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Improved LiDAR-based aircraft wake
vortex retrieval methods

WEI Zhi-giang, YANG Xian-kang
(School of Air Traffic Management , Civil Aviation University of China, Tianjin 300300, China)

Abstract : To address the issue of low wake vortex retrieval accuracy caused by the large radial resolution of lidar,cubic
interpolation and cubic spline interpolation are applied to interpolate the radial wind field of wake vortices between lidar
range gates at densities of 1,2,4,and 8 meters. And the gradient method is then used to invert the vortex core positions.
Subsequently , the gradient method is improved by applying cubic interpolation and cubic spline interpolation between the
maximum absolute gradient values across range gates at the same densities (1,2,4,8 meters). Finally,a resolution en-
hancement method based on cubic spline interpolation is proposed to improve vortex core identification accuracy through
the enhanced gradient method. Studies demonstrate that cubic spline interpolation achieves better consistency with wake
vortex data compared to cubic interpolation. In numerical cases,the maximum correction rates for vortex core positions
reach 20 % ~35 % using cubic interpolation and 39 % ~71 % using cubic spline interpolation. When comparing the
efficiency of the wake vortex radial wind field interpolation algorithm and the improved gradient method in identifying
vortex cores,the time consumption of the improved gradient method is reduced by 82 % compared to the interpolation
algorithm.

Keywords : wake vortex parameter retrieval ; vortex core position estimation; LIDAR ; aircraft wake ; wake vortex flow
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Tab. 1 Wake vortex parameters in the simulation
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Tab.2 Wake vortex parameters in the experiment
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Tab. 3 Deviations in retrieved vortex core positions with cubic and cubic spline interpolations under varying

interpolation densities of experiment 1
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Tab. 4 Deviations in retrieved vortex core positions with cubic and cubic spline interpolations under varying

interpolation densities of experiment 2
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Tab.5 Maximum correction rate of vortex core

position in experiments 1 and 2
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Fig. 8 Scan results of experiment 1 under uniform background wind

—_
(=]

FHOLE 1L % B FE R /m

—_ L3S w S W N ~ o] e
A X/ (m - s

0100 200 300 400 500 600 700 800 900
FHOLH LK FE R /m
(SR PR e A N BERE AT S
Fig. 9 Scan results of experiment 2 under uniform

background wind

1 TR i i 52 R R AR, 2 11 5 KU
BN, 0T S mx RIS BUEOR L, B 7 5t Kk
Fr oIBR8 3 13 [ 20 o R X (o
R ) AR R it X sk (I g R o) , b R I X
B2 RO, AR R XK TIiE s R, £
SRR . BUXH R I X S R X It A
B3, R IR DX AR R O X e a7 R AR 3R
2 RS 1.2 M ZE A I I A AL B R , ZE T A
AR BRI K P OL B I B R AR R (0, O) U i
RIEHEE (0, = A, 0p +A,) , AR N
T, b A, 5 RLF AN Y (A SCH 60 m) .
A SRAR FE L DX I N 7 55t UG 119 S8, 7 R A
DX PN Dk 2 5 5 XX - B4, BRI AT S B 5 XL
R AERTE S XUS BRERIRZNIE 10 11 s,

450

AERAXIR Y BRXE 1 ARRRXR 4
400 : ;
1 1 13
350 1 1
E . : 2 =
& 300 | ;
&= 1 I g
m 250 + i =
i ! 0 #
X 200 ! =
i g E
3R 150 + ]
= 2
& 100
3
50 f
-4

0100 200 300 400 500 600 700 800 900
FHOEH LK HEE/m
10 528 1 HIBRE S XS IRk
Fig. 10 Wake vortex flow field of experiment 1 after

background wind removal

450 ¢ . . 5
IR RHKE ARERRS
400 ¢ 1 1 4
1 1
350 | ! ! 3
E 1 1 ~
5 300 ! ! 2 %
o | | £
m 250 1 ! I =
2 ! &
X 200 - . 0 <
i | =
SR 150 ¢ 1 -1
=
® 100 2
50 + -3
-4

%00 200 300 400 500 600 700 800 900
BB KT B /m
11 528 2 BBk SIS IR R
Fig. 11 Wake vortex flow field of experiment 2 after

hackground wind removal

B S XGIERIG , F BRI T AR ) R i

YA TR, SE5s 1 RIS 2 fR B Es R ank 6.7 iy

Mo AR R AT LR RS S g, 5L

59 1.2 45 R 5 01 5t — 2, UE B 8 e A% )
W RS 2 B — o W



WOk 5 4850 No.2 2026 BUGHS S TWOCHTS I G IR IR B A MO 5 217

)6 ZIRI1FBEERNERELERZE

Tab. 6 Vortex core position deviation of experiment 1 after background wind removal
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R 1 3.99 4.62 3.02 3.63
G 2 4.97 3.63 3.02 3.63
W 4 4.97 5.62 4.97 1.63
R 8 4.97 5.62 4.97 5.62
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Tab.7 Vortex core position deviation of experiment 2 after background wind removal
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Fig. 12 Implementation flowchart of the improved gradient-based method
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Fig. 15 Vortex core position retrieval deviation using the improved

gradient method ( background wind removed ) in experiment 1
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Fig. 16 Vortex core position retrieval deviation using the improved

gradient method ( background wind removed ) in experiment 2
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