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Title of Session

Digital-Intelligent Swarm Cooperation for Unmanned Surface Systems
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2. Assoc. Prof. Jiayuan Zhuang

Harbin Engineering University, China
3. Assoc. Prof. Zaopeng Dong

Wuhan University of Technology, China
4. Dr. Yuxin Zheng

Harbin Engineering University, China

Biosketches of Organizers

1 Assoc. Prof. Lei Zhang, is Doctoral and Master's Supervisor at
Harbin Engineering University; Deputy Director of the Institute of
Marine Robotics Technology. Principal Investigator of the
National Key R&D Program, Deputy Chief Designer for a

medium-sized craft, expert in general shared technologies and test

& evaluation technologies, Director of the Heilongjiang Society
of Shipbuilding Engineering. He is among the first batch of High-Level Talents in
Heilongjiang Province and recipient of the Heilongjiang Provincial Outstanding
Youth Fund. His research focuses on intelligent control and swarm cooperation
technology of unmanned surface vehicles (USVs). He has won numerous scientific
and technological awards including the Gold Medal of the Geneva International
Invention Exhibition, First Prize of a national-level academic society, and Second
Prize at the provincial level. He has authored 2 monographs funded by the National
Publication Fund and compiled 2 provincial-level planned textbooks. To date, he has

published over 50 academic papers and granted more than 40 patents.

Assoc. Prof. Jiayuan Zhuang is a Ph.D. supervisor at Harbin
Engineering University.His research focuses on unmanned surface

vehicle (USV) technology, with distinctive academic

achievements and technological breakthroughs in overall platform
design, autonomous decision-making, path planning and related
Q’ ‘ key technologies. He has undertaken over 10 research projects as
the principal investigator, covering the National Key R&D Program of China, general

equipment pre-research projects, and programs supported by the National Natural




Science Foundation of China. Serving as the technical director, he has led the
development and engineering implementation of multiple USV prototypes. He has
published more than 30 high-quality papers in top-tier domestic and international
journals and conferences as the first author or corresponding author. Additionally, he
has been granted over 30 authorized invention patents and software copyrights, and
published two monographs funded by the National Publication Foundation. He has
been conferred with a number of provincial and ministerial-level as well as
international academic awards, including the First Prize of Science and Technology
Progress by the Chinese Society of Naval Architects and Marine Engineers, the
Second Prize of Heilongjiang Provincial Technological Invention Award, the Gold
Medal of the Geneva International Exhibition of Inventions, and the Silver Award of
China Good Design.

Zaopeng Dong is an associate professor and master’s supervisor
at Wuhan University of Technology. He has long been involved in
research on unmanned surface vehicles (USVs) and autonomous
underwater vehicles (AUVs). His research expertise lies primarily

in formation and swarm control of unmanned marine systems,

maneuvering and motion modeling, and hybrid data-model driven
intelligent control. He has led over ten projects, including projects supported by the
National Natural Science Foundation of China, projects funded by State Key
Laboratory grants, and industry-commissioned projects. He has published more than
60 papers in journals and conference proceedings such as ISA Transactions, Control
Engineering Practice, and Ocean Engineering, applied for and granted over 10

invention patents.

Yuxin Zheng, Ph.D. in Engineering, is an Assistant Research
Fellow at Harbin Engineering University. He was selected for the
)) inaugural “Young Talent Support Project for Doctoral Students” by
the China Association for Science and Technology and is a Senior
‘ ' Member of the Chinese Society of Naval Architects and Marine

' Engineers. His main research interests include autonomous control

technology for unmanned surface systems and swarm intelligence. Dr. Zheng has led

or participated in more than 10 research projects, including the Heilongjiang
Provincial Postdoctoral Funding Project, the “New Era Longjiang Excellent Master’s
and Doctoral Dissertations” Project, projects and sub-projects under the National
Key R&D Program of China, and other key initiatives. Over the past five years, he
has published 16 papers in high-level journals, filed or been granted 28 national and

international invention patents, and registered over 10 software copyrights. He has




also delivered an invited keynote speech at a prestigious international conference.
His scientific contributions have been recognized with multiple awards, such as the
First Prize of the Science and Technology Progress Award of the Chinese Society of
Naval Architects and Marine Engineers, the Second Prize of the Heilongjiang
Provincial Technological Invention Award, and a Gold Medal at the Geneva
International Exhibition of Inventions. He serves as a Youth Editorial Board Member

of the Journal of Naval Aviation University.

Details of Session

The technology of digital-intelligent swarm collaboration of surface unmanned
systems is playing an increasingly prominent supporting role in fields such as marine
rights and interests protection, water area safety prevention and control, emergency
rescue and disposal, and marine resource development. The new generation of
surface unmanned swarm collaboration technology, characterized by digital twin
empowerment, intelligent collaborative scheduling, and full-domain efficient
operation, has become an important breakthrough to expand the operational
boundaries of humans in offshore, inland lakes, river courses and other water areas
and improve operational efficiency. In the operation process, the digital-intelligent
swarm of surface unmanned systems needs to face multiple challenges, such as
unstable communication links under complex water environments (wind waves,
current disturbances), strong heterogeneity of multi-agent systems, tight coupling of
task collaboration, and prominent dynamic uncertainty. Therefore, focusing on the
real-time performance, reliability and collaborative efficiency of digital-intelligent
integration-driven surface unmanned swarm collaboration systems in aspects such as
heterogeneous cluster networking, intelligent scheduling optimization, collaborative
perception and decision-making, and dynamic task allocation, a series of key
scientific and technological problems that urgently need to be broken through have
emerged. How to achieve efficient cluster collaboration, dynamic task adaptation and
safe and stable operation in complex and changeable water environments is the core
problem faced in the design and application of digital-intelligent swarm collaboration
of surface unmanned systems. By improving the collaborative intelligence level and
task adaptation ability of the cluster, it can effectively promote the large-scale
application and engineering implementation of the digital-intelligent swarm of
surface unmanned systems in complex water scenarios, and then play an important
supporting role in fields such as maritime supervision, environmental monitoring,
emergency support and marine engineering.

This special topic invites original papers related to the theme of "Digital-
Intelligent Swarm Collaboration of Surface Unmanned Systems" that include

innovative ideas, new discoveries, concepts, improvements, key technologies and




new applications. It mainly accepts (but is not limited to) research papers in the

following directions:

Collaborative networking and communication technology for heterogeneous
platforms of surface unmanned swarms

Digital twin modeling and virtual-real fusion control of surface unmanned
swarms

Intelligent scheduling and dynamic task allocation methods for surface
unmanned swarms

Collaborative perception, positioning and environmental modeling of surface
unmanned swarms

Robust cooperative control and anti-interference technology for surface
unmanned swarms

Autonomous decision-making and intelligent operation collaboration
mechanism of surface unmanned swarms

Multi-target collaborative tracking and encirclement control technology for
surface unmanned swarms

Reliability, safety and test evaluation methods for surface unmanned swarms
Cross-domain collaboration technology between surface unmanned swarms
and aerial/underwater unmanned platforms

Adaptive collaboration and dynamic obstacle avoidance technology for
swarms in complex water environments

Digital-intelligent energy management and long-term collaborative operation
technology for surface unmanned swarms

Autonomous collaboration and fault-tolerant control of surface unmanned
swarms

Swarm intelligence and distributed collaborative optimization methods for
surface unmanned swarms

Application verification of surface unmanned swarms in typical scenarios




