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Identification method of aircraft wake vortex based on Doppler lidar

PAN Weijun, ZHANG Qingyw, ZHANG Qiang, LI Hua, WU Zhengyuan
(Air Traffic Management Institute, Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract: In order to improve civil aviation safety and flight efficiency and realize accurate identification of wake vortex,
aerodynamic theory of aircraft tail vortex, especially the classical Halock-Burnham wake velocity mathematical model was
analyzed and studied. One standard radial velocity model for radar aircraft wake detection was established by using the principle
of Doppler lidar to detect the radial velocity of vortex wind field. The idea of sliding window was introduced. A method based on
waveform similarity matching was proposed to identify the wake vortex automatically. The detailed algorithm flow was also given.
The recognition method is theoretically analyzed and experimentally verified by using the measured data of lidar wind field and the

hypothesis testing method. The results show that the effective recognition rate of this algorithm for aircraft wake vortex is 90% .

The resulis of the study have some reference value for further wake monitoring.
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Fig. 1 Schematic diagram of wake vortex measurement of laser radar
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Fig.2 Relationship between radial velocity and distance of wake vortex
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Fig.3 Flow chart of wake vortex waveform matching
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Table 1  Model parameters

type of aircraft B747
maximum take-off weight 416385kg
take-off speed 83.3m/s
span 64.4m
air density 1. 16kg/m®
gravity acceleration 9.81m/s?
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Table 2 Radar parameters

observation mode RHI
detection range 45m ~915m

detection accuracy 30m
scan angle range 10° ~60°
scan step length 1.0°
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Fig.5 Relationship between speed and distance after vortex wave matching
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Table 3  Test results

total measured data 76440

filter data 4050

vortex type left vortex right vortex

RHI display results 5 5
matching results 5 4
recognition rate 90%

consistent with K-S test 3 3
number of false alarms 2 1
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