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optimize application

Figure 1: We propose a method for optimizing the embedding of a given layout. As input, we expect a targefsuafg@ut connectivity

L, and an initial embedding df in T . Our method strictly preserves the connectivity prescribet flyroughout the optimization process. By
repositioning layout nodes, it improves the geometric quality of the embedding from which downstream applications such as quad meshing car
directly bene t.

Abstract

Given an embedding of a layout in the surface of a target mesh, we consider the problem of optimizing the embedding
geometrically. Layout embeddings partition the surface into multiple disk-like patches, making them particularly useful for
parametrization and remeshing tasks, such as quad-remeshing, since these problems can then be solved on simpler subdomains.
Existing methods can either not guarantee to maintain patch connectivity, limiting downstream applications, or are specialized for
quad layout optimization, relying on principal curvature information. We propose a framework that balances per-patch distortion
minimization with strict connectivity control through an explicit representation. By inserting additional nodes along layout
arcs, they can be embedded as piecewise geodesic curves on the surface. This sampling of arcs provides additional exibility
where required, enabling joint optimization of both node positions and arc embeddings. Our representation naturally supports
a multi-resolution work ow: optimization on coarse meshes can be prolongated to high-resolution inputs. We demonstrate its
effectiveness in applications requiring connectivity-preserving, low-distortion surface layouts.

Code will be available ahttps://github.com/7-AlexH/layout-embedding-optimization

CCS Concepts
« Computing methodologies Mesh models; Mesh geometry modeBhape modeling;

1 Introduction into the fully- or semi-automatic generation and optimization of
layouts for surfaces.

Layout generationi,e., the process of partitioning a surface into a

coarse network of disjoint disk-topology patches, is a key ingredient ~ While the precise role of layouts may differ depending on the
in many applications such as parametrization, quad meshing, orapplication, their main objective is to capture the structure of a
shape correspondences. As such, signi cant effort has been poureccomplex surface and dividing it into smaller, more manageable parts.
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Although there is no universally accepted de nition of a good layout 2 Related Work

embedding, gommonly desired propgrties include embedded artSResearch ofayout generation and embeddiognnects to several
that follow principal curvature o!lrectlons _and,_ most importantly, neighboring areas, in particulaone and cut placemeit surface
near-developable patches that yield low-distortion uv-maps. parametrization, and the large body of work parametrization

In the context of surface parametrizatieng, for texturing, lay- We review represerjtative approaches in each category that are most
outs specify the cuts of the curved surface. The placement of thesg'@lévant to our setting.
cuts has a signi cant impact on the qualifye(, the distortion) of the
nal parametrization. Typically, the connectivity and geometric em- | ayout Generation. A wide range of methods address layout gen-
bedding are constructed from scratch. A prominent example is the eration on surfaces. Depending on the application, layouts may
approach by Sharp and Crar&{1§, where the layout connectivity  pe triangular JAPH04 SCBK2( or quadrilateral. Quad layouts
evolves freely during optimization while minimizing parametriza- can be obtained through T-mesh quantizatio@{21a LCK21h],
tion distortion. without quantizationCDH*24; PPM*16], or guided by auxiliary
structures such as skeletof8S22 ULP*15]. Other approaches
generate polygonal-patch layouBNA*21], while interactive tools
allow user-driven designPSS13CK144. For a detailed survey
of quad layout techniques, s€edm17. In general, these methods
simultaneously determine the combinatorial structure of layouts and
compute a geometric embedding. The resulting layout embeddings
can serve as input to our method.

While such freedom in connectivity can be advantageous for
parametrization, it limits applicability in tasks like quad meshing
or shape correspondence via joint layout, where explicit control
over the layout connectivity is essential. This highlights the need for
approaches that balance geometric quality with structural control,
depending on the target application.

In quad layout generation, the initial connectivity is typically

established by connecting singularities in a guiding direction eld | ayout Embedding and Optimization. In applications such as
and then quantizing the reSUlting connections. Geometric Optimiza'compatib|e quad remeshing or inter-surface mapping’ a prescribed
tion is subsequently performed in the parameter domain over the |ayout must be embedded into a target surface. Greedy approaches
layoutarcs i.e., theuw-isolines. The positions of quad mesh sin-  [pSS0] have been explored, as well as a branch-and-bound algo-
gularities, corresponding to layonbdes are usually moved only  rithm focusing on the topology of the embeddi&SK21]. Once

a posteriori through simple smoothingK21b]. A more sophis-  the connectivity is xed, research has focused on optimizing the
ticated alternative was introduced by 141, who propose an  geometry of the embedding, commonly via global parametriza-
alternating optimization scheme between a global parametrizationtjon [TPP*11 LCK21h]. Singularities are generally xed at this
and the placement of singularities. Their method is tailored to quad stage and only smoothed afterwards, with the exceptioGKfLEH
layout optimization, as it explicitly leverages alignment with princi- - and LNTC24]. In [CK14H both the singularity placement and
pal curvature directions without explicitly considering the shape of parametrization are optimized for curvature alignment. As the
patches. method relies on curvature alignment, it is only suitable for quad
layout optimization and dif cult to apply in the presence of noise.
[LNTC24] proposed a framework for optimizing layout embeddings
using objectives based on the geodesic lengths of embedded arcs.
We follow a similar embedding approach for layout arcs. While their
method effectively reduces patch deformation, it tends to distribute
the remaining deformation uniformly across all patches. In contrast,
our approach allows modi cation of the parameter domain, which
can be interpreted as changing the rest shape. Additionally, their
method requires patches to be approximately intrinsically at.

We aim to Il the gap and propose a method for embedding
optimization of layouts driven by a patch-based objective func-
tion, in the spirit of Sharp and Cran&€1g, while retaining
explicit control over layout connectivity. In contrast to Campen
and Kobbelt CK14H, all degrees of freedom in our formulation
live directly on the surface, enabling simultaneous optimization of
node and arc embeddings. By representing layout arpgeaswise
geodesics, as in Nonet al. [NSS*24, we control the exibility of
arcs and allow alignment with curved regions.

