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学位论文中文摘要：

人脸聚类技术是大规模人脸图像标注和管理的关键性技术。由于人脸图像易受到光照、角度等因素的影响，难以聚类，因此传统的聚类算法达不到预期效果。近年来，以图卷积网络为主体的人脸聚类模型凭借强大的结构信息挖掘能力取得了优异的表现，成为研究的热点。因为人脸数据集不具备天然的图结构，而目前的建图方法缺乏有效的概念指导，一般是将每个图像根据相似性与固定数量的邻居相连，所以图结构中存在众多低质量边，降低了聚类效果。此外，现有的聚类有效性指标要么依赖数据的标签信息，要么无法准确评估聚类的实际效果，不能适用于大规模的无标注数据。鉴于以上的不足和挑战，本文提出了基于图卷积网络的人脸聚类算法和新的指标。论文的主要工作包括：

(1) 结合节点间标签关系和相似性提出了置信边的概念，并指出增大图中置信边的比例对聚类性能的提升至关重要。基于置信边提出了新的建图方式包括局部信息融合和无监督邻居确定，局部信息融合模块挖掘图像间结构信息来精确度量节点的连接关系，无监督邻居确定模块则寻找相似性差异最大的位置来删除众多低质量边，得到高质量图数据。

     (2) 为提升聚类性能，将人脸聚类转变成图表征学习任务，并提出了基于置信边的图卷积网络通过增大同类节点间相似性和异类节点间的差异，以生成更适合聚类的节点特征。增强后的特征可以作为输入使传统的聚类算法得到更好的聚类结果。

     (3) 将结构熵引入人脸聚类，以一维结构熵最小化选择最优的超参数，并根据现有指标存在的不足，将结构熵领域中应用广泛的归一化残差熵作为新的聚类有效性指标，阐明了其优势与不足。

在人脸数据集MS-Celeb-1M、行人重识别数据集MSMT17和服饰数据集DeepFashion上，本文提出的方法与一系列人脸聚类算法进行了对比，实验结果表明本文算法在所有数据集上均取得了目前最好的表现，且提升显著，验证了算法的有效性。在MS-Celeb-1M上设计的消融实验进一步体现了模型的鲁棒性，以及置信边概念的合理性。
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学位论文英文题目：The study on Face Clustering via Graph Convolutional Network and Structural Entropy
学位论文作者英文姓名：Wu Yang
学位论文英文摘要：

Face clustering is a vital technology for large-scale face image annotation and management. Since face images are subject to illumination, angle, and other factors, the traditional clustering algorithm can not achieve the anticipated results. In recent years, the face clustering model based on Graph Convolution Network(GCN) has obtained excellent performance with strong structure information mining ability and has become a research hot spot. The face datasets do not have natural graph structures, but current construction methods lack effective conceptual guidance. Generally, each image is connected with a fixed number of neighbors based on similarity, so there are many low-quality edges in the graph structure, which reduces the clustering effect. In addition, the existing clustering validity indices either depend on the label information or need to accurately assess the effect of clustering, thus failing to apply to large-scale unlabeled data. In view of the above shortcomings and challenges, this paper presents a face clustering algorithm based on GCN and a new index. The main work of this paper includes:

(1) Combining label relationships and similarity between nodes, the concept of confidence edge is proposed, and increasing the proportion of confidence edges is essential to improve the clustering performance. A new construction method is proposed based on confidence edges, including local information fusion and unsupervised neighbor determination. The local information fusion mining structure information between images to accurately measure the connection relationship between nodes. The unsupervised neighbor determination module searches for locations with the most significant similarity differences to delete many low-quality edges and generate a high-quality graph.

(2) To improve the clustering performance, face clustering is transformed into a graph representation learning task, and a graph convolution network based on confidence edge is proposed to generate node features that are more suitable for clustering. The enhanced features can then be used as input to make the traditional clustering algorithm get better clustering results.

(3) Introducing the structure entropy into face clustering and minimizing the one-dimensional structure entropy to select the optimal hyperparameter. Besides, normalized residual entropy, a widely used concept of structure entropy, is exploited as a new clustering validity index according to the shortcomings of existing indices. The advantages and disadvantages are clarified in detail.

The proposed method is compared with a series of face clustering algorithms on the face dataset MS-Celeb-1M,  person reidentification dataset MSMT17, and clothing dataset DeepFashion. The experimental results show that our method achieves the best performance on all datasets and improves significantly, verifying effectiveness. The ablation experiment designed on MS-Celeb-1M further demonstrates the robustness of the method and the validity of the confidence edge.
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