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Parametrization Aligned T-mesh Quad Layout

Figure 1: Given a seamless parametrization of a surface as input we construct a non-conforming T-mesh aligned with it. A modified version
of the motorcycle graph is employed for this purpose, in which traces do not stop at the first collision. We solve an integer linear program
to assign integers to the arcs of this T-mesh. By carefully constraining this quantization, the result implies a coarse conforming quad layout
whose separatrices deviate less than a user given bound from the directions prescribed by the seamless input parametrization.

Abstract
We present a robust and fast method for the creation of conforming quad layouts on surfaces. Our algorithm is based on the
quantization of a T-mesh, i.e. an assignment of integer lengths to the sides of a non-conforming rectangular partition of the
surface. This representation has the benefit of being able to encode an infinite number of layout connectivity options in a finite
manner, which guarantees that a valid layout can always be found. We carefully construct the T-mesh from a given seamless
parametrization such that the algorithm can provide guarantees on the results’ quality. In particular, the user can specify a
bound on the angular deviation of layout edges from prescribed directions. We solve an integer linear program (ILP) to find a
coarse quad layout adhering to that maximal deviation. Our algorithm is guaranteed to yield a conforming quad layout free of
T-junctions together with bounded angle distortion. Our results show that the presented method is fast, reliable, and achieves
high quality layouts.

CCS Concepts
• Computing methodologies → Computer graphics; Mesh models; Mesh geometry models; Shape modeling;

1. Introduction

Quad meshes are the preferred discrete surface representation for
many shape modeling applications of design and engineering alike.
Therefore, the automatic generation of such meshes has been an
ongoing topic of research in computer graphics. For a high quality
quad mesh, individual elements should have angles close to π/2 and
be aligned in certain ways, e.g. to the underlying surface’s prin-
cipal curvature directions. A variety of approaches have been ex-
plored for the generation of quad meshes [BLP∗13]. A class of
algorithms with a particular focus on element shape and align-
ment quality is that of parametrization-based field guided methods
[KNP07, BZK09, KMZ11, BCE∗13, PPTSH14, ESCK16].

An additional quality criterion that these methods, however, do

not explicitly promote is the global structure of the mesh, in partic-
ular the simplicity of the mesh’s so-called block structure or base
complex [BLP∗13]§1.1. This aspect is closely related to the ques-
tion how the irregular vertices are connected in the mesh by se-
quences of edges. This connectivity constitutes the mesh’s quad
layout [Cam17]. If the quad mesh has a simple, i.e., a coarse layout
it can be viewed as a “mesh of meshes”, a coarse quad partition
with finer regular quad grids inside each patch (Figure 1 right).
This enables the construction of mesh hierarchies, the structured
parametrization of the mesh over simple domains, or the definition
of spline spaces on top of the mesh [TPP∗11, MAB∗19, HSJ∗20].

In this paper we present an algorithm for the creation of coarse
quad layouts on 2-manifold surfaces. Such layouts can then, for in-
stance, be refined to block-structured quad meshes, or be passed as
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connectivity constraints to the above mentioned (natively layout-
unaware) quad mesh generation techniques. The layout construc-
tion – akin to the above parametrization-based mesh generation
methods – is built on top of a seamless surface parametrization.
This allows us to offer explicit control over the layout’s singu-
larity configuration and its directional alignment, to reliably yield
valid layouts, and to share a common foundation with mesh gen-
eration techniques for seamless integration. As a particular feature,
our method offers explicit and precise control over the balance be-
tween the two key opposing objectives inherent to quad layouts:
coarseness and directional alignment.

Problem Statement: Given a seamless surface parametrization
with arbitrary singularities on a surface of arbitrary topology, gen-
erate a coarse quad layout with exactly these singularities as irreg-
ular nodes such that its arcs (also called separatrices) do not direc-
tionally deviate from the parametrization’s isolines by more than a
user-given angular bound α.

After reviewing previous methods for the creation of coarse quad
layouts in Section 2, we describe in Section 3 how we construct a
T-mesh by tracing parametric iso-lines of a seamless parametriza-
tion taken as input. In our method we implicitly encode layout con-
nectivity via a discrete function on this T-mesh. Section 4 details
this encoding and shows how non-negative integers can be assigned
to the T-mesh’s arcs such that a valid and high quality layout is im-
plied. Such an assignment, called quantization, can be found by
solving an integer linear program as presented in Section 5, before
ultimately making the layout explicit in Section 6. We show the ef-
fectiveness of our algorithm on a variety of examples in Section 7.
Figure 1 illustrates the process.

