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学位论文中文摘要：
越来越多的实际应用正面临着数据短缺的情形，普通的人工智能深度学习模型依赖于充足的训练数据，无法满足这些实际需求。小样本学习是解决该问题的一种重要途径，而元学习是小样本学习的技术之一。对小样本学习和元学习的研究具有重要的理论意义和实际应用价值。

本文从设计框架、理论方法与实际应用等方面深入研究基于元学习的小样本学习，主要工作与成果概括如下：

① 提出一种新的元学习模型设计框架。完整的元学习模型由前端、元学习器、基学习器、元学习策略四部分组成，现有框架需要用户给定前端、元学习器与基学习器三部分。我们提出的设计框架只需要用户提供前端以及对元学习“共性”和“个性”的划分方式，就能直接推导出元学习器与基学习器的具体模型结构，从而更加方便地完成元学习模型设计。

② 针对小样本分类任务中训练集和测试集的样本分布差异，提出一种基于任务迁移的特征增强元学习方法TTN和一种基于域迁移的特征增强对抗元学习方法TTN-GAN。TTN首次将类别结构信息引入元学习特征增强过程，降低“分布差异”对模型性能的影响；在此基础上，TTN-GAN引入对抗机制学习聚类损失函数，并首次将图分类技术引入元学习生成对抗模型中，进一步提升元学习模型刻画类别结构的准确性。通过小样本图像分类任务对TTN和TTN-GAN进行系统的验证，实验结果表明，针对典型的宿主模型，TTN和TTN-GAN能够显著提升模型整体性能，增强可扩展性。

③ 将TTN-GAN方法应用到行人重识别视觉感知任务，在多个基准数据集上的对比实验表明，TTN-GAN方法不仅能应用于元学习模型，也能应用于基于表示学习的不同宿主模型，提升模型整体性能，在实际应用中具有较高的可扩展性。
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学位论文英文摘要：
A growing number of applications are facing a shortage of data source. Common artificial intelligence deep-learning models cannot reach the demands in applications as they usually depend on sufficient training data. Few-shot learning is a significant method to tackle with these demands, while meta-learning is one of the techniques for few-shot learning. The research on few-shot learning and meta-learning has great theoretical significance and practical value.

This dissertation researches on meta-learning based few-shot learning tasks from designing framework, theoretical method and practical application perspectives. The main works and results are as follow.

1. Propose a new framework for meta-learning modelling. A complete meta-learning model usually consists of backbone, meta-learner, base-learner and a meta-learning strategy. The existing framework requires the user to predetermine the backbone, meta-learner and base-learner. Our proposed framework only needs the backbone and a partition of the ‘common’ and ‘private’ meta-learning properties to directly conduct the concrete structure of meta-learner and base-learner, thus can make meta-learning modelling much more convenient.

2. Propose TTN, a task-transfer based feature-augmented meta-learning approach and TTN-GAN, a domain-transfer based feature-augmented adversarial meta-learning approach in consideration of the distributional diversity of training and testing samples in few-shot classification tasks. TTN introduces class structural information into feature augmentation for the first time and reduces the impact of ‘distributional diversity’ on model performance. TTN-GAN introduces adversarial mechanism to learn the clustering loss function. It introduces graph classification techniques into generative adversarial models to further improve the accuracy for the meta-learning model capturing class structure. Systematical verification of TTN and TTN-GAN has done in few-shot classification tasks. It demonstrates that TTN and TTN-GAN are capable to significantly improve the overall model performance and enhance expandability for typical host models.

3. Apply TTN-GAN to person re-identification (Re-ID) visual perceptual tasks. Comparative experiments on several benchmarks demonstrate that TTN-GAN approach can adapt to not only meta-learning models but also various representation-learning based host models. TTN-GAN approach is capable to improve the overall model performance and obtain high expandability in practical applications.
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