Our main contributions are: Cone and Cut PlacementConformal parametrizations preserve
angles but not areas, motivating numerous approaches for cone sin-
gularity placementl[FZ*23b; LFZ*23a; FOL*21]. These methods

aim to minimize area distortion while controlling the number of
cones. Cone placement concentrates curvature in isolated points,
whereas cut placement distributes it along seams. Approaches range
from user-guidedl[DB17] to automatic C18. In [SC1§, an im-

plicit representation is used, limiting their approach to valence-3
singularities. Further, patches may appear or disappear during the op-
timization process. These aspects make it unsuitable for approaches
where the layout connectivity needs to be preserved.

an explicit representation for layout embeddings (Sec3i@
enabling connectivity maintenance throughout optimization,

an auto-differentiable evaluation procedure for a layout embed-
ding state (Sectiod),

a patch-based objective function penalizing parametrization dis-
tortion that is differentiable w.r.t. boundary shape parameters
(Section5), ensuring patch-shape-aware gradients,

an optimization strategy for handling the non-convex energy land-
scape of the patch-aware objective (SecBpn

In Section?7, we compare our method t8C18 and [LCK21b], and
demonstrate its effectiveness on downstream applicatiengquad Parametrization. Parametrization techniques complement layout
meshing and shape correspondence. and cut-based approaches by optimizing embeddings locally within
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patches. The main objective is to obtain typically planar embeddings 3.2 Discrete Representation
with low distortion. This problem has been studied extensively with
methods ranging from linear formulations to non-convex optimiza-
tion minimizing various distortion measures313. A comprehen-
sive overview is provided by Sheffet al.[SPRO§. In the context
of quad meshing, direction- eld-aligned parametrizations are most

In practice, we use discrete representations of target surfaces and em-
beddings. A target surface is given by a triangle mestV; E; F ),

with verticesV, edge< and face$- . We denote the 3D positions

of vertices of the target surface py 2 R for vertexv.

common BZK09]. More recently, Cormaet al.[CC2] introduced The layout connectivity. is speci ed by its set of node , arcs
a non-linear formulation for rectangular parametrizations. Due to its A and patche® . Following [NSS*24, each arc is embedded as a
non-linearity, it is not ef ciently applicable in our framework. piecewise geodesic curve @n To this end, we sample each ac

Note that our setup is an inversion of the typical parametriza- introducing additional nodes that are inserted iNt@and thereby

tion problem: we search for patches corresponding to a prescribedsr:Jb_diVi(lje the cqrrr]espontljir;g a:chnhNOQes celm be ide_nti ed (lij
parametrization domain, allowing us to promote a speci ¢ shape for their valence, with sampled nodes having valedegn) = 2 an

the embedded patches, rather than nding a parametrization for a°19inal comer nodes at patch junctions having valeuegn) 3.
(In SectionB, we discuss modi cations to handle T-junctions.)

given patch.

We represent an embeddiMyof a layoutL into a target surface
3 Layout Embedding T as atupleM = (] ;G (see Figure), with
A layoutL is an abstract 2-dimensional cell complex: a combinato- jNI1F R?; (node-to-surface map)

rial description of a 2-manifold surface, with no geometric informa-
tion attached to it. Its connectivity is de ned by a simple, connected
graphL =( N ;A), with nodesN andarcsA . Additionally, a layout
speci es cyclic orderings of arcs around each nadehich induce

a set of layout patchd® and their adjacency. The layodutuniquely
determines the topology of the surface representdd,bgcluding

its genusy.

G:A! ga T : (arc-to-curve map)

The node-to-surface mgpassigns to each nodelofa position on
the surfacd , encoded as barycentric coordinalte® R?in aface
f 2 F of the target mesh. (To be precise, barycentric coordinates
for points inside a triangular face aPeR® and add to one.) The

) ) ) barycentric coordinates of nodes withirconstitute the continuous
As target surface$ , we consider orientable, closed 2-manifold  yegrees of freedom of our embedding representation.

surfaces of arbitrary genug (See SectioB, for modi cations . )
needed to handle surfaces with boundary.) For a layout to serve as a The arc-to-curve mag@speci es, for each ara of L, a geodesic

valid blueprint of a target surface, their topologies must coincide, in curveg@) embedded in the target surfa€e connecting the end-
particularg(L) = g(T). points of arcs. The initial curves are provided by a method of choice

MMP87; SC2q.
In the continuous setting, an embeddiMg L! T  is a map [ a

that realizes the combinatorial structurelofon T . Speci cally

[BSK21]: L . .

Every noden 2N is mapped to a distinct poit(n) 2 T . ™ m M(L)
Every arca=(ng;np) 2 A is embedded as a continuous path — » "
M(a) onT with M(n1) andM(ny) as endpoints.

A layout embedding isalid if the following conditions hold:

The cyclic order of arcs around each node, or equivalently, the
patch adjacency, is preserved.

No two arcs intersect except possibly at shared endpoints.

The embedded arcs patrtition the target surfaceto patches
each homeomorphic to a disk.

Figure 2: Embedding representatidvi(L ). For a given layout_,

j maps the magenta layout nodele§(n) 3) and sample nodes
We address the following problem: Given a laybayta target sur-  (dedn) = 2) to a face on the target surfade. The arc embedding
faceT, and an initiaivalid embeddingVip (see sectioi€), nd an is provided byG, making the representation intrinsic.
embeddingM that minimizes a given objective functidh

3.1 Problem Statement

M = argr&inE(M);

subject to the constraint that the embedded path of each rarc 4 Differentiable Evaluation of Layout Embeddings
mains in the same homotopy class as prescribedd{p), i.e., the Starting from a given embedding stafe= (j ; G), in this section,
embedded arc winds around the surface handles in the same way an@ve discuss how to evaluate the objective funcg{iM) in a auto-

with the same number of twists. The object@M) integrates over differentiable manner, enabling the computation of gradients w.r.t.
the patches and arcs bfon T and is customizable. Our specic  the embedding's degrees of freedome,, the node embeddings,
formulation is introduced in Sectidh which can then be optimized. We collect these degrees of freedom
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Figure 3: Obtaining the overlay tessellation. (a) Collection of target faces not touched by layout arcs (blue) and layout faces that lie entirely
within a single target face (magenta). (b) Insertion of intersection points (petrol) and collection of polygons bounded by intersection points
and target vertices (green). (c) Collecting polygons bounded by layout nodes (orange). (d) Ear clipping of polygonal faces.

in x := j (N). The geodesics de ning the arcs and patches are onT. We embed the strip iR? by isometrically unfolding
determined implicitly by the positions of the embedded nodes. The (“puzzling”) its triangles. Ifg(a) passes through a verte2 V,

objective depends not only on the positions of the nddiesnd the the one-ring of faces aroundis conceptually split along the

geometric embedding of the arcs, but also, crucially, on the geometry path ofg(a) giving rise to two half-sectors at We select one

of the patches induced by the embedded layout (see Sé&jtidn of the two half-sectors and include it in the strip. For these

ensure differentiability of the resulting patch embeddings derived vertices, the half-sector cannot be embedded isometrically due

from M, all operations are designed to allow the computation of to nonzero Gaussian curvature at a vertex traversegd)y For

derivatives with respect te. these faces, we fallback to a greedy embedding approach (see
SectionA).