2. Related Work

Early work that involved the generation of quad layouts as a sub-
step produced rather unstructured layouts without any particular
form of shape-aware directional alignment [EH96, BMRJ04]. Later
this problem received dedicated attention and subsequent methods
often take some form of directional guidance into account, whether
by means of the underlying surface’s principal curvature directions,
or more flexibly and controllably by specifically designed or pre-
scribed cross fields, quad meshes, or seamless parametrizations.

Layout Simplification. For instance, the method by Bommes et
al. [BLK11] takes as input a quad mesh with a possibly dense base
complex and iteratively modifies it so as to remove certain helical
connectivity patterns – which are one, though not the sole cause
of low quality base complexes. A coarser quad layout can then be
extracted from the modified quad mesh.

Tarini et al. [TPP∗11] follow a similar strategy but enable more
general modifications by working directly on separatrices (i.e., the
paths forming the layout’s arcs, its patches’ borders). They itera-
tively improve a layout energy which is based on length and di-
rection deviation of the separatrices by removing a separatrix and
bringing the then incomplete layout back into a (coarser) complete
state by a series of separatrix reconnections and an insertion.

Instead of starting with conforming dense quad layouts, Vier-
tel et al. [VOS19] start from an initial non-conforming layout, a

T-mesh with many T-junctions. It is obtained by tracing stream-
lines of a surface cross field. In this layout so-called chord collapses
are applied greedily, in order from narrow to wide, while excluding
collapses that would result in too much directional deviation. Par-
ticularly on complex or closed surfaces, T-junctions may remain in
the final layout, making it non-conforming.

These methods have in common that modifications are applied
iteratively in a greedy fashion.

Layout from Separatrix Candidates. A common strategy to cre-
ate layouts from scratch is based on finding a set of separatrix can-
didates, i.e., paths connecting pairs of prescribed (irregular) layout
nodes in topologically distinct ways, from which a subset is then
selected to define a complete layout.

Razafindrazaka et al. [RRP15] trace isolines of a seamless pa-
rametrization, starting from its singularities (which form the lay-
out’s irregular nodes). Whenever two traces meet, this implies a
separatrix candidate between their two origin singularities. Each
candidate is associated with a cost, penalizing directional deviation
from the parametric isolines. A binary problem is then solved to
select a cost-minimizing subset that properly connects all singular-
ities without crossing in improper ways. In theory the candidate set
is infinite; in practice one needs to restrict to a finite subset. This
may preclude the existence of a valid solution (or a high-quality so-
lution). Tracing up to a maximum distance limit is reported to com-
monly work well, but the existence of a solution is not guaranteed
(unless trial-and-error with increasing distance limit is performed).

Pietroni et al. [PPM∗16] follow a similar approach but create
separatrix candidates based on a cross field [VCD∗16] rather than
a parametrization (which is harder to obtain with the required prop-
erties [CSZZ19]). Similar to [RRP15] they solve a binary linear
program to choose a non-conflicting subset of these. As a conse-
quence of not deriving directional guidance from a parametrization
(which corresponds to an integrable cross field) but rather from
a generic cross field, a complete conforming quad layout cannot
be guaranteed; T-junctions have to be accepted, similar to the ap-
proach of Viertel et al. [VOS19] discussed above. T-junctions may
be reduced by increasing the number of separatrix candidates es-
tablished for each singularity or by iterating the process with fixed
partial layout, but complete removal can only be achieved by in-
serting additional irregularities.

For both these methods, runtime, quality, and even the existence
of a solution depend on the precomputed set of separatrix candi-
dates. If the set is chosen too small there may be no valid subset.
Increasing the candidate set size at the cost of increased runtime
only increases the probability of program feasibility. In contrast,
our formulation, instead of using a binary program which picks
separatrices from a finite set of candidates, employs an integer pro-
gram which can choose from an infinite set of separatrices and is
always guaranteed to be feasible.

[RP17] and [ZZY16] propose further candidate set based meth-
ods, but start from a quad mesh as input. This effectively enables
a fallback to the quad mesh itself or its base complex as a valid
(though commonly rather dense) output layout in case no other so-
lution is found due to the involved restriction.
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