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学位论文中文摘要：
对称性是自然界中普遍存在的一种现象，在计算机图形学和计算机视觉研
究中一直受到广泛的关注。人们提出了许多方法来寻找和提取对称性，并将这些
信息应用于各种模型处理的任务来提升它们的计算效率，比如模型的压缩、物体
的形状恢复等。对称检测目的是找到那些将三维模型的一个部分映射到另一个
部分而不改变形状的变换。根据对称相关的变换是否为刚性变换，对称可以分为
外蕴对称和内蕴对称两类，刚性变换相关的对称为外蕴对称，而非刚性变换相关
的对称为内蕴对称。本文主要围绕三维模型的内蕴对称性检测展开研究，这方面
目前仍然是一个难题。
    一般而言，外蕴对称性的检测相对简单，只需要搜索其对应的欧式变换，如
反射、平移或旋转等；因此，外蕴对称检测一般速度较快。对于内蕴对称性检测，
需要关于形状的内在本征特征的刻画，这往往需要一些全局性的度量处理，如用
测地线等；因而内蕴对称检测速度一般比较耗时。特别是，局部性的内蕴对称检
测更加困难，因为各个局部形状的高质量分割处理很难进行。
    已有对称性检测方法通常基于统计方式进行处理，通过对模型采样后进行
聚类筛选，来进行对称性检测。由于采样点数量大而且一般变换空间也比较复
杂，采样点之间的对应关系的计算通常是非常耗时的。并且由于它们所依赖的采
样点的离散性和随机性，它们得到的对称体通常也比较粗糙。基于统计处理的对
称性检测，当一些对称体相关的统计量不足时，它们也难以被发现，因此，已有
方法会遗漏一些对称体的检测。对此，本文提出了一种高效的基于骨架引导的内
蕴对称性检测的方法，以克服以上困难。
    本文观察到：两个对称体一定存在相似的骨架，并且两个凸体之间只可能存
在外蕴对称。因此本文的方法首先对模型进行凸剖分，并且将模型凸剖分得到
的凸体与模型的骨架肢、骨架结点对应起来。然后，检测时，先检测凸体之间的
外蕴对称性，再在骨架中寻找相似的骨架结构，用以指导内蕴对称性的检测。在
此，先考察长度相似的骨架肢所关联的凸剖分体之间是否是各自相应地外蕴对
称的，如果是，则这些骨架肢关联的形体是内蕴对称的；然后，以骨架中的结点
为根节点进行相邻骨架肢或其它结点的聚集生成骨架子树。如果相似的骨架子树结构所关联的凸剖分体之间是一一对应地外蕴对称的，则这些相似骨架子树
结构对应的形体之间是内蕴对称的。随着骨架子树结构的由小至大的逐步增长，
本方法可找到各种尺度的内蕴对称体。本文方法有以下优点：
    1. 节省了诸如测地线距离之类的全局复杂计算。本文提出将模型分解为凸
体，利用模型的相似骨架结构来引导凸体之间的外蕴对称性组合，进而检测出模
型中的内蕴对称性。由于算法局部地检测分解后的凸体之间的外蕴对称性，并且
它们在骨架引导下的组合也是局部性计算，所以，本文节省了大量的全局性度量
计算。
    2. 对称性的搜索空间受到相似骨架结构的优化约束。由于相似的骨架结构
通常数量不多，因此本文算法大大减少了搜索空间，有助于算法加速。同时，由
于对称形状一定有相似的拓扑结构，本文算法可方便找到各种尺度的对称体。
    3. 本文使用模型的凹信息进行高质量的凸分解，可获得高质量的对称体。这是因为本文算法将其所属的凸体组合在一起生成对称体，这些凸体的高质量边
界得到了很好的保留。
    实验结果表明：在没有使用并行计算的情况下，本文所提出的新方法比已有
方法快很多倍甚至快多个数量级，同时可以获得更多的各种尺度的对称体，且得
到的对称体具有很好的分割质量。
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学位论文英文摘要：
Symmetry is a ubiquitous phenomenon in nature, which has been receiving widespread attention in computer graphics and computer vision research. Many methods have been proposed to extract symmetry, and use this information to improve some tasks such as model compression, object shape recovery, and so on. The purpose of symmetry detection is to find those transformations that map one part of the 3D model to another without shape changing. According to whether the corresponding transformation is rigid, symmetry can be divided into two types: intrinsic symmetry and extrinsic symmetry. Among them, symmetry related to rigid transformations is called extrinsic symmetry, and symmetry related to non-rigid transformations is called intrinsic symmetry. This paper focuses on intrinsic symmetry detection of 3D models, which is still a difficult problem.
