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ABSTRACT

ONE OF THE OBJECTIVES OF THE RADIO SCIENCE EXPERIMENT HOSTED ON-BOARD THE BEPICOLOMBO MISSION IS THE RETRIEVAL OF MEERCURY’S ROTATIONAL STATE, A KEY PARAMETER TO GATHER INFORMATION ON THE CORE OF THE
PLANET. MERCURY’S OBLIQUITY AND LIBRATIONS WILL BE MEASURED AT UNPRECEDENTED ACCURACIES (<1 ARCSEC).

THE EXPERIMENT IS ACCOMPLISHED THANKS TO DATA PROVIDED BY DIFFERENT PAYLOADS: PRECISE ORBIT DETERMINATION (MORE), ACCELEROMETER MEASUREMENTS (ISA) AND HIGH RESOLUTION IMAGES (SlMBlO-SYS/HR|C). THE
CORRELATION OF SURFACE LANDMARKS EXTRAPOLATED BY TWO IMAGES OF THE SAME AREA TAKEN AT DIFFERENT EPOCHS CONSTITUTES THE OBSERVABLE TO BE FED INTO AN END-TO-END SIMULATOR, BUILT UP AT THE FINAL AIM OF |
DEFINING THE IMAGES OPTIMAL ACQUISITION SCHEDULING. THE OPTIMIZATION IS PERFORMED VIA A GENETIC ALGORITHM, EMPLOYING A SIMPLIFIED ESTIMATION PROCESS OF THE ROTATIONAL STATE FOR EVALUATING THE GOODNESS
OF THE SOLUTIONS. RESULTS OBTAINED FROM THIS SIMULATOR HAVE BEEN VALIDATED USING A SETUP DEVELOPED IN MONTE, WHERE A GLOBAL MULTIARC SOFTWARE EMPLOYS BOTH OPTICAL AND RADIOMETRIC SIMULATED
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" : A CONSOLIDATED ORBIT DETERMINATION SOFTWARE (JPL/MONTE) WAS EMPLOYED FOR A SET OF
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CRA exp CDEC exp OLIB expected 4 THE SIMULATION OF THE ESTIMATION OF MERCURY ORIENTATION PARAMETERS WITH THE AIM OF VALIDATING
THE OPTIMIZATION PROCEDURE HAS BEEN DONE ON A MONTECARLO OF 31 RUNS BOTH FOR RANDOM AND
OPTIMIZATION SETTINGS: OPTIMIZED SCHEDULES OF OPTICAL OBSERVABLES.
10 INDIVIDUALS A A FIRST RESULT SHOWS THAT THERE IS VARIATION IN THE SOLUTION FROM ONE SCHEDULE TO THE OTHER BUT
300 ITERATIONS Y THAT THE MEAN FORMAL SIGMA IS BETTER FOR THE THREE OPTIMIZED PARAMETERS, I.E. THE OBLIQUITY

(RA,DEC) AND THE LIBRATION AMPLITUDE, WHILE THE SPIN RATE HAS BEEN ESTIMATED BUT NOT OPTIMIZED.

THE STD OF THE FORMAL SIGMA IS SMALLER FOR THE OPTIMIZED OPTICAL SCHEDULES AS SHOWN EVALUATING
ITS NORMAL DISTRIBUTION THROUGH MONTECARLO RUNS.
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SEVERAL SIMULATIONS HAVE BEEN RUN IN ORDER TO TEST THE S/W. THE FINAL VALIDATION HAS BEEN
ACCOMPLISHED FEEDING THE RESULTS OBTAINED INTO A SETUP IMPLEMENTED IN MONTE. THE
OPTIMIZATION PROCEDURE ALWAYS LEADS TO A BETTER ACCURACY IN THE ESTIMATION OF ROTATIONAL
PARAMETERS, ALTHOUGH THE SOLUTIONS FOUND DO NOT REPRESENT A GLOBAL MAXIMUM. MONTE
SIMULATIONS HAVE THE OBJECTIVE OF DEMONSTRATING THAT ALL THESE IMAGE SETS ARE IMPROVED
WITH RESPECT TO RANDOM ONES, THUS CONFIRMING THE GOOD FUNCTIONING OF THE S/W.

MEAN IMPROVEMENT ON FORMAL SIGMA OF THE ORIENTATION PARAMETERS:

Optimization Improvement on 3.1% 12.8 % 10.6 % -53%
formal sigma

Random solutions STD over 1.3 1.7 1.1 0.9
Optimal solution STD

CONCLUSIONS

THIS ANALYSIS SHOWED AN OPTIMIZATION PROCEDURE THAT MAY BE USED TO CHOOSE THE BEST OPTICAL SCHEDULE FOR MPO FOR THE ESTIMATION OF ROTATIONAL PARAMETERS.

A WAY TO CROSSVALIDATE THIS OPTIMIZATION PROCEDURE HAS BEEN PROVIDED, USING A DIFFERENT SOFTWARE FROM THE ONE USED FOR THE OPTIMIZATION PROCESS, SHOWING, WITH MONTECARLO RUNS, AN
IMPROVED FORMAL SIGMA AND A REDUCED VARIANCE OF THE FORMAL SIGMA FOR THE THREE OPTIMIZED ORIENTATION PARAMETERS OF INTEREST IN THE ORBIT DETERMINATION SOLUTION, THUS CONFIRMING THE
EFFECTIVENESS OF THE OPTIMIZATION ALGORITHM.
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