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General Relativistic Accelerometer-based Propagation Environment (GRAPE):

Spacecraft Propagation
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where the          are  provided to GRAPE by end-users
using either accelerometer data or specific dynamical 
models.  From there, the “global” force are obtained 
using the tetrad formalism (See O’Leary & Barriot, 
2021 for further explicit details).     
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GRAPE: Earth, Mercury and Solar orbiter examples
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GRAPE: A practical example (work in progress)



GRAPE: Moving forward

• Present practical extension of GRAPE with archival Cassini data at the ISSFD 2022

• Implement appropriate local force modelling using details given in Moyer 2000

• Correct SPICE library output for reference frame transformations and light time 
solutions using  appropriate IAU recommendations and by numerically solving null 
geodesic equation (including effects due to plasma).

• Use GRAPE for PN parameter estimation (see Bertotti, 2003)

• Release GRAPE for public use (JOSS plus Github repo)



Backup slides GRAPE: A practical example explained (work in progress)

• Input metric: NASA’s JPL n-body metric tensor components (See Moyer Sect 2, 2000 )

• Set 

• Use GRAPE to generate ephemeris for duration of Cassini GWE

• Create GRAPE SPICE Kernel using NASA’s mkspk executable 
(https://naif.jpl.nasa.gov/pub/naif/toolkit_docs/FORTRAN/ug/mkspk.html)

• Use SPICE SPKEZR to obtain light-time solution 
(https://naif.jpl.nasa.gov/pub/naif/toolkit_docs/FORTRAN/spicelib/spkezr.html)

• Correct SPICE light-time solution due to space-time curvature (See Moyer Sect 8, 2000)

• Generate pre-fit residuals for SPICE and GRAPE estimates.
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o PhD completed at the University of South Australia  in 2019

o Research assistant with the Space Environment Research Centre (SERC)
o Semi-analytic satellite theory

o Industry research fellow with EOS Space Systems
o Nonlinear state and parameter estimation
o Operational astrodynamics

o Recently started a postdoc at the  University of Melbourne 
o Parameter estimation for HMXB systems in the Small Magellanic Cloud.
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Backup slides: On the nature of non-gravitational forces in general relativity 


