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学位论文中文摘要：
视觉感知旨在利用计算机的高效计算能力来处理庞大的视觉数据，从而让计算机像人类一样去感知和理解现实环境，其在智能交通、智慧城市、自动驾驶、智能养老等智能化产业中有着十分广阔的应用前景。视觉语言导航、目标重识别、多相机多目标跟踪和目标驱动视觉导航是视觉感知的四种主要任务，由于任务场景的限制，这些任务共同面临着训练数据规模小和缺乏数据标注的问题。小样本学习方法是解决该问题的重要途径之一，本文从小样本学习的角度系统深入地研究了这四种视觉感知任务中的关键问题，并提出了解决以上问题的方法。主要研究工作和成果如下：

(1)在视觉语言导航任务中，针对智能体导航模型泛化能力差的问题，本文提出了一种小样本环境间数据增强方法，通过引入新的训练数据来提升模型的泛化能力。该方法以随机环境混合的方式，将已有训练场景分割后重新交叉混合，生成具有新的结构、路径和自然语言指令的增强数据。通过使用图论来分析和分割场景，该方法可以在不需要学习的情况下快速生成大量新的真实房间结构样本。将该方法应用于主流的导航模型中，通过实验表明了该方法可以显著提升这些模型在已知环境和未知环境中的导航性能。此外，消融实验证明了环境间数据增强与其他数据增强方法相比具有更好地降低泛化误差的能力。

(2)在目标重识别任务中，针对相机图像风格多变的问题，本文提出了一种基于生成对抗网络的小样本图像统一风格迁移方法。该方法使用输入数据预处理的方式，在训练和测试时将输入图像迁移为统一风格，从而降低模型解决问题的复杂度。为保证生成图像的风格稳定统一，本文设计了带有风格注意力模块的UnityGAN生成对抗网络。最后，通过基于多种基线模型的实验表明，该方法能够高效稳定地生成统一风格的图像并显著提升原有模型的性能，验证了方法的有效性与可扩展性。

(3)在多相机多目标跟踪任务中，针对相机间小轨迹匹配困难的问题，本文提出了一种小样本相机间自适应匹配策略。该方法结合强化学习和模仿学习来预测目标所在相机集合，使用该集合设计了自适应匹配策略，用于替代手工策略来指导相机间小轨迹的匹配。同时，为了广泛的场景适应性，本文为该方法设计了直接训练和自我训练两种方式。实验表明，提出的方法足以替代人工策略，能够缩小匹配范围，加快匹配速度，消除错误匹配，最终提高整个多相机多目标跟踪系统的性能。此外，该方法以CVPR2021举办的城市规模多相机车辆跟踪比赛为适应性验证场景，在232支参赛队伍中取得了冠军成绩。

(4)在目标驱动视觉导航任务中，针对导航模型对目标方位感知能力差的问题，提出了一种小样本位置概率图多任务学习方法。该方法通过为模型加入新颖的位置模块和位置预测子任务，用多任务学习的方式优化模型参数，增强智能体对目标方位的感知能力。对比实验表明了该方法在使用更少先验知识的情况下，比起主流方法取得了更好的导航性能，消融实验验证了直接预测目标位置概率图能够增强模型方位感知能力。此外，该方法以CVPR2021举办的目标驱动社交导航比赛为适应性验证场景，在12支参赛队伍中取得了亚军成绩。
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学位论文英文摘要：
Visual perception aims to use the high-efficiency computing power of computers to process substantial visual data, so that computers can perceive and understand the actual environment like humans. It has broad application prospects in intelligent industries such as intelligent transportation, smart city, autonomous driving, and intelligent elderly care. Vision-language navigation, re-identification, multi-target multi-camera tracking, and target-driven visual navigation are the four main visual perception tasks. Due to the limitation of task scenarios, these tasks jointly face the problems of small training data size and lack of data annotation. The few-shot learning is one of the crucial ways to solve this problem. This dissertation systematically studies the critical problems in these four visual perception tasks from the perspective of few-shot learning and proposes methods to solve the above problems. The main research results are as follows:

(1) In the vision-language navigation task, aiming at the problem of the poor generalization ability of the agent navigation model, this dissertation proposes a few-shot inter-environment data augmentation method to improve the model's generalization ability. The existing training scenes are segmented and then random re-mixed to generate augmented data with new scenes, paths, and natural language instructions. Using graph theory to analyze and segment the scene, the method can quickly generate many new samples of actual room structures without learning. The method is applied to mainstream navigation models, and experiments show that the method can significantly improve these models' navigation performance in seen and unseen environments. The ablation experiments demonstrate the ability of inter-environment data augmentation to reduce generalization error better than other data augmentation methods.

(2) In the re-identification task, aiming at the problem of camera image style changing, this dissertation proposes a few-shot unity image style transfer method based on generative adversarial networks. This method uses the input data preprocessing method to transfer the input images into unity style during training and testing, thereby reducing the complexity of the model to address the problem. In order to ensure the stable and unified style of the generated images, this dissertation designs a UnityGAN generative adversarial network with a style attention module. Finally, experiments based on multiple baseline models show that the method can efficiently and stably generate images with a unified style and significantly improve the performance of the original model, which verifies the effectiveness and scalability of the method.

(3) In the multi-target multi-camera tracking task, aiming at the problem of difficult matching of tracklets between cameras, this dissertation proposes a few-shot adaptive matching strategy. The method combines reinforcement learning and imitation learning to predict the camera set where the target is located. The adaptive matching strategy is designed using this set to replace the manual design strategy to guide the tracklets matching between cameras. At the same time, in order to adapt to a wide range of scenarios, this dissertation designs two methods of direct training and self-training for the method. Experiments show that the proposed method is sufficient to replace the manual strategy, which can narrow the matching range, speed up the matching, eliminate false matching, and finally improve the performance of the multi-target multi-camera tracking system. In the city-scale multi-camera vehicle tracking challenge held by CVPR2021, the method achieved the championship result among 232 participating teams.

(4) In the target-driven visual navigation task, aiming at the problem that the navigation model has poor orientation awareness, this dissertation proposes a few-shot location probability map multi-task learning method.  By adding a novel position module and position prediction subtask to the model, the method optimizes the model parameters using multi-task learning. It enhances the model's orientation awareness.  Comparative experiments show that this method achieves better navigation performance than mainstream methods when using less prior knowledge. The ablation experiments verify that predicting the target location probability map can enhance the model's orientation awareness. In the target-driven social navigation challenge held by CVPR2021, the method achieved runner-up results among 12 participating teams.
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