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Tab.3 Kepler orbit elements of Mars spacecraft
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Tab.4 Solution Schemes

R ZEYH W (LAHY g (15 KD +iEA/IE (15 K) A&
E= L] MGP1 MGPE1
B MR 7S+ iR 22 MGP2 MGPE2
DN 7+ P AR TR R 2 MGP3 MGPE3

3 BN S

ANV H 77 I B R K R KA R
AU IE, T2 20 it AT i, o dk

TERIE R BRI K EE 0L (U) 4:

U= GM X Z(—) Z(CnmcosmﬂJrS sinm A) P, (cos@) (3)

r = m=0
Hrb, G RAALIIEE, M AKERE,
R N KBS HMERN TR IE AR, 1. 0 .
A oy 3R TR KR ERAAE R AR R

o 8 C LS RIENML GRS,

Pom A IE WAL IE S #1488 . Nmax Jyix
[ENYIRVE O Wb BtV G RPI E S LS )
BWIEN T % (o) ARZENTTZE (8,0, B
i 2 A RON:

Y (Co’+ S
O-n £ m=0
2n+1

Horbr, nEoRME, mERgE. wER
i 2 S ARON:

Z(O‘ +o: %)

" 2n+1

4

(5

Hhos oy NRNOARNIEEL, XF
I 77 2 fi5 B AT 4 57 40067 0 96 P TR

Kaula #E, fiif & < LML R ECRA
TEERE, PrEZE SN 75 U,
‘Bl E IR RGN
ik, HEARRN:

G Sy ~ 02 S0t
n

nm? ~nm

Horsh Tk 2 const B 15X 10778, 7k &
IR E 5] N Kaula #E T H 2
VE N — A~ TE AR B> o i K fige = 7 373 1)
At tk, [ s AL R BT B A
TR, B 1 2l T S AN E i Ay
BRI T (L0t FREM 7% (ED),
PLK Kaula gk (e, B 1 H(a)~(f)
3 A% MGP1. MGP2. MGP3. MGPE1.
MGPE2 1 MGPE3.

(6)




K 1 ARSI Ry o Al
Fig.1 Power spectrum of various gravity field models

Kl 1 BT ¥ B 34 mTE £) Kaula 29 57E
5 M2 BT, 5 M & 25 B2l F R
P, 25 Mrz JEtRFEPER. N 10%[ 56 H
REMRER) MGPL F1 MGPE2 1%, £ /;
AT TR oy b AR A H L5 s N
KR AR 2, AT LR R MGP3 A
MGPE3 BRI, £E 35 Mk Z 5 hr &
oy g . Hd, MGPE3 BN &
07 2 4 E AR FEK T MGP3.

IbAh, 42 Wik 2 J5 BT A B 7 ZE 38
T Kaula 28, R/n R 5 1 E 7135 RECA T4,
XU T R I A ) R i S

= A BRI X T KR E S 42 UL
B KR SR DT HRAT PR o R SRIBE & 2 g 5
PRI K A A0 B A I 8] B ) R 1) — 5 40 FR AT
S, A SR — 1 T, RSB
DA ALY AT LA 2 5 GGM-3 — U
K. BE—B ML, K2 S TR
GGM-3 FRLZ [ REUR N TT 7, X
I DA R 5B 37 0 5 GMM-3 AL
[AIFEIEREE . & 2 o, SRR R
BUE RN G 5 R R BRSOl R ARER A
TR A U R S R BRSO A o

K2 fL R BoREN T &

Fig.2 Error degree variances between GGM-3 and other gravity field solutions

M 2 FafUEH, BR T MGP3

MGPE3 #5784,  HoAth TR AR 15 4 B A 55 ) =R



713 A5 B R B SR 2 ) F) R 22 B 7 22 5%
NEEE, UL T AR AT EEME . MGP3
A MGPE3 B8 (1)o7 Z #5022 B 7 22 3
& T07 R B0 7 25 20 B ik LR BIAL R EGR
ZM T ZRTE LRz ZER 7 2, 20 ik
PLESE 1 R RRZEN 2 B —i,
X LT N B B R R A k) )
WK R B REA o
TEARGHAR T B S a (R,
SR FHAH R ASERULRS TR) K B2, AR T3 7 )
a5, WK E ) 20 B ik E )3 il
FHE GGM-3 MR KRB N HIL, X FEE
S RN AR AIUTE 7 56 ZR LR s 2455 FE K FH
HEZ R (), a7 LLE BRI R
EHUIEME N 20 Bk BUR ARBY S
GGM-3 MY 7= B, IX & il T ok
FEARZEAS 5 IGNENBUR . i —2PHh, 4%
FEHFERARZEZ G (FFRiEe), XA
Vo A MR EILER DN 28 348 2 I A7 308 PRI 28 il B 485

FH GGM-3 AR E R E R A
1R, 7RI S KR AT S5 I 5 FL R
AR AR B, BR T KPR SRS A
XTRHEAN 1 15 5h S AR AR BN R
Ab, IBAEE BRI 22 . KA (RHL
KR RMEREIRED . KEDIRIRESR
KI5, Kk MGP3 fil MGPE3 447!
fil N A H AR L.

