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Mars orientation parameters determination based on direct-to-

Earth measurement
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Abstract The Mars orientation parameters (MOPs) are important information for constraining Martian
interior properties, ice caps sublimation, and condensation process. Considering the future Mars
landing mission, we performed numerical simulations of MOP determination using direct-to-Earth
radio signals. The results suggest that after 200 days of tracking using high-quality levels of both two-
way Doppler and two-way range measurements the MOP uncertainties will be significantly reduced.
Then, after about 800 mission days the accuracy of precession parameters will be improved by 5-10
times compared with the present. Also, the accuracy of nutation parameters will reach 10-30 mas, and
the accuracy of Length-of-day and Chandler wobble parameters will reach 5-10 mas, which meets the
need to investigate the internal structure of Mars and the dynamics of the atmosphere. By analyzing the
solution results of different latitude landers, two-way range data can provide a good complement to
two-way Doppler data. Therefore, it is necessary to perform a two-way range measurement for a high-

latitude lander. In addition, the study has also found the limit of the ephemeris error of Mars for MOP
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determination. When using the two-way Doppler data, the ephemeris error should not be more than 75
m; and for the two-way range measurement, the error should be less than 0.15 m.

Keywords Mars lander; Mars rotation parameters; Doppler; Range measurement
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Fig.1 Two-way or three-way tracking mode for Mars lander
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Fig.2 Earth declination and SEP variations versus time
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X 2444.742 km 10

Y -2051.382 10

z 1161.568 10

W, -7610.1 mas/yr x

I, -3.4 mas/yr %

d50 350.891985307 degree/day x
b.1.9, 481, -155 mas 20, 24
b 05, -103, -93 18,16
Gz Oss -35,-3 16, 14
iy 10, -8 12, 12
Ly, Wi, -0.4,-632.6 mas 24,19
Izo RS 0, -44.2 5,8
Ly, Wy 0,-4.0 40, 96
I, Ws -49.1, -104.5 3,7
I, Ws, 515.7, 1097.0 35, 139
IGO »Weo 112.8, 240.1 268, 569
J ST/ 19.2, 40.9 3,3.9
I 80’ Weo 3.0, 6.5 0.5, 0.85

Iy, Wy 0.4,1.0 0.06, 0.17

XXy 13, 13 mas 13,13
X Xy 8,8 8,8
XC4 , X 4 2,2 2,2
Xcs’X 55, 55 55, 55
Ycl’ YS 55 5,5
Ycz’ Y 8,8 8,8
Y.,,Y, 2,2 2,2
Y Y 34, 34 34, 34
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RAHAERBHIRE, BEEHARRAAERBIEBRE 0~15 mas 28, HRIEHIENERY
£ 10~100 mas Z (&>, {KIECER[23]VEAR, AERBERIRENRLK 1, HEIKEN 100%I1R
E, HEZEHR, BAERALRSHEN “BE” £RNESEHMESWUE, EWNELRZ
BR L R I U 5 55 R 2R AR A K AR INARRZ IR AS (60 AR XNIZZE#) 0.05 mm/s; XX
FEMEE 1 m) URARHEBEANRE (12 %8RAR) &, KELMUEFERTELERAEN
RNZRERRBREASHREEMEMUE, SSHN “HE" B, 2WSHBRENEE.,
SHMENY, SWNERDERRNEN, RBEEMBUE, SEMBUBBERTEIX
R, FEFENBEAEERSH.
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Fig. 3 Lander positioning versus tracking duration (the solid line is the uncertainty of adjusted
parameters and the red circle is the true error). Figures (a), (b), and (c) are the convergence curves for
the lander positioning at X, Y, and Z axes using two-way Doppler data; Figures (d), (e), and (f) are the

convergence curves for the lander positioning at X, Y, and Z axes using two-way range data
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Fig.4 Precession and spin rate parameters versus tracking duration. The solid line is the uncertainty of
adjusted parameters and the red circle is the true error. The dashed line represents current precision of

these parameters computed from lander tracking data. Figures (a), (b), and (c) are the convergence

curves for the precession and rotation parameters 1o , Yo d)o using two-way Doppler data.
Figures (d), (e), and (f) are the convergence curves for the precession and rotation parameters 1o ,

Uy ¢o using two-way range data.

Two-way Doppler Two-way Range
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Fig. 5 Nutation parameters versus tracking duration (All lines in the figure are uncertainties of
adjusting parameters. For avoiding confusion, the nutation parameters with little improvement in
accuracy are not drawn. The true errors of all parameters are less than 20). Figure (a) is the result of
using two-way Doppler data to determine nutation parameters, and Figure (b) is the result of using two-

way rang data.
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Fig.6 LOD parameters versus tracking duration. Figure (a) is the result of using two-way Doppler data

to determine LOD parameters, and Figure (b) is the result of using two-way rang data.
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Fig.7 Polar motion parameters versus tracking duration (only Chandler Wobble). Figure (a) is the result

of using two-way Doppler data to determine the Chandler Wobble, and Figure (b) is the result of using

two-way rang data.
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Table 2. Accuracy of lander position and MOPs.

S WizZEEH( 1o ) XHEME( 1o )
X (m) 0.35 0.43
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Fig.8 The effect of lander latitude on the accuracy of Mars orientation parameters (for clarity, only
representative orientation parameters are drawn. Figure (a) and (b) are simulation results using two-

way Doppler measurement, and Figure (c) and (d) are combined solution results of two-way Doppler

and two-way range.)
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Fig.9 The effect of Mars ephemeris error on the accuracy of Mars orientation parameters (for clarity,

only representative orientation parameters are drawn). Figure (a) shows the case of using two-way

Doppler data, and Figure (b) shows the case of using two-way rang data.
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