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Effects of lidar location on retrieval of aircraft wake

vortex characteristic parameter
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Abstract: To improve the accuracies of wake vortex detection and retrieval of lidar in range height
indicator mode, an algorithm for solving the optimal location of airport lidar based on the vortex
core region segmentation was proposed. The influence of the lidar lateral and longitudinal
installation positions on the accuracy of wake vortex retrieval was studied. Considering the effects
of wake vortex dissipation and descent, a simulation model of lidar dynamic echo data was
established. The radial distance formula of the wake vortex region segmentation was deduced,
and the wake vortex core positions were determined according to the velocity extreme points after

the region segmentation. After the detection time difference was corrected, the vortex core
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positions were substituted into the induced velocity equation. The simultaneous equations were
constructed using the radial velocity of the characteristic point near the vortex core, and the
relative error of the wake vortex circulations was solved. The calculation process for the lidar
optimal location was designed based on the porportion of aircraft types at the airport. According
to the operational data at a domestic airport for one week, data of five typical aircraft types were
extracted to analyze the impact of airport lidar location, and the optimal lidar location of the
airport was determined. Research results show that the lateral distance of the lidar location has a
great influence on the retrieval accuracy, and there is an optimal lateral distance, which is about
10 times the aircraft wingspan. Approximately 200 m near the optimal lateral distance is a pretty good
selection range, and the detection accuracy within this range does not change much. There is a minimum
value for the selection of longitudinal distance, which is positively correlated with the descent speed of
the wake vortex. For the typical large civil aviation aircraft, the value is about 800 m. When the
longitudinal distance is greater than the minimum value, its change basically does not affect the wake
vortex detection accuracy. The best location area for the airport lidar is a long strip area where the lateral
position is near the optimal lateral distance, and the longitudinal distance is greater than the minimum
value. It can be seen that the algorithm for solving the optimal location of the airport lidar is effective,
and can be applied to the wake vortex detection experiment or the lidar location decision analysis of the
dynamic wake separation system. 2 tabs, 11 figs, 31 refs.
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Fig. 1 Lidar installation location
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Fig. 2 Lidar wake vortex detection profile
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Fig. 3 Segmentation of lidar scanning area
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Fig.5 Calculation process for lidar optimal location
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Fig. 6 Influences of longitudinal position on detection accuracy
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Fig. 7 Influence of lateral position on detection accuracy
25 400 m I, 3R 22 45 T B /NME L Z 5 B A B ) iR R
FAY SN 152 22 I VRES AR AN T 3 K 3O DR SO
K5 R i 2 (A R B A O ), AR R R R R e 1 R IR
i ) P L RN ) e T R 30 B A N K A
P T B H R e A% A7 R R U A 1 15 22 U B i
K HR 22 K5 BA AT R R 25 32 Y 1] BE S 5 ) 4K
/NS GV 5 1) BE B HRINORG B 95 e 25 08— 3K
3.1.3 MK E AR a o

BLIZ OGRS HE 15 B S R FE R 2 N
1600 m, fig KA ] FE BN 3 1 000 m, G o) B B
W Ax ARG PR B0 &8 Ay HRIEN 50 m, WOLH
KHEMIF W2 6, =0,1,+,10 s, iR Z B e N
20 %, OG8N W B A320 HLELY R IR
Wi py iR 22 M8, iR 2 S5 L K 8 s . W
Pl 8 AT DL - 0 5% 22 i A [ B 5 S 0N i 3 R, 6 T
25 78 Y\ 1) BB A A S A ) RS, HLOR BU7E 400 m
AEA s PRI 5 2 B 2\ 1) 2 1) A8 fb R K BH I, e FE A

1000

800

1 7] P B5/m
g

400 -

200
600 800 1000 1200 1400 1600

2 1] BE B/m
Bl 8 A320 HRIMR 2 S (H LK

Fig. 8 A320 detection error contours
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Table 2 Flight parameters of various aircraft types
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Detection error contours of various aircraft types
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Fig. 11 Detection mean error contours of multiple aircraft types
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