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ABSTRACT

Multimedia content understanding methods often encounter a se-
vere performance degradation under harsh environments. This tu-
torial covers several important components of multimedia content
understanding in harsh environments. It introduces some multi-
media enhancement methods, presents recent advances in 2D and
3D visual scene understanding, shows strategies to estimate the
prediction uncertainty, provides a brief summary, and shows some
typical applications.
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1 MOTIVATION

With the rapid development of multimedia technology, a large
amount of multimedia data has rapidly emerged. The large amount
of multimedia data facilitates new and innovative approaches, for
example, multimedia content understanding. Multimedia content
understanding is a key application for effective and efficient search,
retrieval, delivery, management and sharing of multimedia con-
tent. Existing work shows that media understanding performs well
in excellent environments, i.e., in good light, good weather, and
with sufficient training samples. Harsh environments (e.g., fog, rain,
snow, dark, low light, glare, blur, and low resolution) introduce
challenges in visibility, analysis and understanding of visual data
for real applications, such as autonomous cars and video surveil-
lance systems. Despite the development of computing power and
deep learning algorithms, the performance of current multimedia
content understanding algorithms is still mainly benchmarked un-
der high-quality environments (good weather, favorable lighting).
Therefore, state-of-the-art methods often encounter a severe per-
formance degradation under harsh environments. In this tutorial,
we introduce some key directions in the field of multimedia content
understanding under harsh environments. This tutorial would be
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useful for the multimedia community, especially for multimedia
content understanding task for the practical and open-set domain.

2 TUTORIAL DESCRIPTION

This tutorial covers several important components of multimedia
content understanding in harsh environments. First, we will in-
troduce some multimedia enhancement methods, including image
deraining, dehazing and low-light enhancement, and demonstrate
their performances in down-stream vision tasks, such as object
detection and segmentation [2-5, 20, 21]. Second, we will present
recent advances on 2D and 3D visual scene understanding, and
describe how deep learning and visual big data are significantly
driving research and development in this domain [10-14, 17-19, 22].
Third, we will introduce strategies to estimate the prediction un-
certainty during training to rectify the pseudo label learning for
unsupervised semantic segmentation adaptation [23-26]. Finally,
we will give a brief summary and show some typical applications
and some trends in this task [1, 6-9, 15, 16]. List of topics covered
in this tutorials is:

e Image Enhancement

e 2D and 3D Scene Understanding

e Domain Adaptation

e Understanding and Detection in Harsh Environments

Topic Duration Speaker
An opening of the tutorial 5 min Zheng
Image enhancement: Disentanglement 40 min Kui
2D and 3D Scene Understanding 40 min Dan

Domain Adaptation: Consistency and Uncertainty 40 min  Zhedong
Understanding and Detection in Harsh Environments 40 min Zheng

This tutorial is appropriate and timely for ACM MM, graduate
students, researchers and industry practitioners working in the
field of multimedia content retrieval, multimedia content analysis,
as well as multimedia system. The course materials are mainly
from recent publications in this area. The speakers will use slides
to introduce their work. The materials will be publicly available
after the tutorial.

3 PRESENTER INFORMATION

Zheng Wang (https://wangzwhu.github.io/home/) currently a pro-
fessor at Wuhan University, China. He has been an assistant pro-
fessor of the RIISE institute and Computer Vision and Media Lab at
The University of Tokyo, Japan, and a JSPS Fellowship Researcher
of the National Institute of Informatics, Japan, from 2017 to 2021.
He received his B.E., M.S., and Ph.D. degrees from Wuhan Uni-
versity China. His current research interest includes multimedia
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analysis and retrieval. He has served as a tutorial co-chair for the
IEEE MIPR 2021 and co-organized the IEEE ICME 2020/2021 special
session, and the ACM ICMR 2020 special session. He also orga-
nized the ACM MM 2020 Tutorial “Effective and Efficient: Toward
Open-world Instance Re-identification” and the CVPR 2020 Tuto-
rial “Image Retrieval in the Wild”. He won the Best Paper Award
at Pacific-Rim Conference on Multimedia 2014, and ACM Wuhan
Doctoral Dissertation Award 2018.

Dan Xu (https://www.danxurgb.net/) is an Assistant Professor
in the Department of Computer Science and Engineering (CSE),
Hong Kong University of Science and Technology (HKUST). Before
joining HKUST, he was a Postdoctoral researcher in the Visual
Geometry Group (VGG) at the University of Oxford, working with
Prof. Andrea Vedaldi and Prof. Andrew Zisserman. He received his
Ph.D. in Computer Science from the University of Trento in 2018,
under the supervision of Prof. Nicu Sebe. He was also a visiting
Ph.D. student in the MMLab at the Chinese University of Hong
Kong (CUHK) under the supervision of Prof. Xiaogang Wang. His
research mainly focuses on computer vision, multimedia, and deep
learning. Specifically, he is interested in multi-modal and structured
representation learning, statistical modelling within deep learning,
as well as their applications in 2D/3D scene understanding. He
served as Senior Programme Committee (SPC) / Area Chair (AC)
at multiple international conferences including AAAIL, ACM Multi-
media, and WACV. He received the Best Scientific Paper award at
ICPR 2016 and a Best Paper Nominee at ACM Multimedia 2018.
Zhedong Zheng (https://zdzheng.xyz) is currently a postdoctoral
researcher at NExT++, School of Computing, National University
of Singapore. He received the Ph.D. degree from the University of
Technology Sydney, Australia, in 2021 and the B.S. degree from Fu-
dan University, China, in 2016. He was an intern at Nvidia Research
(2018) and Baidu Research (2020). His research interests include
robust learning for image retrieval, generative learning for data
augmentation, and unsupervised domain adaptation. He served as
reviewer at several top conferences, including CVPR, ICCV, ECCV,
IJCAI, AAAT and ACM Multimedia.

Kui Jiang (https://github.com/kuijiang94/home/) received the Ph.D.
and M.S. degree from the Wuhan University, China, in 2022 and
2019. He is currently the senior engineer of artificial intelligence
with Huawei Cloud & Al His research interests include image/video
processing and computer vision. He served as reviewer at several
top conferences, including CVPR, ICCV, ECCV, IJJCAI, AAAT and
ACM Multimedia.

4 RESOURCE AND MATERIALS
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Materials are available at https://wangzwhu.github.io/home/acmmm2022_ [23]

tutorial_mmbhe.html.
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