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Fixed-altitude 3D path planning for unmanned underwater
vehicle using improved hybrid A~

Yan Zheping” , Dong Yue
(Qingdao Innovation Development Base, Harbin Engineering University, Qingdao 266000, China)

Abstract: To address the altitude-constrained path planning problem for Unmanned Underwater Vehicles ( UUVs) in
complex terrain environments, this paper proposes an improved hybrid A” path planning algorithm based on UUV motion
characteristics,, termed UUVA ™. Firstly, the traditional hybrid A* algorithm is extended by expanding the state space and
incorporating the nonholonomic motion constraints of UUVs. Secondly, motion primitives tailored to UUV navigation
characteristics are designed, and the cost function is optimized to generate smoother and more navigable paths. Finally, to
enhance search efficiency, a multi-resolution hierarchical search strategy and branch pruning mechanism are introduced,
significantly reducing the number of node expansions. Simulation tests conducted in two representative complex terrains—
submarine hills, and submarine canyons—uverify the altitude-constrained planning capability of the proposed algorithm.
Furthermore,, comparative experiments against classical A" algorithm, hybrid A", and RRT" algorithms are conducted.
The result shows that the generated paths are smoother and yield smaller tracking errors, making the proposed algorithm
more suitable for practical UUV applications, which verifies the superior performance of the proposed method in terms of
trajectory tracking error and path navigability.
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Tab.2 Trajectory tracking data of submarine hills

FERE LI E]/ms FIRIE/m IRZEVRMEZ/m BRRZE/m FERZEEGIX W (95% ) /m
g A 670.54 0.491 0.208 1.009 0.483 ~0.498
R A 216.70 0.568 0.317 0.970 0.556 ~0.579

RRT* 149.82 0.367 0.204 1.002 0.359 ~0.374
UUVA~ 318.08 0.168 0.111 0.337 0.164 ~0.172
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Fig. 13 Planning path of submarine canyon
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Tab.3 Trajectory tracking data of submarine canyon
R LES pdlingHANE IR 22/ m RZEARIEZE/m FRIRZ/m SR 2E EAG XA (95% ) /m
A" 464.94 0.266 0.170 0.874 0.260 ~0.272
BE AT 216.06 0.347 0.252 0.932 0.338 ~0.356
RRT” 154.07 0.331 0.202 0.780 0.324 ~0.338
UUVA~ 234.717 0.067 0.040 0.171 0.065 ~0.068
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