(2) To maintain differentiability, intersection parametar (0;1)

Overview. The goal is the extraction of theverlay O = . . -
g y are computed from arc-edge intersections for this planar embed-

(Vo ;Eo;Fo), i.e, the common triangulation of the target surface . .
T and the embedded layout inducedMy= (j ;). The overlay ding of the unfolded StT'p' . .

L ; . (3) We map the intersection points back Toand assign them
enables us to compute the objective function as sum over piece- differentiable positions iR3 based on the intersection edae and
wise linear elements of the overlay mesh. The overlay computation ! . positi I ! ection edg

parameten. Together with the node embeddings frpnand

consists of three stages: ; . . .
the target vertices, they constitute the overlay vertices used in
(1) Overlay Geometry: We extract the overlay geometry by identi- the subsequent tessellation.
fying intersection points of araand target mesh edges along
the triangle strips traced by their geodesia), see Sectiod.L ]
(2) Tessellation:We adapt the tessellation @f so that it aligns 4.2 Overlay Tessellation

with the embedded arcs, yielding a triangle mesh ovelagee  The overlay tessellation is a layout compatible tesselation of the

Section4.2 ] ) ] target surface. To obtain the overlay tessellation, we start by carrying
(3) Patch Extraction: We assign each resulting overlay fakg to over all target triangles that are not intersected by the embedded
its corresponding layout patch, see Sectloh layout, and collect all layout patches that lie entirely within a single

The overlay provides the combinatorial and geometric backbone target triangle, see FiguBa For faces intersected by layout arcs,
for evaluatingE(M). During the construction, we carefully track ~We proceed per target fade2 F :

references to the original structuresg, which triangles of the
overlay constitute the original triangles of the target and which
edges correspond to the embedded layout arcs. These references are
needed for the evaluation of the objective function.

(1) We begin by inserting the intersection points (Fig8ke. Then,

we collect all polygons (green) bounded by the intersection

points and vertices of the target mesh.

(2) Further, we collect the polygonal faces bound by intersection
points, vertices and layout nodes (orange), see Figtre

4.1 Overlay Geometry (3) Lastly, we triangulate all collected polygons. Since the polygons

may be concave, we apply ear clipping to produce the overlay

The positiongn 2 R3 of nodesn on the target surface are obtained facesF o and overlay edgeS, (Figure3d).

directly from the barycentric interpolation of face-vertex positions
provided by the node-to-surface magpThe remaining construction
can be carried out independently for eachafcA as follows: 4.3 Patch Extraction

(1) On triangle meshes, geodesic paths are piecewise linear, withSince we track the correspondence between layout arcs and overlay
segments lying within faces or along edges. From the geodesic edgesq , we can recover the patches induced by the layout embed-
(@), we extract the ordered triangle strip that suppoft ding. We mark overlay edges that correspond to layout arcs as patch
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boundaries and then perform a ood Il over the overlay faces to The boundary constraints,;v,, are obtained by local arc-length

obtain the set of layout patches, where each overlay face receivegparametrization along the boundary arcs. For the Lapldciave

the label of its corresponding layout patch. use the standard cotangent discretization. Note that in practice, the
system is reduced by incorporating the boundary conditions into the

right-hand side.
5 Objective Functions 9 !

. ) The geodesic length of the embedded arcs is computed in a dif-
In Section4, we have successfully extracted the overlay tesselation ¢, . \tiable manner. The same holds for solving the two linear sys-

and geomc_etry from a given embedding stmaogethe_r with a tems to comput& . Thus, the dimensions of the rectangle and the
patch Ie_lbellng per overlay fao‘@'. T(_) make the explanatlons more parametrization are implicitly part of the optimization.

accessible, we present the objective functions in terms of overlay

mesh elements. It is worth noting that there is a connection to A wide range of distortion measures based on the map Jacobian
the layout and that the derivatives of the objective functions are Jr 2 R? 2 are available. Les min andsmax be the singular val-
computed with respect to the variables ues of Jacobiadg , we use the following point-wise objective for

. I . . _ promoting isometry, similar toAPL14]:
While the objective function can be customized for each appli- R

cation and need, we propose an objective based on parametrization ()= 1 (s x)2'
quality Egisi(O) (Section5.1), and a regularization terign(O) Gsol-F) = Smin max -
aligning the patch boundary with a given direction eld (Sectiod).
The nal objective is the weighted sum of both terms:

E(M(L)) = E(O) = wuistEdist{ O) + WalignEalign(O):

Further, we use a separate term for promoting area preservation:
CaredJF) = (1 SpinSman)”: (1)

With F de ned in a piecewise-linear manner, we have piecewise-
constant Jacobiarik (fo) per overlay faceo . Thus, for the entire

patchPg, the distortion energy is given by integrating over the
In the usual parametrization setting, the goal is to map a surfaceoverlay surface:

patch onto a 2D domain. Here, we consider the inverse: starting _ z

from a planar domain, we want to determine the best placement of Eds(Po)= | Wisoiso(Jr) + Wareaared Jr ) dA
boundaries, which correspond to the embedded layout arcs, for a _ o )
given boundary shape. For simplicity, we focus on quad layouts, T ?P i 1o (Wiso@iso(Jr (o)) + Wareaared Jr (f0 ) (2)
though the approach can be extended to general polygons with only °eTo

minor adjustments, see SectiBn wherej foj is the area of g in RS,

5.1 Parametrization Distortion

In parametrization and shape matching, the well-known symmet-
ric Dirichlet energy (SDE) is typically used as the objective. Our
setup, however, differs from classical parametrization approaches,
making this objective unsuitable. The SDE measures the distortion
of both the magF and its invers& . Hence, part of the integra-
tion is performed over the parameter domain. Consequently, this
formulation would introduce an incentive for patch shrinkage. Since
we aim to preserve patch connectivity, the collapse of patches must
be avoided. While the non-symmetric variant of the Dirichlet en-
ergy could be considered, we found that having ner control over
distortion is more bene cial in our setting. In this senegeacan
be viewed as a regularization termFfmust introduce distortion, it
should do so in an area-preserving manner.

Figure 4: We compute a planar parametrization for a given patch
Pg in the overlay. Note that we prescribe the shape of the parameter
domain, i.e., a rectangle, but not its dimensions. The latter are part
of the optimization.

