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Abstract:

Creating high-quality quad meshes from triangulated surfaces is a highly non trivial task that
necessitates consideration of various application specific metrics of quality. In our work, we follow
the premise that automatic reconstruction techniques may not generate outputs meeting all the
subjective quality expectations of the user. Instead, we put the user at the center of the process
by providing a flexible, interactive approach to quadrangulation design. By combining scalar field
topology and combinatorial connectivity techniques, we present a new framework, following a
coarse to fine design philosophy, which allows for explicit control of the subjective quality criteria
on the output quad mesh, at interactive rates.

Our quadrangulation framework uses the new notion of Reeb atlas editing, to define with a small
amount of interactions a coarse quadrangulation of the model, capturing the main features of
the shape, with user prescribed extraordinary vertices and alignment. Fine grain tuning is easily
achieved with the notion of connectivity texturing, which allows for additional extraordinary
vertices specification and explicit feature alignment, to capture the high-frequency geometries.
Experiments demonstrate the interactivity and flexibility of our approach, as well as its ability to
generate quad meshes of arbitrary resolution with high quality statistics, while meeting the users
own subjective requirements.
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Fig. 14. The comparison of our technique against quad meshes from multiple algorithms illustrates our improved control
of extraordinary vertices, i.e. location and valence, as well as element alignment, while producing quality output models
for the Rocker Arm and Bimba models. Extraordinary vertices with a valence greater or less than four are respectively
reported with blue and green spheres. Shaded quad-strips highlight the twisting occurring with previous approaches along
sharp features (blue) or between extraordinary vertices (green).

tion, capable of managing a user-driven segmentation of a
model with complex topology, while providing topological
guarantees necessary for parameterization. Our framework
handles mesh boundaries by either constraining a contour
of f along the boundary, i.e., the Hand, or by filling the
boundary then removing quads from the texture.

In many cases, especially when the Reeb chart describes a
cylindrical mesh component, regular subdivision provides
fast and easy high-quality quadrangulations of the Reeb
charts, i.e., the Botijo handles, the Hand’s fingers, the
torso’s of the Moai and Bimba, as well as pieces of the
Blade and Rocker Arm models. The added flexibility of
connectivity texturing improves the alignment of the final
mesh to surface features (sharp features on the the Rocker
arm, Botijo and Blade models) as well as user designed
adaptivity to better sample high frequency geometry (the
Bimba’s bow, zoom inset in Fig. 14).

The number of extraordinary vertices is strictly controlled
by the user, and can be maintained to a desired value.
The quality of the meshes used throughout this paper is
measured in the histograms to the left. The quality of the
output models is dependent on the diligence of the user, but,
as demonstrated by the histograms, high quality meshes that
are numerically stable for finite element simulations can be
generated using our system.

8.2 Comparison

In this section, we compare our interactive approach to
automatic [9] and semi-automatic techniques [12], [21], [5],
[35] for a mechanical and an organic model (Fig. 14). In-
cluded in Fig. 14 are quality statistics of the assorted mod-
els, demonstrating that our approach generates quad meshes
with objective quality scores that are on par with other
state-of-the-art techniques. More interestingly, the visual
comparison highlights advantages of our approach which

are not directly reflected by objective quality measurements,
such as: sharp feature preservation, extraordinary vertex
alignment and localized adaptative sampling.

A key advantage of our approach is its ability to robustly
control the number, location, valence and alignment of
the extraordinary vertices. In contrast, other techniques
(Fig. 14) provide output meshes that approximate the user’s
input constraints. As a result, these methods may produce
undesireable effects related to extraordinary vertices, such
as inaccurate approximation of feature corners, misalign-
ment of the emminating mesh edges, and extraordinary
vertex clustering. By strictly designing our meshes to
align extraordinary vertices through straight edge paths, in
contrast to [5], [35] but similar to [12], [21], [9], we design
quad models that are conducive to texturing, coarsening
and smooth surface fitting via subdivision and spline-based
surfaces.

