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ABSTRACT

Visual compression is an application of data compression
to lower the storage and/or transmission requirements for
digital images and videos. Due to the rapid growth in vi-
sual data transmission demand, more efficient compression
algorithms are needed. Considering that deep learning tech-
niques have successfully revolutionized many visual tasks,
learning-based compression algorithms have been explored
over the years and have been shown to be able to outperform
many conventional compression methods. This survey pro-
vides a review of various visual compression algorithms, both
end-to-end learning-based image compression approaches
and hybrid image compression approaches. Some learning-
based video compression methods are also discussed. In
addition to describing a wide range of learning-based image
compression approaches that have been developed in recent
years, the survey describes widely used datasets, presents re-
cent standardization efforts, and discusses potential research
directions.

Ruolei Ji and Lina J. Karam (2023), “Learning-based Visual Compression”, Founda-
tions and Trends® in Computer Graphics and Vision: Vol. 15, No. 1, pp 1–112. DOI:
10.1561/0600000101.
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1
Introduction

In recent years, the demand for visual media has been growing expo-
nentially. According to the 2019 CISCO Visual Network Index (VNI)
forecast update (Nowell, 2019), the global IP video traffic will be 82%
of all IP traffic in 2022, up from 73% in 2016 (CISCO, 2016). Among
the large amount of visual traffic over the Internet, high-resolution
visual content constitutes an increasingly large percentage. Despite the
increase in the average broadband speed, about 1.9-fold from 2016 to
2021, the growth rate of visual data, approximately 3-fold from 2016 to
2021, is much higher than the broadband growth rate (CISCO, 2016;
Nowell, 2019). With such a rapid growth of digital visual media traffic,
there is a growing need for image/video compression approaches that
can achieve much higher compression ratios than the ones obtained
using existing conventional image/video compression methods, while
maintaining a high visual quality.

Most conventional lossy image compression methods, e.g., JPEG
(Wallace, 1992), WebP (Google, 2015), JPEG2000 (Taubman and Mar-
cellin, 2002), BPG1 (Bellard, 2018), HEVC-based intra coding (Sullivan

1This corresponds to a container for HEVC-based intra coding, Main 4:4:4 16
intra profile.

2
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3

et al., 2012), and VVC-based intra coding (Ohm and Sullivan, 2018)
are built based on a transform coding based framework (Goyal, 2001),
where an invertible transform module is used to map image pixel in-
tensities or predicted pixel residuals into a latent representation at
the encoder. The latent representation is then quantized to produce
a compact representation. An entropy encoder is later employed for
coding the quantized latent representation. At the decoder, an inverse
transform module is applied to the entropy decoded quantized data to
recover a lossy image.

Although the conventional compression algorithms have been widely
used and achieved promising results, researchers are working on us-
ing learning-based approaches for image/video compression to help
further improve the compression performance. Such increased interest
in learning-based compression stems from the fact that, over the last
decade, deep-learning-based approaches have achieved huge success
in a variety of visual tasks including but not limited to classification,
segmentation, object detection, and super-resolution.
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