully produces a decom-
11: end if position ofM into topological disks. []
12: end for
13: return S Region merging. As shown in the middle plot of Figure 2, the
14: end procedure subsampling procedure could produce a large amount of small re-

gions. While this makes it easier for UV mapping algorithms to
locally parametrize the surface, the dramatic fragmentation of the
resulting global parametrization could virtually have no practical
associated with the sample. If such region is topologically equiva- use.

lent to a disk, we leave it as is. Otherwise, we consider the submesh

Mi = (Vi;E;T) M induced by VofM; p;), and we recursively
call the SUBSAMPLING procedure to apply a Voronoi decomposi-
tion. The procedure is summarized in Algorithm 1, and produces
a valid decomposition into topological disks (see the middle frame
of Figure 2).

To overcome this issue, we introduce a greedy strategy for merg-
ing adjacent regions iteratively, while at the same time maintaining
a decomposition into topological disks. Our approach takes advan-
tage of the inclusion—exclusion principle for the Euler characteristic
with compact support in locally compact space, that is

Proposition 1 Given a mestM = (V;E;T) and a set of sample CMIN )+ c(MIN )= c(M)+c(N): @)
points P, the procedure described in Algorithm 1 terminates and For each pair of adjacent regiokts andMj, we can easily verify if
produces a decomposition bf into topological disks. their boundary;\ M is a topological segmernit¢., c(Mj\ M;) =

1). By recalling that(M;) = c(Mj) = 1, it follows that the union
region M [ Mj is a topological diski(e., c(Mj[ Mj) = 1) iff
c(Mj\ M;j) = 1. By taking advantage of appropriate data struc-
tures like hashmaps and hashsets, these conditions are ef ciently
veri able.

Proof If Vor(M; p;) is a topological disk for ally;, then the con-
dition at Line 5 is always met and the recursion is never called.
Consequently, the algorithm terminates &xbntains a decompo-
sition of M into topological disks.

Otherwise, let; such that VofM; p;) is not a topological disk, and
let us consider the induced submeédh= (Vj;E;;T). If jMij Kk, The regions in our decomposition should also have a geome-

© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.



F. Maggioli & S. Melzi / UV Parametrization via Topological Disk Segmentation of Surfaces 50f 10

try that simpli es the UV parametrization as much as possible. Algorithm 2 Region merging algorithm.

This means that regions with an elongated shapg (ong triangle

strips) or presenting choke pointsdg, two large regions connected 2:
by a single triangle) should be avoided as much as possible. To 3:
mitigate similar situations, we introduce a score system for merg- 4:
ing candidates, based on the relation between their area and their s5:
boundary. In particular, le&y andAj be, respectively, the areas of 6:

1: procedure REGIONMERGING(M, S €)
G=(V;E) dual graph of segmentatic
while Gis unchangedo

Q empty priority queue
for (S;Sj) 2E do
if c(S\ §j)= 1then

M; andMj, and let’j; be the length of their boundamyij\ Mj. 7: Jij ScorgM, §, S))
For 2-dimensional shapes, the area is related to the square of the g: if Jjj ethen
perimeter, and thus we de ne our score for the merginiylpfind 9: Q.push (Jij;(S:S))
Mj as 10: end if
11: end if
Jij= g—~_——: ) 12: end for
max Aj; Aj 13: if jQj > Othen
14: (S:S) Qpop ()

We propose a greedy merging algorithm, which is summarized in 15:
Algorithm 2 and proceeds as follows. Firstly, we compute the dual 16:

