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MARLI Measurement Concept
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• MARLI is a direct-detection aerosol and Doppler wind lidar designed for Mars orbit

• Maps height resolved dust & winds to surface, continuously

• For Mars atmosphere, at 1064 nm, Mie-scattering dominates 

- due to dust and from low atmospheric density

Measurement Illustration:

MARLI - Wind and Aerosol Lidar for Mars Orbit
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Global Wind profiles will 

provide crucial new 

information*

• Winds regulate transfer of gases 

and heat throughout the 

atmosphere, raise dust at surface, 

and are a primary player in all 

surface-atmosphere interactions

• Measured wind profiles provide 

sensitive new input  for improving 

the current GCM models

• Winds are important for the 

safety and precision of spacecraft 

entry, descent and landing (EDL)

• Are also many needs for 

mapping & monitoring dust profiles

* - Summary: MEPAG NEX-SAG Report 

(2015), Report from the Next Orbiter Science 

Analysis Group

Why Global Wind & Aerosol Profile Measurements ?

Calculated "gradient winds" (m/sec) for season Ls=270, inferred from latitude 

gradients of temperature. They describe, in a very broad sense, the general 

modeled winds from GCMs.  

Shortcomings: These require lots of assumptions, don't work near the 

equator, only give zonal (east-west) winds, don't include weather or any 

local phenomena, and are not very precise. 
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MARLI - Lidar Approach
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Sept 2018 Instrument Concept - Static
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MARLI - Wind and Aerosol Lidar for Mars 

Orbit

• Receiver telescope mirror 
diameter is 50 cm

• Is also a gimballed 
approach that allows a 
slow conical scan
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MARLI Laser Breadboard
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Parameter Goal Demonstrated

Wavelength 1064 nm 1064 nm

Pulse Energy 4 mJ 3.4 mJ

Repetition Rate 1 kHz 4 kHz

Linewidth < 30 MHz 25 MHz

Polarization purity 30:1 100:1

Pulse width > 20 ns 28 ns

Beam quality M2 < 2 1.5

Breadboard developed for MARLI (under Picasso) 

• Based on the laser in CATS lidar, flown on ISS 

• Pulsed, single-frequency diode-pumped Nd:YAG

• Seeded ring oscillator followed by amplifier

• Seed laser used to tune frequency to etalon “center”

• 25 MHz linewidth, frequency-stable to 3 MHz/hour

Packaged laser flown in CATS lidar on ISS
• MARLI version being developed now
- smaller, lower mass, less electrical power 

MARLI - Wind and Aerosol Lidar for Mars OrbitMore on MARLI Laser - See presentation by Hovis et al.



GSFCMARLI Laser 

Size vs CATS/ISS laser

• CATS – 19”x11”x6.6” (5.9” without cover ribs)

• MARLI - 14.67”x8.12”x5.1”

– 57% of CATS footprint

– 44% of CATS volume

More on MARLI Laser - See presentation by Hovis et al.

CATS

CATS

MARLI

MARLI
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GSFCmNPRO Seed laser Option - Status and Summary

(More margin in seed power & wavelength stability)

• PDR was completed in April, 2019.

• Issues affecting overall performance encountered while building 

four packages have been identified.

– Many have been addressed.

– Remedies were verified & form basis for current re-design

• Mechanical model has been developed in accordance with optical 

design and required optical alignment tolerances.  

• Design allows for minimal mechanical changes to move from 

prototype versions where epoxy is used to hold/align optics

– In production epoxy is eliminated in favor or welded or 

soldered components.  

• Packages will not be sealed until assembly process is mature.

