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Abstract: [Purpose] To address the challenge of coordinated optimization between collision avoidance
planning and motion constraints in the scenario where ships navigate close to dynamic surface targets, a
hierarchical path planning method integrating the improved A" algorithm, rapid reverse search iterative
planning (RRSIP), and Hybrid A" fine-grained planning, aiming to achieve efficient and kinematically
compliant dynamic target tracking planning is proposed. [Method] An improved A" algorithm based on
dynamic programming and oriented bounding box obstacle detection is used to plan a global reference path,
reducing path length and redundant waypoints. For the dynamic target point, the RRSIP method is
proposed, which reuses node information from prior searches via reverse search to quickly iterate and
predict the approach point, avoiding global replanning and improving efficiency. Hybrid A" algorithm is
introduced near turning points for local refined planning, quickly generating a feasible path that satisfies
ship kinematics and approach heading constraints. [Result] Compared with other typical algorithms, the
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path length of the improved A" algorithm proposed is reduced by an average of 4.17% and 1.79%

respectively. The RRSIP method reduces the iterative planning time by at least 33.9% compared with the

FR method. While ensuring path feasibility, the local Hybrid A planning reduces the time consumption by

at least 72.1% compared with the global application. [Conclusion] The proposed method can effectively

solve the problems of real-time performance and kinematic feasibility in dynamic target tracking, and

significantly improve the autonomous tracking capability of ships in scenarios such as tugboat escort and

maritime police law enforcement.
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Fig. 1 Framework for Ship Tracking Path Planning Method
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Fig.2 Schematic of the Iterative Process for Tracking Path
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Planning Method and Tracking Guidance Approach
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Tab.3 Hybrid A* Algorithm for Ship Path Planning (Algorithm 3)
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Fig. 5 Planning Paths of Different Improved A” Algorithms in Multi-Scenario Environments
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Fig. 5 Planning Paths of Different Improved A* Algorithms in Multi-Scenario Environments (Continued)

80

60 ==Y

Y [grids] W
1w3<::3

140}y th
1m QZE
100

D

5 A A%
-—A Tk
o — R[]
—3CHR[16]
AN JfiE
- i._,

. {/)ln_:

60 80 100 120 140 160 180 200 X [grids]

HF 4 AXNBZE

(d)

£S5 TR AEARMREXTLE

Tab. 5 Performance Comparison of Different Improved A* Algorithms
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