Merge§ with S; and updatés
end if

graph of the segmentation, where each node represents a regiod7:  end while
and each edge represents the adjacency between regions. We th&8: end procedure
Iter out all the edges between regions whose union will not result
in a topological disk, and for all the other edges we compute the
score as described in Equation (4). We also use a threshioid optimal packing, it is very ef cient and can be easily replaced with
the score to exclude all pairs of regions that would merge along a more optimized algorithms.
short boundary (and thus form undesirable geometries like choke
points or elongated shapes). If there are edges left, we select the .
edge with the highest score and merge the nodes in the graph andH4- Parameter tuning
the corresponding regions. By preferring the merging of regions Qur entire pipeline requires the de nition of three parameters,
that share a longer boundary with respect to their area, we guidenamely:
the algorithm toward a minimization of the total perimeter-to-area . »

n: the number of samples for the Voronoi decomposition;

ratio, resulting in the formation of more regular shapes. This whole ; .
9 d P k: the number of samples for the subsampling algorithm;

process is iterated until the graph is left unchanged, meaning no X - i
more regions can be merged e the score threshold for merging adjacent regions.

In our implementation, we use= 10 as default, since this is
the same value used in MeshLab for the UV parametrization via
Voronoi decomposition [CC@8]. We also sek = 5, as in most
of our tests, this value was suf cient to decompose the regions into
topological disks with a single recursion step, while at the same
time it did not dramatically increase the number of regions. Finally,
instead of performing an exhaustive search to set the threghold
we consider that for regular polygons with sides, Equation (4)
evaluates to

The application of Algorithm 2 produces a smaller number of
larger regions, reducing the fragmentation of the decomposition
and resulting in a more accessible segmentation. The example in
the right frame in Figure 2 shows how small regions such as those
on the ears can be merged to simplify the decomposition while still
preserving the disk topology.

4.3. Parametrization

. . . 2
The major advantage of our approach, is that it is not bounded to eN= G—————: (5)
a speci ¢ UV parametrization algorithm. Indeed, our method pro- Ncot %

duces a segmentation of the mesh into topological disks, which
are easier to parametrize using well-know methods like harmonic
mapping [EDD 95], conformal mapping [LPRMO02], and as-rigid-
as-possible mapping [LZX08]. Consequently, our method can be
plugged in any parametrization pipeline relying on a segmenta-
tion of the surface [Tut63, RPPSH17, GKK1], but it can also

be injected into algorithms that jointly perform segmentation and
parametrization [GSC21].

We test our method witle = ey for different values olN on the
parametrization benchmark proposed by Skagl. [SSS22], and

we record that the best overall results are achieved in the setting
e= g 0:76. Figure 3 depicts an example decomposition with
different threshold values.

5. Results

To produce the nal parametrization, in our implementation we We implemented our method in C++, using Eigen [GJ] and
use a naive pagkingglgorithm that arrangestregions inasquare  libigl [JPS 13]. The source code is available Attps:/
grid of sidep= ' k . We also search for the optimal rotation that ~ 9ithub.com/filthynobleman/disk-segmentation

maximizes the total area of each region when it is rescaled to t  For the UV parametrization step, we consider the harmonic map-
the bounds of its cell. Although this approach does not produce an ping algorithm proposed by Eckt al. [EDD 95], eventually re-
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segmentation area angle ipped cut failure
a dist. dist. triangles length rate
o % Conn.Comp. 0.71 144 2.98% 0 45.71%
£2 ShapeDiam. 085 144 3.45% 0.43  50.99%
E Spectral 099 1.98 2.07% 11.54  58.28%
& § Voronoi 0.75 1.39 1.03% 1353  3.15%
Q Ours 0.87 1.08 1.47% 3.11 0.04%
= % Conn. Comp. 051 0.79 8.88% 0 63.11%
g2 ShapeDiam. 0.63  0.96 10.41% 0.33  68.29%
,g Spectral 0.79 0.77 7.18% 6.11 85.61%
8 E Voronoi 0.42 027 2.56% 7.58  87.26%
2 Ours 0.78 0.56 4.90% 1.78  44.38%
Conn. Comp. 0.32  0.90 8.27% 0 45.04%
o % Shape Diam. 0.43 1.01 9.26% 0.40 51.27%
é Spectral 049 0.51 3.04% 11.54  58.28%
< E Voronoi 0.45 0.36 2.62% 1353  3.16%
' Ours 059 0.77 5.62% 3.11 0.09%
OptCuts 0.05 0.13 ~0% 1.47 12.09%