• Final package designed to be seam sealed 

• Schedule:

– All long lead items have been ordered

– Assembly of laser to begin in mid-September 2019 

– Delivery to MARLI: November
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Receiver Optics: Telescope to Detector Pixels
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MARLI - Wind and Aerosol Lidar for Mars 

Orbit
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MARLI
LRI, NASA/GSFC/551

Configurations 1,2,3

MARLI Receiver Optics_02_04_2019 (1.2mrad).ZMX

3D Layout

Receiver Optics: 500mm CA, 60urad IFOV, 1.12mrad AOI CH2 Etalon, 4x4, 0.32 x 0.32mm det.
2/5/2019
Scale:  0.0800

250.00 Millimeters
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MARLI
LRI, NASA/GSFC/551

Configuration: All 3

MARLI Receiver Optics_02_04_2019 (1.2mrad).ZMX

3D Layout

Receiver Optics: 500mm CA, 60urad IFOV, 1.12mrad AOI CH2 Etalon, 4x4, 0.32 x 0.32mm det.
2/5/2019
Scale:  0.3333

60.00 Millimeters
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MARLI
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Configuration: All 3

MARLI Receiver Optics_02_04_2019 (1.2mrad).ZMX

Image Diagram

Receiver Optics: 500mm CA, 60urad IFOV, 1.12mrad AOI CH2 Etalon, 4x4, 0.32 x 0.32mm det.
2/5/2019
Image Width = 0.3200 Millimeters, 200 x 200 pixels
Field position: 0.0000, 0.0000 (deg)
Percent efficiency: 99.998%, 1.000E+000 Watts
Surface: 34. Units are watts per Millimeters squared.

50 cm diameter Be receiver telescope like flown on MOLA Aft optics with filter & Etalons

Focal pattern on detector



GSFCLaser Doppler Experiments in Laboratory
(Using backscatter from speed-controlled wheel) 
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Motivation Instrument Laboratory Field

MARLI - Wind and Aerosol Lidar for Mars Orbit
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Etalon-based Doppler Discriminator & 

Experiments in Laboratory

Blue ShiftRed 
Shift

Lab measurements

Rdos =  (E1 – E2 )/(E1 + E2)

• Single solid fused-silica Fabry-Perot etalon

• Diameter:   60 mm

• Thickness: 40 mm

• Transmission vs frequency response also 
depends on incident angle

• RDoS allows solving for Doppler shift

MARLI - Wind and Aerosol Lidar for Mars Orbit
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MARLI
LRI, NASA/GSFC/551

Configuration: All 3

MARLI Receiver Optics_Paraxial_06_29_2018.ZMX

3D Layout

Receiver Optics: 500mm CA, 60urad IFOV, 1.2mrad AOI CH2 Etalon, 4x4, 0.32 x 0.32mm det.
6/28/2018
Scale:  0.3000

66.67 Millimeters

X

Y

Z

Field Stop:
60µrad or 120µm dia. 

Lens, L1: 
200mm EFL, 

60mm OD, 50mm CA

Detector:
0.32x0.32mm, 4x4 

f/4.0
f/3.8

DOE (0/1.2mrad) & Fine Etalon
60mm OD, 50mm CA

Lens, L2: 
188.5mm EFL, 

60mm OD, 50mm CA

Coarse Filter & Coarse Etalon
60mm OD, 50mm CA

PBS 1 PBS 2

Mirror 1 Mirror 2 
(Fine Pointing)

S-pol.

P-pol.

PBS, Mirror: 90mm OD, 80mm CA, 10mm CT, Fused Silica

Lidar Receiver Aft Optics:

Layout & Components
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MARLI Receiver Optics_Paraxial_06_29_2018.ZMX

Image Diagram

Receiver Optics: 500mm CA, 60urad IFOV, 1.2mrad AOI CH2 Etalon, 4x4, 0.32 x 0.32mm det.
6/28/2018
Image Width = 0.3200 Millimeters, 200 x 200 pixels
Field position: 0.0000, 0.0000 (deg)
Percent efficiency: 99.998%, 1.000E+000 Watts
Surface: 30. Units are watts per Millimeters squared.Optical pattern on detector
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MARLI HgCdTe APD Detector
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Detector chips:

• HgCdTe APD arrays (4x4 pixels ) were developed by Leonardo DRS for GSFC under 

NASA ESTO IIP program 2010-2014, & QRS program from 2014 to 2018.

