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Title of Session
Swarm Coordinated Perception, Decision-Making, and Control for

Heterogeneous Unmanned Agents

Organizers
1. Dr. Mengchi Cai

Tsinghua University, China
2. Prof. Weihua Li

Harbin Institute of Technology, China
3. Prof. Xin Li

Dalian Maritime University, China
4. Dr. Xiangdong Chen

National University of Singapore, Singapore
5. Dr. Kai Yang

Tsinghua University, China

Biosketches of Organizers

Mengchi Cai received his B. S. and Ph. D. degrees from Tsinghua
University in 2018 and 2023, respectively. He is currently an
Assistant Research Fellow in the Department of Traffic
Engineering at Tsinghua University. He has been selected for the

Young Elite Scientist Sponsorship Program by the China

Association for Science and Technology (CAST). He leads
projects such as the Young Scientist Fund (Category C) of the NSFC, and cooperative
projects with companies including Mercedes-Benz, Xiaomi Auto, and BYD Auto. He
serves as a Young Editorial Board Member for the international journal JICV (Journal
of Intelligent and Connected Vehicles). His research areas include intelligent
connected vehicles and transportation, vehicle-road-cloud integrated systems and

their applications, and multi-vehicle cooperative decision-making and control.

Weihua Li is a Professor and Ph.D. Supervisor at the School of
Automotive Engineering, Harbin Institute of Technology (Weihai),
and serves as the Director of the Intelligent Vehicle Engineering
| Department. He is also a Taishan Scholar Young Expert. He

currently serves as a member of the [IFToMM China Committee and

a young editorial board member of SmartBot. His research interests

include planetary rovers and special mobile robots. Some of his research




achievements have been applied to the structural design and on-orbit performance
prediction of China’s “Yutu” and “Zhurong” rovers, supporting the successful
implementation of planetary exploration missions. He has undertaken more than 20
research projects, including a General Program and a sub-project of Major Program
of the National Natural Science Foundation of China, as well as the Shandong
Provincial Excellent Young Scholars Program. He has published over 50 high-level
academic papers indexed by SCI and EI, and has received several awards, including
the First Prize of Science and Technology Progress Award from the China Port &
Harbour Association and the Second Prize of Shandong Provincial Teaching

Achievement Award.

Prof. Xin Li received his Ph.D. from the University of Wisconsin,
US and has been selected for the National High-Level Young Talent
Program and the Liaoning Distinguished Young Scholars Program.
His research focuses on intelligent transportation systems, with

particular emphasis on next-generation Al-driven transportation

scheduling optimization, integrated multimodal transportation
systems, and system resilience enhancement. He has published over 100 high-quality
academic papers, including more than 60 SCIl-indexed papers as first or
corresponding author. He holds 22 authorized patents and has edited two academic
monographs. Professor Li has led more than 40 research and engineering projects,
including National Key R&D Program projects, NSFC Young Scientists Fund,
General and Key Programs, as well as major regional initiatives such as key projects
in Chongqing and the “Zhiguo” AI program in Guangxi. He has received several
prestigious awards, including the First Prize of the Science and Technology Award
from the China Highway & Transportation Society, the Outstanding Young Scientist
Award from the China Intelligent Transportation Systems Association, and the

Second Prize of the Shanghai Science and Technology Award.

Xiangdong Chen is a Postdoctoral Researcher at the National
University of Singapore. She received her Ph.D. in Civil
Engineering from Tsinghua University. Her research interests
include intelligent and automated traffic control, multimodal

transportation systems, and low -altitude air traffic management.

Dr. Chen has published over 20 papers in leading international
journals such as Transportation Science and Transportation Research Part B/C/D/E.
She is the recipient of the 2026 Asia Rising Star in Engineering (Female) Award, the
2024 Hong Kong Society for Transportation Studies (HKSTS) Best PhD Thesis

Award, and several best paper awards at international academic conferences.




Kai Yang, Ph.D., is an Assistant Researcher at the School of
Vehicle and Mobility, Tsinghua University, and was selected for
Tsinghua University’s “Shuimu Scholar” Program. He has long
been engaged in research on safety-oriented decision-making and

control for autonomous driving. Over the past five years, he has

published more than 30 SCI/EI-indexed papers, including two ESI
Highly Cited Papers, and has been granted more than 10 invention patents. He has
received the 8th China Association for Science and Technology Award for
Outstanding Scientific and Technological Papers, the Outstanding Paper Award of
the Chinese Mechanical Engineering Society, the 7th High-Impact Paper Award of
the Journal of Mechanical Engineering, and the Annual Outstanding Paper Award of
Automotive Engineering. He has led three projects supported by National Natural
Science Foundation of China and China Postdoctoral Science Foundation, and has
participated in multiple projects, including projects supported by the National Key
R&D Program of China and Tsinghua University—-Mercedes-Benz international

cooperation projects.

Details of Session

When heterogeneous unmanned agents (e.g., unmanned vehicles, robots,
drones, etc.) perform tasks in complex environments, they often face challenges such
as unstructured terrain, dynamic obstacles, and communication constraints.
Traditional single-agent teleoperation or pre-programmed modes are inadequate for
large-scale, high-efficiency swarm operations. There is an urgent need to develop
swarm intelligent collaboration technologies that enable heterogeneous unmanned
agents to share environmental information, negotiate decisions, and adaptively
execute tasks, ultimately achieving an operational paradigm of "human - machine
collaboration with a dominant autonomous role."

This special session focuses on the perception, decision-making, and control
problems of heterogeneous unmanned agents in swarm collaboration. It aims to break
through key technologies such as cross-domain data fusion, semantic alignment,
distributed negotiation, and adaptive control, so that ground operators or high-level
monitoring systems only need to issue high-level intentions, while the specific task
execution is autonomously completed by the agent swarm based on real - time
environmental perception. Relevant outcomes can be applied to fields such as lunar
surface exploration, post-disaster search and rescue, autonomous driving fleets, and
industrial automation.

This invited special session solicits original papers presenting innovative ideas,
concepts, new discoveries, improvements, and novel applications related to the

theme of "Swarm Collaborative Perception, Decision - Making, and Control for




Heterogeneous Unmanned Agents":

Multi-agent collaborative perception and localization

Semantic alignment and communication among heterogeneous agents
Swarm collaborative decision-making and task allocation
Multi-vehicle/robot collaborative path planning and obstacle avoidance
Multi-agent autonomous navigation and platooning
Manipulator-mobile platform collaborative control
Human-in-the-loop hybrid intelligence and scheduling

Agent trajectory tracking control in unstructured environments

Coordination for wheeled/legged/wheel -legged multimodal agents




