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学位论文中文摘要：
图像滤波与点在多边形内的判定技术是图像处理与计算机图形学领域中两种基础技术。图像滤波旨在滤除图像中的噪声和细节信息，以简洁表达图像中的内容；而点在多边形内的判定技术旨在快速判定一些采样点是否处于特定区域内。目前，这两方面的研究工作很多，但是还存在很多不足，导致相关应用受到影响。对图像滤波来说，已有方法难以在高效滤除高对比度细节信息的同时保持弱结构边缘。而对点在多边形内的判定技术来说，已有方法虽然有很大的进步，但是对于大规模多边形而言，计算量还很大，难以实现快速检测。对此，本文对这两种技术进行探讨，以提高它们的工作效率，并进一步探索它们两者的结合，以高效处理实践中的一些重要任务。比如，在基于航拍图像的动物迁徙跟踪监测、洪水泛滥中安全区域的动态检测等任务中，通常需要先对航拍图像进行图像滤波以高质量地表达不同区域，然后再使用点在多边形内的判定计算，以进行高精度的快速定位。本文的主要贡献和创新点归纳如下：

（1）提出了一种实时的高质量图像平滑算法。已有图像平滑算法很难高效地滤除高对比度细节同时保持弱结构边缘。最近提出的迭代最小二乘（Iterative Least Squares，ILS）图像平滑算法可实现实时的图像平滑，但是它仍无法在保持低对比度结构边缘的同时去除高对比度细节。虽然可以通过多次迭代来滤除高对比度细节，但是这会模糊低对比度的结构边缘。这是因为该方法认为梯度值小的像素为需要平滑的细节信息，因而通过降低像素的梯度值来进行图像平滑处理，而这导致难以保持梯度值较小的结构边缘。对此，本文通过改进ILS方法，提出一种高效且能获取高质量平滑结果的图像平滑算法。我们观察到，ILS方法的处理机制是较好地保持梯度大的像素而更多地平滑梯度小的像素，由此，我们可对像素的梯度进行加权调整，以保持结构边缘而平滑细节、噪声等。具体地，我们首先判断哪些像素是需要平滑的细节，哪些像素是需要保留的结构边缘，然后提出一种新的惩罚函数来加大对细节像素的惩罚力度，同时降低对结构像素的惩罚力度。由此，我们可以在少量的迭代中平滑掉高对比度的细节，同时保持低对比度的结构边缘。实验结果表明，与ILS方法和其他现有方法相比，本文方法可以高效地获取到较高质量的平滑结果，其有效性在多个应用中得到了验证。
（2）提出了一种加强结构保持的纹理滤波算法。已有纹理滤波算法通常很难高效获取到既能滤除纹理边缘又能保持弱结构边缘的高质量滤波结果。这是因为它们通常基于梯度值来区分纹理和结构边缘，而纹理边缘和结构边缘上的像素通常都具有较高的梯度值，使得它们难以得到准确区分。另外，已有的纹理平滑方法通常使用二维窗口进行纹理平滑，其最小窗口为3×3 像素，这就导致在平滑过程中，结构边缘上的像素仍会受到其周围纹理像素的影响，从而造成结构边缘被模糊。这是因为对一维结构边缘上的像素使用二维窗口进行滤波时，其窗口内不可避免地包含了来自不同纹理区域的像素。对此，本文首先提出了一种新的基于局部对比度差异最大化的纹理度量方法，以提升区分纹理像素和结构像素的准确率，然后提出了一种高效的基于一维窗口的纹理平滑方法，以提高纹理滤波结果的质量。实验结果表明，本文方法不仅可以获得优于已有工作的滤波结果，同时还取得了较高的运行效率。
（3）提出了一种高效简便的点在多边形内的判定方法。目前基于网格的点在多边形内的判定方法效率最高，但该方法在网格分辨率的设置上往往需要人工调整，且难以有效平衡其预处理与判定计算，妨碍了效率的提升。较高的网格分辨率有助于提升判定计算的处理效率，但会增加预处理的计算时间和存储空间；反之，则无法有效提升判定计算的处理效率。对此，本文提出了一种增强的网格结构来管理多边形的边，其可以使判定计算效率对网格分辨率不敏感，由此节省了繁琐的人工调优工作。具体地，我们在预处理阶段通过引入一种条带结构来管理每个网格单元中的多边形边，同时在判定计算阶段将从测试点发出的射线固定为与坐标轴平行，以减少判定计算的开销。相对已有方法，本文方法有多种因素可使得计算开销大幅降低：a）判定计算阶段只需考察一个条带结构中的多边形的边，其数量较少；b）平行坐标轴的射线与多边形的边进行求交时，交点的横纵坐标只有一个是未知的，可减少计算量；c）一个条带结构中的所有边均有可能与测试射线相交，因此算法程序中的分支判断很少，有利于GPU并行计算。实验结果表明，本文方法可以有效地降低算法速度对网格分辨率的依赖，减轻人工调整分辨率的负担。同时与现有的高网格分辨率的方法相比，本文方法在低网格分辨率下不仅可以减少预处理时间和存储空间，而且也能获得更高的判定计算效率，且非常适合在GPU上进行大规模并行计算加速。
（4）设计了一种复杂环境中高效高质量的目标监测系统。我们首先利用本文提出的图像平滑或纹理滤波方法对输入的复杂图像进行预处理，以简洁表达图像主要内容，从而大幅减少图像中细节与噪声信息对后续定位操作的干扰。之后，我们将图像中感兴趣区域的边界转化为多边形，并利用本文提出的点在多边形内的判定方法来快速、准确地定位采样点的位置。这样，我们就可以实现一个可在复杂环境中进行高效且高精度的定位及监控系统，以大幅提升相关应用的处理效率，如基于航拍图像的动物迁徙跟踪监测、洪水泛滥中安全区域的动态检测等。
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学位论文英文摘要：
Image filtering and point-in-polygon test techniques are two fundamental techniques in the fields of image processing and computer graphics. Image filtering aims to remove noises and details from the image to express its content concisely, while point-in-polygon test techniques aim to quickly determine whether some sampling points are inside certain areas. Currently, there are many research efforts in these two areas, but existing methods still have many shortcomings which adversely affect relevant applications. For image filtering, existing methods have difficulties in efficiently filtering out high-contrast details while preserving weak structural edges. As for the point-in-polygon test, although existing methods have made great progress, they are still very computationally intensive for large-scale polygons, making it difficult to achieve fast detection. To this end, we conduct research on these two techniques to improve their efficiency. Furthermore, we explore the opportunity to combine these two methods together to efficiently solve many important tasks in practice. For example, in tasks such as animal migration tracking and monitoring, and dynamic detection of safety areas in flooding based on aerial images, image filtering is generally performed on aerial images to express different areas with high quality, followed by point-in-polygon determination computation for high-precision and fast positioning. The main contributions and innovations of this dissertation are summarized as follows:

(1) We propose a real-time, high-quality image smoothing algorithm. It is difficult for existing image smoothing methods to efficiently filter out high-contrast details while preserving weak structural edges. The recently proposed Iterative Least Squares (ILS) image smoothing algorithm can achieve real-time image smoothing, but it cannot remove high-contrast details while preserving low-contrast structural edges. Although high-contrast details can be filtered out through multiple iterations, this blurs low-contrast structural edges. This is because ILS method assumes that pixels with small gradients are details and smoothes them by further minimizing their gradients, making it difficult to preserve structural edges with small gradients. To address this, we propose an efficient image smoothing method to obtain high-quality smoothing results by improving the ILS method. We observe that the ILS method has a processing mechanism that is better at keeping pixels with larger gradients and smoothing pixels with small gradients more, thus allowing us to weight the gradients of pixels to preserve structural edges while smoothing details, noise, and so on. Specifically, we first determine which pixels are the details to be smoothed and which pixels are the structural edges to be preserved, and then propose a new penalty function to increase the penalty for detail pixels while reducing the penalty for structural pixels. Therefore, we can smooth out high-contrast details with fewer iterations while preserving low-contrast structural edges. Experimental results show that, compared with the ILS method and other existing methods, our method can efficiently obtain high-quality smoothing results, and its effectiveness has been verified in multiple applications.
