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ABSTRACT

The Signal and Feature Enhancement of Compressed

Images and Videos

Li Ma (Computer Application Technology)
Directed by Prof. Yonghong Tian

ABSTRACT

Lossy compression is an indispensable technology in visual applications, consequently
reducing the transmission and storage cost of images and videos effectively. However, due
to the inevitable information loss in the compression operations, compression distortion is
accordingly brought into images and videos, which reduces the visual quality and the per-
formance of downstream parsing tasks. Therefore, how to enhance the compressed images
and videos at the level of signals and features, thereby reducing the impact of compression
distortion and meeting the needs of both human vision and machine vision, is one of the
most important scientific problems that need to be explored urgently. Moreover, compressed
image and video enhancement could be used in visual applications without changing the
configuration of the compression module in existing cameras, hereby having an important
application value. Therefore, with the goal of "enhancing the signal and feature of compressed
images" in mind, this thesis explores the problem from three perspectives: signal enhancement,
feature enhancement, and feature-signal joint enhancement. Moreover, a compressed video
enhancement-based end-edge-cloud collaborative processing system is developed. The main
contributions of this thesis are summarized as follows:

Firstly, to reduce the impact of compression distortion on human vision, this thesis
proposes a signal enhancement method with the decoded residual constraint for compressed
videos. The proposed method first analyzes the connection between side information and
signal enhancement. On this basis, side information is explicitly applied to predict the original
signal. Specifically, the proposed method utilizes decoded residual frames to constrain the
signal enhancement process. Moreover, a dual-channel activation function is designed to
reduce information loss in the signal enhancement network. The experimental results on
HEVC test sequences show that the proposed method improves the BD-rate by more than 3.3%

compared with 4 state-of-the-art methods at the time of publication.
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Secondly, to reduce the impact of compression distortion on machine vision, this thesis
proposes a feature enhancement method via quantization distortion modeling for compressed
images and videos. The proposed method first analyzes the difference between original and
compressed data in feature learning. On this basis, the quantization steps are employed to
model the influence of quantization distortion on feature learning. Specifically, the proposed
method designs a quantization steps-based confidence as sample weights to reduce quanti-
zation distortion’s influence on the parameters’ updating. Moreover, a meta-learning-based
quantization distortion-related batch normalization is designed to alleviate the variance of
feature distribution. The experimental results on ImageNet show that the proposed method im-
proves the accuracy of image classification by more than 5.5% compared with 8 state-of-the-art

methods at the time of publication.

Thirdly, to reduce the impact of compression distortion on human vision and machine
vision analysis simultaneously, this thesis proposes a feature-signal joint enhancement method
via sensitivity decouple learning. The proposed method first analyzes the relationship between
features and lossy compression. On this basis, a sensitivity decouple learning is proposed to
extract compression insensitive and sensitive features from compressed images and videos.
Then, the proposed method transforms the intermediate features of the signal enhancement
network to adjust the mapping learned by the joint enhancement network according to the
parameters generated from the decoupled features. Meanwhile, a non-local feature fusion
module is proposed to fuse the compressed insensitive features into the joint enhancement
network to improve the feature fidelity further. The experimental results on MSCOCO show
that the proposed method could improve the average PSNR by more than 0.21 dB, the average
mAP of object detection by more than 2.5%, and the average mIoU of semantic segmentation

by more than 2.6% compared with 8 state-of-the-art methods at the time of publication.

Fourthly, an end-edge-cloud collaborative processing system based on compressed video
enhancement is developed to verify the effectiveness of the proposed methods. This system
consists of the end, edge, and cloud subsystems. The edge subsystem utilizes the feature
enhancement method via quantization distortion modeling to address the features’ low quality
caused by compression, thereby improving the retrieval performance of the system. Meanwhile,
the cloud subsystem employs the signal enhancement method and the feature-signal joint
enhancement method to address the signals’ low quality caused by compression, thereby
giving users a better visual experience. Experimental results show that the proposed methods

could improve the system’s pedestrian and vehicle retrieval performance by more than 5.0%
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ABSTRACT

and the PSNR of compressed videos by more than 1.00 dB.

In conclusion, this thesis enhances compressed images and videos from three perspec-
tives: signal enhancement, feature enhancement, and feature-signal joint enhancement, and
implements a compressed video enhancement-based end-edge-cloud collaborative processing
system. The research in this thesis could build a foundation for subsequent research work on

the enhancement of compressed images and videos.

KEY WORDS: Image and video compression, Signal enhancement, Feature enhancement,

Feature-signal joint enhancement, End-edge-cloud collaborative video processing

v



	空白页面



