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ABSTRACT

We present a reliable, fully combinatorial 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. From the disk decomposition, we propose two directions. On one
side, adjacent regions are merged following a greedy approach that minimizes some objective function,
all while preserving disk equivalence. Alternatively, the regions can be used to guide a cut that
makes the whole surface topologically equivalent to a disk. In both cases, 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.

1. Introduction

In computer graphics and geometry processing, trian-
gular meshes have become the standard representation for
three-dimensional surfaces. Their simplicity and expressive-
ness 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 attributes
such as textures and colors from a two-dimensional image
domain to the surface of a 3D model. This is particularly
beneficial for real-time and interactive applications, where
performance requirements impose a low vertex count, and
the high-quality standards force the use of attributes at sub-
vertex resolution.

In the context of computer graphics [41] and manufactur-
ing design [51], significant efforts have been made to design
recursive or repetitive patterns [48, 6], curves [43, 44], and
shapes [55] directly on surfaces. However, most practical
applications require more complex designs and higher effi-
ciency, thus still relying on UV parametrizations that can be
handcrafted by an artist, jointly processed with the surface
for generating procedural patterns [61, 30, 39], or baked with
solid textures [10, 23, 37].

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 in-
stability [59], making robustness and predictability critical
requirements for practical use.
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This paper extends [40], where we introduced an ap-
proach 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 was 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 topology. Second, neighboring regions that share a
substantial boundary component are merged to reduce both
the total number of charts and their perimeter-to-area ra-
tio, while maintaining disk equivalence. This topological
guarantee allows for straightforward UV parameterization
of each region and significantly reduces the occurrence of
degenerate cases.

A primary motivation behind [40] was to minimize the
number of failure cases, which are a persistent obstacle in
existing UV mapping pipelines. With this work, we signif-
icantly expand our previous contribution by demonstrating
that the segmentation algorithm and the merging approach
are not metric-dependent and can be seen as a general
pipeline that can be easily adapted to the desired task. For
instance, in our previous contribution we only considered the
standard geodesic distance to produce regions with minimal
perimeter-to-area ratio; in this extended work, we propose a
discrete version of the isophotic metric [53], which allows
us to localize region boundaries at sharp features.

Furthermore, we consider a different scenario in which
segmentation is not a suitable solution and, instead, a disk
development of the surface is required. Cutting a surface
open and making it topologically equivalent to a disk is a
classical problem in geometry and topology [47], and has
applications for surface parametrization [21] and fabrica-
tion [15]. However, the problem of finding optimal cuts is
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Figure 1: A mesh segmented into regions with disk topology
(a) can be easily parametrized. Those regions can be then
connected to build a cut that makes the surface homeomorphic
to a disk (b) or merged to reduce the number of regions with
a regular shape (c).

NP-hard [12], and even existing approximation can involve
costly optimizations processes [21] or solving challenging
geometrical problems [49]. By exploiting the adjacency
graph in the segmentation, we provide a fully combinatorial,
mathematically correct algorithm to identify a surface cut
that produces disk topology and can be tuned according to
the required metric (see Figure 1). While our approach does
not provide optimality guarantees, the experiments show that
results are in line with other, more costly, solutions based on
optimization processes, and that our cuts are significantly
shorter than those manually introduced by artists (see Ta-
ble 2 in Section 5).

In summary, with this work we provide a general, ef-
ficient, and reliable pipeline for the identification of cut

networks on arbitrary surfaces. Our approach is fully combi-
natorial and produces cuts that can either be used to segment
the mesh or to open it into a topological disk. Furthermore,
our algorithms come with provable mathematical guaran-
tees, and can be tuned with a variety of metrics to achieve
different segmentation and parametrization goals.

We organize the remainder of this paper as follows.
In Section 2, we review prior work on UV mapping and
mesh decomposition. Section 3 presents the background
necessary to introduce our approach. Section 4 describes the
proposed algorithm in detail. Section 5 reports experimental
results and comparisons with existing methods. In addition,
in Section 6, we analyze the robustness of the proposed
method to varying mesh densities, as well as its runtime
performance. Finally, Section 7 discusses limitations 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 [2] and
makes it one of the most active research areas in geometry
processing, even in recent years [1, 5]. Consequently, a
wide variety of different approaches have been developed to
accomplish the task of computing a UV parametrization of
a surface [17].