(2) We propose a texture filtering algorithm with enhanced structure preservation. Existing texture filtering methods are usually difficult to efficiently obtain high-quality filtering results that both filter out texture edges and preserve weak structural edges. This is because they are usually based on gradients to distinguish between textures and structure edges, and pixels on both texture edges and structure edges usually have high gradients, making them difficult to distinguish accurately. In addition, existing texture smoothing methods usually use 2D windows for texture filtering, with a minimum window size of 3 × 3 pixels. This results in the pixels on structural edges still being affected by the surrounding texture pixels during the smoothing process, causing the structural edges to be blurred. This is because when using a 2D window to filter pixels on a 1D structural edge, the window inevitably contains pixels from different texture regions. To address this, we propose a new texture measurement based on local contrast difference maximization to improve the accuracy of distinguishing texture pixels from structural pixels, followed by an efficient 1D window-based texture smoothing method to improve the quality of texture filtering results. Experimental results show that the proposed method not only obtains filtering results superior to existing methods, but also achieves higher computational efficiency.
(3) We propose an efficient and simple method for determining a point to be inside a polygon. Currently, the grid-based methods for determining a point in a polygon are the most efficient, but those methods often require manual adjustment grid resolutions, and it is difficult to effectively balance their preprocessing and testing computation, which hinders efficiency improvement. Higher grid resolutions can improve testing efficiency, but it increases preprocessing time and storage space; conversely, it cannot effectively improve testing performance. For this, we propose an enhanced grid structure for managing polygon edges, which can make testing efficiency insensitive to grid resolutions, saving the trouble of manual adjustment of grid resolution. Specifically, we manage the polygon edges in each grid cell by introducing a strip structure in the preprocessing, while fixing the test ray from the test point to be parallel to the coordinate axis in point-in-polygon test to reduce the cost of testing. Compared with existing methods, there are several factors that can greatly reduce the cost of this calculation: a) Only a small number of polygon edges in a stripe structure need to be considered in point-in-polygon test; b) When calculating the intersection of the ray parallel to the coordinate axis and the polygon edge, one coordinate of the intersection point is already known, saving many calculations; c) All edges in a stripe structure are likely to intersect with the test ray, so less branching is involved which means the algorithm can run very efficiently on a GPU. Experimental results show that the proposed method can effectively alleviate the dependence of the algorithm speed on the grid resolution and avoid the trouble of manually adjusting the grid resolutions. Meanwhile, compared with existing methods using high grid resolutions, the proposed method not only reduces preprocessing time and storage space at low grid resolutions, but also achieves higher testing efficiency, and is suitable for massively parallel computation acceleration on GPUs.
(4) We design an efficient and high-quality target monitoring system in complex environments. The input complex image is first pre-processed using the image smoothing or texture filtering methods proposed in this dissertation to concisely represent the main contents of the image, so as to significantly reduce the interference of detail and noise information in the image to the subsequent localization operation. After that, we transform the boundary of the regions of interest in the image into polygons, and use our point-in-polygon test method to quickly and accurately locate the position of the sampled points. In this way, we can achieve an efficient and highly accurate localization and monitoring system that can be used in complex environments, in order to significantly improve the processing efficiency of related applications, such as animal migration tracking and monitoring, and dynamic detection of safety areas in flooding based on aerial images.
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