LetP(, denote thé™ quadrangular patch in the overl@with For the entire overlap the distortion energy reads as:
the boundary originating from the embedding of layout arcs connect- o i
ing four corner node&degn) 3), see Figurel. We heuristically Edist(O) = a Edis((Po):
I

determine the dimensions of the corresponding planar rectangu-
lar domain by averaging the embedded lengths of opposite arc
sequences. Using these dimensions as boundary conditions, wé.2 Principal Direction Alignment
compute a harmonic parameterization R® 7! R? by solving two

. Our patch-based objective tends to place the layout arcs in regions
Laplace equations:

of high Gaussian curvature. For some applications, it is desirable to
LU 0 and L Vi 0 . control the shape of the boundary further, following the principal
B B ' curvatures of the surface. To this end, we formulate a direction eld

Up Up Vp Vp
. . . alignment term.
whereu; andyv; collect the uv-coordinates of the interior vertices 9

of the patch, and,;Vvp correspond to the vertices along the rect-  We compute a smooth face-basédosydirection eld on T
angular boundary subject to boundary position constraigits,,. based on the principal curvature directions. This can be done with a
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Figure 5: Steps of our embedding optimization. (a) For a given embeddifig Mve evaluate the gradiemtxE. (b) Using the gradient
information, we compute update directiamgpetrol directions). (c) Using the Levi-Civita connection of the surface and the direatiove
updatej . With the updated majp, we recompute the geodesic connectiGisom scratch and the process is repeated. After convergence (d),
we obtain the nal embedding ML), ready to be used in downstream applications.

method of choiceKCPS13 PCS24. Following the representation
in [KCPS13, the eld orientation is represented by a single complex
numberz (f) 2 C per target facd 2 F . The eld orientationz

is found by raising any of the four eld directions to thl power,
effectively making directions differing b90 indistinguishable
from each other.

Using this smooth direction eld, the objective can be formulated
per overlay edgep 2 Ep (A) originating from a layout arc. First,
we look up the target fack in whicheg is embedded. The direction
of the edge is computed w.r.t. the reference edge and raised4f'the
power, yieldingz2 C. Now, zis compared to the target orientation
z (f), so the alignment term is given by:

z

1
Ealign(A) = m A €align(S) ds 3

1 o . 2

= — z z(f) 5 4
o ()] g9 2 20 (@)
wherejq is the length of an edge in the overlay mestRihand

m normalizes by the total length of embedded arcs.

6 Optimization Strategy

With the construction in Sectiofh we compute derivatives of the
objective function in Sectiob for optimization w.r.t. the degrees
of freedomx = j (N) associated with the nodé& of the layout.

In this section, we discuss the optimization procedure depicted in

Figureb5.

Momentum Estimation. Our objective function is non-

backpropagation usingLibTorch [AYH*24], we compute
the update directions similarly to VectorAdanligJ23.

In the original formulation, the gradi-
ent directions are de ned in ambient
space. Since our variablesare re-
stricted to the tangent space of the
surface, special care has to be taken when updating the rst and
second moments. They must be expressed in the same tangent space
as the gradient, which can be achieved using parallel transport (PT)
via the surface's Levi-Civita connectiodGDT16. More precisely,
whenever we move from one triangle to another (when applying
an update step), we unfold the triangles (see inset gure). In the
unfolded setting, the transport of vectors, corresponding to the opti-
mizer's state (magenta), is a simple parallel transport (petrol).

Update of ] and G. We update the vertex-to-surface mapas
follows:

x*0 pr X0 sy r OB

wheresis a user-de ned step-size. The update directiaa com-
puted by our adapted VectorAdam strategy, which is also expressed
in tangent space of the target surfaceSince the nodes") are
restricted to the surface, we have to trace the update vectong

the target surface via the same parallel transport operator used above
to obtain the new positiong'* D on the target surface. After updat-

ing the may , the piecewise geodesic embedding of the layout arcs
A is recomputed.

Arc Resampling. After several optimization iterations the samples
are unevenly distributed along arcs. In regions with fewer sample
points, the exibility of the arcs is reduced. In regions with denser
samples, the probability for self-intersections after an update is

convex and not continuous. To mitigate the effects of deriva- higher. In order to maintain exibility and a larger step-size, we uni-
tive discontinuities, we use a momentum-based gradient-formly re-sample the arcs after a certain number of iterations. Since

descent procedure. After computirrgg)E at iterationi via

this introduces new optimization variables, we have to re-initialize

© 2026 The Author(s).
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the optimizer's state for all degrees of freedom. To mitigate the effect 7.1 Robustness
of noisy gradient directions, we scale dowafter re-initialization

and linearly increase it to the original step-size over several itera-
tions, effectively implementing a warm-up strategy. To avoid costly
backtracking in the case of intersecting embedded arcs, we remove

sample nodes whose geodesic distance to an adjacent node fallfnitialization. To demonstrate exibility, we selected multiple
below a threshold. To preserve patch neighborhood relations, layoutlayouts for the same target surface. In all cases, our optimization
corner nodes with dég) 3 are not merged. converges to the expected embedding, see FiguTée top row
shows the optimized embeddings, while the bottom row depicts the
corresponding initial embeddings. The objective preserves patches:

We evaluate the robustness of our method w.r.t. both initialization
and noise.

Patch Validity. To avoid the collapse of a patch, we enforced a

minimum side length for the sides of the parameter domain. While a s;r;}gle pletch pelrtctjbehfac; would suf (t:?‘ yett none gfages d
the described strategies (resampling, collapsing and minimum sidePaCches collapse. Tl also handles asymmelric Setups and nas a goo

length) do not guarantee that arcs remain non-intersecting and tha olution even when multiple patches start from an initial embedding
ar from the optimum.

patches don't collapse after an update, we rarely observed the nee
for backtracking in practice when using a suf ciently small step size
S. Noise. We demonstrate that our objective function supports reliable
optimization even in the presence of noise, compare@kKilfh,

which fails in this setting because it relies on principal curvature

] information, which is not robust to noise. For this experiment, we
In the following, we evaluate the proposed method for layout ém- remesh a target surface isotropically and perturb it by displacing
bedding optimization. Figuré presents a collection of results. We  yertices along their normals. The displacement magnitudes are sam-
begin by analyzing robustness with respect to the initial embedding pjeq from a uniform distribution and scaled relative to the average
and noise (Sectior.1). Further, we compare our objective function edge length. As shown in FiguB our method produces reasonable

to an alternative choice and highlight the effect of the direction- empeddings across a range of noise levels. For higher levels of noise,

eld alignment term (Sectiof7.2). In Section7.3, we demonstrate  poyever, the construction of the initial solution may yield invalid
that optimized layouts can be transferred across different mesh r€Sembeddings, preventing successful optimization.

olutions. We show that our method preserves the combinatorial
structure of layouts and compare it to the approach of Sharp and o _
Crane BC1§ (Section7.4). Further, we present applications where 7-2 Objective Function

the improved embeddings are bene ciag., quad meshing and e perform an ablation of our main distortion minimizing energy
inter-surface mapping, and compare our method to alternative apterm by replacing it with the Hencky energy used $C[14, fol-

proaches (Sections5and7.6). Lastly in Sectiorv.7, we report on lowed by a discussion of how the direction eld alignment term
the performance of the algorithm . affects the solution.

