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学位论文中文摘要：
物体表观建模是计算机图形学中的一个重要研究问题。重建物体表观，旨在对物体表面处于不同光照下的反射效果进行建模。高质量的物体表观重建在增强现实、电影制作、游戏等领域都有广泛的应用，对研究真实世界的数字化有着重要的意义。物体对光照的反射效果通常表示为关于光线入射、出射方向以及表面位置的高维函数。从图像中重建物体表观，需要从已融合的信息中推测原本材质属性，是一个严重欠定的问题，特别是对于视觉效果复杂的物体，具有很大的难度和挑战。
传统的基于测量的方法，通过密集采样来实现高质量的表观重建。这些方法依赖于专业设备，使用范围非常有限。随着深度学习技术在图像处理任务中的成功应用，基于深度学习的材质建模方法开始出现。
本文围绕基于深度学习的物体表观建模开展研究工作，提出了一种基于深度逆向绘制的物体表观建模算法，并构建了以商用智能设备为主的轻量级数据采集系统。算法的核心是利用神经网络来表示物体表面材质。为此，我们将物体表面材质与几何进行解构，并使用自编码器来描述解构之后的表面材质。光源设置很大程度上决定了算法的复杂度。为了实现轻量级目标，本文以未知位置的点光源作为光照条件，在非完全可控条件下采集输入图像。此外，本文算法支持任意数量的输入图像，可以根据待测物体灵活地调整输入数据规模。实验结果表明，在合成数据与真实采集的数据上，本文算法都能够高质量地重建物体表观。
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学位论文英文摘要：
Object appearance recovery is a key problem in computer graphics community and it aims to model how objects reflect rays under different illumination. High-quality object appearance recovery enables various applications in virtual reality, filmmaking and video game industry, playing an important role in the digitalization of the physical world. Reflectance is usually modeled as a multiple-variant function about incident lighting, view direction and positions. Image based object appearance recovery needs to estimate reflectance properties from fused information, which is a serious under-determined problem. Especially for objects with complex reflection effects, it is very difficult and challenging.

Traditional measurement-based methods reconstruct object appearance via dense sampling. However, those methods heavily rely on professional devices and cannot be widely adopted. Thanks to the success of deep learning in image processing tasks, deep learning based technique has been applied for appearance recovery. 

In this thesis, we focus on deep learning based object appearance recovery. We propose a deep inverse rendering based object appearance recovery method, and design a light-weight capture system with off-the-shelf commodity devices. The core of our method is to utilize neural networks to model object surface material. We decouple object geometry and surface material, and encode surface material in the auto-encoder. Light source settings decide the efficiency of appearance recovery to a great extent. To efficiently reconstruct appearance, we take several point lights whose positions are unknown as light sources and capture images under non-complete control. Furthermore, our method is able to take an arbitrary number of input images, which enables us scale input quantity for different objects. Recovery results on both synthetic and real objects demonstrate that our method can capture object appearance effectively.
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