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Figure 1 (Color online) Two-way or three-way tracking mode for
Mars lander.
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Figure 2 (Color online) Earth declination and SEP variations versus
time.

029501-4



WATaE. PEREE MBS 1 ROCE 2021 B ST A 2 )

R FHESHRE

Table 1 Simulation settings

e HfH SRR
X (km) 2444.742 10
Y (km) —2051.382 10
Z (km) 1161.568 10
A (mas/yr) —7610.1 ¥
1, (mas/yr) -34 I
¢, (degree/d) 350.891985307 ¥
$e1» 1 (mas) 481, —155 20, 24
$e2s P52 (mas) —-103, =93 18, 16
e3> Ps3 (Mas) -35, -3 16, 14
Pesr Poa (Mas) -10, -8 12, 12
1y, Y10 (mas) —0.4, —632.6 24,19
Ly, Y9 (mas) 0, —44.2 5,8
L, 30 (mas) 0, —4.0 40, 96
149, W49 (mas) —49.1, —104.5 3,7
Isg, wso (mas) 515.7, 1097.0 35, 139
Lo, Weo (mas) 112.8, 240.1 268, 569
L, Y0 (mas) 19.2, 40.9 3,39
Igo, Yo (mas) 3.0, 6.5 0.5, 0.85
Ioo, Yoo (Mas) 04, 1.0 0.06, 0.17
Xy, X;1 (mas) 13, 13 13, 13
X2y Xy (mas) 8,8 8,8
X4, Xy4 (mas) 2,2 2,2
X.q, X, (mas) 55, 55 55, 55
Y.1, Yy (mas) 5,5 55
Y, Y, (mas) 3,8 8,8
Y.4, Yy (mas) 2,2 2,2
Y5, Y5 (mas) 34, 34 34, 34

ER SIS YR R S = = i 1D & SR 7))
B Fees ok BRI IRIE, A RRM, K&
WAL I R AE0-15 masZ [W], EfB ks EHNLI7E10-
100 mas:Z [8]2>) K48 SCHR[23]HIFT T, KB A B4
WE WKL JFHEENI00%IREZE. (FEERES, &5k
5 bk S 500 AR AR BROSURE 22 57 0 R0 B S U
B, EN IR b2 B 2 iR 2 b [ 30 5 3 2 P g 75
FKF- 8 0 AR 2 18 75 (60 sAR 43 XUFE 22 1 #50.05 mm/s;
BRI R T m) A KAl 2 B0 0 O 22 (1/2 56 30 29 7R)
Je, MR A {8 A AT SR IR 2 R ) N R R

REGE SRS ERSNE, 5580 BE L,
DTS ERRE IR . S HURFAI, SR E R 45
PRIZR B, ARG T 307 B, 5 il a7 B AR
SERIRGS, THAFRIN S IR E S

4.2 HE4LER

o i A3 o7 B S Sl S L I3, (1 hi R R A
X, YARRRICSRBK . T B A BRI Z07 A UK
FE, U DN P55 A LG XOURE 2231 80, 75205 1) 1 P 2
AR L, 2hERAR LK, AR 2 )
s o T 205 R FEANRIUR, i AR O
KM SEBRAE S vy 45 £ R MR SO s 8k, 1R
Z77 T R R 3 v B T S 2 A K 1
B, T R 3 TR AT LA N ) BR R B i
WA N KR E S B FERE T, M EpES, E
SHURYE B AT SHOR FE AN T 2%, HIksIN
TRGREZE. AN, R, 2492 hig BB S,
JR DR A B B B A W23 h, BT EREE R A
B SE TR A T IR, (1S E R E
S FE .

El4-7 K B S HIIR SRS R, Hod, 7E58200
{145 H BT i F SEPF A il /NG BB o $dis, 724 T
[T, 23292000855 H, £ 255U, v RS 5 nl
MHTAH R S E R RS B I AR R, A AT 4
Bl y G E L5104, B8RS T 2 it 6504T 55
H A R 2 i, — 7 g T H g KA 2
g, TS, DAE AR I S BE R AR
it EBI SRS, A ATEE T B SR TR0
EINSHRE AR IES, N TR EW S, e
il 7R AR TSR ECR I S, BRI, v),
AR AT, we) LA BRI, vy, I, we). 2
i, IeSw b IR BN R, XN K E B B
FRNAIR 5134 AR, KA SR IR T 1
NIy OARIETEHE. s, FETTIAEI10-30 masi kg
JE. EAERERE, BT EIT2001T45 H KW £ s
AT LA B AT S BIRE L, AT SERRE LR, il
TN A KRB R A BRER A, AT DA KR = 2
S S