Ht— L PFl MGP3 1 MGPE3 f5 %} T
B BN 3T A T R B B P e Re . R
GGM-3 F5 1y AR Y A BT %2 50 Frik, &
ST 30 NGB B BN AN T 785 18 00 8 EAT
BHIB AR 047 IR RO IS XU 0 5 0004
PR il 519 MGP3 Al MGPE3 1F A5 EL 2
B B E I, 4y X BRI s R
TREPRIMBEAT E . B2 5, tHHEHEEN
BAET GGM-3 AR 7y (B AR B3 22 57
JEL RMS 21 7E 1K 3.

(a) HBERD A%

(b) TR

3 IRHEZER RMS (4 : MGP3 ; 152 : MGPE3 )

Fig.3 Orbital difference RMS(red spot: MGP3; blue spot: MGPE3)



M 3 LA, ST AR S,
AR MGP3 it & MGPE3 i 47 & SR 5,
S FUPE AR SR AR BRI, B I BCR
MGP3 H J 3715 8 e U FE o i . 0 T
TEPR A, 7TCAB A R FH MGPE3 #i%Y
(2 RS BT MGP3; 7 B0 X TiE
FRERMES, 7655 10 MIRBLZ 5 HdE £ 51
H, K MGP3 BRI T S E L. 4
BT 16 KR H )13 BB i NI AR TE B
TEPREFEE PRSI T 7R SR 45
(1) FUERE A BRI DTk -

4 45 i

A SR X E KR AT S5 R A — 5 [ 8K
Jiti 77 2, oy AT AT 45 T BRI B g 2
RIS KR E IR E DT, 2 E T %
BRI 28 NI 75 T8 PRI 25 5 LR B i, 7R
KEHEIKE R, T B ESE L,
Sl 25 K O e s 5 2 A 1 0 A AR 4R 2 R
FFEIXT R 6 4~ 50 Bk 1)K B E T3k AL
— TR ST E 134T Dh 2% b, AF
ST TR B A U 3T S B R R R A Ak 1)
THEOUT S AH BT — A A R TR R
AR E I E A, 254 15 R
15 KT 7R TE PRI 4% 5 F PR R O AR 3
I B K 2 g 37 5 2 A ]k 3] [) 5545
K5 AR, AT R ETT 2 b R AT LA
W AR IRI e xF T 35~50 Bk ifs 540
TR ES . 75— 7T, {EHE J13miiR
SESUEREVEAN . AR BN FRE 2RI
AR PREE R, XTI AR TE BRI 2% 1) 52 BURG
TR K o 5 RS 2 [E 40 77 58 K R BRI
TR HUE PRI S 5 R B R R D>, K —
TALS W TS5 BRI SE a2 e ¥ RAT S
AN R B BRI AR IE SE kR E
1) HLA 5K AR IR 13 P AT,
2 K L PR I8 K AR O R PE 6 H AT KR E
IR TR 2 B AT 58 3 SR

S 30k
[1] Wan W, Wang C, Li C, et al. The Payloads of
Planetary Physics Research Onboard China’S First
Mars Mission (Tianwen-1)[J]. Earth and Planetary
Physics, 2020, 4: 331-332.

[2]Leighton R B, Murray B C, Sharp R P, et al.
Mariner IV Photography of Mars: Initial Results[J].
Science, 1965, 149(3684): 627-630.

[3]Yan Jianguo, Ping Jinsong. A Gravity Field Model
for Mars[J]. Physics, 2009, 38:707-711 (EBZEE, F
Min. KEENHMRMR KR L REL[I] 91,
2009, 38(10): 707-711.)
[4]https://mars.nasa.gov/mars-exploration/missions/?p
age=0&per_page=99&order=date+desc&search=&cat
egory=167

[5] Zou Y, Zhu Y, Bai Y, et al. Scientific Objectives
and Payloads of Tianwen-1, China’s First Mars
Exploration Mission[J]. Advances in Space Research,
2020, 67(2).

[6] Khan S A. UAE Mars Mission[J]. Science, 2020,
369(6500).

[7] Farley K A, Williford K H, Stack K M, et al. Mars
2020 Mission Overview[J]. Space Science Reviews,
2020, 216(8): 1-41.

[8] Sugano T, Heki K. Isostasy of the Moon from
High-Resolution Gravity and Topography Data:
Implication for its Thermal History[J]. Geophysical
Research Letters, 2004, 31(24): 1183-1186.

[9] Lemoine F G, Smith D E, Rowlands D D, et al. An
Improved Solution of the Gravity Field of Mars
(GMM-2B) from Mars Global Surveyor[J]. Journal of
Geophysical Research: Planets, 2001, 106(E10):
23359-23376.

[10] Smith D E, Lerch F J, Nerem R S, et al. An
Improved Gravity Model for Mars: Goddard Mars
Model 1[J]. Journal of Geophysical Research: Planets,
1993, 98(E11): 20871.

[11] Lemoine F G, Smith D E, Rowlands D D, et al.
An Improved Solution of the Gravity Field of Mars
(GMM-2B) from Mars Global Surveyor[J]. Journal of
Geophysical 2001, 106(E10):
23359-23376.