The standard pipeline to produce a UV parametriza-
tion consists of computing cuts of the surface and then
parametrizing regions separately [3], although recent re-
search efforts have shown that a joint optimization of the
cuts and the parametrization can be an optimal strategy for
computing reliable UV maps [52, 32]. However, the task
of cutting and parametrizing the surface at the same time
can often result in challenging and unstable optimization
problems, and thus the majority of the proposed solutions are
focused on specific subproblems. In our previous work [40],
we proposed a robust algorithm to segment the surface into
easily parametrizable topological disks, but the method was
constrained by a specific metric and was applicable only to
cases where multiple UV islands are acceptable.

UV parametrization. Primarily, studies and efforts have
focused on computing a piecewise linear map from a surface
to the real plane, without concern for segmenting or cutting
the surface. The Tutte embedding [63] was the first to be suc-
cessfully 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 [25]. Well-established examples
are: (i) the harmonic mapping, which minimizes distortion
and metric dispersion [11], (ii) the conformal mapping,
which locally preserves the angles [31], and (iii) the as-
rigid-as-possible (ARAP) parametrization introduced by Liu
et al. [33], which locally minimizes the length distortion.
More sophisticated methods proposed refined energies and
convoluted optimization problems that try to achieve fully
bijective maps, while at the same time preserving some other
desirable properties. A successful example is the Scalable
Locally Injective Mapping (SLIM) [54], which extends the
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ARAP metric with flip-free energies. Garanzha er al. [18]
proposed a strategy to resolve flipped triangles, given an
initial UV parametrization, by changing vertices positions.
Another solution has been introduced by Gillespie et al. [19],
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 produce
parametrizations of surfaces that are topologically equiva-
lent to a disk, generally requiring a prior step where the mesh
is either cut or segmented.

Surface segmentation. Our approach falls into the cate-
gory of those methods that try to produce a valid segmenta-
tion of the surface, which then can be fed to a UV mapping
algorithm for computing piecewise continuous parametriza-
tion of the entire surface. Earlier attempts revolved around
the identification of feature points [28] or regions with high
curvature [60]. For a more detailed survey on the early strate-
gies of mesh segmentation, we refer to [56]. Other common
strategies were based on the Voronoi decomposition from
a sparse sample set [3], but also to deploy hierarchical
structures [29], and the introduction of developability ener-
gies based on Gaussian curvature [27]. Shapira et al. [57]
proposed to introduce an energy based on the shape diameter
function to obtain a consistent and informative segmentation
of the surface. Spectral approaches based on the eigen-
decomposition of the Laplace-Beltrami operator were also
very popular, primarily relying on K-means clustering [34]
and contour analysis [35] in the spectral embedding. More
recently, Mancinelli e al. [42] developed in this direction
by introducing a spectral pipeline to compute a semantically
meaningful segmentation of a triangular mesh. Despite 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 the currently available solutions are
based on the solution to numerical optimization problems,
which makes them prone to failure and does not always guar-
antee the optimal solution. On the other hand, none of the
discussed approaches is principled toward a decomposition
into topological disks, which is a better fit for UV mapping
algorithms.

Disk development. Rather than segmenting the surface,
it is well-known that, given an arbitrary surface of genus
g, it is always possible to find a cut network that opens
the surface into a topological disk [47]. A particularly in-
teresting case in geometry and topology is the cut network
of minimum length, whose computation has been proved
to be NP-hard [12]. Earlier approaches constructed the cuts
by expanding from a single point [14, 16] or exploited
user interactivity to supervise the choice of the cut [50].
Later, Erickson et al. investigated greedy approaches for
approximating the minimum cut network in polynomial time
using spanning trees to connect boundary components [12]
or to identify sub-graphs and cycles in the homology basis of
the surface [13]. However, these approaches focus on finding
the minimum number of cuts, rather than a cut of minimal

length, while other related results outsource the homol-
ogy computation, which is a non-trivial task in the general
case [49]. A successful approach for the identification of a
cut network for disk development has been introduced by
Gu et al. with the Geometry Images work [21]. Similarly to
modern UV parametrization techniques, this method jointly
computes the cut and the parametrization into the unit square
through an iterated optimization process, which is based on
a previous solution from Dey et al. [7]. While effective on
arbitrary surfaces, this approach specifically optimizes for
cuts and parametrizations that allow for seamless blending
of surface coordinates and normal vectors. Consequently,
the resulting cuts are not best suited for minimal length
constraints or applications where localization (e.g., at sharp
features) is required.

