学位论文中文题目： 提高卫星图像中道路提取质量的特征增强方法研究
学位论文作者中文姓名： 封士明
学位论文中文摘要：
使用计算机视觉技术进行道路提取是当前的一个研究热点，国内外已有大量工作。目前的主流方法是使用深度学习技术进行道路提取，因为深度学习可以自适应地捕获卫星图像中的道路特征，从而获得更好的道路提取结果。但是，高分辨率卫星图像在包含丰富的空间信息的同时也带有大量的背景噪音（如树木和建筑物对道路的遮挡），妨碍了道路特征的检测，因而使得卫星图像中的道路提取依然很困难。
针对现有方法在道路特征提取能力上的不足，本文提出了两种改进技术，以提高道路特征的检测质量，即：1）背景特征抑制方法和2）基于条带卷积的特征对齐方法，由此有效提高卫星图像中的道路提取质量。本文的主要创新点和贡献如下：
1) 提出了一种在道路提取模型中抑制背景特征的方法。现有的道路提取方法对背景特征的抑制不足，使得背景特征干扰了道路特征的检测，妨碍了道路的提取。对此，本文提出了背景特征抑制方法学习道路特征与背景特征之间的差异。该方法针对性地学习卫星图像中道路区域与背景区域的特征，增强编码器判别道路特征与背景特征的能力，以尽量避免背景特征对道路特征检测的干扰，由此提高道路提取质量。
2) 提出了一种适用于道路特征对齐的方法。迭代地上采样与下采样操作导致道路提取模型面临特征错位问题。并且由于道路线条状的几何特征，常用的方形卷积操作会将道路周围的背景噪音引入以干扰道路特征的检测。所以本文结合通道注意力机制、条带卷积和特征对齐方法提出了基于条带卷积的特征对齐方法。该方法首先通过通道注意力机制增强编码器特征图再使用条带卷积操作利用编码器特征图包含的丰富的空间信息对解码器中错位的道路特征进行特征对齐。该方法可以有效地降低道路周边噪声对道路特征检测的干扰，缓解特征错位问题，提高道路提取的质量。
本文提出的两种改进技术，可以方便地嵌入已有的道路提取方法中。本文在多个数据集上验证了本文方法的有效性，本文的方法可显著提高已有的道路提取方法预测结果的质量。具体地，在基于像素的评估指标IoU上，本文的方法可将已有的道路提取方法的性能分别提升0.64% 至3.43%，在基于图的评估指标APLS上，本文的方法可使得它们的性能分别提升 0.57%至3.51%。
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学位论文英文题目：Improved Road Feature Investigation in Learning for High-quality Road Extraction from Satellite images
学位论文作者英文姓名：Fengshiming
学位论文英文摘要：
The utilization of computer vision technology for extracting roads is currently a hot research topic, and a lot of work has been done around the world. The current mainstream approach is to use deep learning techniques for road extraction, which can adaptively capture the road features in satellite images to obtain better road extraction results. However, high-resolution satellite images contain rich spatial information along with a large amount of background noise (e.g. trees and buildings obscuring the road), which hinders the detection of road features, thus making road extraction from satellite images still difficult.
To address the shortcomings of existing methods in extracting road features, this paper proposes two improvement techniques to improve the detection quality of road features, namely, 1) background feature suppression method and 2) strip-based feature alignment method, thereby effectively improving the quality of road extraction in satellite images. The main innovative points and contributions of this paper are as follows:
1) This paper proposes a method to suppress background features in the road extraction model. The existing road extraction methods do not suppress the background features enough so the background features interfere with the detection of road features and hinder road extraction. In this paper, we propose a background feature suppression method to learn the difference between road features and background features. The method learns the features of road regions and background regions in satellite images in a targeted manner to enhance the ability of the encoder to discriminate road features from background features in order to avoid the interference of background features on road feature detection as much as possible, thereby improving the quality of road extraction.
2) In this paper, a method applicable to perform road feature alignment is proposed. The iterative upsampling and downsampling operations cause the road extraction model to face the feature misalignment problem. Moreover, due to the striped geometry of the road, the square convolution operation introduces background noise around the road to interfere with the detection of road features. Therefore, this paper proposes a strip-based feature alignment method by combining the channel attention mechanism, strip convolution module, and feature alignment method. The method first uses the channel attention mechanism to enhance the encoder feature map and then uses the strip convolution module to align the misaligned road features in the decoder using the rich spatial information contained in the encoder feature map. This method can effectively reduce the interference of road peripheral noise on road feature detection, alleviate the feature misalignment problem, and improve the quality of road extraction.
The two improved techniques proposed in this paper can be easily embedded in existing road extraction methods. We validate the effectiveness of our method on several datasets, and our method can significantly improve the road detection quality of existing road extraction methods. Specifically, the method improves the detection quality of existing road extraction methods by 0.64 \% to 3.43 \% for the pixel-based evaluation metric IoU and by 0.57 \% to 3.51 \% for the graph-based evaluation metric APLS, respectively.
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