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2013-2014: Science Innovation Fund concept 
report (led by Constantine Lukashin)

2014-2015:  Patents issued to NASA Langley 

2017-2020:  NASA Langley internal research and 
development (IRAD) funding:

• Inter-agency agreement with NIST to 
support NASA development work

• Initial tests on GOES-16 with modified 
GLM beacon 

• Design and Build of single-beam test 
transmitter

2020:  COVID!

2021+:  Future plans ?!? 

Motivation & NASA Langley GSLC Project Timeline
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GSLC Conceptual Illustrations

[1] Lukashin C. and B. Wielicki, patent US 8767210 B1, “Method for Ground-to-Space Laser Calibration System," July 1, 2014.
[2] Lukashin C. and B. Wielicki, patent US 9052236 B2, “Method for Ground-to-Space Laser Calibration System," June 9, 2015.

Lukashin et al., (2014) Ground-to-Space Laser Calibration System, NASA Langley Research Center Technical Report 
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Potential GSLC Diagnostic Measurements & Wavelength Coverage

These diagnostics are not dependent on knowledge of absolute irradiance level arriving at sensor on orbit  

NIST laser source wavelength coverage Diagnostic Measurements
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GSLC measurement strategies
Atmospheric effects

Turbulence: scintillation and beam wandering
• Elevated locations (mountaintop observatories)
• Rapid measurement cycle ( 2 seconds or less)
• Repeat averaging of measurement cycle
• Spatial-split  multi-beam propagation
• Flat-top & overfill of sensor aperture to maintain uniformity
• Guide-star imaging stability measurements

Spectral Absorption
• Select wavelengths that avoid strong spectral features
• Atmospheric modeling 
• If needed:

• Sonde/ozonesondes, H2O, O3, T
• Lunar AERONET/PANDORA measurements: nighttime 

column spectral absorption measurements 

Cloud, aerosol  interferences 
• Elevated location (mountaintop observatories)
• If needed: cloud & aerosol lidar

Pointing geometry
GEO v. LEO
Point and stare 

• Scanner (e.g. TEMPO & others)
• Attitude platform pointing
• Specialized maneuvers for push-broom and 2-D array sensors

If needed, multiple locations to cover field of regard   

Atmospheric aerosol forward scattering polarization effects 
are not expected to be a significant factor  

Lukashin et al., (2014) Ground-to-Space Laser Calibration System, NASA Langley Research 
Center Technical Report 
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Geolocation: NASA’s Geostationary Lightning Mapper Beacon

The GOES-R Geostationary 

Lightning Mapper (GLM), 

Photo Credit: Lockheed Martin
GOES-17 launch 2018 

• Geostationary Lightning Mapper (GLM) 
on GOES-16 & 17

• Operational measurement of lightning 
events at 777 nm

• GLM was not intended for high precision 
radiance measurements, but 
nevertheless radiance values can be 
obtained from its data 

• GLM ground-based beacons were 
previously implemented for geo-location 
determinations & already an approved 
activity at MOBLAS sites, see Buechler et 
al., 2018 

• Provided a pathway for initial POL and 
RSR testing
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• Existing GLM geolocation beacon
[Buechler et al., 2018], modified by
Cybioms to allow for polarization and
RSR tests of GOES 16/17

• Polarization data collected (11
measurements at 2-3 minutes each, 5
states, ~30 minutes to complete a repeat
cycle between 0-90 deg) varied on
average 4.2% in radiant energy received
by GLM.

• A trend was observed suggesting a slight
dependence on GLM polarization
between 0 and 90 deg. transmitter
orientation, corresponding to 9.1%
change in radiant energy.

• RSR measurements not possible due to
government shutdown

Polarization illumination test of the GOES-16 satellite 
Geostationary Lightning Mapper (GLM) sensor 
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NASA Langley Transmitter Design

• Utilize existing GSFC & NIST laser sources
• Transportable/field deployable
• 2” diam off-axis parabola (no central 

obscuration) 
• Active polarization control with contrast 

at least 500:1, >10 Hz switching rep rate 
• Divergence control:  20 to 500 micro-

radians
• To the extent possible achromatic 
• “Top Hat” beam 
• Mechanical interface compatible with 

NIST and other future tracking systems 
we may need

• Can operate at diffraction limit with SM 
fiber input
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NASA Langley Transmitter Construction & Characterization
Single beam test assembly with active 
polarization control  Beam interferometric results Polarization contrast tests

> 500:1 contrastBeam aberration and 
collimation quality assessment 
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First test assembly 

Fiber 
input

OAP

Beam
output



Horizontal Range Testing at NASA Langley 

UAS operations in the optical test range

Image is UNCLASSIFIEDImage is UNCLASSIFIED

UAS drone ops 
facility  in the 
same area
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Fix label target building, not target traierl



Opto-mechanical design and multi-beam application of 
the NASA Langley  transmitter
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Table 1. Candidate EOS sensors for the GSLC technique.

EOS sensors that could potentially benefit from GSLC diagnostics  
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• Development of Ground-to-Space Laser Characterization (GSLC)  would 
enable a new benefit for enhanced diagnostics for post-launch EOS satellite 
radiometric sensors while in orbit

• GSLC capabilities include intensity response function (RF), Polarization (POL), 
Relative Spectral Response (RSR), Out of Band response (OOB), and Geo-
location/registration (GLR)

• This approach is expected to result in <3% radiant flux random (not absolute) 
uncertainties for  a single measurement cycle, and with multiple averaging 
bring  random uncertainties < 1%  

• Beam transmitter is undergoing horizontal range tests at the NASA LaRC;
Once performance is validated, this collimator could be replicated to form a 
complete multi-beam system interfaced providing a dedicated system for 
satellite illumination tests by NASA 

• Anticipate first single beam satellite illumination tests to be possible in the 
near-term (~ 1 year), NASA dedicated multi-beam system dependent on 
further funding

SUMMARY 

NASA POC:  Tim Berkoff, timothy.a.berkoff@nasa.gov, 757-864-3684 
Graphic credit: Tim Marvel
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