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学位论文中文摘要：

离散模型的参数化是计算机图形学里一个具有挑战性的问题，尤其对于高亏格模型来说。当前国际国内的相关算法的一个基本操作是先把封闭的高亏格模型切开为碟形拓扑的模型，然后在切开后的模型上设计参数化算法。但是很多原始模型上的几何拓扑信息经过切割后已经丢失，从而相应的参数化算法很难完全反映原始模型上的一些内蕴的几何拓扑信息。

在碟形和球形拓扑模型参数化研究比较成熟的情况下，三维模型的参数化

处理还有一些困难问题亟待解决，包括：1）高亏格三维模型的保角度参数化；2）参数化区域是平面或者球面之外的其他形状，例如正则多面体形状的参数化；3）碟形和球形拓扑统一到一个框架下的参数化方法。本研究通过考量和利用拓扑结构的理论工具，设计了三个不同的参数化算法来对这些问题进行研究和探索，并取得了一些成果。这三个算法分别是：1）全纯二次微分的离散化算法；2）正则多面体空间算法；3）单位法向流算法。

1. 利用全纯二次微分来进行高亏格模型的保角参数化。全纯二次微分是曲面上内蕴的几何结构，包含了相关的几何拓扑信息。基于全纯二次微分的参数化算法通过生成一个调和叶状结构来对高亏格模型进行参数化。本研究首先通过设计一个全新的扩散方法来解决了国际上相关算法生成额外极点的问题，从而成功地把一个闭的但不调和的叶状结构变成了调和的叶状结构。然后本研究通过对偶模型来计算调和叶状结构对应的全纯二次微分的自然坐标，这个坐标被用来对高亏格模型进行保角参数化。这个算法与国际上相关的算法相比，由于更好的得到了调和的叶状结构的结果，从而在基于全纯二次微分的高亏格模型保角参数化问题上取得了进一步的成果。

2. 利用正则多面体形状空间来进行参数化。已有的方法一般只探讨如何为一个模型生成一个对应的正则多面体。与已有的工作不同，本研究提出了一个全新的概念：正则多面体形状空间，这个空间包含了一个三维模型和它上面的一个图所能产生的所有正则多面体。进一步，建立了图和正则多面体维数直接关系，基于这个理论结果，本研究设计了一个嵌入的方法，从而可以从图生成对应的正则多面体。然后这个框架被用来把三维模型参数化到正则多面体区域上。这个算法可以直接对没有切开的封闭高亏格模型进行处理。在算法的设计中，利用了微分一形式包含拓扑信息的数学属性。

3. 通过法向流的概念把球形拓扑和碟形拓扑的参数化统一到一个框架下。统一的框架克服了之前两种拓扑的参数化需要分别独立设计算法的局限，能更方便地适用应用的需求。假设三维模型是光滑的，那么每一点的法向应该等于周围点法向的平均值。基于这个观察，本研究提出了一个全新的偏微分方程来改变曲面点的法向。这个偏微分方程导致的几何流称为单位法向流。本研究证明了假设单位法向流收敛，那么法向流把曲面变为一个平均曲率为常数的曲面。基于这个理论成果，进一步设计了一个离散化的方法在离散模型上对法向流进行近似，从而可以对碟形和球形拓扑的三维模型进行参数化。

本研究提出的三种算法的思路和技术不仅可以在三维模型的参数化应用，近期也被采纳到三维扫描，三维重建，三维模型的简化表述等相关应用中。
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The Study On the Algorithms of Mesh Parameterizaiton by Considering Topology
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学位论文英文摘要：

The parameterization of discrete meshes is a challenging problem in computer graphics, especially for high-genus meshes. The current related works on this problem normally work by cutting a closed high-genus mesh open into a disk-topology mesh, then designing algorithms on the cut mesh. However, a lot of topology and geometry structures and information are lost after being cut.This cut-based framework is hard to obtain a parameterization which respects the geometry and topology properties of the original closed high-genus meshes.
The studies of the parameterizations on disk-topology and sphere-topology meshes are well-developed, however there are still some theoretically and practically challenging problems : 1) the global conformal parameterizations of high-genus meshes; 2) the parameterizations onto polycube domain; 3) the unification of the methods of disk-topology and sphere-topology into the same framework. By considering the global topology structure, this paper designs three different kinds of parameterization algorithms to study and solve these three challengings. They are: 1) discrete holomorphic quadratic differentials; 2) polycube shape space; 3) unit normal flow.
1. This paper proposes a global conformal algorithm on high-genus meshes by an implementation of the discrete holomorphic quadratic differentials. Holomorphic quadratic differential is an intrinsic structure on surfaces, and it contains geometry and topology information of the surface. A holomorphic quadratic differentials based method parameterizes high-genus meshes conformally by generating a harmonic foliation. In this method, this paper first designs a novel diffusion method to avoid extra poles in smoothing a closed, but not harmonic foliation into a harmonic one. Based on this harmonic foliation, this paper designs a dual mesh based method to compute the natural coordinate of a holomorphic quadratic differential, which in turn is determined by the harmonic foliation. Finally, the natural coordinate is used as the parameterization coordinate of the mesh.
This method obtains a better harmonic foliation, thus produces a better conformal paramterization on high-genus meshes by the approaches based on holomorphic quadratic differentials.
2. This paper presents polycube shape space to parameterize genus-zero and high-genus meshes onto polycube domain. Instead of a unique polycube result from other methods, this research presents a noval vector space: polycube shape space. This space captures all possible polycubes which could be produced by a mesh and a graph on it. Furthermore, this paper establishes the relationship between the dimension of polycube shape space and a graph, using the tool of differential one-form. Based on this theoretical work, this paper proposes an embedding method to generate the corresponding polycube from a graph. Finally, this paper applies this framework to parameterize the mesh onto a polycube domain. This method can process hige-genus meshes without being cut. In designing algorithm, this paper relies on the fact that differential one-forms contain global topology information of a mesh.
3. This paper unifies the parameterizations of disk-topology and sphere-topology meshes into the same framework by unit normal flow.This framework solves the problem that the algorithm of two kinds of meshes are designed differently in the related algorithms. Based on the observation that the normal of a surface point should equal to the average of its neighbors, if the surface is as smooth as possible, this paper proposes a partial differential equation to evolve the surface by computing the Laplacian of its normals. This geometry flow is called unit normal flow. This paper also proves that if the unit normal flow on a surface is convergent, then it converges to a constant mean curvature surface. Based on this theoretical work, this paper presents a discretized method to approximate the flow on meshes and apply it to parameterize disk-topology and sphere-topology meshes. Disks and spheres have different topologies, but they can be parameterized by the same framework of unit normal flow.
The technology and methodology in the three algorithms of this research are not only used in mesh parameterizations, but also are adopted in mesh scanning, mesh reconstruction, mesh description, and so on by graphics community.
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