HAARLRD KB B R AR, & R
KEWXTFKE KRRV, £id700E5%

029501-5



WTaE. hEREE WEE s RO

2021 £ FES1E F2H

Two-way Doppler

@

Uncertainty
True error

0.4
E
X 0.2
O*‘W Al
1 2 3 4 5
25 - -
(b):
20f - R = Uncertainty = |
R RS TSRS S True error -3
51.5
>

Uncertainty
True error
= [Pesps T
E 102100 : J&l&wf L e
N SRS o iilin
10°
1 2 3 4 5

Tracking hours (h)

Two-way Range

8 :
dy S
. RES R Uncertainty
GFiiiiii o Trueerror
3 4 5

| ——Uncertainty |
o Trueerror

®

= Uncertainty
True error

Tracking hours (h)

Bl 3 (MZROR 1) A s o B WS St 2 (SR Z O bn e 72, AL Bl R 5 FUE RO 220, RISCSEiR 7). (60U 238 B ik i
HEMBMLEX (2), Y (b), Z ()FIUSRHIZE; {5 B XURE U FE 2R T BB S B X (d), Y (e), Z (DAIURS 2R

Figure 3 (Color online) Lander positioning versus tracking duration (the solid line is the uncertainty of adjusted parameters and the red circle is the
true error). The convergence curves for the lander positioning at X (a), ¥ (b), and Z (c) axes using two-way Doppler data; the convergence curves for the

lander positioning at X (d), Y (e), and Z (f) axes using two-way range data.
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Figure 4 (Color online) 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. The convergence

curves for the precession and rotation parameters /; (a), ¥, (b), q30 (c) using two-way Doppler data. The convergence curves for the precession and

rotation parameters Io (d), A (e), ¢30 (f) using two-way range data.
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Figure 5 (Color online) 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 2¢. (a) The result
of using two-way Doppler data to determine nutation parameters; (b) the result of using two-way range data.
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Table 2 Accuracy of lander position and MOPs

5 WIEZEH) (10) SUFEMFE (10) 5 WIEZEH) (10) WFEMFE (10)
X (m) 0.35 0.43 150, 5o (mas) 14.47, 33.01 9.50, 18.42
Y (m) 0.41 0.52 Igo, Weo (mas) 20.06, 43.82 13.39, 27.90
Z (m) 5.93 0.06 Lo, W7o (mas) 2.29, 3.51 2.14, 2.95
¥, (mas/yr) 0.75 0.35 Iy, Wgo (mas) 0.49, 0.84 0.48, 0.83
]0 (mas/yr) 0.90 0.63 oo, Wy (Mas) 0.06, 0.17 0.06, 0.17
q}o (deg/d) 0.0000000011 0.0000000014 X1, X (mas) 7.54, 5.29 6.55, 5.01
o1, ¢1 (mas) 3.52,2.97 322,285 Xe, Xy (mas) 5.97, 6.12 5.49, 5.70
2y hsr (Mas) 4.80, 4.79 3.82, 4.07 X4, X4 (mas) 1.62, 1.81 1.62, 1.65
be35 hg3 (Mas) 6.25,3.33 448, 2.36 X5, X5 (mas) 347, 1.76 4.74,2.23
ess Pgq (Mas) 1.33,1.12 1.48, 1.30 Y., Y5 (mas) 4.80, 4.75 4.78, 4.75
1o, W1 (mas) 9.01, 15.94 7.31, 8.46 Y., Yy (mas) 6.55, 6.73 6.30, 6.45
Ly, ¥y (mas) 441, 745 4.25,7.18 Y4, Yy (mas) 1.74, 1.86 1.74, 1.76
Ly, W3 (mas) 20.67, 45.05 13.23, 29.53 Y,s, Y5 (mas) 4.63, 3.21 5.87,3.55
L40, W40 (Mas) 2.97, 6.84 2.93, 6.60
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Figure 8 (Color online) The effect of lander latitude on the accuracy of Mars orientation parameters (for clarity, only representative orientation
parameters are drawn). (a), (b) Simulation results using two-way Doppler measurement; (c), (d) combined solution results of two-way Doppler and
two-way range.
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Figure 9 (Color online) The effect of Mars ephemeris error on the accuracy of Mars orientation parameters (for clarity, only representative
orientation parameters are drawn). (a) The case of using two-way Doppler data; (b) the case of using two-way range data.
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Mars orientation parameters determination based on
direct-to-Earth measurement
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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 d 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 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.

Mars lander, Mars rotation parameters, Doppler, range measurement
PACS: 96.30.Gc, 95.55.Pe, 91.10.Fc
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