• Our work showed NEP<0.5 fW/Hz1/2 and near quantum-limited SNR at 110K.

• Linear dynamic range (with gain changes) is 105

• Used in GSFC’s airborne CO2 and CH4 Sounder IPDA lidar 2014-2017.

• Radiation damage tested with protons and gamma rays to 100 krad(Si).
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GSFCIntegrated Detector Cooler Assembly for MARLI

for 4x4 pixel HgCdTe APD array
Under development now at DRS Leonardo 

7-11-19 MARLI - Wind and Aerosol Lidar for Mars Orbit 14

Scheduled delivery:  January 2020

Optical
Window

Optical
Window



GSFCUpdated Measurement Performance:

Assumptions & Estimates vs. altitude
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• MARLI measures backscatter profiles with ~30-m vertical resolution at 10 Hz sample rate

• Performance is calculated on averaging (on ground):

- 2-km bin depth and 40-s (2 deg. along track)

Backscatter profile SNR for
Laser pulse rate options:

MARLI - Wind and Aerosol Lidar for Mars Orbit

Updates for:
• Laser energy, pulse rate
• 50 cm telescope, detector parameters



GSFCCalculated Wind Measurement Performance:

Random error in wind speed vs. altitude
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• MARLI measures backscatter profiles with ~30-m vertical resolution at 10 Hz sample rate

• Performance is calculated on averaging (to be done on Earth):

- Assumes 2-km bin depth and 40-s (2 deg. Resolution along track)

Laser pulse rate options:

MARLI - Wind and Aerosol Lidar for Mars Orbit



GSFCJPL’s Mars Orbital Wind Mission - Approach Assessment
Summarized in Fall 2018 AGU poster
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Summary

• Are developing MARLI as a small direct-detection Doppler lidar for mapping 

wind and aerosol profiles continuously from Mars orbit

• Developed a breadboard instrument and demonstrated Doppler 

measurements with it in the laboratory 

• Used breadboard in initial field campaign to make atmospheric measurements

- Measurements to moving clouds agreed with cloud motion determined

from ranging

• Are developing engineering models of the laser, receiver optics, & detector

• Documented progress in several conference papers

Ongoing Work

• Will complete brassboard instrument to bring to TRL-6 during Spring 2020

• Plan to demonstrate measurement performance from the ground to optically 

thin wind blown cirrus clouds

09-13-2018 International Workshop on Instrumentation for Planetary Missions (IPM 2018) 18



GSFCMore information-1 :

Conference Papers on Instrument – 2018
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GSFCMore information - 2:

Fall AGU Poster  & Manuscript to CEOS
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WHY MEASURE WIND ON MARS?

Lidar Parameters Mission Parameters

Transmitter wavelength 1064 nm Orbit altitude 400 km

Laser pulses/s 250 Off-nadir pointing angle 30°

Pulse energy 4 mJ One-way transmission 0.7

Pulse width 25 ns Diffuse surface reflectivity 0.26

Transmitter divergence 40 µrad Atm. backscatter coeff. at 5 km 3·10-6 m-1sr-1

Telescope diam. 50 cm Spatial averaging 2°

Receiver bandwidth 100 MHz Averaging length 120 km

Receiver FOV 60 µrad Atmospheric range bin 2 km

Detector Q.E. 75% Backscatter SNR (0-25 km alt.) 150-30

Detector bandwidth 8 MHz Wind speed std. dev (0-25 km alt.) 1.8-7.5 m/s

INSTRUMENT APPROACH

FLIGHT INSTRUMENT CONCEPT

INSTRUMENT AND MISSION PARAMETERS

INITIAL WIND MEASUREMENTS

SUMMARY AND FUTURE WORK

• The MARLI approach enables wind measurements from a 400-km polar orbit
with 150-m range bins and a 10-Hz data rate.

• We have also begun work on the key elements of a brassboard instrument.

