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学位论文中文摘要：
卷积神经网络（CNN）作为深度学习的重要技术之一，已经在几乎所有计算机视觉任务上都取得了令人瞩目的成就。相比传统图像处理技术来说，卷积神经网络在性能上具有巨大的优势，尤其是在有海量训练数据的情况下，这个优势还会进一步被拉大。然而随着近些年来卷积神经网络结构愈加复杂，模型的计算量和参数量也相应飞速增长。通过对已有计算模块的堆砌已经很难使得网络的性能得到显著的提升，因此需要引入一些新的方法和机制来帮助提升卷积神经网络的特征表达能力。另外由于卷积神经网络的计算量和参数量相比传统算法来说大幅增加，导致整个算法部署响应延迟变高，且运行时对内存空间的需求也相应增多。因此在一些计算和存储资源受限的设备上，该项先进技术很难被直接应用。

本文主要围绕新型卷积神经网络的结构设计以及模型量化加速方法，重点解决卷积神经网络在实际应用中的性能以及部署效率问题。本文首先创新性地提出了基于特征通道的注意力机制，来建模卷积特征通道间的相互作用关系，从而提升通用卷积神经网络在各项计算机视觉任务上的性能。其次，从模型量化方向入手探索加速模型推理的方法。本文回顾了模型量化过程中的诸多技巧，并加以改进，从而得到了模型量化的最佳适用准则。本文紧接着探索了在量化过程中与模型剪枝加速方法的结合方案，也取得了不错的进展。最后，为了追求更加极致的加速效果，本文对卷积神经网络的二值化方法进行了深入研究。针对当下二值卷积神经网络中的量化操作带来的信息损失问题提出了改进方案。该方法不仅使得二值化模型的精度得到进一步提升，还使得卷积神经网络的二值化技术可以应用到所有卷积神经网络架构中，移除了先前只能在特定网络结构上使用的限制。本文的主要创新成果和贡献点总结如下：

（1）本工作针对通用CNN提出了一种基于特征通道注意力机制的特征重校准方法，称为“挤压激发（Squeeze-and-Excitation，简称SE）”模块。通过在已有的CNN中嵌入SE模块，可以增强CNN的特征表达能力，从而提升其在计算机视觉任务中的性能。该模块能够自适应地增强有用的通道特征，并抑制不重要的通道特征。另外，我们还发现当SE模块与BN同时使用时会产生一定程度的数值坍塌问题，从而降低了SE模块带来的收益。因此本文又提出了改进版的SEV2模块对该问题进行了修复，进一步提升了对CNN的性能增益。
（2）本工作对训练后量化和量化感知训练方法提出了一系列量化策略的改进方案，并形成了一套训练后量化的黄金准则。此外，本工作还探索了将量化技术和模型剪枝技术相结合的方法，提出了一套多阶段的模型训练微调策略，为CNN的进一步压缩和加速探索了新的路径。

（3）本工作针对神经网络的二值化过程中的信息损失问题提出了一种新的特征融合方法，称为“弹性连接（Elastic-Link, 简称EL）”。该方法可以自适应地融合原始浮点表示特征和二值操作后的特征，突破了传统二值神经网络不能适用于1x1卷积结构的限制。借助EL模块，可以在保持良好精度的情况下，使得任何卷积神经网络都可以应用二值化技术，从而增加了神经网络二值化技术的应用性和普适性。
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学位论文英文摘要：
As one of the essential techniques of deep learning, Convolutional Neural Network (CNN) has achieved remarkable achievements in almost all computer vision tasks. Compared with traditional image processing technology, CNN does show a huge advantage in performance, especially under the premise of massive training data, this advantage will be further enlarged. However, as the structure of the CNN has become more complex in recent years, the amount of computation and parameters of the model has become increasingly larger. So it isn't easy to further improve the performance of the network through stacking with the existing computational modules. Some new perspectives and methods are required to help improve the feature expression ability of CNN. In addition, the amount of computation and parameters of the CNN is greatly increased compared with the traditional algorithm, which also leads to a longer latency in deployment and a correspondingly larger runtime memory footprint. Therefore, this advanced technology is difficult to apply in some resource-constrained devices and scenarios.  

This paper mainly focuses on the new structure design and model quantization method of CNN, focusing on solving the performance and efficiency problems of CNN in practical applications. This paper first innovatively proposes a channel attention mechanism to model the interdependence between convolutional channel features, thereby improving the performance of general convolutional neural networks on various computer vision tasks. Secondly, from the perspective of model quantification, we will explore model deployments about acceleration. Many tricks in model quantization are systematically reviewed and improved to obtain the best applicable criterion for model quantization and also explore the combination with model pruning acceleration, and has also made good progress. Finally, in order to pursue a more extreme acceleration effect, this paper studies the binarization method of the convolutional neural network. An improvement method is proposed to alleviate the problem of information degradation caused by binarization. This method not only further improves the accuracy of the binarization model, but also enables the binarization technology to be applied to all kinds of CNN architectures, and removes the limitation that it could be applied to certain architectures of CNNs. The main innovations and contributions of this paper are as follows:

(1) This work proposes a feature recalibration method based on channel attention mechanism for general Convolutional Neural Networks (CNNs), named as “Squeeze-and-Excitation (SE)” module. By embedding the SE module into existing CNNs, the feature representation ability can be enhanced, thus improving their performance in computer vision tasks. The SE module can adaptively enhance useful channel features while suppressing unimportant ones. Additionally, we found that there is a numerical collapse problem when using SE module and Batch Normalization (BN) simultaneously, which reduces the benefits brought by the SE module. Therefore, this work proposes an improved version of the SE module, SEV2, to solve this problem and further enhance the performance gain of CNNs.

(2) This work proposes a series of improved quantization strategies and establishes a set of quantization policy guidelines for post-training quantization. In addition, this work explores the strategy of combining quantization technology with model pruning method, and proposes a multi-stage model fine-tuning strategy, exploring new paths for further compression and acceleration of CNN.

(3) This work proposes a new feature fusion method called “Elastic-Linking (EL)” to address the issue of information loss during the binarization process of neural networks. This method can adaptively fuse the original floating-point representation features with the features after the binary operation, breaking the limitation of traditional binary neural networks that cannot be applied to 1x1 convolutional structures. With the help of the EL module, any convolutional neural network can use binarization technology while maintaining good accuracy, thereby increasing the applicability and universality of neural network binarization technology.
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