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Adaptivity and automatic generation as well as parameteriza-
tion of arbitrary shapes to simpler ones, more affordable and
easier to work with, are desirable characteristics in a mesh. For
an arbitrary genus-zero surface defined in a two-dimensional
space, the Meccano method [1] provides an adaptive triangular
mesh that approximates the surface boundary with a prescribed
tolerance. In the automatic approach, a square parametric do-
main is considered, and a one-to-one mapping between the
edges of the parametric square and the boundary patches in the
physical domain is established. Then, an iterative procedure
is performed until the approximation requirement is met. This
technique includes (i) Kossaczký refinement [2] of the trian-
gular mesh in the parametric square, (ii) projection of bound-
ary parametric nodes to its corresponding physical location at-
tending to the mapping, and (iii) simultaneous untangling and
smoothing by optimizing the location of nodes to preserve a
low distortion in the transformation from parametric to physi-
cal triangular elements.

Unfortunately, when the boundary in the parametric domain
(the contour of the square) does not properly represent the
boundary of the physical domain, low-quality elements can ap-
pear, and neither the refinement nor the mesh optimization can
reduce the distortion of such elements. In this work, we pro-
pose an innovative strategy to obtain a suitable parametric do-
main to prevent this troublesome situation. The procedure can
be summarized as follows:

First, we obtain a high-resolution adaptive quadtree approx-
imation of the physical domain, where any leave intersected
with the boundary is smaller than a prescribed size. Then,
the leaves of this quadtree are labelled to identify connected
regions, which allows the domain topology to be determined.
For genus-zero in two-dimensional spaces, that implies to mark
quadtree leaves as inner, outer or boundary.

In the next step, we consider a new quadtree approximation
of the physical domain as the tentative parametric domain. It
should be as coarse as possible to obtain a simpler shape (sim-
ilar to the simplest one, i. e. the square), but accurate enough
to preserve the original topology and a low distance between
nodes on the physical boundary and their image on the para-

metric space. The shape simplicity is quantified by the number
of corners on its contour, while the distance between boundary
nodes is controlled by setting an upper bound for its maximum
value. Once these requirements are met, a dual triangular mesh
of the coarse quadtree is built and then refined using the Kos-
saczký method until every node in the quadtree has its counter-
part in the triangular mesh. These extra edges aids to capture
non-square-like shapes in the boundary, obtaining the defini-
tive parametric domain. However, geometric and topological
conditions described in [3] should be satisfied, to avoid low
quality or even unresolvable degenerated elements.

The described technique automatically provides an unstruc-
tured Kossaczký mesh that defines a coarse parametric domain,
suitable as meccano for the proposed mesh generator, and less
prone to element degeneration than the default square paramet-
ric domain. The extension to more complex topologies and
generalization to varieties and spaces of higher dimension will
be explored in future works.
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