3. Background

Continuous setting. In this work, we consider a sur-
face as a 2-dimensional Riemannian manifold M embed-
ded in R3, possibly with boundary ) M. Given two points
X;¥y € M on the surface, we denote with dy,(X;y) their
geodesic distance over M. A segmentation of M is a set
S(M) = {S;5;Sk} of compact submanifolds of M,
where ., S; = M and Vi J:Si n S is either
empty or a 1-dimensional manifold (i.e., a curve). For deeper
discussions about surfaces and Riemmanian manifold, we
remand to [9, 46].

The UV mapping (or parametrization) of a manifold
M is a continuous bijective map > : M R2. When
such a map cannot be found, we also admit as a valid UV
parametrization a piecewise continuous bijective map ~
M  R? defined by means of a segmentation S(M) as

X)=7iX) &= xe€5;; (D)

where ”; : S; R? is a continuous bijective map (i.e., a
UV map for S;). We remand to a recent survey from Fu ez
al. [17] for additional details on UV parametrization.

Discrete setting. We discretize a 2-dimensional manifold
M as a triangular mesh M = (V; E; T), where:

e V 7R3 isaset of vertices;
e T 7 V3is aset of triangles between vertices in V ;
e E T V2isaset of edges inferred from the triangles.

Although we admit meshes with self-intersections and
an arbitrary number of boundary loops, throughout this work
we require our meshes to be manifold, which means

e no more than two triangles can share a single edge;
e a vertex must be surrounded by a single triangle fan
(either open or closed).

Appendix D discusses how our solution can be extended to
non-manifold meshes.

Given a triangular mesh M = (V;E;T), as discussed
in [24], we can define the dual mesh of M denoted with
M = (V;E;T), where:

F. Maggioli and S. Melzi

Page 3 of 15



Diskify: a combinatorial approach to the computation of cut networks on surfaces

"y E V is the dual vertex of the trianglg t Algorithm 1 Subsampling algorithm.
e =N i.;.Vj/ E E is the dual edge of the edge shared 1. procedure SUBSAMPLINGM, P, k)
" 1, E T is the dual face of vertex \E V . 3 forp, E P do
For more details about dual meshes, we refer to [24]. ;1 i'\f/li I]:Asg?r:nistuéréduced by VorM: pi/
A distance function over the surface is discretized as 5 .S }IS 5AM
afunctiondy : V «V ™ R that satis es the metric else :
axioms w.r.t. the space of mesh vertices [20, Y1]. While the 8: P"} VORONOIEPS(M |, k)
exact geodesic distance can also be de ned for triangulargj S: } SUBSAMPLING(M : P’ k)
meshes [45], also shortest paths on the mesh graph arel%'_ SI }S A4S e
perfectly acceptable distance function, often preferable to, 1: end if :
the exact geodesic distance due to the higher e ciency and12; end for

numerical stability of Dijkstra's algorithm [8].

The UV parametrization of a triangular mesh M
.V ;E;T/is a piecewise linear map J : M ™ Rthat maps
each triangle tE T into a triangle in R by means of a linear

map J. In the discrete setting, we can segment a triangular .
To ensure an even coverage of the surface and an e cient

mesh by partitioning its triangles, and we can still produce " .
o . ecomposition, we employ the algorithm presented by Mag-
a UV parametrization by mapping segments separately. We.

refer to the book by Botsch et al. [1] for a deeper discussionql.OII etal. [38], that pmtly compu.tes a farthest point sam-
. : . pling of n sample points and their Voronoi decomposition
on geometric algorithms for triangular meshes.

in time O &/ dlog¥ dlogn. While this method requires
applying Dijkstra's algorithm to the dual mesh graph, we
4. Proposed method stress that the edge weights can be de ned using arbitrary
distance functions.