Table 1: Results on the parametrization benchmark [SSS22] on the
manifold shapes in theIncut category. Segmentation methods are
compared under the same parametrization algorithm.

segmentation &€ angle  ipped cut failure
9 dist. dist. triangles length rate
Conn.Comp. 1.16 214 7.43% 0 74.48%

Shape Diam. 1.25 1.92 6.52% 0.83  68.63%
Spectral 099 1.98 2.07% 1154  58.28%
Voronoi 0.83 148 1.47% 16.15  0.32%

Ours 099 1.22 1.94% 4.63 0%

Conn.Comp. 0.84 157 19.88% 0 83.20%

Shape Diam. 0.98 1.67 2.23% 0.81 82.25%
Spectral 0.79 0.77 7.18% 6.11 85.61%

Harmonic

wWWo A 0 W AN QO "\ AW @0

Figure 3: Different segmentations of a mesh produced by our
method at different values of the score threshelmbrresponding
to different polygons.

Conformal

\Voronoi 0.45 035  3.42% 7.77  84.69%

Ours 096 0.71 6.34% 2.90 50.01%

. . . . . . 9 0
ned by the as-rigid-as-possible parametrization introduced by Liu Conn. Comp. 0.50  1.42 15'650/" 0 7330?
etal.[LZX 08], as well as the conformal mapping technique pre- % Shape Diam. 065 146  1512% 075  68.84%
’ o . et = Spectral 049 051  3.04%  11.54 58.28%

senteq by Levet al.[LPRMO02]. Using the.se three param.etrlzatlon. < \Voronoi 047 0.44 3.720% 1615  0.34%

technlql_Jes, we compare our segmentation approach with the_ naive - ours 0.68 0.90  7.06% 463  0.02%
geodesic Voronoi segmentation (Voronoi) [CAXB], the shape di- OptCuts 005 015 ~0% 512 1727%

ameter segmentation proposed by Shapiral. (Shape Diame-

ter) [SSCO08], and the segmentation algorithm based on spectratrgpje 2: Results on the parametrization benchmark [SSS22] on the
properties introduced by Mancinedit al. (Spectral) [MM 23]. Ad- manifold shapes in th&Jncut category, only considering shapes
ditionally, we also consider a segmentation into connected cOMPO- that have non-disk topology. Segmentation methods are compared
nents as a naive baseline (Conn. Comp.). For reference, we alsq nger the same parametrization algorithm.

report the results of the OptCuts algorithm introduced byet.i

al. [LKK 18], which jointly optimize for a segmentation and a UV

parametrization of the surface.

. o arametrization method, we report the area and angle distortion,
We conduct our experiments on the_parametnzatlon ber)chmarkfhe percentage of ipped trianglrzes and the length ofgthe cut per-
proposed by Shagt al.[SSS22]. W'th th'.s work, the au@hors Intro- formed by the segmentation algorithm. All the results are averaged
duced a dgtaset for mesh_ parametnzaﬂon_that comprises ~6.5k SUTon the cases for which the methods successfully nd a parametriza-
fa}ﬁgiigi':ﬁ:fe;é;g?,;)iltzgéﬁsa;?e%zom?g\'/ie;ead (m:tt g::zgg:y;’ tion. The percentage of failure cases is also shown in the last col-
P . Y provi . 9oy)-  umn. We additionally report the results of a similar comparison in
Each shape comes with a UV parametrization provided by an artist, Table 2, where we only consider the more challenging subset of
and the authors did also provide a benchmarking application for meshesl that do not have disk tonolo

evaluating algorithms; we use such application for our quantitative pology-

analysis. Since we focus on segmentation algorithms, we select the We see from the tables that the connected component segmenta-
manifold meshes of thencut category. We summarize the results tion, the shape diameter approach, and the method based on spec-
of our comparisons in Table 1, where for each segmentation andtral properties produce segmentations that cannot be parametrized

© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.



