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Developability Optimization Algorithm for 3D Mesh Surfaces
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Abstract  Developable surface has zero Gaussian curvature at every point and has lots of good
properties. It has been widely used in various applications in industry. Therefore, it is practically
useful and important to approximate mesh surfaces using developable surfaces or near-developable
surfaces. This paper presents an efficient algorithm for generating a near developable mesh sur-
face to approximate a given mesh surface as close as possible while preserving the local structures
of the surface. First, the initial mesh is obtained by using the least-norm method. The initial
mesh has good developability property but it does not preserve the local structure well. Then the
as-rigid-as-possible (ARAP) approach is used to optimize the initial mesh by preserving the local
structures of the original mesh. This paper proposes two methods, i. e. the cell-based and the tri-
angle-based, to preserve the local structures in the ARAP approach. Both methods work well in
above algorithm. The initial mesh and the ARAP optimization can be applied in an iterative way.
Experimental results show that the algorithm is convergent has obtained better results with less

iterations than the previous methods.
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Background

Developable surface has zero Gaussian curvature at every
point and has lots of good properties. They are widely used
mak-

ing cloths, and architecture etc. , due to their nice capability

in industrial applications, including shipping industry,

of being made from a flat sheet without any stretching and
tearing. Hence, developable surfaces have attained a lot of
research interests in the field of computer aided geometric de-
sign and computer graphics. With the development of 3D ac-
quisition technologies and hardware devices, discrete polygo-
nal mesh surfaces have become increasingly popular. There-
fore, it is practically useful and important to approximate
mesh surfaces using developable surfaces or near-developable
surfaces in digital geometry processing.

Many researches on approximating mesh surfaces using
developable or nearly-developable surfaces have been done in
the literature. These researches focused on different aspects
of the developable surfaces. Some works were proposed to
use special kind of developable surfaces, like ruled surfaces,
to approximate the original surfaces. The other works pro-
posed tools to deal with the piecewise planar surfaces and the
developable surfaces can be easily constructed. All these
works have been successfully used in practical applications.
However, these approaches have some disadvantages in some

aspects either in approximation quality or in robustness.
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Most of the approaches often fail to preserve the original
shapes well.

This paper proposes a new and efficient algorithm for
generating a near developable mesh surface to approximate a
given mesh surface as close as possible. Different from the
previous approaches, our algorithm can preserve the local
structures of the surface as much as possible. Therefore, our
algorithm can obtain high quality mesh surface with good de-
velopability properties. This is especially important for appli-
cations like texture mapping and painting.

The basic idea is to use the as-rigid-as-possible (ARAP)
approach to improve the results obtained by the least-norm
method. The ARAP approach is a good approach that can
preserve the local structures of the mesh. The authors pro-
pose two methods, i. e, the cell-based and the triangle-based,
to preserve the local structures in the ARAP approach. Both
methods work well in our algorithm. They have done lots of
experiments on various mesh surfaces. Experimental results
show that the algorithm has obtained better results with less
iterations than the previous methods.
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