In our experiments, we test our algorithm using two
di erent distance functions for weighting the edges: the
1. produce a Voronoi decomposition of the surface acgeodesic distance between the barycenters of adjacent tri-

cording to the given metric (Section 4.1); angles, and the dihedral angle between the triangles. Details
2. re ne the decomposition to ensure regions have diskare provided in Section B.

topology (Section 4.2.1), then choose:

13: return S
14: end procedure

Our approach for producing a UV parametrization of a
mesh M = .V ;E; T/ can be summarized as follows:

4.2. Decomposition re nement

Given an initial Voronoi decomposition of the surface,
we then consider a re nement strategy that produces either
a decomposition of the mesh into topological disks (Sec-
tion 4.2.2) or a cut network along the edges that develops

3. compute the UV map of each region or produce a UVthe mesh into a topological disk (Section 4.2.3).
parametrization for the entire surface (Section 4.3).

(a) merge regions to optimize objective function
while keeping the disk topology (Section 4.2.2);
(b) use regions boundaries to identify a cut that
develops the surface into a disk (Section 4.2.3);

4.2.1. Subsampling
4.1. Voronoi decomposition A geodesic Voronoi decomposition provides a valid seg-
As discussed in Section 3, a segmentation of a triangulamentation of the surface, but it does not provide any guar-
mesh consists of a partitioning of its triangles. By consid-antee about the topology of Voronoi regions (see the dark
ering the dual mesM = . V ;E; T/, we lift the problem of  blue region on the left frame in Figure 2), as instead required
partitioning triangles of the primal mesh to the partitioning by our UV mapping solution. Liu et al. [36] have shown
of the vertices of the dual mesh. One common approach, alsiat, with su cient sampling density, Voronoi regions can be
used by well-known geometry processing software such aguaranteed to be topologically equivalent to a disk; however,
MeshLab [3], for partitioning discrete surfaces with respecttheir approach results to be computationally ine cient and
to their vertices is to compute the geodesic Voronoi decomproduces a number of regions that quickly becomes incon-
position. Given a set of sample vertices P =7p;p, | trollable. In contrast, we consider the fact that a compact
V on the surface, the geodesic Voronoi decompositidv of surface M (continuous or discrete) is a topological disk if
is a set VorM; P/ = ~Vor. M;p4/;5;Vor. M;p,/" such and only if its Euler characteristic .M/ = 1.
that This notion can be exploited to re ne the initial sampling
T U and produce a Voronoi decomposition into topological disks.
Vor.M:pi/= VEM: p;=argmind,, .v; AN ) As mentioned earlier, with enough sample point's, \oronoi
p EP regions are guaranteed to be topologically equivalent to a
disk. However, instead of increasing the sampling density
according to some distance functiog d everywhere, we consider the fact that some Voronoi regions

F. Maggioli and S. Melzi Page 4 of 15



Diskify: a combinatorial approach to the computation of cut networks on surfaces

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.

may already satisfy this condition. Consequently, we onlyAlgorithm 2 Region merging algorithm.

need to further decompose the other regions. Consider ther: procedure REGIONMERGING(M, S, ")

sample p and the Voronoi region VoM; p;/ associated 2:
with the sample. If such region is topologically equivalent 3:
to a disk, we leave it as is. Otherwise, we consider the 4.
submesh M =.V;;E;; T/ T M induced by VorM; p;/, and 5:
we recursively call the SUBSAMPLING procedure to apply a e:
Voronoi decomposition. The procedure is summarizedin Al- 7
gorithm 1, and produces a valid decomposition of the mesh g:
into topological disks (see the middle frame of Figure 2). o:
The complexity of the algorithm is G5V 810§V dlogk,  10:
and the analysis is reported in Appendix C. 11:
12:

Proposition 1. Given a mesM = .V ;k; T/ and a set of 13
sample points P, the procedure described in Algorithm 1
terminates and produces a decompositiorMbinto topo-

logical disks.
16:
Proof. See Appendix A. O 17:

15:

G = .V, E/} dual graph of segmentation S
while G is unchanged do

Q } empty priority queue
for.S;;S;/ EE do
if .S i éSJ/: 1 then
#; } SCORE(M, S ;, §;)
if #; g "then
Q.push.#;
end if
end if
end for
if 8Q0d > 0 then
Merge $ with S; and update G
end if

end while

18: end procedure

4.2.2. Region merging
As shown in the middle plot of Figure 2, the subsampling

procedure could produce a large number of small regiongj.e., .M ;&M ;/=1).Byrecallingthat .M;/= .M ;/=
While this makes it easier for UV mapping algorithms to 1, it follows that the union region Ma M is a topological
locally parametrize the surface,_the_dramatic f_ragmentatio@isk (,e, M;aM;/=1)i M ;&aM;/=1. By taking

of the resulting global parametrization could virtually have advantage of appropriate data structures like hashmaps and

no practical use.

hashsets, these conditions are e ciently veri able.