7 Evaluation and Applications

Evaluatipn Setup.For all experimepts, we isotropically retriangu- _Hencky Energy. Instead of explicitly parametrizing the surface
IaFe the |r_1put_surfgces_ and normall_ze thelrtotal_ areato 1. The opti-; measure distortion, an elegant alternative, useds®1g, is
mization is primarily driven byEqist with a xed weightwgist = 1.0. to solve the Yamabe equation, which provides the scale factor
The individual weights were set Warea = 0:5 andwiso = 05, for the metric resulting from a conformal parametrization. Since a
which ylelc_ied_cons,l_stent r_esults. The alignment term is mostly used .ontormal parametrization preserves angles, the scale facto
for regularization, with weight®:0 ~ Wajign  0:5. Mostcommonly, e ysed as measure for distortion. Compared to our approach, this
we usedvajign = O:1. requires solving only a single Poisson equation, whereas our method
For Adam optimization, we udg, = 0:9, b, = 0:9,and = 10 &, involves two and a singular value decomposition of the Jacobian for
with a maximum step size gf= 1:5 10 3 combined with a  €ach triangle ir0. We implemeznted the Hencky energy
warmup strategy. Eu=  uids
Resampling is performed with a target edge length dependent on W
the input surface, typically around 0.03, but each arc is subdivided at as used in$C18, within our framework and compared it to our
least once. Resampling is initially applied after 5 iterations and then objective in Figured. As already pointed out ir§C1§, minimizing
the interval is always increased by 15 iterations after resampling.En is ill-posed: the distortion can always be further reduced by
This schedule allows us to preserve the optimizer's internal state introducing longer cuts. While our framework would allow the
for longer, when updates become smaller and resampling is lesspreservation of the patch connectivity, the patch shapes hinder the
necessary. use of the embedding in downstream applications.

The initial embeddings are either created manually or derived
from a given quad mesh. Quad meshes are computed using theDirection Field Alignment. The primary objective of our formula-
method of Lyon et al.[[CK21b]. Note that our approach can be tion is the distortion energlgis;. While the optimization reliably
integrated into the pipeline of any quad-meshing algorithm, prior to minimizesEy;s; (Figure10 (a)), the resulting embeddings may not
the extraction of the quad mesh. always match with human intuition. To address this, the additional
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Figure 6: Collection of layout embeddings optimized with our method, shown alongside their initial embeddings (small inset gures). The
results demonstrate our method's ability to reposition layout nodes to achieve higher-quality embeddings while preserving the input layout's
connectivity.

Figure 9: Comparison of Hencky enerdsy and our distortion
objectiveEy;st. EH tends to increase the length of the embedded arcs,
while Egist keeps the patches rectangular.

Figure 7: Different layoutd for the same target surface. Top:
optimized embeddings. Bottom: initial embeddings. Note that even
with super uous patches or unfavorable initialization, our optimiza-
tion is able to converge to the expected embedding.

7.3 Multi-resolution

To transfer a layout between low- and high-resolution models, it
suf ces to transport the majp and recompute the geodesic connec-
tions. This is straightforward, as our representation is independent
of mesh resolution. An example is shown in Figa&

(a) 0% Noise (b) 1% Noise (¢) 2% Noise

Figure 8: We show the robustness of our optimization under differ- 7.4 Preservation of Combinatorial Structure

ent noise levels. The explicit representation has several advantages over implicit
representation®.g, used in BC1§, hereafter referred to as VSC.
First, we can represent singularities of arbitrary valence, whereas
in VSC, they are restricted to valence 3. Already when converting
direction eld alignment ternEggn Operates as a regularizer, bi- our representation to the implicit one used in VSC, the original
asing the optimization toward embeddings that also respect thepatch connectivity is lost (see small inset gures in Figd®),
direction eld (Figure10 (b-c)). both because VSC can only handle valence 3 and because their

. L . . . representation is mesh-resolution dependent.
The quality of the direction eld, in particular the locations of P P

its singular points, affects the nal embedding. Some patch corners ~ While in theory the ow optimized in VSC does not alter patch
in the layout are attracted to these singularities (see Figjlire connectivity, in practice this cannot be guaranteed (see Fig)re
When singularities are misplaced, for example due to asymmetry,Consequently, VSC is unsuitable for applications such as quad
the resulting layout adapts to this undesirable placement. meshing.
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Figure 10: Starting from the same initial solution (small inset Figure 12: A result can trivially be transported across different
gure), we optimized the embedding with different weights of the target mesh resolutions, since our representation is independent of
alignment ternEyjign. While the patches in (a) have lower distor- ~ the mesh resolution.

tion under our metric, the patches in (b) and (c) better align with

principal curvature. [SCIS], X e Ours

Bt
A
R

Figure 13: Comparison of §C1§ (VSC) and our method. By pre-
serving patch connectivity, our optimized layout embeddings can
be used in downstream applications. Note that VSC is restricted to
valence 3 layout nodes, which requires a slightly different initializa-
tion to our method.

Figure 11: Using our alignment ternig, an asymmetric direc-
tion eld (right, with singularities in red) implies an asymmetric
layout embedding (left).

(1) Embed the provided quad layout into the target surface and
perform our optimization.

Typical parametrization-based approaches for quad meshing operatd2) Select a number of subdivisions per dual loop.

in multiple stages. Most state-of-the-art methods begin by comput-(3) Compute a harmonic parametrization of each patch with a rect-

ing a direction eld, which is then used to produce a parametrization. angular boundary, effectively producing an integer-grid map.

