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IEEE ICUS 2025
Invited Session Summary

Title of Session
Autonomous Navigation and Motion Planning of Unmanned Systems in Complex

Constrained Environments

Organizers
1. Prof. Yanjie Chen

National University of Defense Technology, China
2. Prof. Zhiqiang Miao

Hunan University, China
3. Prof. Huimin Lu

National University of Defense Technology, China
4. Prof. Xuebo Zhang

Nankai University, China
5. Prof. Kangcheng Liu

Hunan University, China

Biosketches of Organizers

Yanjie Chen (Member, IEEE) received the B.S. degree in
electrical engineering and its automation from Southwest
Jiaotong University, Chengdu, China in 2011, and the M.S. and
Ph.D. degrees in control science and engineering from Hunan

University, Changsha, China, in 2013 and 2017, respectively. He

is currently an Associate Professor with the College of
Intelligence Science and Technology, National University of Defense Technology,
China. He was an Associate Professor at School of Mechanical Engineering and
Automation, Fuzhou University, Fuzhou, China. He was also a Royal Society
Newton International Fellow with Department of Computer Science, Aberystwyth
University, Aberystwyth, U.K., and a Scientist with the National Engineering
Research Center of Robot Visual Perception and Control Technology, Changsha,
China. His research interests include robotics, aerial manipulator, and motion

planning.




Zhigiang Miao received the B.S. and Ph.D. degrees in electrical
and information engineering from Hunan University, Changsha,
China, in 2010 and 2016, respectively. From 2014 to 2015, he was
a Visiting Scholar with The University of New Mexico,
Albuquerque, NM, USA. From 2016 to 2018, he was a Post-
Doctoral Fellow with the Department of Mechanical and

Automation Engineering, The Chinese University of Hong Kong, Hong Kong, China.
He is currently a Professor with the College of Electrical and Information
Engineering, Hunan University. His research interests include multi-robot systems,
unmanned systems, visual navigation, and nonlinear control. He is (was) an
Associate Editor for ICRA and IROS, the Program Co-Chair of the IEEE RCAR
2024, and the Organizing Co-Chair of the IEEE RCAR 2023.

Huimin Lu received the B.E. degree in automation and the M.E.
and Ph.D. degrees in control science and engineering from the
National University of Defense Technology (NUDT), Changsha,
China, in 2003, 2005, and 2010, respectively. He joined the
College of Intelligence Science and Technology, NUDT, in 2010,

where he is currently a Professor. His research interests include

mobile robotics, robot vision, and human-robot interaction

Xuebo Zhang received the B.Eng. degree in Automation from
Tianjin University in 2006, China, and the Ph. D. degree in
Control Theory and Control Engineering from Nankai

University in 2011, China. From July 2011, he joined the

' \4\ @ ?/ Institute of Robotics and Automatic Information Systems

\ t - (IRAIS), Nankai University, China. Currently, he is a full
professor of Nankai University, serving as vice dean of College of Artificial
Intelligence, and deputy director of Tianjin Key Laboratory of Intelligent Robotics.
His research interests focus on robotics and Al, including SLAM and scene
understanding, motion planning and control, reinforcement learning and intelligent
game. Prof. Zhang is the PI of more than 20 projects across both academic and
industrial fields. He is a Technical Editor of the IEEE/ASME Transactions on
Mechatronics and the Associate Editor for ASME Journal of Dynamic Systems,

Measurement and Control.




Kangcheng Liu, Professor, and the Doctoral Supervisor at Hunan
University. His research interests include embodied intelligence
and intelligent systems. He has published more than 50 papers as
the first or corresponding author, within a variety of international

authoritative journals. He served as the reviewer or the program

committee member of Nature Machine Intelligence, Nature
Medicine, International Journal of Computer Vision, International Journal of
Robotics Research, Artificial Intelligence Journal, Journal of Machine Learning
Research, ACM Transactions on Graphics, IEEE Transactions on Pattern Analysis
and Machine, CVPR, ICCV, ECCV, IJCAIL AAAI SIGIR, RSS, etc. He is the
principal and main contributor of several international open-source software in 3D
perception, artificial intelligence and multi-modal large model related fields. He is a
member of the American Computer Society, the International Institute of Electrical
and Electronics Engineers, the American Institute of Mechanical Engineers, and the

International Institute of Industrial and Systems Engineers.

Details of Session

In complex and extreme environments, such as high-risk areas during
earthquakes, fires, or nuclear leaks, humans often face significant difficulties in
directly entering and executing tasks. Unmanned systems, however, can rapidly
traverse challenging terrains like collapsed buildings, narrow passages, or dynamic
obstacles, autonomously completing a series of critical missions including search,
material transportation, and rescue operations. While current unmanned systems
have demonstrated a certain level of autonomy, they still face numerous challenges
when operating in extremely complex and constrained task scenarios. These
challenges include, but are not limited to, safety, real-time response capabilities, and
navigation accuracy. There is an urgent need to break through key technologies such
as navigation under information uncertainty, multi-agent collaborative planning,
real-time task decision-making, and precise localization and navigation, to enable
unmanned systems to achieve autonomous navigation and accurate motion in
complex constrained environments. Therefore, conducting research on the key
technologies of autonomous navigation and motion planning for unmanned systems
in complex constrained scenarios holds great significance. Breakthroughs in this field
will drive the evolution of unmanned system research from "weak autonomy" to




"strong autonomy" (human-like decision-making), promoting interdisciplinary
integration of artificial intelligence, robotics, and control theory.

The invited session invites original papers of innovative ideas and concepts, new
discoveries and improvements, and novel applications relevant to the following
selected topics of “Autonomous navigation and motion planning of unmanned
systems in complex constrained scenarios”.

* Wide-area robust perception

* Multi-modal fusion localization

* Autonomous exploration

* Navigation under uncertainty

* Resilient collaborative navigation

* Dynamic task decision-making

* Multi-agent collaborative planning

* Real-time motion planning

* Uncertainty-aware planning

» Simultaneous coverage and exploration

* search and rescue