To overcome this issue, we introduce a greedy strategy We propose a greedy merging algorithm, which is sum-
to iteratively merge adjacent regions while maintaining amarized in Algorithm 2 and proceeds as follows. Firstly,
decomposition into topological disks. Our approach takesve compute the dual graph of the segmentation, where
advantage of the inclusion exclusion principle for the Euler each node represents a region and each edge represents
characteristic with compact support in a locally compactthe adjacency between regions. We then lter out all edges

space, that is

between regions whose union does not form a topological

disk, and for the remaining edges, we compute a score that

M&N/+ M&N/= M/+ N/: (3)

depends solely on the two regions and can be de ned by

For each pair of adjacent regions; nd M, , we can easily the application. We also consider using a threshold " for the
verify if their boundary M & M is a topological segment SCO'€ to exclude all pairs of regions that would merge into a
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Algorithm 3 Cut identi cation algorithm The cutidenti cation algorithm, detailed in Algorithm 3,
1: procedure CutToDISK(M, S, w: weight function) describes the procedure we use for cutting surfaces to a
2: Elgc disk. Lines 2-10 describe the process for building the dual
3 fori‘jdo multi-graph from the segmentation. Namely, for each pair
4 forBES;a S; do of adjacent regions;Snd §, we iterate over the connected
5: if B is not a point then components of their boundary. If the component B is not a
6: E}EA&rS ; S;; B; w.B/® single point, we add an edge betweerefd S, associated
7 end if with B and weighted according to an input weight function.
8 end for By Theorem 1, the complementary edges to the minimum
9: end for spanning tree (Lines 11-12) identify a cut of the surface into
10: G}.S;E/ a topological disk. The remainder of the algorithm (Lines
11: T } MINSPANTREE.G/ 13-17) consists in computing the curves on the surfaces
12 FIE&AT associated to cut edges, and executing the surface cut. The
13: Br}c time complexity of the algorithm is BV dlog dV,&nd a
14: fore =.S;;S;;Be;W.B¢// E F do detailed analysis is provided in Appendix C.
15: B }B F&aBg o
16: end for 4.3. Parametrization
17: Cut M along B- The major advantage of our approach, is that it is not
18: end procedure bounded to a specic UV parametrization algorithm. In-

deed, our method cuts the surface into one or more topo-
logical disks, which are easier to parametrize using well-

region that does not satisfy the quality criterion captured byknow methods like harmonic mapping [11], conformal map-
the score. If there are edges left, we select the edge with thing [31], and as-rigid-as-possible mapping [33]. Conse-
highest score, collapse the nodes in the graph, and merge tAg€ntly, our method can be plugged in any parametrization
corresponding regions. This whole process iterates until th@iPeline relying on a segmentation of the surface [63, 54,
graph remains unchanged, indicating that no more region8], but it can also be injected into algorithms that jointly
can be merged. In Appendix C, we prove that the timePerform segmentation and parametrization [19].
complexity of Algorithm 2 is O 8S83V 8. When the surface is segmented into multiple disks, in
The application of Algorithm 2 produces fewer larger OUr implementation, we use a naive packing.glgogithm that
regions, reducing decomposition fragmentation and resultarranges the k regions in a square grid of side p =k . We

ing in a more accessible segmentation. The example in thgiso search for the optimal rotation that maximizes the total
right frame of Figure 2 shows how small regions, such agrea of each region when it is rescaled to t the bounds of
those on the arm and the child, can be merged to simplifys ce|l. We note that the grid arrangement is only relative
the decomposition while still preserving the disk topology. tg the placement of the regions; in case of boundary-free
. o parametrization methods, we don't constrain the boundary
4.2.3. Cut identi cation and only apply a rescaling to make the region t inside