At some point during their process, all approaches must settle on ~ The dimensions are prescribed by the dual loop subdivisions.

a layout, induced by the uv-isolines connecting singularities. Typi- (4) Extract the quad mesh from the integer-grid map by mapping

cally, once singularities are detected in an early stage, they remain  vertices at integer locations back to the input surface.

xed throughout the pipeline.

7.5 Quad Meshing

We show that introducing our embedding optimization as an ad- 7.6  Inter-surface Maps

ditional step after the extraction of the quad layout improves the The computation of correspondences between surfaces is a well-

quality of the resulting guad mesh. In our experiments, allowing studied problem with a wide range of approaches. Most methods

smgule_\rltles o move freely yields hlgh_er mesh quality than using struggle with highly non-isometric relations between shapes, as they
Laplacian smoothing as a postprocessing step to relocate the singu-

larities, as done inLICK21H]. As demonstrated in Figursd, the typically rely on intrinsic regularization terms,g, geodesic length

resulting quad meshes exhibit higher quality, even though the layout preservation or map distortion. For our comparison, we selected the
connecitivity is identical and originates fromEK214]. distortion-driven approach of Schmielt al. [SPK23, which seeks

correspondences that minimize the overall distortion introduced by
For evaluation, we measured both the minimum scaled Jacobianthe map in a least-squares sense. In addition to the inter-surface

J and the maximum inner angle per quad as quality indicators. Our map, this method also produces a compatible triangulation of the

guad meshes were generated using the following pipeline: input surfaces. To visualize the correspondence, we cluster normals
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[SPK23] Ours

Figure 15: Comparison of correspondences generated3yK23

and by our approach. Starting from initial embeddings of a com-
mon layoutlL (small inset gures), our method produces a map
that adapts to the non-isometric deformation between the shapes,
whereas the map ofPK23 distributes distortion in a least-squares
sense.

the two targets, our method can introduce distortion where necessary
(see Figurel5) and overall respect features such as creases.

The correspondence is prescribed only at a coarser, global level.
A true point-to-point map can then be obtained by applying any
distortion-based method within each patch. FiglBehows results
on a second pair of input surfaces. Effectively, our method produces
a co-segmentation, preparing the surfaces for various co-processing
tasks such as compatible remeshing. Overall, these results demon-
strate the strength of our approach in producing meaningful corre-
spondences even under challenging non-isometric conditions.

Figure 14: Comparison of a quad mesh generated from the orig-
inal layout embedding oflJCK21H with one produced using our
optimized embedding. Note that their result already includes a post-
processing smoothing step.

on one surface and transport the clustering to the others via the
inter-surface map, see Figuts (left). Since the triangulations are
compatible, there is a one-to-one correspondence between faced;igure 16: Co-segmentation of two teddy models (initial embed-
making this transport trivial. dings shown as small inset gures). The relation between the two
models is non-isometric. Our layout embeddings respect this re-
A layout can be viewed as a topological template without xed |ation, as patches are embedded with different dimensions on the
geometry, unlike templates used in typical template-based shapeyyg surfaces. (Note: the embedding of the right teddy was obtained
correspondence approaches. We compute maps from each layouyithout direction alignment; see Sectigr?.)
patch to the target surfaces. Since patches may differ in size between
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7.7 Runtime Analysis lence Strategy of the Federal Government and the States of Germany.

The proposed layout embedding optimization algorithm was im- (r)1pen Ac;esifgm_ingrenablefd and _orge_m_ized tg PrOJ('jektlDEALr.] Fur-
plemented in C++. All experiments ran on a system with an AMD ther, we than llip Trettner for maintaining thiew andpolymes

Ryzen 9 5900X CPU (12 cores) and 62 GB of RAM, running De- Praries.

bian GNU/Linux 13. Tablel summarizes the measured runtimes

and analyzes the distribution of computational costs across different Appendix

part; of the algorithm. From the table, we observe that the runtime A Differentiable Geodesic Paths
per iteration, as expected, depends on the number of faces of the

target surface and the number of patches in the layout. To better
understand the computational effort per iteration, we analyze the
portion of time spent in the main components of the algorithm:
embedding the layout to obtain the overlay mesh, evaluating the
objective function, and computing gradients via backpropagation.
We nd that the runtime is dominated by the backpropagation step.
For meshes with a larger number of faces and more complex layout
connectivity, the embedding step also contributes a more signi cant

portion of the total runtime Figure 17: Unfolding of triangle strip supporting the geodesic

(magenta) of an arg(a).

Our method depends on nding differentiable intersections of
the faces off with layout arcs. We start by unfolding the ordered
In the previous sections, we motivated the need for an embeddingtriangle strip that supportfa) on T, obtaining the blue triangles
optimization method that preserves a prescribed layout connectivity in Figure17. If a geodesiaya) crosses vertices ifi, we need to
and showed that our method satis es this requirement. Further, we ensure that the intersection paramaés in (0’ ]_) and that there
showed the bene ts of our optimized embeddings for down-stream s a unique edge associated with the intersection. To this end, we
applications. apply the following construction: If only a single vertex is crossed,

Nevertheless, the implementation of our proposed method could We greedily add one triangle fan to the triangle strip (green faces).
be improved in the future. Currently, a large portion of compute is The embedding cannot be isometric, therefore, we embed them
spent in the backpropagation step. Replacing the auto-differentiation considering the available angle. If multiple vertices are crossed, we
bears potential for performance improvements, making our method greedily select one of the triangle strips containing these vertices
more ef cient. Moreover, the method suffers from limited numerical  (0range faces) and embed them in the available space. After the
robustness. One source are badly shaped triangles near the embedd@inbedding, we shift the vertices that were the original intersection
layout arcs in the overlay mesh. Lastly, a backtracking procedure Points slightly upwards. Now, the geodesic (magenta line) intersects
would increase the robustness of the implementation, allowing the the unfolded triangle strip, yielding intersection parametegs
algorithm to recover from invalid embeddings encountered after an (0;12).

8 Limitations and Future Work

update step.

While our construction for differentiable B General Layout Patches
geodesics (Sectioh) works well in practice, it The proposed method can be readily extended to non-quadrangular
happens in rare cases that, after our modi cation patches, layouts with T-junctions, and layouts embedded in target
step, the cyclic ordering around the layout nodes surfaces with boundaries. In the following, we describe the necessary
is not preserved (see inset gure). In this case, adaptations required to handle these cases.

the embedding is invalid. It is worth noting that a

modi cation that preserves said ordering always

exists. It would therefore be interesting to inves-

tigate different strategies or to nd a different

formulation that connects the nodes. One possi-

bility is to compute geodesics under a constant curvature metric as
in [SCBK20d. However, the constant curvature connects nodes unin-
tuitively. To circumvent this, a denser sampling would be needed.

