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• Low-Low Sat-to-Sat Tracking missions, like
GRACE & GRACE-FO, are vital for
measuring mass transport over the
surface of the Earth

• Ice sheets, glaciers, underground water
storage, large lakes & rivers, sea level

• LL-SST missions like GRACE-FO
that use laser interferometry are
technologically limited by
accelerometer accuracy

• Laser ranging measures variations in
intersatellite distance due to gravity

• Accelerometers account for non-gravitational
motion of the two spacecraft

• Improved inertial sensing would allow future
missions to take advantage of
improvements made by laser ranging

• Mass Change DO Study Team identified improved accelerometers
as most important technology need for future missions

Motivation

All other instrument errors

Accelerometer error
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Hydrology and ice signal



Background – LISA Pathfinder
• Gravitational wave and Earth gravity

measurements require nearly the
same technology

• Precision measurements of intersatellite
range and measurement (or cancellation) of
non-gravitational forces

• ESA-NASA LISA Pathfinder (2015/16)
demonstrated accelerometry
down to 2´10–15 m/s2Hz1/2

• Differential acceleration of two
free-floating test masses in a
single spacecraft

• At least a 104 improvement over
GRACE-FO accelerometers
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ESA’s LISA
Technology Package
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The LISA Gravitational Reference Sensor
• Main GRS components:

• GRS Head [Italy]
• Test mass & electrode housing
• Vacuum enclosure
• Caging (launch lock) mechanism

• Charge Management System
[NASA, UF PSSL]

• Front End Electronics
[Switzerland]

• Requires quiet thermal, EM,
gravitational environment
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Solution – Simplified GRS optimized for Earth Geodesy
• Use high TRL LISA Pathfinder heritage,

and noise models to optimize S-GRS
design for Earth geodesy, improving
performance with minimized SWaP

• Target acceleration noise: <10–12 m/s2 Hz1/2
• Operated drag-free, drag-compensated,

or as an accelerometer
• Path to improved performance w.r.t. GRACE:

• Increase TM-housing gap: ~1 mm
• Increase TM mass: ~400 g
• Remove ground wire, replace with UV LED

charge control
• Tightly integrate S-GRS and laser interferometer

à la LISA Pathfinder
• Eliminate microwave ranging instrument
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Simplified 
inertial sensor

Hollow PM

1 m, 50 µm 
diam. W fiber

Positioning 
stages

Eddy current 
damper

Vacuum system
(2×10–6 mbar)

Electrostatic 
shields

The UF Torsion Pendulum
• Test-bed for precision inertial sensors
• 1 m, 50 µm diameter fiber supports cross bar

with 4 hollow TMs (rotation ® translation)
• Light (0.46 kg) Al structure reduces needed fiber diameter
• Capacitive (15 nm/Hz1/2) + IFO (0.1 nm/Hz1/2) readouts
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GRACE
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GRACE



LISA-like GRS Prototype
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GRS electrode housing

Laser interferometer

Capacitive 
analog 

electronics

GRS



Next Steps / Contributions
• 18-month conceptual design study of an integrated

S-GRS & Laser Ranging Interferometer
• Conceptual mechanical design and analysis
• Detailed acceleration noise modeling based on

LISA Pathfinder & GRACE-FO flight data and models
• Design alterations to the GRACE-FO LRI as appropriate
• Spacecraft requirements (e.g. drag-compensation) and

mission architecture CONOPS
• Simulation studies to estimate gravity

recover performance of candidate
mission architectures

• Providing input to the Mass Change
DO Study Team

• S-GRS acceleration nosie curves
• S-GRS Tech Dev Roadmap
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Integrated LRI triple mirror 
assembly concept

Test mass caging mechanism (launch lock) concept FEA


