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中  文  摘  要
	自由曲线曲面造型技术是计算机辅助设计(CAD)的核心技术。非均匀有理B样条(NURBS)方法作为自由曲线曲面的造型方法，由于其统一的数学模型而成为计算机辅助设计和制造(CAD/CAM)的一个标准。然而，我们知道NURBS方法有着下面两个主要的限制：
1. 为了维持NURBS张量积网格的拓扑结构，如果要对NURBS进行“节点”插入操作，必须对插入线进行延长以贯穿整个网格。
2. 利用NURBS构造复杂拓扑的几何模型一般非常复杂。因为相邻两曲面片必须在公共边上具有相同的样条节点序列。
为了克服上述缺点，Sederberg教授在2003年提出了T样条，邓建松、陈发来教授等人在2006年提出T网格上的样条。本论文主要是对这两种样条展开系统的研究。本文主要的创新成果包括：提出了裁减NURBS曲面转化为非裁减T样条的算法、发明了参数不一致的多个T样条曲面的缝合算法、建立了层次T网格上的样条的几何造型技术框架、建立了任意T网格上的样条的几何造型技术框架和研究了三维空间的T网格上的样条的理论基础。
1. CAD模型的缝隙问题一直以来都没有得到很好的解决。在1999年还被美国自然科学基金委定为计算机辅助设计、制造和工程一体化中最亟待解决的问题之一。在计算机辅助设计和制造，计算机图形学领域中，裁剪NURBS曲面是最有效和广泛使用的一种表达形式。它也是表示NURBS曲面交线的规范表示方法。但是裁剪NURBS曲面在裁剪区域上存在无法避免的缝隙。如何消除这些缝隙是CAD模型缝隙问题中最具代表性的问题之一。本文的第二章提出了一个利用T样条的非常有效的解决方案。首先，我们将裁剪NURBS曲面转化成非裁剪T样条曲面，然后将这些非裁剪T样条曲面缝合成一个单一的T样条曲面。该方法不仅可以有效的处理上述缝隙问题，而且可以统一的处理曲面上的任意形状的尖锐特征和CAD模型的棱角的光滑处理（Fillet）。本章的另外一个贡献是关于缝合的。在通常的缝合算法中，如果待缝合的两个曲面的参数不一致的话，我们必须对其中之一进行重新参数化。这个过程是全局的而且很费时。在这一章，我们首次提出了一种更加一般的NURBS曲面，称之为“NU2RBS”曲面，就是说允许NURBS曲面的对边的节点距不一样。这种曲面的定义可以很好的解决在缝合T样条曲面时必须引入的一个全局的重新参数化过程。而这个重新参数化过程是会改变原来给定的NURBS曲面的。
2. 由于在大多数的情况下，T样条都是有理的。因此，本文接着研究T网格上的样条。本文的第三章给出了在层次T网格上的样条曲面的几何造型框架。首先本章构造了一组具有正性，单位剖分，局部支集的基函数，然后讨论了节点插入、删除、插值和拟合算法。本章的所有算法是利用T网格上的样条进行几何造型的基础。
3. 本文的第四章对层次T网格上的样条展开进一步的研究。给出了他的绘制算法、将多个曲面缝合成一个单一的曲面的算法、与NURBS的转化和基于节点插入的NURBS简化算法。结果表明T网格上的样条不仅有着NUBRS曲面的优点，还有着良好的自适应性。相比T样条而言，T网格上的样条更加的简单和快速。
4. 第五章进一步对前两章的内容进行推广，研究了任意T网格上的样条的几何造型框架。这一章给出了任意T网格上的基函数的构造，任意节点插入和删除算法，任意拓扑样条的构造和基于删除网格中不必要边的NURBS曲面的简化算法。
5. 最后本文将前面关于T网格上的样条的相关内容推广到三维空间的T网格上的样条，从而为隐式T网格上的样条曲面和曲面自由变形提供了理论上的基础。
综上所述, 本文建立了无缝的T样条的造型基础算法，还给出了T网格上的样条的理论基础和几何造型框架，为几何造型技术提供了新工具和新技术。本文的一切理论研究成果的正确性和有效性在理论可以严格的得到保证，在实例中也可以得到验证。本文的所有算法在计算机辅助设计、计算机图形学以及计算机辅助工程等工程实际领域中具有广阔的应用前景。
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T-splines and splines over T-meshes
Li Xin
ABSTRACT