A_I:)e_lr_nati;/_e(;y to_th_e regionl;nergi?ghstep, we Ck;)nSiddethethe grid cell. Although this approach does not produce an
pos|_5|_ lity of 1 er?nf)(/jmg ?Su shet 0 tf € region boun Iarl_es ptimal packing, itis very e cientand can be easily replaced
realizing a cut that develops the surface into a topological i, more optimized algorithms.

disk. In this regard, we expand the idea of dual graph for

a segmentation S and introduce the notion of dual multi-

graph. Similarly to a dual graph, the vertices of the multi- 5. Results

graph correspond to the regions in the segmentation, but o implemented our method in C++, using Eigen [22]
in this case adjacent vertices are allowed to be connectegl, libigl [26]. The source code is available at https:/
through multiple edges. In particular, each edge connectingithub.com,ﬁIthynoblemamcomb_uv_

Si and § corresponds to a connected component in the  pagelines. For the UV parametrization step, we con-

boundary $aS; . In order to avoid ill-de neo_l cuts,vye ignor_e sider the harmonic mapping algorithm proposed by Eck
all the boundary components corresponding to single pointsy; 4. [11], eventually re ned by the as-rigid-as-possible

Theorem 1. Let S be a segmentation of a connected surfac@arametrization introduced by Liu et al. [33], as well as the
M into topological disks, such that 3S3 g 3, and let G be theconformal mapping technique presented by Levy etal. [31].

dual multi-graph induced by S. Let us consider a spanningr 0" all of these algorithms, we rely on the implementa-
tree T for the multi-graph G, and consider the set F _tion provided in libigl [26]. Using these parametrization

E AT of edges that are notin T . The boundary component§chniques, we compare our segmentation approach (Algo-
associated to the edges in F form a curves netwagkifEat rithms 1 and 2) against various segmentation techniques. As
cuts M into a topological disk. a naive baseline, we consider a geodesic Voronoi segmen-

tation (Voronoi) [3], plus an iterated version that guarantees
Proof. See Appendix A. O
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seamentation &€ angle  ipped cut failure seamentation &€ angle  ipped cut failure
9 dist. dist. triangles length rate 9 dist. dist. triangles length rate

h Voronoi 0.75 1.39 1.03% 1353  3.15% h Voronoi 0.83 1.48 1.47% 16.15 0.32%
©n Voronoi lter.  0.72  1.39 0.43% 13.14 0.4% ©n Voronoi lter. 0.81  1.47 0.55% 17.43  0.37%
.En .En
on Shape Diam. 0.85 1.44 3.45% 0.43  50.99% on Shape Diam. 125 1.92 6.52% 0.83 68.63%
%In Spectral 0.99 198 2.07% 11.54 58.28% %In Spectral 0.99 198 2.07% 11.54 58.28%
I, Disks (Geod.) 0.87 1.08 1.47% 3.11 0.04% T, Disks (Geod.) 0.99 1.22 1.94% 4.63 0%

| Disks (Angle) 0.94 1.36 0.17% 23.64 1.62% ] Disks (Angle) 1.01 1.41 0.38% 14.59 0%

h Voronoi 042 0.27 2.56% 7.58  87.26% h Voronoi 045 0.35 3.42% 7.77  84.69%
®n Voronoi lter.  0.80 5.22 0.75% 12.76  8.37% ®n Voronoi lter.  0.85 5.28 0.95% 16.88 9.12%
En Shape Diam. 063 096 1041% 033  68.29% En Shape Diam. 098 167 223% 081 82.25%
"g'n Spectral 0.79 0.77 7.18% 6.11 85.61% “g'n Spectral 0.79 0.77 7.18% 6.11 85.61%
On Disks (Geod.) 0.78 0.56 4.90% 1.78  44.38% On Disks (Geod.) 0.96 0.71 6.34% 290 50.01%

J

' Disks (Angle) 1.03 5.99  0.32%  13.64 7.56%
Voronoi 045 036 262% 1353 3.16%

Disks (Angle) 1.07 6.28 4.91% 8.92 6.28%
\oronoi 0.47 0.44 3.72% 16.15 0.34%

2 Voronoi lter. 091 431 16.26% 1267 4.75% E Voronoi lter.  0.97 4.68 15.19% 16.85 0.59%
%n Shape Diam. 043 101 9.26% 040 51.27% %n Shape Diam. 065 146 1512% 075 68.84%
zl  Spectral 049 051 3.04% 1154 58.28% ! Spectral 049 051 3.04% 1154 58.28%

n Disks (Geod) 059 077 562% 311  0.09% n Disks (Geod) 0.68 0090 7.06%  4.63  0.02%
| Disks (Angle) 1.15 427 7.88%  23.74 2.08% | Disks (Angle) 1.22 492 10.01% 14.83 1.79%

