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Abstract
This work proposes a novel algorithm to eliminate the self-
overlapping based on conformal welding theory, to improve
the robustness of the surface remeshing algorithm. The
proposed algorithm constructs a planar annulus with a high-
quality triangulation, then weld the input surface with the
annulus along their corresponding boundary components.
The welded surface has a well-defined Riemannian metric
and can be conformally mapped onto a convex planar
domain by using the dynamic discrete surface Ricci flow
method. This method guarantees the conformal mapping
restricted on the input surface is a global embedding, and
resolves the problem of self-intersections in the neighborhood
of the boundary. The conformal welding method has been
tested to remesh real car models. The experimental results
demonstrate the method is highly effective in practice and
greatly improves the robustness of the remeshing algorithm
based on conformal uniformization.

1 Introduction

Surface mesh generation plays a fundamental role in
CAD/CAE fields. Planar mesh generation methods
are relatively mature, such as the Delaunay refinement
method [2], and the centroidal Voronoi diagram method
[6]. Surface meshing is much more challenging.

Recently, Si et. al. [15] introduced a novel algo-
rithm for generating high quality triangulations on sur-
faces with complicated topologies based on conformal
uniformization. The original CAD model is converted
to a low-quality triangle mesh, obtained by triangula-
tion on the parameter domain and refined by necessary
preprocessing steps, such that the mesh is a water-tight
manifold. The key idea is to flatten the input trian-
gle mesh onto a planar domain by an angle-preserving
(conformal) map, then a high quality planar mesh is
generated and pulled back to the 3D surface. Since
the mapping is angle-preserving, the Delaunay property
is preserved in the surface triangulation. Furthermore,
the planar sampling density is adaptive to the surface
area element and the curvature, this ensures the surface
meshing quality. Fig. 1 shows one example of remeshing
a car chassis model based on conformal uniformization:
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frame (a) shows the 3D car chassis model; frame (b)
illustrates the surface is flattened by a conformal map-
ping; frame (c) demonstrates the conformality of the
mapping by checkerboard texture mapping, all the right
corner angles of the checkers are well preserved; the pla-
nar image is triangulated using Delaunay refinement al-
gorithm, the pull back triangulation on the surface has
high qualities as shown in frame (d).

In most scenarios, the quality of the input triangle
mesh is often low, posing a significant risk to the sta-
bility and convergence of standard conformal mapping
algorithms. We choose the dynamic surface Ricci flow
method [11, 10] to compute the parameterization be-
cause it has a theoretic guarantee to produce the unique
Riemannian metric, conformal to the initial metric and
inducing the prescribed curvature. Furthermore, dy-
namic surface Ricci flow is capable of handling low-
quality input meshes and automatically improves the
triangulation to remain Delaunay with final Rieman-
nian metric.

However, the parameterization result depends on
the input geometry and the target curvature, it is pos-
sible that the final mapping is only a local embed-
ding, namely the mapping restricted to the neighbor-
hood of each vertex is injective and surjective, but
globally the image of the whole input mesh may have
self-intersections. Especially, if the surface has con-
cave boundaries, the image of the neighborhood of the
boundary may have overlaps. This causes great diffi-
culties for the downstream planar Delaunay refinement
algorithm. As shown in Fig. 2, frame (a) shows a shield
of a car tire model, frame (b) illustrates the conformal
parameterization result, and the self-intersections can
be found in the neighborhood of the boundary.

To tackle this challenge, this work proposes a novel
algorithm to improve the robustness of surface remesh-
ing based on conformal welding technnique [9, 17]. Sup-
pose the input surface M is a topological poly-annulus,
namely a genus zero surface with multiple boundary
components {γ1, . . . , γk}, We can seamlessly merge M
with a topological annulus A having boundaries τ1
and τ2, aligning them correspondingly with γ1 and τ1,
φ : γ1 → τ1. The merged surface S ←M ∪φA is a topo-
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(a) 3D chassis model (b) conformal flattening (c) texture mapping (d) remeshing result

Figure 1: Remeshing a whole car chassis model based on conformal uniformization.

logical poly-annulus having boundaries τ2, γ2, . . . , γn.
We treat τ2 as the exterior boundary component, and
γ2, . . . , γn as the interior boundary components, and use
the dynamic Ricci flow to map S onto a planar domain,
such that the image of the exterior boundary τ2 is con-
vex (or nearly convex), so the mapping is an embedding,
the input surface M is conformally flattened without
any self-intersection. This conformal welding technique
can greatly improve the robustness of the algorithm. As
shown in Fig. 2, the input surface is welded with a topo-
logical annulus and the welded surface is conformally
flattened in frame (c), the mapping restricted to the
input surface has no overlap. Frame (d) shows confor-
mality of the parameterization by checkerboard texture
mapping.

1.1 Contribution This work proposes a novel algo-
rithm to improve the robustness of surface remeshing
based on conformal welding method. Suppose the in-
put surface is a poly-annulus, we construct a topological
cylinder with high quality triangulation and weld the in-
put surface with the annulus along one boundary loop.
By using dynamic discrete surface Ricci flow, the welded
surface is conformally flattened onto a near convex do-
main on the plane. This method guarantees the confor-
mal mapping restricted to the input surface is an em-
bedding, and resolves the problem of self-intersections
in the neighborhood of the boundary. In our experi-
ments, we use the conformal welding method to remesh
real car models, which shows the method is rigorous
and practical, and significantly improves the robustness
of the remeshing algorithm.

2 Previous Work

The objective of surface triangle mesh generation is to
tessellate a given 3D surface into triangles, creating
a discrete representation suitable for various applica-
tions, such as finite element analysis. Over the years,
researchers have developed numerous algorithms and
methods to address this challenge efficiently and accu-

rately. This literature review highlights some prominent
contributions in the field.
Delaunay-Based Approaches Delaunay triangu-
lation is a widely used technique for surface mesh
generation [2]. Shewchuk’s Triangle [22] is a popular
tool for computing Delaunay triangulations of planar
straight-line graphs and is often used as a building
block in surface meshing algorithms. In 3D, adaptive
refinement techniques, such as Bowyer-Watson and
incremental insertion [3], are employed to generate
high-quality triangle meshes from point clouds or
surfaces. Centroidal voronoi tessellation is also a pop-
ular method for high quality planar mesh generation [6].

Constrained Delaunay Triangulation Handling
constraints, such as sharp edges and features, is crucial
in surface meshing. Recent developments include the
CGAL library, which provides efficient algorithms for
constrained Delaunay triangulation and mesh genera-
tion [20]. These advancements enable the preservation
of geometric features in the generated meshes.

Surface Reconstruction Methods Surface recon-
struction aims to recover a continuous surface from
point clouds or scattered data. Poisson surface recon-
struction [16] is a notable technique that combines
surface reconstruction and mesh generation. It lever-
ages the Poisson equation to create a smooth surface
representation and subsequently generates triangle
meshes.

Variational Approaches Variational methods, such
as surface fairing and optimization-based meshing,
have gained attention. Garland and Heckbert’s surface
simplification algorithm [8] is a classic example. It
iteratively collapses edges to create simplified triangle
meshes while preserving important geometric charac-
teristics.

Multi-resolution Techniques Multi-resolution
representations are valuable for adaptive meshing.
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