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Outline
• Background, Motivation and Roadmap
• Field test of newly developed 2-µm lidar transceiver
• Compare 2-µm lidar results with other sensors:

- Balloon sondes
- Direct detection wind lidar
- Leosphere coherent Doppler lidar
- Radar profiler
- Aircraft Communications, Addressing and Reporting System

• Demonstrate hybrid wind lidar concept.
• Current and Future activities towards NASA 3-D Mission
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NRC Decadal Survey

Motivation for 2-Micron Laser/Lidar Development

NRC Recommended “3-D Winds” Mission
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Ground-Based Hybrid Wind Lidar Demo
Winter 2009

 The LaRC mobile lidar is deployed as part of NASA HQ funded (ROSES-2007, Wind Lidar Science 
Proposal entitled “Intercomparison of Multiple Lidars for Wind Measurements (PI: Upendra Singh)
 Utilized NASA LaRC Compact DAWN Lidar Transceiver for 2-micron lidar 
 Site at Howard University Research Campus in Beltsville, Maryland

LaRC 2-µm
Doppler lidar

GSFC 355-nm
Doppler lidar



2-µm Lidar Parameters

• Pulse energy = 250 mJ

• Pulse repetition rate = 5 Hz (upgrade soon to 10 Hz)

• Pulsewidth = 140 ns

• Telescope aperture = 15 cm

• Wavelength = 2053 nm (Ho:Tm:LuLiF)

• Data acquisition : 500 Ms/s, 8 bits, real-time processing

• Scan pattern: zenith view interleaved with 45-degree elevation cone
• Operations: run continuously up to 84 hours, unattended for long 
periods



DAWN Transceiver

Previous implementation
90 mJ per pulse

Completed DAWN package
Small, Robust, 250 mJ per pulse

DAWN Transceiver (Transmitter 
+ Receiver)

250 mJ/pulse, 5 pulses/sec.
5.9” x 11.6” x 26.5”, 75 lbs.; 15 x 

29 x 67 cm, 34 kg
(no telescope or scanner)

5.9” x 11.6” x 26.5”

• Smaller

• More energy

• More robust
Table Top Transceiver 

(Transmitter + Receiver)
90 mJ/pulse, 5 pulses/sec.

3’x4’ Optical Table
(no telescope or scanner)



Commercial Doppler Lidar

2 microns, 2 mJ, 500 Hz, 10 cm telescope
111 x 85 x 102 H inches, > $1 M

LaRC DAWN

2 microns, 250 mJ, 5 Hz, 15 cm telescope
Transceiver: 6 x 12 x 27 inches, 75 lbs

DAWN vs. COTS Unit
Wind figure of merit = E x √PRF x D2

Energy gain = x125
Energy-PRF gain = x13
Energy-PRF-diameter gain = x26
Either x26 in aerosol backscatter sensitivity or x5 in range

DAWN Transceiver vs. Commercial Doppler Lidar



Sample Wind Measurement 1
(3 minutes per scan)

shear at transition
to free troposphere

front advancing

boundary layer
turbulence

rain and virga



Sample Wind Measurement 2
(3 minutes per scan)

nocturnal jet



Sample Wind Measurement 3: Vertical Wind
(4 second integration)

boundary layer turbulence
reducing toward sunset

multiple eddies

subsidence

low level
aerosols drop
as nocturnal 
boundary layer
sets in

aerosol layers

clouds



Coherent Lidar and Wind Sonde Comparison

• Data taken March 17, 2009 at 22:03 local (March 18, 2009 2:03 UTC)
• Wind sondes are balloons carrying aloft a GPS receiver—the receiver radios back the balloon’s 
position to determine the horizontal wind vector
• Lidar using 3-minute integration time.  Jumps off the scale are due to “bad” points where wind is 
not being measured from low SNR.

