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Low-altitude planar air route network planning method based on

gradient optimization

LI Jie', SHEN Di', YU Fu-ping"', GUO Yi-duo®
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Abstract: To address the problems of imperfect structure and immature planning method of low-
altitude air route networks, the structure of low-altitude air route networks was designed and an
innovative planning technology was proposed. In terms of structure, an overall “three-layer airspace”
framework was constructed (the bottom layer is the logistics air route network, the middle layer is the
commuter air route network, and the upper layer is the emergency/public air route network). A
single-layer bidirectional air route design was adopted for the internal structure, with intersections
referring to the overpass model to achieve omnidirectional non-waiting traffic. In terms of planning
method, an innovative two-stage technology based on gradient optimization was proposed. In the

global planning stage, a path planning algorithm was used to generate routes, the “scanning volume”
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method was adopted to identify turning points and intersection points, and density-based spatial clustering
of applications with noise (DBSCAN) was employed to merge them to form an initial network. In the
local optimization stage, the problem was transformed into the crossing waypoints location problem
(CWLP), 9 movement directions were set to construct a direction matrix, and the total length of the air
route network, the total length of routes, and safety constraints were taken as the objective function. The
position of intersection points was iteratively optimized by dynamically updating the transition probability.
With a certain area in Shanghai as the simulation scenario and 150 m as the standard for defining high-rise
buildings, 12 take-off and landing points and 34 routes were set for verification. The results show that a
conflict-free low-altitude air route network is successfully planned, with the number of iterations reduced
by 66 % compared with existing methods. 85. 3% of the route length change rates are between —10% and
2%, with no excessive extension. The node layout is regular. The airspace occupancy rate and conflict
risk are significantly reduced. The structural framework and planning technology provide a feasible
scheme for the practical construction of urban low-altitude air route networks. The planning research of
trunk air route networks can be expanded in the future.
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Table 1 Summary of global air route network planning
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Fig.4 Process of the planning method
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Table 3 Gradient of nodes in different directions
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