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Abstract:

In this work, intensity-based techniques to detect and track large aircraft
vortices from wind Doppler LIDAR measurements are investigated. The
ground-based Doppler LIDAR system allows for the ability to track an
aircraft’s wing-tip vortices for several minutes after a flyby. Once identified,
the characteristics of the vortices can be examined including core
separation, velocity, and radial size. The variability of the near groundsurface conditions can change the vortices drop rate, as well as cause the
vortex to twist and deform unpredictably. Correlation techniques are applied
to LIDAR scans in order identify a region of interest with wing-tip vortices.
To estimate the spatial shift of the vortices, a Block matching (BM) algorithm
is employed to obtain the vortices displacement between a pair of
sequential LIDAR scans. Thereafter, feeding the BM results into a Kalman
filter, the position of the wing-tip vortices is tracked to the near groundsurface. Comparisons between measured and estimated positions of the
wing-tip vortices are presented.

EXPERIMENTAL METHODS FOR
Methods (cont’d):
MULTI-GENRE
NETWORKS
• Autocorrelation for automatic segmentation of vortices ROI
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xˆh :Height position estimate
xˆc :Cross-range estimate

xˆvh : Height velocity estimate
xˆvc : Cross-range velocity estimate
w: Process noise
v: Measurement noise
Ts : Discrete time interval

Results:

• Autocorrelation for automatic segmentation of vortices ROI
• Rankine vortex to model center of vortices

Motivation:

• Wake vortices from large aircrafts can adversely affect trailing small
aircrafts and airborne soldiers (paratroopers).
• Monitoring and predicting the behavior of these wake vortices can help
avoid the adverse affects of wave vortices

Problem Statement:

• Automatically identifying and mapping large aircraft wing-tip vortices
from Doppler LIDAR measurements
The objective of this research are the following:
• Automatic segmentation of the wing-tip vortices region of interest
• Develop a motion estimation algorithm of wing-tip vortices
• Develop a tracking algorithm
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Rankine Vortex : Vθ (r ) = 
 Γ/r
Γ : Circulation strength

r ≤ R,
r>R

R: Core radius

• Motion estimation and compensation results
Vortex
Assumption:
• Scan 2 is a shifted Scan 1
Motion compensation
• Removing motion shifts Downwash
• Reconstruct Scan 1

• Kalman filter (KF) tracking (Ts =17s)
• Comparisons between estimated and measured vortex positions

Methods:

• Autocorrelation for automatic segmentation of vortices ROI
• Assumption: Background noise is assumed to be random (Gaussian)
• Assumption: Vortices intensity peaks (circulation strength) are higher
than the background
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Conclusion:

σ xx2

ρkl: Sample correlation coefficient of variable
𝑋𝑋: Values of variables
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• Block matching algorithm for motion estimation
• Estimates the displacement between two Doppler LIDAR scans
• A best fit (max ρXY) search of Image 1 over Image 2 (template: ROI) is
performed

• The BM algorithm effectively estimates the vortices ROI
• The Kalman filter tracks the vortices to near ground level
• Good agreement between estimated and measured vortex positions
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Block matching steps:
1. Image 1 is subdivided into blocks
2. Block #k is searched in Image 2
3. Cross-correlation:
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4. Repeated for k=1,…, (number of blocks)
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