As illustrated in Fig. 14, the extraordinary vertices of both
our Rocker Arm and Bimba models are well aligned, placed
at strategic locations, and the mesh edges between them are
aligned to the sharp features of the models. In particular,
we focus the reader’s attention to the protruding corners
on the top of the Rocker Arm where our approach exactly
captures these elements; as well as the bottom of the Bimba
model to which our edges are aligned and extraordinary
vertices placed within corner regions. In contrast, note the
quad strip twisting that occurs across sharp features with
the other techniques.

Another major distinction between our approach and the
semi-automated techniques is our ability to design a config-
uration that captures the symmetry of the model that may be
difficult to quantify by (semi-)automatic algorithms. For ex-
ample, the Bimba model contains symmetric extraordinary
vertices, i.e., the face and shoulders, with edges aligned
to the model’s curvature, i.e., the face, neck and chest.
Further, the design of the connectivity textures on a local
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scale allows the user to adapt the sample density, capturing
high frequency geometric detail and symmetry of the bow
in the Bimba’s hair (zoom inset in Fig. 14).

8.3 Limitations

An important observation of this work is the link between
extraordinary vertices and critical points of the underlying
scalar field, handled by the Reeb atlas segmentation algo-
rithm. The system requires training of users to understand
the connections between the interactions on the Reeb atlas
and the resulting extraordinary vertices, as well as becom-
ing familiar with the interaction tools. Our current interface
can benefit from more straightforward control mechanisms
to facilitate user interactions. However, as these aspects of
the user interface do not affect the discussed underlying
technologies, we view this as out of the scope of this
research. Furthermore, optimal alignment of quad meshes
often requires adaptive sampling, introducing many extraor-
dinary vertices. While this is completely feasible within our
framework (demonstrated in multiple models in this paper),
it can become time consuming to design and manipulate
such models.

9 CONCLUSION AND FUTURE WORK

Our technique bridges the gap between purely geometrical
approaches and combinatorial connectivity techiques to
leverage advantages of the two distinct worlds within one
coherent system. This study provides interesting insights,
linking scalar field topology to extraordinary vertices and
their global alignment. Our Reeb atlas, the mechanism by
which we induce the alignment and construct a coarse
quadrangulation of the model, enriches scalar field design
by providing topological structure and awareness.

We develop a multi-level methodology that, in addition to
global Reeb atlas updates, supports local editing operations
via connectivity textures to explicitly define the final mesh
structure. Reeb atlas and connectivity textures are two
complementary tools, with partial overlapping scopes, that
uniquely provide global and local controls (respectively).
Designing a complex Reeb atlas will tend to allow simple
connectivity textures (the Hande, Bitorus and Botijo Mod-
els, Fig.12); whereas, designing a simple Reeb atlas will
tend to require complex connectivity textures (RockerArm,
Fig. 9).

Our connectivity textures completely localize the global
effects of quadrangulation design, limited to a single Reeb
chart. Relying on the topological information provided by
the Reeb atlas, our framework is able to resolve conflicts
between regions meshed with different sample densities.
The local operations are performed over the unit square for
efficient and robust computation and projection. We demon-
strate the highly interactive (response times below 0.5s) and
extremely flexible nature of our approach throughout the
paper.

This paper focuses on developing underlying technologies
that provide the flexibility, interactivity and robustness
required by a user-centric meshing process. Based on the
generality and flexibility of our framework, in future work
we intend to enrich our system’s interface with additional
automated user assistances to augment the designer’s pro-
ductivity. At a global scale, improved heuristics may sug-
gest better initial Reeb atlases, possibly providing hints that
contain aligned and/or fractional saddles. At a fine scale,
geometrical analysis in the
parametric domain of individ-
ual Reeb charts can lead to au-
tomated initial geometry-aware
connectivity textures, on which
a user may interactively edit.
Finally, it will be interesting
to further explore the full po-
tential of connectivity textures
to design meshes with arbi-
trary polygons, i.e., hexagons
(right), as well as extensions
to volumetric shape represen-
tations.
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