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ABSTRACT

End-to-End Image Compression and Visual Analysis on Compressed

Domain

Zhang Yuefeng (Computer Application Technology)
Directed by Prof. Ma Siwei

ABSTRACT

Following the third industrial revolution triggered by the Internet and mobile Internet,
artificial intelligence technology driven by big data is driving the fourth industrial revolution,
which will bring changes to global production and life activities. In the field of multimedia
industry, digital media serves as information carrier to connect the world by the communication
technology. With the popularity of portable cameras and multi-dimensional quality improve-
ment of image collection devices, the rapid growth of visual information data volume brings
unprecedented challenges for its storage and transmission. In this context, deep learning-based
image compression methods have become the focus of academic and industrial fields due to
their huge potential of compression efficiency and their superior adaptability for human visual
system.

In the past, image coding and machine vision fields were usually studied separately,
but with deep learning becoming the underlying technology driver for both fields and the
emerging need for intelligent analytics-oriented coding, it has drawn scholars’ attention to
the convergence of research objectives in those two fields. In this thesis, we start from a
hierarchical representation of image information in the frequency domain, explore end-to-
end image coding techniques based on hierarchical forms with compressed data as input for
machine vision analysis tasks, and discuss the joint optimization of the rate-distortion theory
in information theory and the vision analysis tasks.

The main work of this thesis can be summarized as the following three points:

* An end-to-end image compression model based on frequency transform is pro-
posed. To address the lack of interpretability of neural network-based image coding
models, an end-to-end image coding method that adopts frequency-oriented transform
is proposed from the perspective of signal decomposition. The original image signal

is decomposed into multi-band dimensions by a multi-resolution pyramid network,
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and the information redundancy is further removed in the frequency domain. Con-
sidering the multi-band information fusion problem, a frequency domain information
fusion module using a non-local attention mechanism is designed to achieve adaptive
fusion of information in each frequency band. The model achieves subjective quality
and objective coding performance improvement on multiple datasets, exceeding the
next-generation coding standard H.266/VVC on MS-SSIM metrics; meanwhile, the
coding method demonstrates effective retention of semantically relevant information
on reconstructed image-based machine vision analysis tasks.

A hierarchical end-to-end image compression model that takes into account both
human eye vision quality and downstream machine vision analysis tasks is pro-
posed. To address the problem of combining image compression and vision analysis,
a hierarchical generation-based image compression method is used and trained jointly
with downstream vision analysis tasks to obtain a model corresponding to the opti-
mal trade-off points of compression rate, reconstructed image quality and downstream
analysis task performance. In this thesis, we propose a multi-task analysis model with
compressed data as input to further improve the analysis efficiency and reduce resource
consumption. The method is evaluated on a face dataset with both compression and
multiple analysis tasks, and the experimental results demonstrate that the multi-task
analysis method based on the compressed domain can achieve comparable analysis
results with the original image input method under a certain compression rate, while
saving 99.6% bitrates of the transmission stream (assuming the original image has 3
channels and its bit depth is 8).

The rate-distortion-classification joint optimization model is proposed and its
statistical properties are analyzed by modeling the relationship between the rate-
distortion and the visual analysis task. For the problem of combining image com-
pression with visual analysis on reconstructed images, the rate-distortion-classification
joint optimization model (representing the visual analysis task by the classification task)
is proposed and its statistical properties are justified. In this thesis, we start from the
properties on special distribution sources and derive to the statistical properties on gen-
eral distribution sources, i.e., under certain conditions, the rate-distortion-classification
possesses monotonicity and convex function properties. Moreover, this thesis illus-
trates experimentally on handwritten digital datasets that in lossy image coding lower

rates lead to higher pixel-level information loss and classification errors on the recon-
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struction images, that experimental results are consistent with the statistical analysis of
rate-distortion-classification.

In summary, this thesis discusses the image coding method for machine vision from
the aspect of image signal decomposition, proposes a hierarchical image coding method that
considers both human eye perception and machine analysis tasks, and then shows that the
joint training of multi-task analysis network on compressed domain and compression model
achieves better results in three dimensions: rate, distortion and analysis performance. In
addition, the rate-distortion-classification joint optimization model is proposed for the visual
analysis-oriented image coding method and its statistical characteristics are analyzed, providing

a reference for related technical development and theoretical discussion.

KEY WORDS: Image Coding, Machine Vision, Signal Decomposition, Rate-distortion The-
ory, Deep Neural Network
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