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Abstract

Existing research on detour routes for flights under thunderstorm conditions mostly relies on
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idealized simulation scenarios and focuses on the optimal route for a single flight, creating a discrep-
ancy between research outcomes and the practical operational requirements of air traffic control
(ATC). To address this issue, this paper proposes a practical application-oriented method for gener-
ating and expanding detour routes for flight flows. Firstly, a weather radar image processing workflow
including binarization, denoising, pixel clustering, and boundary extraction is designed to construct
an effective pathfinding map. Secondly, a segment division strategy for detour route segments that
meets ATC operational requirements is proposed. Subsequently, by simulating the conventional op-
erational mode where aircraft takes detour routes around both sides of the weather-affected area, the
A* algorithm combined with the line-of-sight reduction optimization algorithm is applied iteratively
to generate multiple feasible detour routes. Finally, with reference to the topological concept of ho-
meomorphism, the “homeomorphic flight paths” are innovatively defined, and the solution set of
detour routes is further enriched through a parallel expansion strategy. This method aims to pro-
vide a set of basic routes with high executability for the global planning of air flight flows under
thunderstorm conditions, effectively making up for the shortcomings of existing research in terms
of practicality, operability, and adaptability to flight flow planning.
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Figure 1. Colour coding for weather radar maps
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Figure 3. Example of weather image processing procedure
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Figure 4. Selection of the final waypoint for rerouting flight
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Figure 5. Route segment results
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Figure 6. Selection of the midpoint for rerouting flight
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Figure 7. Parallel extension of rerouting flight paths
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Figure 8. Overall algorithm flowchart of rerouting route generation for flight stream
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Figure 9. Weather radar map and historical track fusion map
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Figure 10. Comprehensive solution results diagram
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Figure 11. Combined rerouting flight path results diagram
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Figure 12. Parallel expansion result diagram
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