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Abstract

For underwater autonomous vehicle (AUV) in complex underwater environment for 3D path plan-
ning, the sand cat group algorithm facing obstacle avoidance ability, slow convergence and easily
into local optimal solution, this study puts forward a sand cat group optimization algorithm and
levy flight method combining strategy, aims to improve the overall performance of the sand cat
group algorithm. By initializing the initial population with the consistency of chaotic mapping, the
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population diversity is effectively enhanced. In addition, the mutualism mechanism and the adjust-
ment of Levy flight strategy significantly enhance the algorithm’s ability to find the global optimal
solution. This improvement not only improves the convergence speed of the algorithm, but also im-
proves the solution accuracy. Through simulation tests in scenarios of static obstacles and dynamic
current interference, the improved Sand Cat Swarm Optimization algorithm (LVSCSO) significantly
outperforms six types of algorithms including PSO and GA in terms of global convergence: the devi-
ation of the optimal solution is reduced by 21.4%, the stability of the worst solution is improved by
33.7%, and the average solution accuracy is optimized by 19.5%. The results indicate that LVSCSO
can effectively address complex underwater path planning tasks (such as seabed exploration) and
has potential for engineering deployment.
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Figure 1. Environment modeling by raster method
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Figure 2. Variation curve of |R| value with the number of iterations. (a) SCSO algorithm; (b) LVSCSO algorithm
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Figure 3. Schematic diagram of iterative update
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Figure 4. Flow chart of LVSCSO algorithm
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Table 1. Parameter values of the three algorithms
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Table 2. Underwater protruding terrain model parameters and underwater organism model parameters
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m (25,15) (6.6,8) 3 (32, 35) 5
| (12,23) (8.8,7) 6 (15, 40) 45
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Figure 5. Comparison of navigation path planning under three underwater environment modelss. (a) Model 1; (b) Model 2; (c)
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Figure 6. Comparison of top view of track planning under three underwater environment models. (a) Model 1; (b) Model 2;
(c) Model 3
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Table 3. Fitness function values of three underwater environment models
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Figure 7. Iterative curves of fitness function in three underwater environment models. (a) Model 1; (b) Model 2; (c) Model 3
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