Non-quadrangular patches. For handling non-quadrangular
patches, the main difference lies in de ning the appropriate boundary
conditions for the harmonic parametrization, with the sole require-
ment that the resulting boundary must be convex in the parameter
domain. Under this condition, the resulting harmonic parametriza-
tion is guaranteed, at least theoretically, to be bijeciies, free
o ) of ipped triangles. The speci ¢ boundary shape may be chosen
As a general direction for future work, it would also be worth- - yepending on the application. For triangular patches, one option is
while to explore objectives that are speci cally tailored to an ap- g yse the embedded edge lengths as side lengths. If these lengths
plication. For instance, one could investigate how to incorporate yjp|ate the triangle inequality, a robust fallback is to use an equilat-
semantic labels for shape correspondences. eral triangle whose edge length is given by the average embedded
edge length.
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Model #Faces #Patches Total (min) (s)/lter. Embed. (%) Eval. (%) BP (%)
SHRECO07-177 476 114 36 12 159 53 721
SHRECO07-169 %42 114 52 13 186 52 698
bunny 6000 148 94 10 208 42 682
SHRECO07-35 522 113 31 18 149 51 736
hand (remeshed) ;480 78 32 el 124 57 748
hand 6400 78 90 10 186 48 703
bob 10642 87 76 23 242 41 657
kitten 11,320 198 157 33 315 34 592
spot 17018 206 173 58 448 28 472
Average 224 51 667

Table 1: Performance summary of the algorithm, reporting face and patch counts, total runtime, per-iteration time, and percentage of overall
runtime for selected components. Percentages may not sdi@08bsince some minor parts of the algorithm are excluded. The percentages

for Embedding, Evaluation, and Backpropagation indicate the share of total runtime spent computing the overlay mesh in a differentiable
way, evaluating the objective function, and computing gradients, respectively. The reported averages show that runtime is dominated by the
backpropagation step.

well as the half-edges along the T-base and T-bar. This information [AYH*24] ANSEL, JASON, YANG, EDWARD, HE, HORACE, et al. “Py-
is typically provided by methods that explicitly construct T-junction Torch 2: Faster Machine Learning Through Dynamic Python Bytecode
layouts. T-nodes are then treated as patch comners in the two patches |ansformation and Graph CompilatiorProceedings of the 29th ACM

. o International Conference on Architectural Support for Programming Lan-
adjacent to the T-base, while in the patch over the T-bar, they are guages and Operating Systems, VolumAGM, 2024, 929-94.

treated as arc samples. During resampling, T-junction nodes are[BSK21] BORN, JANIS, SCHMIDT, PATRICK, and KOBBELT, LEIF. “Lay-

handled like regular layout nodes and must be preserved. out Embedding via Combinatorial OptimizatiorComputer Graphics
Forum40.2 (2021), 277-299, 3, 12.
Target surface with boundary. When the target surface has a [Bﬁ\*}ogld B?MMESv D(fV'Dv FIPAM;%MH'FNRM ?”d KOBgE'-Th_'(gFé
boundary, layout nodes lying on the boundary require special han- (Zéé%)"ggger quadranguiation’ ransactions on Braphicas.
dling. If the layout is intended to cover the entire surface, these nodes o
9 Y . ! . dCaml?] CAMPEN, MARCEL. “Partitioning Surfaces Into Quadrilateral
and the arcs connecting two boundary nodes must be constraine

wothe b q fihe t  surf ‘At the il \ation | | Patches: A Survey'Computer Graphics Forurd6.8 (2017), 567-588.
0 the boundary of the target surtace. € implementation [evel, CC25] CorMAN, ETIENNE and QRANE, KEENAN. “Rectangular Surface

this implies that boundary nodes are embedded in boundary edges ™ parameterization’ACM Transactions on Graphiast.4 (2025), 111:1—
rather than interior faces. During the update procedure, boundary 111:213.

layout nodes are restricted to move along the boundary, traversing[CDH*24] COUDERT-OSMONT. YOANN. DESOBRY. DAVID . HEISTER-
successive boundary edges according to the length of the update mann, MARTIN, et al. “Quad Mesh Quantization Without a T-Mesh”.
direction. Computer Graphics Forum3.1 (2024p.

[CK14a] CAMPEN, MARCEL and KOBBELT, LEIF. “Dual strip weaving: in-
o teractive design of quad layouts using elastica strip€M Transactions
C Input Layout Validity on Graphics33.6 (2014), 183:1-183:10
Given a layouL and an initial embedding of the layout nodes, the [CK14b] CAMPEN, MARCEL and KOBBELT, LEIF. "Quad Layout Em-
geodesic arc embeddings may intersect or the cyclic order around E)Zeodﬂ;]ge\gééﬂ\]gg;ed ParameterizatiorComputer Graphics Foruré3.8
a node may be violated. In such a case, the layout embedtiisg ' "
invalid and the algorithm cannot extract valid patch embeddings. If [GDT16] De GOES, FERNANDO, DESBRUN MATHIEU, and TONG, Y1Y-

. lid bedding i tered d b dt ING. “Vector eld processing on triangle mesheSpecial Interest Group
an invalid emoeading IS eéncountered, a procedure can be used 1o Computer Graphics and Interactive Techniques Conference, SIG-

modify the layout in such a way that the resulting embedding will  GRAPH '16 ACM, 2016, 27:1-27:48.
be valid. To thls_end, any (_embeddlng procedure can be used thafro «21] Fane, QiNG, OUYANG, WENQING, L1, Mo, et al. “Computing
guarantees a valid embeddiregg, the layout embedding procedure sparse cones with bounded distortion for conformal parameterizations”.

by [BSK21]. This embedding procedure will produce an embedding  ACM Transactions on Graphic$0.6 (2021), 262:1-2622

for the layout arcs, which can now be sampled such that a piecewise[KCPS13] KNOPPEL FELIX, CRANE, KEENAN, PINKALL , ULRICH, and

geodesic embedding will result in a valid embedding. SCHRODER PETER. “Globally optimal direction elds”.ACM Transac-
tions on Graphic82.4 (2013), 59:1-59:16.

