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Embodied intelligence in unmanned surface vehicle systems:
A review of key technologies and developments

FAN Liyuan', WANG Zhaojie"", YANG Zhan’, LIU Peng', WU Xiaofeng'

1. China Ship Research and Development Academy, Beijing 100101, China

2. School of Artificial Intelligence, Beijing Institute of Technology, Beijing 100081, China

Abstract The intelligence of unmanned vessel systems is undergoing a profound transformation from remote control to embodied
autonomous forms, with the core being the realization of advanced intelligent behavior through multimodal perception, environmental
interaction, and closed—loop learning. This paper systematically reviews the key advances of embodied intelligence in unmanned vessels,
highlighting that semantic control loops, digital twin validation, and evaluation systems are moving from methodological exploration to
engineering integration, and have already begun to provide preliminary application support in port and inland waterway scenarios.
However, current technologies still face bottlenecks in perception stability, rule interpretability, and deployment resources. Therefore, this
paper recommends focusing on breakthroughs in strengthening autonomous closed—loop intelligence systems, establishing standard and
trustworthy validation environments, and promoting lightweight and collaborative deployment to enhance system reliability, compliance,
and scalability, providing support for the development of intelligent ship technology and the implementation of our marine strategy.
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