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s, AR @SB R BUE R 1 585 5 WAL P MR e B R T R A R SRR
WK AN REUTE 1 T A 5 5 B A X W B AL 5 I ZE 2958 5 em, PIBEAL 7 RAR
/No DRIE, 7R RE TR AR SR I W] B FH TR

AHEFE B 77 AR RO AT D R A A AR, IR R ] BR3h 1 A A 5
BAR., RWERZSERY, BB DA — D8 KRR ) b2, AR
TGS TN 71200 fa 8 TAF B 1 Behitie



4 WYl & KPR ERE I 681

EEPEE

(1]
(2]
(3]
4]
(5]
(6]
[7]
(8]
[9]

(10]
(11]
(12]

(13]
(14]
(15]
(16]
(17]
(18]
(19]

Jacobson R A. Astronomical Journal, 2010, 139(2): 668

Lainey V, Dehant V, Patzold M. Astronomy and Astrophysics, 2007, 465: 1075

Burns J A. Reviews of Geophysics, 1972, 10(2): 309

Rubincam D P, Chao B F, Thomas P C. Icarus, 1995, 114(1): 63

Konopliv A S, Park R S, Folkner W M. Icarus, 2016, 274: 253

PN, ek, TIRH, S5, aslaiEflaoR SR, 2021, 47(05): 9

YKE, B4R, 2595, 55, IRSERINAEAR, 2018, 5(5): 7

Lee P. First International Conference on the Exploration of Phobos and Deimos. USA: NASA, 2009: 1
Kuramoto K, Fujimoto M, Bibring J P, et al. Martian Moons eXploration MMX: Current Status Report.
US: AGU, 2020: 12

Pitjeva E V, Pitjev N P. Celestial Mechanics and Dynamical Astronomy: An international journal of space
dynamics, 2014, 119(3/4): 237

Fienga A, Deram P, Ruscio A D, et al. https://www.imcce.fr/recherche/equipes/asd/inpop/download21la,
2024

Fehlberg E. Classical fifth-, sixth-, seventh-, and eighth-order Runge-Kutta formulas with stepsize control.
USA: NASA, 1968: 1

AP, Nig PEASSHUERE. Jbad: WS B, 1995: 106

Everhart E. An Efficient Integrator that Uses Gauss-radau Spacings. Netherlands: Springer, 1985: 1
Folkner W M, Williams J G, Boggs D H, et al. Interplanetary Network Progress Report, 2009, 178: 31
Beutler G. Methods of Celestial Mechanics. Berlin: Springer, 2005: 69

Goossens S, Matsumoto K. Geophysical Research Letters, 2008, 35(2): 168

Konopliv A S, Park R S, Yuan D N, et al. Geophysical Research Letters, 2014, 41(5): 1452

Alex S, Konopliv A, Charles F, et al. Icarus, 2006, 182(1): 23

Precision Orbit Determination for the Dynamics
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Abstract: This paper comprehensively considers factors influencing the motion of Deimos,

such as the two-body motion model between Deimos and Mars, Mars’ gravity field, the

three-body perturbation from major celestial bodies in the solar system, general relativity

effects, Martian solid tides, and the libration of Deimos. A dynamical model for Deimos

is established, and the methodology of precise satellite orbit determination, originally de-
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signed for artificial satellites, is extended to the natural satellite Deimos. Additionally, an
adjustment model for fitting dynamic model data is developed. In the process of model estab-
lishment, this paper compares the computational efficiency of three mainstream integration
algorithms in orbital research, namely the 8-order Runge-Kutta-Fehlberg (RKF), 12-order
Adams-Bashforth-Moulton, and Gauss-Radau methods when solving Deimos’ orbit. Simul-
taneously, a comparison is made between the results obtained using the complete general
relativity model and a simplified relativistic model that treats Deimos’ orbit as circular. Nu-
merical experimental results indicate that the established dynamical model and adjustment
model for Deimos are stable and reliable. Moreover, under equivalent experimental condi-
tions, the computational accuracy of the three integration algorithms is comparable, with
the 12th-order Adams-Bashforth-Moulton method demonstrating the highest computation-
al efficiency. The results from both relativistic models are comparable, and the simplified
model can be directly utilized when considering computational efficiency. This work lays the
foundation for the subsequent development of a new dynamical model for Martian satellites,

incorporating complete rotation, and the construction of accurate Deimos ephemerides.

Key words: deimos; dynamics model; adjustment model; numerical integration; ephemeris
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