F. Maggioli & S. Melzi / UV Parametrization via Topological Disk Segmentation of Surfaces 7 of 10

Figure 5: Our disk decomposition algorithm applied to meshes at
different resolutions, using the same set of starting Voronoi sam-
ples. For the octopus, we set the merging threshokeitce,, while

Figure 4: Comparison between the cuts along the mesh intro- for the chomper we set it ©= 5.

duced by the different segmentation algorithms on an object in the
parametrization benchmark dataset from Shay et al. [SSS22]. Top
row: objects are rendered in slight transparency to show the cuts
on the other side. Bottom row: regions are colored differently to
highlight the segmentation. A major advantage of our approach for shape segmentation is that
it is fully combinatorial. By not involving numerical steps in our
procedure, we are always able to produce a valid decomposition of
the surface, independently of the geometry and connectivity of the
mesh. This, combined with the fact that the regions are all topo-
logically equivalent to a disk, results in the high reliability of our
approach, which is proved by the signi cant improvement in the
failure rate shown in Tables 1 and 2.

6. Analysis

in a signi cant number of cases. Interestingly, when using the con-
formal mapping algorithm, the failure rate for all the methods in-
creases drastically because the eigensolver fails to converge. By Another advantage in our disk decomposition approach is the
comparing the results for conformal mapping between Tables 1 ¢onsistency of the cuts. By looking at Figure 5, we can appreci-
and 2, we can see that our approach fails in a signi cantly lower ate how the algorithm produces similar decompositions at different
percentage of cases and that meshes without disk topology are morgesolutions of the same shape. Although the segmentation may be
challenging; this suggests that disk decomposition simpli es the (gifferent, we can see how more detailed areas are decomposed into
parametrization by favoring the convergence of the eigensolver. 3 |arger number of small patches, while areas with lesser detail are
partitioned into a few larger regions. From Figure 5 we can notice
that this behavior is also consistent across different shapes. Indeed,
both the octopus and the chomper have tentacles, which are seg-
mented in a similar fashion. On the other hand, the head of the
octopus is always decomposed into one or two regions, similarly to
the head and the larger leaves of the chomper.

Another property in which our approach achieves good perfor-
mance is the total length of the cuts along the mesh to produce
a segmentation. Due to the region merging strategy introduced in
Section 4, our method is able to drastically reduce the amount and
the total length of cuts needed by the simple Voronoi decomposition
highlighting the actual contribution of our pipeline. Similarly, when
the method based on spectral properties produces a high number of The disk decomposition also positively impacts applications
critical points, the number of regions is not optimized. Furthermore, where we jointly process the surface and the UV parametrization.
this latter strategy produces a vertex-based partitioning; when we This often happens in procedural texturing applications, where pat-
convert it to a triangle-based partitioning, some jagged edge linesterns emerge from surface-based simulations [MMMR22, Tur91]
are produced that further increase the total length of the cut (seeor numerical solutions to differential equations [Sta03, KCPS15].
Figure 4). From Figure 4, we can also appreciate that the shape di-In Figure 6 we show how a surface-based simulation can bene t
ameter approach tends to produce clean cuts that are aligned withfrom our disk decomposition. In particular, the presence of multi-
sharp features of the object, resulting in shorter cut lengths, on aver-ple boundaries and overlapping parametrizations results in signif-
age (see Tables 1 and 2). Nevertheless, this approach is unaware dtant discontinuities at the seam edges, as well as regions where
the topological information of the regions it produces; this results the pattern resolution is low, despite the texture being 409696
in a large number of non-disk regions that are more challenging to pixels (this behavior is especially visible on the legs). In contrast,
parametrize, and consequently in a signi cantly larger failure rate our UV parametrization always produces regions that are topologi-
in the parametrization of the surface. cally equivalent to a disk both iR® and in texture space, resulting
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