0

1000

2000

3000

4000

5000

6000

7000

0 5 10 15 20 25 30

 a
lti

tu
de

 (m
)

wind speed (m/s)

VALIDAR (3-minute integration)
sonde

0

1000

2000

3000

4000

5000

6000

7000

100 150 200 250 300 350

 a
lti

tu
de

 (m
)

wind direction (degrees)

VALIDAR (3-minute integration)
sonde



Comparison of Coherent Lidar and Sonde

0

1000

2000

3000

4000

5000

6000

7000

0 5 10 15 20

al
tit

ud
e 

(m
)

wind speed (m/s)

VALIDAR (3-minute integration)
sonde

0

1000

2000

3000

4000

5000

6000

7000

-4 -3 -2 -1 0 1 2

 a
lti

tu
de

 (m
)

sonde speed - VALIDAR speed (m/s)

0

1000

2000

3000

4000

5000

6000

7000

270 280 290 300 310 320 330 340

al
tit

ud
e 

(m
)

wind direction (degrees)

VALIDAR (3-minute integration)
sonde

0

1000

2000

3000

4000

5000

6000

7000

-20 -15 -10 -5 0 5 10 15 20

 a
lti

tu
de

 (m
)

sonde direction - VALIDAR direction (degrees)

• Root-mean-
square of 
difference 
between two 
sensors for all 
points shown = 
5.78 deg

• Root-mean-
square of 
difference 
between two 
sensors for all 
points shown = 
1.06 m/s

Error Tree

Lidar
+Sonde

+Location ∆
+Time ∆

+M Volume ∆
+M Time Int. ∆

=Total Error



Current Work in Progress

• DAWN-AIR1: Utilize DAWN Transceiver to develop a complete 

Doppler lidar system for the DC-8 airplane

• No flights included

• DAWN-AIR2: Utilize DAWN-AIR1 hardware and convert to 

autonomous operation on the DC-8 airplane

• Upgrade hardware to autonomous operation

• Demonstration flights under GRIP Mission



DAWN-AIR1 Approach

DAWN Transceiver (Transmitter + Receiver)
250 mJ/pulse, 10 pulses/sec.

5.9” x 11.6” x 26.5”, 75 lbs.; 15 x 29 x 67 cm, 34 kg
(no telescope or scanner)

1. Add telescope and scanner to DAWN

2. Ruggedize electronics for DC-8

Lidar System

Propagation Path 
(Atmosphere)

Computer, Data Acquisition, 
and Signal Processing 

(including software)

Laser & Optics Scanner Telescope

Target
(Atmospheric 

Aerosols)

Pulsed Transmitter Laser
(includes CW injection laser)

Detector/Receiver
(may include 2nd CW LO laser)

Polarizing 
Beam 

Splitter

λ/4
Plate

Transceiver

Electronics
(Power Supplies, 

Controllers)
Laser Chillers



DAWN-AIR 1
Artist Concept

• 30 deg nadir angle

• Any azimuth angle



DAWN-AIR1

As shown with both the 30deg and 45deg cone

Lidar Sealed Enclosure
Contains:  

DAWN Transceiver
Telescope
Scanner & Wedge

Vibration Isolation



DAWN-AIR2 Approach

Lidar System

Propagation Path 
(Atmosphere)

Computer, Data Acquisition, 
and Signal Processing 

(including software)

Laser & Optics Scanner Telescope

Target
(Atmospheric 

Aerosols)

Pulsed Transmitter Laser
(includes CW injection laser)

Detector/Receiver
(may include 2nd CW LO laser)

Polarizing 
Beam 

Splitter

λ/4
Plate

Transceiver

Electronics
(Power Supplies, 

Controllers)
Laser Chillers

• 2 3-ft pallets

• 45 deg nadir angle

• Any azimuth angle



Conclusions
 A newly developed 2-micron lidar wind transceiver was 

deployed during a ground-based wind lidar comparison of 
Coherent and direct detection wind measurement campaign 

 Coherent detection measurements intercomparison with ballon 
sonde shows an excellent agreement (RMS difference of 1.06 
m/sec and 5.78 degrees in wind speed and direction, 
respectively) up to 6 km of altitude with 3-minute averaging

 Intercomparison with other sensors on the site are underway
 DAWN transceiver are being packaged for two aircraft 

campaign on a DC-8, one of them being autonomous
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