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学位论文中文摘要：
三维表面重建技术是指获取环境中物体的三维信息并利用该信息建立相应 的空间模型，得到为计算机所识别的模型表面的技术。目前，三维表面重建已经被广泛应用于医学图像、自动驾驶、AR、VR 等领域，具有十分重要的价值。
泊松表面重建是当前最流行的三维表面重建方法之一，它重建表面质量高、鲁棒性强、重建速度快，但重建过程需要点云法向量信息，在真实扫描场景中点云法向 量信息往往是难以准确获取的。本文提出了可微泊松表面重建方法（DPSR），重点解决法向量求解问题，使得泊松表面重建不再需要已知法向量。我们首先推导出对法向量可微的泊松求解器，建立隐式函数和法向量的可微关系，然后基于重建误差构建能量优化函数，并进行理论分析证明其有效性，将问题转变为最优化问题，通过迭代优化求 解得到正确法向量。 
本文在多个公开数据集上进行了实验并分析结果，对比了三种经典的不需 要法向量的重建方法和三种需要求解法向量的方法，通过定性分析和定量分析，对比了不同方法的重建效果和重建精度。DPSR相较于对比方法能够重建各类复杂模型，鲁棒性强，重建精度高。针对不同的初始化方法，DPSR均能够收敛到稳定的结果。最后本文进行消融实验分析了不同能量对优化的重要程度。 
DPSR方法是一种鲁棒的法向量求解方法，是泊松表面重建方法的扩展，能够适用于各种复杂模型，包括稀疏模型、分布不均匀的模型等，得到稳定的法向 量求解结果，以及平滑、视觉效果好的重建表面。 

学位论文中文关键词：三维表面重建，泊松表面重建，法向量，格林函数，可微计算
学位论文英文题目：Research on Differentiable Poisson Surface Reconstruction Algorithm
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学位论文英文摘要：
3D surface reconstruction technology is to obtain 3D objects data in the environment, establish corresponding spatial models, and get the model surface recognized by the computer. At present, 3D surface reconstruction has been widely used in medical image, autonomous driving, AR, VR and other fields, which has gain great values. 
Poisson surface reconstruction is one of the most popular surface reconstruction methods with high reconstruction quality, strong robustness and high efficiency. However, the reconstruction procedure requires point normals, which is difficult to obtain in real scanning scenes. We propose a method called Differentiable Poisson Surface Reconstruction (DPSR), which focuses on solving the point normals, so that the poisson surface reconstruction doesn’t need known point normals. We first derive a Poisson solver that is differentiable to the point normals, establish the connection between the implicit field and normals, and then construct an energy optimization function based on the reconstruction error, and prove its effectiveness through theoretical analysis, transform the problem into an optimization problem, and finally get the correct normals by iteratively optimizing. 
We conduct experiments and results analysis on multiple public datasets, compar
ing with three classical reconstruction methods without normals and three methods with known normals. We compare the performance and reconstruction accuracy of different methods through qualitative and quantitative analysis. Compared with these methods, DPSR can reconstruct various complex models with strong robustness and high reconstruction accuracy. For different initialization methods, DPSR can converge to stable results. Finally, we conduct ablation experiments to analyze the importance of different energies for optimization. 
DPSR is a robust normals solving method, which is an extension of the poisson surface reconstruction method. It can obtain stable results for various complex models, including sparse models, non-uniform models, etc, and yield visually pleasing, smooth surfaces.
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