This work was written as part of one of the author's official duties as an Employee of the United
States Government and is therefore a work of the United States Government. In accordance
with 17 U.S.C. 105, no copyright protection is available for such works under U.S. Law. Access to
this work was provided by the University of Maryland, Baltimore County (UMBC)
ScholarWorks@UMBC digital repository on the Maryland Shared Open Access (MD-SOAR)
platform.

Please provide feedback

Please support the ScholarWorks@UMBC repository by
emailing scholarworks-group@umbc.edu and telling us
what having access to this work means to you and why
it’s important to you. Thank you.



mailto:scholarworks-group@umbc.edu

@ https:/intrs.nasa.gov/search.jsp?R=20190034148 2020-03-04T15:00:07+00:00Z

AGUT9#P13C-3524: New analysis of Mercury Laser Altimeter crossovers
to improve geodetic constraints by MESSENGER

S. Bertone (GSFC/UMBC), E. Mazarico (GSFC), M.K. Barker (GSFC), S. Goossens (GSFC/UMBO),
T.J. Sabaka (GSFC), G.A. Neumann (GSEC), D.E. Smith (MIT), A. Genova (La Sapienza, IT)

SPACE FLIGHT CENTER

ESST I
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C. Simulation: data weighting
and error assessment
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A. Open questlons in Mercury geodesy
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Table : Main errors affecting altimetry crossover analysis (Steinbrugge, 2018)

Credits: Genova et al, 2019
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Figure : altimetry crossover residuals
distribution resulting from 0-test (no
observation noise or parameter errors)

Reliability and rescaling of formal errors from closed-loop simulations

recovery

B. Overview of MLA crossovers analysis

* Based on MESSENGER’s Mercury Laser Altimetry (MLA) dataset, we improve Mercury
geodetic parameters via least squares minimization of crossover discrepancies;

Check independence from a priori orbits and parameters

D. Processing of MLA crossovers

Improvement of orbital and geophysical parameters e | B o2 . e
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 Simulation and analysis of synthetic MLA data (see C): validation, find an appropriate
orbit parametrization and error assessment;
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* Solution of Mercury pole RA, DEC coordinates, prime meridian (PM) rate and

librations (L) using the full MLA dataset (3.7 millions of crossovers, 201 1-2015); errors (10-20 iterations)

Complex pattern in orbital errors, regularisation of ACR biases N o ‘ :
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* Verification by: comparing solutions from different a-priori orbits (KinetX, Genova

Checki lity of pre-fit and post-fit orbit residuals by:
2018) and parameter solutions (IAU, Genova 2019). ecking quality ot pre-fit and post-nt orbit residuals by

RA(deg)/DEC(deq) PM rate (deg/day) L (as)

|. Pseudo-time series including dR of all crossovers for a single MLA
track: RMSE of post-fit residuals (by ACR bias + rotational pars fit
to dR) reduced from 30 m to 22.8 m, trends still visible

e Dataset: crossovers among 500 chosen MLA tracks (homogeneously distributed in spacetime)

e Consistent parametrization with ACR biases (constraint: 100 m) and [RA, DEC, PM rate, L]

e Comparison of multiple solutions based on: KinetX (orb0) and Genova 2018 (orbl) Doppler
orbit reconstruction and IAU (ap0, Archinal, 2017) and Genova 2019 (ap|) apriori values.

Overview of crossovers analysis workflow
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® Weighted least square solution based on full MLA dataset

e Solutions from Earth radar, MESSENGER (camera and altimetry, Doppler, crossovers)

2. Reconstructed topography from geolocalised MLA residuals;

- Cassini state
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Genova (2019)
Verma (2016)
Bertone (2019)
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and orientation errors; comparison shows crossovers fit contribution
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Modular Python code, fully parallelized

Crossovers density
(Mercury North-polar
projection)

Fit of orbital and pointing corrections (ACR biases and
polynomes)

Huber weighting of observations based on residuals values,

separation from MLA data, off-nadir pointing
Regularization of ACR(+Roll, Pitch) corrections and their
average variations to maximum expected values and from
simulations
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Terrain elevation at
crossover point (spline
interpolation of MLA
geolocalised data)
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