• Perform gimballed-design trade study for vector wind measurements
• Also developing 2 µm version for Titanwindmeasurements

• Objective of bringing the key elements toTRL-6by early 2019.

Funding provided by NASA ROSES NNH13ZDA001N-PICASSO (2013) and

NASA ROSES NNH16ZDA001N-MATISSE (2016). Dr. Cremons’ research was

supported by an appointment to the NASA Postdoctoral Program at the NASA

Goddard Space Flight Center, administered by Universities Space Research

Association under contract with NASA.

Photo Credit: NASA/JPL/MSSS

MARLI Science Data 
Products

From Mars Exploration Program Analysis Group 

Goals Document, 2015

Gold boxes indicate where MARLI directly contributes

For more information, see: Cremons, D. R, et. al., Development of a Mars lidar (MARLI) for measuring wind and aerosol profiles from Orbit, Proc. SPIE 2018, 10791, 1079106.

Current Payload Estimates: ~34 kg,  ~81 W, ~ 50 kbit/s

• Understanding of Mars atmosphere is essential to the study of past, present, and

future habitability.
• Winds regulate volatile, dust, andheat transport in the atmosphere.

• Winds play a vital role in all atmosphere-surface interactions.

• Winds measurements provide crucial data for safe, precise entry, descent, and
landing (EDL).

• Optical depth, particle size, and particle velocity will help forecast current and

future dust storms, ensuring mission success of robotic and human

explorationofMars.

Performance 

estimates 

based on 2°

(120-km) along-

track averaging 

and 2-km range 

bins.
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Backup
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GSFCCongratulations to the ADM-Aeolus Team!

First Wind Lidar in Space

09-13-2018 International Workshop on Instrumentation for Planetary Missions (IPM 2018) 22

Wind lidar for Mars atmosphere –vs- ADM-Aeolus for Earth

• Mars measurement requirements aren’t nearly as demanding

• Mie scattering (by fine, suspended aerosols) dominates 

• Allows a smaller, simpler lidar working at laser fundamental (1064 nm)

•1064 nm laser is smaller, simpler and more power efficient

•Very narrow backscatter spectrum simplifies the lidar receiver

Photo credit: ESA Events

August 22, 2018
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MARLI backscatter & wind measurement experiments  

at Goddard’s 1.2 m Telescope 

Laser tracking telescope used in many experiments: 

satellite ranging, Earth-Mars & -Moon laser detection

- 1.2 m diameter primary mirror (only partially used here)

- 32 m focal length

- Elevation over azimuth pointing mount 

Delgado, SPIE 0044, 1974

Telescope Benefits: 

- Allows lidar measurements to be made 

over all azimuth & elevation angles

- Site certified for eye safety and laser 

beams in atmosphere

This telescope added limitations:

- Optics are challenging for experiment

- Very long focal length, scattering etc., 

leads to low transmissions 

- Receiver share optics with transmit 

beam, so < 1/3 of primary mirror available

Don’t have these limits with planned 50 

cm telescope
MARLI - Wind and Aerosol Lidar for Mars Orbit
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Detector

Doppler

AnalyzerLaser

MARLI Setup in 1.2 m telescope’s Coude’ 

room at GGAO

7-11-19 MARLI - Wind and Aerosol Lidar for Mars Orbit Abshire - 24



GSFCInitial Doppler Wind calculation

from lidar signals through two etalon channels
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Blue ShiftRed Shift

Doppler Lidar Measured Wind Speed (at ~1150 sec):

-5.3 ± 0.8 m/s (mean over 60 s and 200 m range)

Pulse Energy: 300 µJ, PRF: 4000 Hz Date: 07/29/18
APD Gain: 12 V, 10-s windowed average
Telescope Azimuth: 270° (W),Telescope Elevation: 25°

RDoS

Velocity from changing range to 

approaching cloud :  -5 m/sec

MARLI - Wind and Aerosol Lidar for Mars Orbit


