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Absgtract: [Purpose] To address the difficulty of reconciling navigational safety with computational
efficiency in unmanned surface vehicle (USV) path planning in complex confined waters, a safety-oriented
path planning method under navigational risk constraints is investigated. [Method] First, a
risk-gradient-driven grid map (RG-Map) is constructed, in which the navigational risk gradient is quantified
according to the distance to obstacle neighborhoods. Within the jump point search (JPS) framework, a
hybrid cost function combining path length and cumulative risk is proposed to provide global guidance; a
safety-prioritized pruning strategy and a dynamic weighting mechanism for the heuristic function are
further designed to adaptively regulate the search process. A cubic B-spline curve is then applied to smooth
the planned path so as to satisfy the kinematic constraints of the USV. [Result] Simulation results in
multiple representative enclosed-water scenarios show that, compared with the conventional JPS algorithm,
the proposed improved jump point search (IJPS) algorithm reduces the cumulative navigational risk by

ks HEA: 2025-09-23; 1&EIHEA: 2026-01-04; FFH HHA: 2026-04-21

fEBEN: FER (1988—) , B, Wit WM. BFF . MR AR HIER . Mt E IR 5HE AR,

BEEE: HEE (1970— , 5, L. #og. RmR: xR, Sntusiie SRS,
E-mail: bjtian2025@126.com

— 211 —



BE A

approximately 45%, yielding a markedly enlarged safety margin. The computational time remains within

the same order of magnitude as that of the conventional JPS method, indicating an acceptable efficiency

trade-off. The B-spline-smoothed path exhibits continuous curvature and smooth heading transitions.

[Conclusion] The proposed method is shown to effectively balance path safety and computational

efficiency in complex confined waters, enhancing the executability of USV planned paths and offering

promising engineering applicability.

Key words: unmanned surface vehicle (USV); confined waters; path planning; risk-gradient; improved

jump point search (IJPS)
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Fig. 9 Robustness Test of Algorithm

Under Noise Interference
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