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Previous work on cross-correlation method applied to aerosol lidar data:



Objective: Evaluate the accuracy and reliability of an aerosol lidar
and the cross-correlation method to derive 2-component 
horizontal vector wind fields in the surface layer.

Outline
• Instrument: REAL
• Experiment: CHATS
• Algorithm: Cross-correlation
• Time-series examples
• Preliminary data analysis results
• Conclusions
• Related concurrent work

New in this work:     
• Eye-safety by operating at 1.5 microns wavelength.
• Scanning for 3-months and through an instrumented tower.
• Vectors from pairs of scans only.  (No CCF averaging.)



Raman-shifted Eye-safe Aerosol Lidar (REAL)

Mayor, S. D., S. M. Spuler, B. M. Morley, E. Loew, 2007: Polarization lidar at 1.54-microns and 
observations of plumes from aerosol generators. Opt. Eng., 46, 096201.

Beam divergence:          0.24 mrad (full)
Receiver field-of-view:  0.54 mrad (full)
Telescope diameter:         40 cm
Detector type: InGaAs APD (200 microns)
A to D converter sampling rate:  100 MHz
A to D converter resolution :          14 bits

Wavelength:    1.543 microns
Pulse energy:      170 mJ
Pulse rate:             10 Hz
Pulse duration:       6 ns
Beam diameter (1/e2 pts) :

At 0.0 km range: 66 mm
At 1.6 km range: 0.5 m
At 6.0 km range: 1.5 m



Canopy Horizontal Array Turbulence Study (CHATS)
15 March – 11 June 2007, Dixon, California

Patton, E. G., et al., 2011: The Canopy Horizontal Array Turbulence Study (CHATS), Bull. Amer. 
Meteorol. Soc., In Press.



21 March 2007: 04:12 – 6:35 UTC
( 7:12 PM to 11:35 PM PDT )

2 hours 23 minutes duration

5.3 km





CHATS 30-m Tower (NCAR ISFF)

REAL laser pulses

At the range of the tower, pulses 
are spaced every 11 meters at 10 
Hz PRF and 4 degrees per second 
scan rate



Cross-correlation algorithm





Date/
Time

Box
Size

Dt Du Dv TKE Ri
CCF 

Peak
Max

Raw
SNR

Image
SNR

20070326/20:12:30 250 17 0.21 -0.11 0.23 0.15 0.22 132 5.2

20070326/20:12:30 500 17 -0.16 0.83 0.23 0.15 0.24 128 4.8

20070326/20:12:30 700 17 0.34 -0.52 0.23 0.15 0.32 130 5.1

20070326/20:12:30 1000 17 0.45 0.01 0.23 0.15 0.41 113 4.9

20070326/20:12:47 250 30 -0.12 -0.06 0.12 0.23 0.23 125 4.5

20070326/20:12:47 500 30 0.32 -0.28 0.12 0.23 0.28 140 5.3

20070326/20:12:47 700 30 -0.15 0.19 0.12 0.23 0.35 136 5.2

20070326/20:12:47 1000 30 0.03 -0.23 0.12 0.23 0.42 127 4.8

20070326/20:13:04 250 30 -0.42 0.36 0.15 0.13 0.17 130 5.1

LIDAR
LIDAR –
SONIC SONIC SONICLIDAR LIDAR LIDAR

LIDAR –
SONIC LIDAR



800,000 two-component vectors
from approximately 275,000 PPI scans

Block size
250 m 500 m 750 m 1000 m

Time 
Between 

Scans

10 s 69483 47392 0 0

17 s 97567 103142 103148 103150

30 s 61720 69667 69825 69827



Hypothesis

• Lidar-vectors will agree with sonic 
anemometer vectors better during the day 
because  turbulence creates coherent aerosol 
features that move with the wind.

• Lidar-vectors may not agree with sonic 
anemometer vectors during the night because  
stability promotes gravity waves which may 
propagate differently from the local wind.



21 March 2007: 04:15 – 6:45 UTC
( 7:15 PM to 11:45 PM PDT )

Dt = 17 s,  Box size = 250 m x 250 m



21 March 2007:   Night-time wind shift (1:00 – 1:30 PST)

Colored lines from Sonics
Orange  12.5 m
Red 14 m
Purple  18 m
Blue 23 m
Green  29 m

Black dots from Lidar
Dt = 17 s
Box size =Dx = Dy = 500 m



26 April 2007: 22:00 – 01:00 UTC (next day)
( 14:00 PST to 17:00 PST)

Dt = 30 s,  Box size = 500 m x 500 m



U-COMPONENT V-COMPONENT



U-COMPONENT V-COMPONENT





U-COMPONENT V-COMPONENT



U-COMPONENT V-COMPONENT





Related concurrent work











Cross-correlation Optical Flow

Derian, P., P. Heas, E. Memin, and S. D. Mayor, 2010: Dense motion estimation from eye-safe 
aerosol lidar data.   25th International Laser Radar Conference, St. Petersburg, RU, 5-9 July.



Derian, P., P. Heas, E. Memin, and S. D. Mayor, 2010: Dense motion estimation from eye-safe 
aerosol lidar data.   25th International Laser Radar Conference, St. Petersburg, RU, 5-9 July.

Cross-correlation Optical Flow



Parallel Processing using 
Graphical Processing Units (GPUs)



Conclusions
• Better agreement at night when TKE is low.

• Gravity waves do not appear to present a significant problem.

• Better agreement with higher CCF maximums.

• Code is not perfect.   (v-components show less agreement than u-components.)

• Faster scanning will improve measurements.

• Optical Flow has strong promise to “fill the gaps” but needs tuning.

New questions:

• How much averaging of the sonic anemometer data for the fairest comparison?

• Does the technique work at higher altitudes?
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