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Experimental Teaching Design and Practice of Artificial Potential Field

Method in Unmanned Surface Vehicle Obstacle Avoidance
Liu Xing, Li Jianyi’, Liu Biao, Huo Qinghua, Yang Bing, Feng Kali
Naval Petty Officer Academy, Bengbu , Anhui 233000

Abstract : To address the persistent teaching challenge in the "USV Motion Control Technology" course for naval
architecture and ocean engineering majors—where students are proficient in simulation but hesitant
in practical operation and struggle to connect algorithm parameters with real ship maneuverability—
this study, guided by the Outcome-Based Education (OBE) philosophy, designs and implements a
three—stage progressive experimental teaching system: "theoretical foundation, simulation exploration,
and physical verification," centered on the Artificial Potential Field (APF) method for local obstacle
avoidance. The system uses a MATLAB simulation platform to guide students in systematically
exploring the causal mapping of "parameters—behavior-performance" and proactively introduces
critical discussions on the impact of engineering constraints such as hydrodynamic effects and sensor
noise in representative scenarios including narrow channels and local minima traps. Subsequently, a
teaching USV platform is used to achieve competency transfer from simulation to reality. Data from
two rounds of teaching practice involving four classes show that the system significantly deepens
students' understanding of complex algorithms, with the scoring rate on core mechanism analysis
questions increasing from 65% to 87.5%, and effectively cultivates their system debugging skills, with
over 95% of students independently completing the full-process task. This study offers a replicable
implementation plan for the "virtual-real integration and work-study combination" teaching reform of
intelligent ship control courses.

Keywords : artificial potential field method; experimental teaching reform; unmanned surface vehicle
(usv); path planning; virtual-real integration
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