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Abstract

Training a single deep blind model to handle different quality factors for JPEG
image artifacts removal has been attracting considerable attention due to its
convenience for practical usage. However, existing deep blind methods usually
directly reconstruct the restored image without predicting the quality factor, thus
lacking the flexibility to control the output as the non-blind methods and failing
to fully take advantage of the quality factor information for better reconstruc-
tion. As a result, they do not perform well in real applications as the real images
could be compressed more than once. To remedy this, in this thesis, we propose
a flexible deep blind JPEG artifacts removal network, namely FBAR, that can
not only use quality factor during training for better restoration but also predict
the adjustable quality factor to flexibly control the trade-off between artifacts
removal and details preservation. To improve the flexibility, FBAR decouples
the adjustable quality factor from the JPEG image via a decoupler module and
then embeds the predicted quality factor into the subsequent reconstructor mod-
ule through a quality factor attention block for flexible control. To improve the
practicability, a practical degradation model which involves double JPEG com-
pression is proposed for data synthesis. Extensive experiments on single JPEG
compressed images, the more general double compressed JPEG images and real-
world JPEG images demonstrate that the proposed FBAR achieves favorable
performance against state-of-the-art methods in terms of quantitative metrics
and visual quality.
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Introduction

1.1. Motivation

With the widespread availability of the Internet and the development of afford-
able, high-quality digital cameras, lossy image compression technique which uses
inexact approximations but reduced information for representing the encoded im-
age is indispensable and inevitable for saving storage size and bandwidth. While
introduced three decades ago, JPEG compression [Wal92] is still one of the most
widely-used image compression formats due to its simplicity and fast encoding/de-
coding speeds. JPEG compression splits an image into 8 8 blocks and applies
discrete cosine transform (DCT) to each block. The DCT coefficients are then
divided by quantization table and rounded to the nearest integer. The elements
in the quantization table control the compression ratio and the rounding opera-
tion is the only lossy operation in the whole process. The quantization table is
often represented by an integer called quality factor (QF) ranging from 0 to 100,
where a lower quality factor means less storage size but more lost information.
An example of JPEG compression can be found in Figure 1.1.

As a lossy compression algorithm, JPEG compression usually introduces an-
noying blocky artifacts, which deteriorates the visual quality and hinders the per-
formance of subsequent low-level vision processing such as super-resolution and
high-level vision processing such as object detection. Inspired by the success of
deep neural networks (DNNs) for image classification [KSH12,SZ15], researchers
began to resort to DNNs for JPEG artifacts removal and have achieved notable
academic success.

However, existing methods for JPEG artifacts removal generally have four lim-
itations in real applications:

(1) While JPEG compression can adjust the quality factor for a flexible trade-
off between storage size and visual quality, most existing DNNs based meth-
ods [CHB17,CP16, DDCLT15,LZ7Z*18,ZLL"19] trained a specific model for each
quality factor, lacking the flexibility to learn a single model to handle different
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