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Title of Session

Deep-Sea Flexible Vehicles: Bridging Foundation, Frontiers, and Deployment

Organizers
1. Prof. Guorui Li

Harbin Engineering University, China
2. Prof. Qiaogao Huang

Northwestern Polytechnical University, China
3. Prof. Yunsai Chen

Harbin Engineering University, China
4. Prof. Hongyuan Li

Peking University, China
5. Dr. Hao Wang

Harbin Engineering University, China

Biosketches of Organizers

Guorui Li, a professor of in Naval Architecture and Ocean
Engineering at Harbin Engineering University, National Young
Talent of China. Since joining Harbin Engineering University in
2022, Guorui has established the “Deep-Sea Flexible Vehicle”

research group. Guorui has long focused on interdisciplinary

research at the frontier of deep-sea soft robotics, making several
contributions that span from the mechanics of soft materials, deep-sea
electrohydraulic robots, and deep-sea vehicles. These vehicles have been deployed
in diverse deep-sea explorations, including the Mariana Trench, Haima Cold Seeps,
and deep-sea seamounts. As the first or corresponding author, he has published
multiple high-impact papers in journals such as Nature (cover article), Science
Robotics, and Science Advances. These works were highlighted on the homepage of
Science and named a Milestone Achievement in Robotics under China’s 14th Five-
Year Plan. He have leaded several research projects from NSFC and National
KeyR&D Program of China.

| W Qiaogao Huang, Professor and Doctoral Supervisor at

Northwestern Polytechnical University, Distinguished Professor of
the Changjiang Scholars Program, National "Ten Thousand Talents
Plan" Young Top-Notch Talent, selected for the "Aoxiang Young

Scholar" and "Aoxiang Rising Star" support programs at




Northwestern Polytechnical University, member of the Third Academic Committee
of Northwestern Polytechnical University, and one of the first "Maritime Power
Young Scientist". He serves on the editorial boards of several journals, including
Chinese Journal of Ship Research, Digital Ocean & Underwater Warfare, and Acta
Aerodynamica Sinica. His main research directions include overall design of
underwater vehicles, underwater propulsion hydrodynamics, and underwater
vibration and noise reduction. He has led over 20 projects, including key projects of
the National Natural Science Foundation of China (Ye Qisun Fund), key projects of
the Science and Technology Commission's Basic Strengthening Program, and the
Scientific Research Innovation Capability Support Project for Young Faculty (U40).
In the past five years, he has published over 80 high-level papers as the
first/corresponding author in journals such as Journal of Fluid Mechanics, Physics of
Fluids, Ocean Engineering, and Chinese Journal of Theoretical and Applied
Mechanics. He has been granted 16 invention patents, published 2 monographs, and
received numerous awards, including the Second Prize of the National Technological
Invention Award (R3), the First Prize of the Military Technological Invention Award
(RS), the First Prize of the National Defense Science and Technology Progress Award
(R8), the Second Prize of the Shaanxi Provincial Natural Science Award (R2), the
Grand Prize of the China Shipbuilding Engineering Society's Technological
Invention Award (RS5), and two Second Prizes of the China Shipbuilding Engineering
Society's Science and Technology Progress Award (R1, R2).

Prof. Yunsai Chen is a professor and Ph.D. supervisor at Harbin
Engineering University, and serves as Deputy Director of the
Qingdao Campus of Harbin Engineering University. He is a
recipient of the National Young Talent program, a Taishan Scholar

Young Expert, a recipient of the Excellent Youth Foundation of

Shandong Province, and a selected participant of the 5th Young Elite
Sponsorship Program by the China Association for Science and Technology. His
research focuses on autonomous underwater vehicle technologies, achieving a series
of breakthroughs in novel marine robotics, deep-sea operation technologies,
manned/unmanned cross-domain coordination, and intelligent maintenance of deep-
sea submersibles. He currently serves as Chief Scientist of a major national key
project. Over the past five years, Professor Chen has published more than 40 SCI-
indexed papers as first or corresponding author and filed over 50 Chinese invention
patents. He serves as a member of the Deep-Sea Equipment Technology Committee
of the Chinese Society of Naval Architects and Marine Engineers, and a member of
the Unmanned Vehicle Committee of the Chinese Society of Astronautics. He has led

more than 10 national-level projects, including the National Natural Science




Foundation of China, and the National Key Research and Development Program of
China. He has also led the development of multiple types of deep-sea robotic systems,
with outcomes applied to major national projects and national oceanographic

expedition missions.

