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Path planning for circumflight around cumulonimbus clouds
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Abstract: This paper proposes a three-dimensional solution based on improved A* for the problem
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of path planning of cumulonimbus cloud avoidance and compares the performance of multiple algorithms.
As a high-risk meteorological phenomenon, cumulonimbus clouds pose a severe threat to flight safety,
and scientific detour planning constitutes a critical technical challenge in the civil aviation domain.
Conventional path planning methods suffer from limitations such as low efficiency and poor adaptability.
By virtue of its heuristic search strategy, the A" algorithm exhibits distinct advantages in path planning
for complex environments. This study first constructed a parametric model of cumulonimbus clouds. By
setting the core area, buffer zone and irregular factors, the spatial distribution characteristics of
cumulonimbus clouds were precisely described. Moreover, the heuristic function and cost function were
redesigned for the three-dimensional environment. Subsequently, traditional A* was successfully
extended to three-dimensional space, achieving efficient three-dimensional path planning through key
improvements such as increasing the height dimension, extending to 26 neighboring node directions, and
using a three-dimensional Euclidean distance function. Multi algorithm comparative experiments show
that the improved A” generates a path length of 14. 535 2 units and only 6 turns, which is superior to
various mainstream methods such as Dijkstra, JPS, RRT" and ant colony algorithm in terms of path
quality and smoothness, and has the best comprehensive performance. The research results provide an
effective technical approach for enhancing flight safety and reducing detour costs and fuel consumption.
It also provides an important reference for the construction of intelligent three-dimensional path planning
system in the aviation field.

Keywords: cumulonimbus cloud; path planning; flight safety; improved A* algorithm; RRT algorithm
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