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Dynamic safety separation calculation method for low-altitude logistics
UAVs considering wind disturbance effects

ZHAO Gu-hao* , CAO Yu-long, ZHOU Zhi-chong, XIE Han-chen
(Air Traffic Control and Navigation College. Air Force Engineering University, Xi'an 710051, Shaanxi, China)

Abstract: When low-altitude logistics unmanned aerial vehicles (UAVs) operate in complex wind
field environments, wind disturbance significantly affects flight trajectories, making traditional
fixed safety separation methods difficult to meet actual operational requirements. Therefore, a
dynamic safety separation calculation method considering wind disturbance effects was proposed.
A wind disturbance attitude angle coupling model was established. By analyzing the influence
mechanism of wind speed on UAV attitude angles, the coupling relationships of yaw angle, pitch
angle, and roll angle with wind speed components were derived. A position deviation prediction
model under wind disturbance was constructed. Global Positioning System (GPS) and inertial
measurement unit data were employed for parameter fitting to establish quantitative relationships

of lateral, longitudinal, and vertical position deviations with wind speed. A dynamic safety
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separation calculation method was proposed to dynamically adjust horizontal and vertical safety
separations according to real-time wind field information and flight parameters. The result shows
that the standard deviations of lateral, longitudinal, and vertical position deviations are 0. 88,
1.32, and 0. 91 m, respectively, with all model prediction errors within 1. 5 m. Under the same
traffic flow conditions, compared with the traditional fixed separation methods, the dynamic
safety separation calculation method reduces the number of potential conflicts by approximately
37% while maintaining a safety margin above 95%. This method can effectively respond to the
impact of wind disturbance on UAV flight trajectories, significantly improving the operational
safety and airspace utilization efficiency of low-altitude logistics UAVs. It can provide theoretical
support for trajectory planning, conflict detection, and airspace management.
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model; dynamic safety separation; wind disturbance proxy modeling; separation multiplier
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Table 2 Calculation rules and risk levels for each factor
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Fig. 7 Comparison of collision risks over time
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Fig. 8 Comparison of safety intervals with the numbers of UAV
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Fig. 9 Comparison of safety intervals at different speeds
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Fig. 10 Comparison of relationship between airspace

density and risk
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Table 4 Correlation validation between wind disturbance

proxy variables and position errors

A REER Pearson #f 3¢ R 8L pME
PR MR dg/de| | HEEE% 0.450 1 <0.001
040 1 78 % | dB/ de | T H R % 0.122 8 <0.001
BER A | o] B 1 5 2% 0.394 6 <0.001
SRR LMME | B ERE 0.558 5 <0. 001
i i 5% 2 0.235 7 <0.001
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Fig. 12 Effectiveness validation of the wind disturbance proxy mechanism
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Table 5 Generalization ability validation of the model under

different flight conditions

A il FEASE | Pearson 3¢ R %L pE
HEO~5mes" 1) 3296 0.472 1 <0.001

Wk | PEG~L0mes ) 115 0.1912 0.041
EH(10~15m+ s~ 1) | 39486 0.578 0 <0.001
125 (<80 m) 4685 0.587 7 <0. 001
[} 1 F125(80~120 m) 12 584 0.501 2 <0.001
4 (>120 m) 28 219 0.506 7 <0.001
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Table 6 Comparative validation results of actual operation scenarios
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