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BACKGROUND

> Atmospheric Winds: very important parameter for many applications: Meteorology, 
Climatology, Atmospheric research, Navigation, …

> Wind measurement techniques: 

▪ # DWL: Detect Frequency change of Doppler shift (as in Aeolus Satellite, ESA since                                                         
2018 …)

# PBL winds via Auto-Correlation of Aerosol inhomogeneities with (ground)scanning 
Elastic lidar (Eloranta,  University Wisconsin, 1977)

# Cloud image correlation : first Wind measurements with correlation from satellites  
(NOAA, 1970)

❖ for phase changes
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BACKGROUND #2

❖ DWL Technique (Aladin Instrument on Aeolus Satellite) is the best in terms of altitude 
range (0- 30 km), resolutions, accuracy but: 

> DWL Tx requirements: very demanding in terms of wavelength, spectral purity, stability & 
energy 

>  DWL Rx requirements: high frequency accuracy/stability of filtering, very complex focal      
plane detection & processing

❖ for >>This work: Simpler system based vector-wind determination by X-
correlation of Matrices of Elastic-Lidar-generated Point Clouds (0-10 km) + 
proposal x combination of Passive O2 Doppler Interferometer in Limb 
Sounding, for Molecular winds (10-30 km) 

❖ phase changes
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THE LIDAR CONCEPT

§ Tx lidar based on: 

➢ # High-repetition rate (KHz), IR/Vis low energy , multi-beam laser

➢ >> Vastly simplified laser technology & relaxed requirements than for DWL 

§ Rx lidar based on: 

➢ # Single  Photon Detection/Counting with multi-channel PMT array 

➢ # Cross-correlation of Point-Cloud Images of Tropospheric aerosols

➢ >> Vastly simplified Rx requirements than for DWL

§ Multi-functional idar concept:

# High on Processing &  Computer Power, apt for Sensor Data Fusion

CEOI, April 2021, Armandillo_CWL



Ground   Validation Test Bed
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WIND SATELLITE SPACE CONCEPT

o Combo-Instrument Satellite: CWL + 

Doppler Imager in Limb Sounding: 0-

10 km CWL, 10-30 km Limb Sounder

o CWL emits 2 beams spatially 

separated by dx < spatial resolution 

(50 km), at an angle: δφ

o CWL: 0-10 Km aerosol histograms 

correlation provides 2-D wind 

components

o Limb Sounder: 10-30 Km: winds by 

High Resolution Doppler Imager on  

O2 lines (already proven on UARS 

HRDI)
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Concept 1

O2 Limb Observations
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Photek  Detector Array & Eventech

Photon Counter: The Brain of the Lidar

16 Channel PMT-MCP Photek Detector Array 16 Channel Eventech Photon Counter Board 
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DATA SET OUTPUT & PROCESSING STEPS

The steps

1.Multi-channel Detector output: atmospheric signal intensity profiles vs 

height (Point Clouds: x, t, S or x, φ, S)

2. Pre-processing of data: averaging, R^2, background subtraction, 

normalization & outputted  as Excel file (TPF software)

3. Processing Wind of data:   Cross-Correlation-Algorithm (CCA) of 

(Excel) data sets from subsequent scanned Images. CCA part of  

MATLAB DSP package
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On-Site: 

Total scattering= Red curve

Aerosol scattering=Balck curve(*)

Molecular scattering= Blue curve

SUPPORTING MEASUREMENTS:  ATMOSPHERIC SCATTERING 
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On-site

Total Extinction= Red curve

Aerosol Extinction=Black curve

Molecular Exctinction= Blue curve

SUPPORTING MEASUREMENTS: ATMOSPHERIC EXTINCTION 
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Example of CWL data file 
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 Vector wind : U= (R+/-dr)*sin(360+/-ω)/(T+/-dt)



Pictorial view of wind calculation (Polar)

r

ω

Correlation Matrix 

Dimensions : 3 + 7 - 1

Aerosol feature        moving vertically & horizontally 

in the scanner azimuth plane
Template A= 3x3 

Image   B=   7x7

Cij [-4 to +4 both indices]

i: scan in range, j: scan in azimuth/time
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EXAMPLE OF IMAGE(B: 5X5)& TEMPLATE(A: 3X3) MATRICES FROM 

CONTIGUOUS SCANS TO MATLAB

A B
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Examples of Winds: case 1

Corresponding Correlation Coefficient

Averaged lidar profile vs height 

Show case 1: July 2020; location: West Sussex; country, low aerosol load,  quiet & clear summer night
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Winds: case 1

sec

5 x azimuth scans
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Winds: case 2

5* Azimuth scan

1350 m

m/sec

Show case2: September;2020 location: West Sussex; country, low aerosol load,  quiet & clear summer night

Correlation Coefficient vs height
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Winds: case 2

5* Azimuth scan

1350 m

m/sec
Winds(m/sec)

5 x azimuth scans
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Conclusions  & Outlook 

➢ The CWL lidar technique with DSP processing  has demonstrates that it can provide 
atmospheric winds, offering significant system simplification in terms of H/W, S/W & 
Processing.

➢ The New Instrument Concept is multifunctional & can be applied to Altimetry &  Imaging 
(already demonstrated) 

➢ Tx complexity traded & replaced by Processing & on-board Computer Power

➢ Downscaling in Swap Technology possible & feasible for applications in Planetary & Earth 
Sciences

➢ A “PIC” down-scaled model under investigation with ESA

➢ Combination with Passive sensors (cameras) & Sensor fusions opens up the use  in GNC & 
Landing for Planetary research (Mars, Moon , etc): initial steps being investigated with 
European Industrial Consortium
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