    Generally, extrinsic symmetry detection is relatively simple, and it only needs to search for its corresponding Euclidean transformations, such as reflection, translation, or rotation; therefore, the detection of extrinsic symmetry is generally faster. For the detection of intrinsic symmetry, describing intrinsic characteristics of shapes often requires some global measurement processing, such as the use of geodesic distances, etc.; therefore, the detection speed of intrinsic symmetry is generally time-consuming. In particular, it is more difficult to detect the local intrinsic symmetry, since model decomposition is still a difficult challenge.
    Existing symmetry detection methods are usually based on statistical computation, and perform symmetry detection by clustering the distributing samples on the model and then clustering the samples. Because of the complexity of the transformation space, investigating correspondence between the sample points is very time-consuming. And because of the randomness and incompleteness of the sample points, the symmetric parts obtained by them are usually rough. Symmetry detection based on statistical processing, when the statistics related to some symmetry parts are insufficient, they are also
difficult to find. Therefore, the existing methods will miss the detection of some symmetry parts. In this regard, this paper proposes an efficient method for skeleton-guided intrinsic symmetry detection, which can overcome the above difficulties.
    This paper observes that two symmetric shapes must have similar skeletons, and only extrinsic symmetry may exist between the two convex shapes. Therefore, we first perform model convex decomposition, and the convex shapes obtained by the convex division of the model corresponds to the skeleton parts of the model. Then, we first check the extrinsic symmetry between the convex shapes, and then search the similar structures in the skeleton to guide the detection of intrinsic symmetry. Here, first, examine whether the convex subdivisions associated with skeleton parts of similar length correspond to each other. If so, the shapes associated with these skeleton branches are intrinsically symmetric; then, take the nodes in the skeleton as the root nodes gather adjacent skeleton branches or other nodes to generate skeleton subtree. If the convex partitions associated with similar skeleton subtree structures are extrinsically symmetric in one-to-one correspondence, then the shapes corresponding to these similar skeleton subtree structures are intrinsically symmetric. With the gradual growth of the skeleton subtree structure from small to large, this method can find intrinsic symmetry of various scales. The method in this paper has the following advantages:
    1. Complex global computation such as geodesic distances can be saved. We propose to decompose the model into convex parts, and use the similar structures of the skeleton of the model to guide the combination of extrinsic symmetries between convex parts for intrinsic symmetry detection. Extrinsic symmetries among the decomposed convex shapes are detected locally, and their combinations guided by the structures of the skeleton also run locally. Thus, we save complex global measures such as geodesic distances for describing intrinsic symmetry.
    2. The search space for symmetries is constrained by similar skeletal structures. As the similar skeletal structures are not in a large number in general, we greatly reduce the search space, helpful for acceleration. Meanwhile, the symmetrical shapes must have similar topological structures, so that we can easily find symmetry parts of various scales.
    3. We use the concave information of the model for high-quality convex decomposition, so that high-quality symmetrical parts can be obtained. This is because we generate symmetrical parts by combining their belonged convex parts, whose high-quality boundaries are well preserved.
    Experiments show that the method in this paper can be many times faster than the existing comparison methods without using parallel computing acceleration. Meanwhile, more scales of intrinsic symmetry can be obtained, and high-quality symmetry parts can be obtained.
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