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Stylization of 3D models refers to the techniques of deforming the input
model with desired style. However, 3D geometric style transfer is still a
challenging research topic, due to the complexity of geometries. One of the
core technologies of 3D stylization is the establishment of the mapping
relationship between the input model and the style model (or the style
operator). Currently, a simple and easy-to—understand stylization method
is to style the input model, while maintaining the topological connection
of the input model. However, currently this approach mostly stylizes the
input model into a polyhedron style.

We call the smooth, rounder, and curved surface style as spherical style.
In 3D world, spherical style surfaces are familiar especially toy models
and animation characters, such as Doraemon. In this thesis, we present a
spherical style deformation algorithm on single component models. Our
algorithm can deform models in a simple way. Given a single component model,
the algorithm can deform the model with spherical style, while preserving
local details of the original model. Because 3D models have complex skeleton
structures that consist of many components, the deformation around
connections between each single component is complicated, especially

preventing mesh self-intersections. To the best of our knowledge, we could




not find not only methods to achieve a spherical style in a 3D model
consisting of multiple components but also methods of a single component.

In this thesis, we focus on spherical style deformation on single component
models and propose a method which deforms the input model with the spherical
style, while preserving the local details of the input model. An energy
function has been defined which combines ARAP term and spherical feature
term. ARAP energy is one popular shape deformation method with constraints,
which can preserve local details of the input shape. We explore a cluster
of linear features of the sphere shape and define these features as
12-regularization. Due to linear spherical features, the optimization can
be solved efficiently by local and global optimization strategy. We have
performed our algorithm on convex and smooth models, convex and sharp
models, finally complex models with different linear spherical features
respectively. In our experiments, energy can be well converged. Based on
these experimental results, we analyze the effect of each feature on
deformation and achieve a most suitable feature for spherical style
deformation on single component models. Our spherical style deformation
approach can deform the input model smooth, rounder and curved, while
preserving local structures of the original input model. At the same time,
we showed deformation results of different sphere center positions. Our
algorithm was also compared with the 3D geometric stylization method of
normal—-driven spherical shape analogies and confirmed that our method
successfully deforms models smooth, rounder, and curved. Finally,
limitations and problems of our algorithm based on the experimental results
are also discussed.

We also observed that the results of our deformation are dependent on the
quality of the input mesh. When the input mesh consists of regular triangles,
above approach can achieve spherical style deformation. However, when the
input mesh consists of many obtuse triangles, it leads to potential
oscillation of the numerical method, poorly conditioned matrices, worsening
the speed and accuracy of the linear solver and above spherical style
deformation method fails. To solve this problem, we propose an optional
deformation method based on convex hull proxy model as the complementary
deformation method. Firstly, our proxy method constructs the proxy model
of the input model using Poisson—disk sampling algorithm and Ball-Pivoting
algorithm. Then establish the mapping relationship between the input model
and its proxy model by projection method. Next, apply our above deformation

method to the proxy model, and achieve the deformed proxy model. Finally,



deform the input model by interpolation of the input model and the deformed
proxy model using the projection mapping relationship. Given a model with
obtuse triangles, the proxy deformation method can get smoother and better
result, compared with above direct deformation approach. In our
experiments, interpolation parameter can be also expressed as a function,
and different spherical style deformation results have been shown with
different functions. Finally, we also discuss the limitations of this proxy

deformation method.
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