Dr. Hongyuan Li is a recipient of the National Young Talent
Program, serving as an Associate Researcher and Deputy
Director of the Institute of Marine Equipment and Engineering
at Peking University. His research primarily focuses on cross-

domain marine equipment and fluid-structure interaction

mechanics. He has published 51 SCI papers in prestigious
international journals such as JFM, PNAS, PoF, and OE, and holds 40 authorized
national invention patents. As a principal investigator, he has led 14 national-level
projects, including those funded by the National Natural Science Foundation of
China, the National Key Research and Development Program of China, and national
equipment pre-research programs. He also holds multiple academic positions,
serving as a Council Member of the Chinese Society of Naval Architects and Marine
Engineers, a Committee Member of CICC Technical Committee on Large Models
and Decision Intelligence, a Committee Member of the 11th Meteorological,
Hydrological and Marine Instruments Branch of the China Instrument and Control
Society, a member of the Hydrodynamics Professional Group of the Chinese Society
of Theoretical and Applied Mechanics, and a Youth Editorial Board Member for the

Journal of Ocean Technology and Development and Application of Materials. Dr. Li

has been honored with the Capital Frontier Academic Achievement Award, received
his Ph.D.

Hao Wang, Ph.D. in Engineering, is a Lecturer and Master’s
Supervisor at Harbin Engineering University, primarily
specializing in deep-sea high-fidelity sampling equipment and
deep-sea flexible electromechanical systems. He has served as the

principal investigator for more than ten research initiatives,

including projects funded by the National Natural Science
Foundation of China, various provincial and ministerial-level funds, and industrial
collaborations, through which he has conducted systematic research on high-quality
collection and processing technologies for deep-sea and hadal biological and
environmental samples. Having participated in numerous national oceanographic
expeditions, Dr. Wang has achieved a series of significant milestones; notably, the
full-ocean-depth sampler series he developed successfully retrieved pressurized

amphipod samples at a depth of 10,000 meters in the Mariana Trench, marking a first




for China. He has also led the development of a 3,000m-class deep-sea visual-servo
flexible vehicle and a 6,000m-class hydraulically driven flexible vehicle, published
over 20 SCl-indexed academic papers, and been granted more than 20 national

invention patents.

Details of Session

Deep-sea robots, which serve as the primary platforms for deep-sea exploration,
play an indispensable role in resource prospecting, search and rescue operations in
extreme environments, and delicate manipulation tasks. They embody the core
competitiveness of a nation’s deep-sea engineering capabilities. In recent years,
highly adaptable and compliant bionic flexible intelligent equipment has emerged as
a critical breakthrough in specialized robotics. This technology holds broad
application potential for low-disturbance deep-sea exploration and flexible
interactive manipulation, offering a novel paradigm for achieving precise and
efficient operations in complex underwater environments and extreme deep-sea
conditions.

However, the engineering application of Deep-Sea Flexible Carrier Equipment
still faces critical scientific and technological challenges that urgently need to be
addressed. The nonlinear coupled deformation mechanisms of flexible materials
under high hydrostatic pressure remain unclear, and the lack of dynamic
characterization methods directly restricts maneuverability and degrades actuation
efficiency. Meanwhile, the actuation and adaptation mechanisms of flexible carrier
equipment in extreme environments are highly complex, necessitating systematic
investigations into performance analysis and system design of such advanced flexible
equipment. Furthermore, the absence of deep-sea multimodal flexible sensing
mechanisms prevents existing equipment from achieving high-fidelity state
estimation and closed-loop control, severely limiting their operational reliability and
autonomy in complex mission scenarios. Therefore, investigating the fundamental
scientific issues related to the actuation, perception, communication, and control of
deep-sea flexible robots, exploring novel design theories and operational methods for
advanced deep-sea flexible equipment, and enhancing the environmental adaptability
and operational completeness of deep-sea flexible systems will provide theoretical
support and engineering references for technological innovation in deep-sea low-
disturbance exploration and manipulation equipment, ultimately promoting their
practical applications in deep-sea scientific research, resource development, and
emergency support.

This special invited session warmly welcomes scholars from related fields to

submit original research papers presenting innovative theories, significant




technological breakthroughs, or novel application scenarios. Topics of interest

include, but are not limited to:

Overall design of deep-sea bionic flexible carrier equipment

Design and configuration optimization of novel deep-sea flexible actuators
Fluid-structure interaction actuation mechanisms of flexible carrier
equipment in deep-sea environments

Cross-domain motion planning and control strategies for deep-sea flexible
equipment

Nonlinear mechanical behaviour and deformation mechanisms of flexible
materials under extreme hydrostatic pressure

Deep-sea multimodal flexible sensing mechanisms and the development of
bionic sensor devices

Energy management and long-endurance technologies for deep-sea flexible
carrier equipment

Lightweight underwater communication technologies and equipment for
deep-sea flexible systems

Swarm operation methods for deep-sea flexible systems

Engineering application methods and reliability evaluation of deep-sea

flexible equipment