	The techniques for free-form curves and surfaces are the core techniques of computer-aided design (CAD). As a kind of free-form curves and surfaces sculpting method, non-uniform rational B-spline (NURBS) has become a standard in computer-aided design/manufacture (CAD/CAM) for its uniform mathematical model. However, as we known, NURBS has the following two main restrictions:

1. We must extend the knots into the whole row or column when we do knot insertion for NURBS in order to maintain the topology structures of the rectangular control grid. 
2. It is very difficult to construct a NURBS models with complex topologies because we must have the coincident knot information along the boundary in order to merge two NURBS surfaces into one single NURBS surface.

In order to overcome these restrictions, professor Sederberg inverted T-splines in 2003 and professor Jiansong Deng etc. invented splines over T-meshes in 2006. This paper will study these two kinds of splines systematically. Specifically, the creative results mainly include: 1) providing the algorithm to convert a trimmed NURBS surface into a non-trimmed T-spline surface; 2) discovering the merging algorithm for T-spline surfaces with different parameterizations; 3) building the geometric modeling framework and technologies for splines over hierarchical T-meshes; 4) devising the geometric modeling framework and technologies for splines over general T-meshes;  5) proposing the theoretical results for splines over 3D T-meshes.
1. The gap problem of the geometric models is regarded as one of the most serious impediments to interoperability between CAD, CAM and CAE systems in 1999.   Trimmed NURBS surfaces have become one of the most effective and widely used representations for various types of geometric applications, ranging from CAD/CAM applications to computer graphics. They are also the criterion way to represent the intersections of NURBS surfaces. However, trimmed NURBS surface suffers the unavoidable gap problem in the trimming regions. It is a very challenging problem to remove the gaps which was one of the most emblematical gap problems. We discovered a very efficient algorithm to solve the problem using T-splines in chapter two. Firstly, we convert each trimmed NURBS surface into a non-trimmed T-spline surface. And then, we merge all the non-trimmed T-spline surfaces into one single watertight T-spline surface. The method can not only solve the above gap problem, but also can create arbitrary sharp features on a NURBS surface and fillet the CAD models in a unify way. The other main contribution of this chapter is for merging. In traditional merging algorithm, we have to re-parameterize one or two surfaces to make the surfaces have the coincident parameterization along the common boundary. The method is global and time-consuming. We discover a generalization of NURBS surface, called “NU2RBS”, which allows different knot intervals on the opposite edges. The definition for NU2RBS can make the merging process avoiding the global re-parameterization process which will change the whole surfaces.

2. As T-spline could be rational in some cases, the next several charpter will study splines over T-meshes. We build the geometric modeling framework and the technologies for splines over hierarchical T-meshes in chapter three. We construct a set of basis functions which satisfy nonnegativity, partition of unity and local support. And then, we discuss the knot insertion, knot removal, interpolation and approximation algorithms. All the algorithms in this chapter are the bases for geometric modeling with splines over hierarchical T-meshes.
3. In chapter four, we provided some more applications for spline over hierarchical T-meshes. In this chapter, we discuss two tessellation algorithms and compared these two methods according to several examples. We also devise the stitching algorithm for spline over T-meshes which can construct arbitrary topology geometric models. The other applications in this chapter include conversion between splines over T-meshes and NURBS surfaces and the simplification algorithm using iterative refinement. All the results indicate that splines over T-meshes not only have the merits as the NURBS but also have good adaptiveness. They are much simpler and faster than T-splines.
4. We discover the geometric modeling framework and technologies for splines over general T-meshes with any structure. The chapter discusses the basis functions construction method, general knot insertion algorithm, general knot removal algorithm and NURBS surface simplification algorithm using iterative superfluous edges removal.

5. In chapter six, we extend the theory to splines over 3D T-meshes which are the theoretical foundations for implicit splines over T-meshes and free-form deformation.
In a word, we proposed the geometric modeling frameworks with T-splines and splines over T-meshes. We discover the algorithm to solve the long standing unsolved gap problems in CAD with T-spline and presented new type of splines in geometric modeling systems in this dissertation. The validity of all the results has been validated both by theoretical and by lots of examples in this dissertation. It indicates that they have wide applications in computer aided design, computer graphics and computer engineering.
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