Artist 028 091 7.45% 552 0% Artist 034 121 1022% 748 0%
OptCuts 005 013 0% 147  12.09% OptCuts 005 015 0% 212 17.27%

Cut (Geod) 1.07 230 179%  4.09 0%

Table 1 Cut (Angle) 1.06 217 213%  4.45 0%

Results on the parametrization benchmark [59] on the manifold

shapes in the Uncut category. Segmentation methods are Table 2

compared under the same parametrization algorithm. Results on the parametrization benchmark [59] on the manifold
shapes in the Uncut category, only considering shapes that
have non-disk topology. Segmentation methods are compared

disk topology (Voronoi lter.) [11]. The shape diameter Seg_under the same parametrization algorithm.

mentation proposed by Shapira et al. (Shape Diameter) [57]
is a standard clustering algorithm that produces short seam

localized at sharp features. We also consider a spectr . .
method introduced by Mancinelli et al. (Spectral) [42] for angles (angle distortion). It also computes the average length

segmenting surfaces into semantically distinct regions. Fo .f the cut over the surface and the average percentage of

reference, we report the benchmark evaluation on the cuty ped triangles, where a friangle is considered ipped if

and pranenzatons provied by he ariis, a5 wel o2 S 1 onposie e | e segmen
the results of the OptCuts algorithm [32], which jointly P 9 ’

optimize for & segmentation and a UV parametrization oﬁzgiwggriagg;‘sizaesrsr;tu !15 IQ ;\Iitliyreozzausr;d?Alrlliﬁearreesetjlttshzre
the surface. For non-disk input meshes, we also consider the . '
averaged on the cases for which the methods successfully

parametrization obtained by cutting the mesh into a disk with o . .
Algorithm 3 and mapping it with the Tutte's embedding [63]. nd a parametrization. The percentage of failure cases is also
shown in the last column.

For our methods, we consider two variants using di erent Evaluation. We summarize the results of our compar
distance metrics, score functions, and boundary weights. De- ' P

tails are reported in Appendix B. We use an initial sampling:;ﬁirlsh I&g?nbelz?h%dzvseurig;ns% fillll thﬁdn;etrgz r(;gt:ihzea t?gr?e_? r:‘(G)}r
with 10 samples and a recursive re nement with 5 samples, y P :

However, we provide in Appendix D a discussion on how topercentage of failure cases is shown in the last column. We
automaté the number of samples stress that, as it is standard practice in texture mapping,

e parametrize regions to the unit square, which can cause

Dataset. We conduct our experiments on the parametriza-
tion benchmark proposed by Shay et al. [59]. With this Work,‘fy}\:e UV map of some boundary facetg to be deggnerate and
use a non-negligible amount of ips even with robust

the authors introduced a dataset for mesh parametrizatiohaa ina alaorithms such as the Harmonic embedding. We
that comprises ~6.5k surfaces of di erent topologies and bping aig 9-

geometries (the Uncut category), plus ~12k surfaces with;dd't'ona”y report the results of a similar comparison in

. . able 2, where we only consider the more challenging subset
cuts already provided (the Cut category). Since we focus o f meshes that do not have disk topology:

mentation algorithms, we select the manifold meshes ¢t .
segmentation algorithms, we select the manifold meshes o We see from the tables that the shape diameter approach

the Uncut category. !
Metrics. Each shape in [59] comes with a UV parametrizé'%nd the spectral ba_sed _meth_od_produce segmentations t_hat
tion provided by an artist, and the authors did also pro__cannot be parametrized in a signi cant number of cases. This

vide a benchmarking application for evaluating algorithms;:;sr;?c')mgl:ue ;get:efg dg‘g:]hor?oge;?er?ggglgrtr?oglgﬁg;e
we use such application for our quantitative analysis. There iong Tﬁé’ is evepn more gvident when we compare the
benchmark application compares the 3D triangles and their 9 ' P

parametrization in 2D, and reports the average relative

I erence between their areas (area distortion) and their
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