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学位论文中文摘要：
具有真实感的织物材质效果渲染，一直是虚拟现实、特效动画、数字游戏、艺术设计等领域中重要的组成元素。如何获得高质量的织物渲染效果，一直是一个重要的研究方向。在这一方向中，不少学者做出了大量卓有成效的研究工作和探索。但在之前的工作中，很多研究都是聚焦于表现“干净”、“完整”的织物材质，而对于被污染和破坏的织物材质模拟，研究得却不够充分。针对上述问题，本研究提出了采用基于物理的方法来解决该问题：
本文通过将“流体在毛细管中的扩散运动建模”、“污渍颗粒沉淀及着色建模”和“纱线物理结构特征建模”三者相结合，总结并抽象提出了“污渍扩散分布函数”。该函数中包含“液体浸润扩散总量”、“污渍扩散总量”和“固体结构扩散相函数”。通过该函数，可以模拟液体和污渍在具有任意结构织物内的扩散与沉淀过程。
本文具体贡献可概括为如下几点：
1、针对液体在纱线微结构内的对纱线浸润、纱线内和跨线扩散现象、液体蒸发现象，结合纱线编织结构特征，提出了一套“织物液体三层扩散模型”。该模型通过将织物纱线的编织结构简化为三种具有不同功能的扩散参数，在将纱线结构进行大幅简化的同时，还可模拟液体在纱线内的多种传输现象。同时，该模型还可以通过设置三层模型中的参数，实现对“液体在不同纱线材质内扩散具有显著差异”的特征进行模拟，从而实现了对不同织物材质污渍时变材质特征的准确刻画。
2、通过引入“液体可溶性理论”和“混合液体表面张力变化理论”，针对多种不同污渍液体在织物上扩散的现象，提出了“织物液体双阶段扩散模型”。该模型是在“织物液体三层扩散模型”基础之上，对模型中所包含的液体扩散项进行了扩展。通过该模型，可模拟多种不同液体（包括可互溶液体和不可互溶液体）在织物上的任意扩散效果模拟，进一步提高了对织物污渍材质刻画的准确性和丰富性。
3、针对复杂多变的织物结构，提出了一套基于织物孔隙结构统计特征的“织物液体球面扩散模型”。该模型将每一种复杂多变的织物编织结构，均看作是一种特殊的液体扩散通道的连通性特征分布，并提出可通过采样及编码的方式，将局部空间中的结构特征分布表现为球面坐标系上的相函数。通过该方法，可以有效刻画各种结构的织物结构，模拟液体在织物内向任意方向扩散的材质效果。
4、针对织物污渍时变材质的特殊性，采用了“分离式渲染框架”，并采用如“织物污渍沉淀渲染方法”、“基于子像素采样的多相液体界面求解方法”等方法，成功渲染出具有较高真实感的材质效果。
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学位论文英文摘要：
Fabric material effect rendering with realism has always been an important component in virtual reality, animation and other fields. How to obtain high-quality fabric rendering result has always been an important research hot point. In this direction, many scholars have made a lot of excellent research result and exploration. However, in previous work, many studies have focused on the expression of ‘clean’ and ‘perfect’ fabric materials, but less on contaminated and imperfect fabric material simulation. In view of the above problems, this study uses a physics-based approach to solve the problem:

By combining ‘liquid diffusion in capillary tubes’, ‘stain particle precipitation shading modeling’ and ‘yarn structural simplification’, this paper proposes ‘stain diffusion distribution function (SDDF)’. The function contains ‘liquid diffusion’, ‘stain diffusion’ and ‘structure diffusion phase function’. Through this function, the diffusion and precipitation processes of liquids and stains in fabrics with any structure can be simulated. Our contribution can be divided into the following sections:

(1) By summarizing the surface of liquid immersion yarn, the diffusion of liquid within yarn and the evaporation of liquid, a set of ‘Triple-Layer Model (TLM)’ is proposed in combination with yarn structure.

(2) Based on the theory of liquid solubility, a novel ‘Dual-Stage Solvents computational Model (DSSM-TLM)’ which essentially extended the TLM into a more general version. 

(3) In order to solve the problem of modeling complex and variable fabric structure in diffusion, a set of "Spherical Structure Diffusion Model (SSDM)" based on the fabric pore structure is proposed. The model encodes the structural of the fabric as phase functions on spherical coordinate systems in order to simulate the liquid diffusion in any complex fabric.

(4) In order to solve the particularity of material change when fabric stains are made, a "Separate Layers Rendering Pipeline" is adopted and successfully render fabric time-varying material effects with a higher realism.
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