[LCK21a] LyoN, MAx, CAMPEN, MARCEL, and KOBBELT, LEIF. “Quad
References Layouts via Constrained T-Mesh Quantizatio@omputer Graphics Fo-

[APL14] AIGERMAN, NOAM, PORANNE, Rol, and LPMAN, YARON. rum40.2 (2021), 305-312.
“Lifted bijections for low distortion surface mapping®®CM Transactions [LCK21b] LyoN, MAX, CAMPEN, MARCEL, and KOBBELT, LEIF. “Sim-
on Graphics33.4 (2014), 69:1-69:12 pler Quad Layouts using Relaxed Singularitie€bomputer Graphics
Forum40.5 (2021), 169-179, 7, 9, 10.

© 2026 The Author(s).
Computer Graphics Forum published by Eurographics and John Wiley & Sons Ltd.



A. Heuschling I. Lim L. Kobbelt / Embedding Optimization of Layouts

[LDB17] LUCQUIN, VICTOR, DEGUY, SEBASTIEN, and BOUBEKEUR,

TAMY . “SeamCut: interactive mesh segmentation for parameterization”.

SIGGRAPH Asia Technical Brief&d. by QUTIERREZ, DIEGO and
HUANG, Hul. ACM, 2017, 25:1-25:2.

[LFZ*23a] LI, Mo, FANG, QING, ZHANG, ZHENG, et al. “Ef cient Cone
Singularity Construction for Conformal ParameterizatiodsCM Trans-
actions on Graphicg2.6 (2023), 235:1-235:13

[LFZ*23b] LI, MO, FANG, QING, ZHANG, ZHENG, et al. “Ef cient cone
singularity construction for conformal parameterizatio®sCM Transac-
tions on Graphics (TOG32.6 (2023), 1-12.

[LNTC24] L1, YUE, NUMEROW, LOGAN, THOMASZEWSKI, BERNHARD,
and GRoOS STELIAN. “Differentiable Geodesic Distance for Intrinsic
Minimization on Triangle MeshesACM Transactions on Graphiet3.4
(2024), 91:1-91:12.

[LSJ22] LING, SELENA, SHARP, NICHOLAS, and ACOBSON, ALEC. “Vec-
torAdam for Rotation Equivariant Geometry OptimizatioAtvances in
Neural Information Processing Systerisl. 35. 20226.

[MMP87] MITCHELL, JOSEPHS. B., MOUNT, DAVID M., and RPADIM-
ITRIOU, CHRISTOSH. “The Discrete Geodesic Problen8IAM Journal
on Computingl6.4 (1987), 647-668.

[NSS*24] NOMA, YUTA, SELLAN, SILVIA, SHARP, NICHOLAS, et al.
“Surface-Filling Curve Flows via Implicit Medial AxesACM Transac-
tions on Graphic€3.4 (2024), 147:1-147:12, 3.

[PBS22] PANDEY, KARRAN, BERENTZEN JAKOB ANDREAS, and SNGH,
KARAN. “Face Extrusion Quad MesheSSIGGRAPH: Special Interest
Group on Computer Graphics and Interactive Techniques Conferénte
by NANDIGJAV, MUNKHTSETSEG MITRA, NILOY J., and HERTZMANN,
AARON. ACM, 2022, 10:1-10:2.

[PCS24] RALMER, DAVID R., CHERN, ALBERT, and S)LOMON, JUSTIN.
“Lifting Directional Fields to Minimal Sections’ACM Transactions on
Graphics43.4 (2024), 60:1-60:26.

[PNA*21] PIETRONI, NiCO, NUVOLI, STEFANO, ALDERIGHI, THOMAS,
et al. “Reliable feature-line driven quad-remeshir§CM Transactions
on Graphics40.4 (2021), 155:1-155:17.

[PPM*16] PiETRONI, Nico, PUPPQ ENRICO, MARCIAS, GIORGIO, et al.
“Tracing Field-Coherent Quad Layout€omputer Graphics Forur@5.7
(2016), 485-49@.

[PSS01] PRAUN, EMIL, SWELDENS, WIM, and SSHRODER PETER. “Con-
sistent mesh parameterizationBtoceedings of the 28th Annual Confer-
ence on Computer Graphics and Interactive Technigd€d/, 2001, 179-
1842.

[SAPHO4] SCHREINER, JOHN, ASIRVATHAM, ARUL, PRAUN, EMIL, and
HopPPE HUGUES “Inter-surface mapping’ACM Transactions on Graph-
ics 23.3 (2004), 870-872.

[SC18] SHARP, NicHOLAS and GRANE, KEENAN. “Variational surface
cutting”. ACM Transactions on Graphi&7.4 (2018), 15, 7-9.

[SC20] SHARP, NIiCHOLAS and QRANE, KEENAN. “You can nd geodesic
paths in triangle meshes by just ipping edgeACM Transactions on
Graphics39.6 (2020), 1-13.

[SCBK20] ScHMIDT, PATRICK, CAMPEN, MARCEL, BORN, JANIS, and

KOBBELT, LEIF. “Inter-surface maps via constant-curvature metrics”.

ACM Transactions on Graphi9.4 (2020), 112, 11.

[SPK23] ScHMIDT, PaTRICK, PIEPER DORTE, and KOBBELT, LEIF. “Sur-
face Maps via Adaptive Triangulation<Computer Graphics Forum?2.2
(2023), 103-11P, 10.

[SPRO6] SHEFFER ALLA, PRAUN, EMIL, and ROSE KENNETH. “Mesh
Parameterization Methods and Their Applications3undations and
Trends in Computer Graphics and Visigr2 (2006)3.

[SS15] SmITH, JAsoNand SSHAEFER, SCOTT. “Bijective parameterization
with free boundaries’ACM Transactions on Graphic&4.4 (2015), 70:1—
70:93.

© 2026 The Author(s).
Computer Graphics Forum published by Eurographics and John Wiley & Sons Ltd.

13 0f 13

[TPP*11] TARINI, MARCO, PUPPQ ENRICO, PANOZZO, DANIELE, et al.
“Simple quad domains for eld aligned mesh parametrizatiohCM
Transactions on Graphic30.6 (2011), 142.

[TPSS13] TAKAYAMA , KENSHI, PANOZzzO, DANIELE, SORKINE-
HORNUNG, ALEXANDER, and >RKINE-HORNUNG, OLGA. “Sketch-
based generation and editing of quad mesha€M Transactions on
Graphics32.4 (2013), 97:1-97:8.

[ULP*15] Usal, FRANCESCQ LIVESU, MARCO, PUPPQ ENRICO, et al.
“Extraction of the Quad Layout of a Triangle Mesh Guided by Its Curve
Skeleton” ACM Transactions on Graphi&5.1 (2015), 6:1-6:13.