[12] Konopliv A'S, Asmar S W, Folkner W M, et al.
Mars High Resolution Gravity Fields from MRO,
Gravity, Dynamical
Parameters[J]. Icarus, 2011, 211(1): 401-428.

[13] Konopliv A'S, Yoder C F, Standish E M, et al. A

Global Solution for the Mars Static and Seasonal

Research:Planets,

and other

Mars Seasonal

Gravity, Mars orientation, Phobos and Deimos Masses,



and Mars Ephemeris[J]. Icarus, 2006, 182(1): 23-50.
[14] Konopliv A S, Park R S, Folkner W M. An
Improved JPL Mars Gravity Field and Orientation
from Mars Orbiter and Lander Tracking Data[J].
Icarus, 2016, 274: 253-260.

[15] Hirt C, Claessens S J, Kuhn M, et al.
Kilometer-resolution  Gravity Field of Mars:
MGM2011[J]. Planetary and Space Science, 2012,
67(1): 147-154.

[16] Genova A, Goossens S, Lemoine F G, et al.
Seasonal and Static Gravity Field of Mars from MGS,
Mars Odyssey and MRO radio science[J]. Icarus,
2016, 272:228-245.

[17] Ye Mao. Development of Lunar Spacecraft
Precision Orbit Determination Software System and
Research on a Four-way Relay Tracking Measurement
Mode [D]. Wuhan: Wuhan University, 2016(f+7%. B
BRIR T 2548 25 E AR A 6 5 PO 2 4k IR BTN 2
BRXFAR[D] KN : HINKF, 2016

[18] Yan Jianguo. Lunar Gravity Field Research and
Lunar Satellite Precise Orbit Determination[D].
Wuhan: Wuhan University, 2007. ( Sf&E. BIkE
NHMREEBILERFZEEH[D]. BN RIXK
& 2007.)

[19]Yang Xuan, Yan Jianguo, Ye Mao, et al
Development of Precise Orbit Determination Software
for Mars Probe and Data Processing for MEXIJ].
Geomatics and Information Science of Wuhan
University, 2019, 44(3): 385-391. (#74F, ERiEE, M
%, F. KERNBEE ENIREHH K SR
R[] RXAFFMESRFM, 2019, 44(3):
385-391.)

[20]Yang X, Yan J G, Andert T, et al. The
Second-Degree Gravity Coefficients of Phobos from
two Mars Express flybys[J]. Monthly Notices of the
Royal  Astronomical Society, 2019, 490(2):
2007-2012.

[21] Yan J G, Yang X, Ye M, et al. Assessment of
Phobos Gravity Field Determination from Both Near
Polar and Near Equatorial Orbital Flyby Data[J].
Monthly Notices of the Royal Astronomical Society,
2018, 481(4): 4361-4371.

[22] Liu Shanhong, Yan Jianguo, Yang Xuan, et al.
Development of Mercury Precise Orbit Determination
Software and  Application[J].
Information Science of Wuhan University, 2019, 44(4):
510-517. (XLt BEZEE, 5, F. KERNH
BEENREMHREAN]. RIXKXZEFRESR
Z2BR, 2019, 44(4): 510-517.)

[23] Liu Shanhong, Yan Jianguo, Ye Mao, et al.
Contributions of Chinese VLBI Network to the Low

Geomatics and

Degree Coefficients of the Jupiter Gravity Field[J].
Geomatics and Information Science of Wuhan
University, 2020, 45(6): 862-869. (XL, BFEE,
7%, %F. FE VLBl M ARE XM E 15
BERmm] XXKXEZFRERBFI, 2020,
45(6): 862-869.)

[24)Jin W T, Li F, Yan J G, et al. A Simulated Global
GM Estimate of the Asteroid 469219 Kamo ‘Oalewa
for China’s Future Asteroid Mission[J]. Monthly
Notices of the Royal Astronomical Society, 2020,
493(3): 4012-4021.

[25] Genova A, Goossens S, Lemoine F G, et al.
Seasonal and Static Gravity Field of Mars from MGS,
Mars Odyssey and MRO Radio Science[J]. Icarus,
2016, 272:228-245.

[26] Mathews P M, Dehant V, Gipson J M. Tidal
Station Displacements[J]. Journal of Geophysical
Research, 1997, 102(20):469-477.

[27] Richard E. Ullman. SOLVE PROGRAM. 2010.
[28] Kaula W M. Theory of Satellite Geodesy:
Applications of satellites to Geodesy[J]. Physics
Today, 1966, 20(10): 101-101.

Potential Contribution from Tianwen-1 Extended Mission to Mars
Low-Order Gravity Field

LIU Shanhong®  YAN Jianguo® YANG Xuan’ YE Mao® GUO Xi* WANG Bo' LI Feit
1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan
University, Wuhan 430072, China
2 The State Key Laboratory of Satellite Navigation System and Equipment Technology, Shijiazhuang 050081,
China



Abstract: Tianwen-1 is China's first independent interplanetary mission. It will complete orbiting, landing, and
roving tasks in one operation. Exploiting tracking data from gathered during this extended mission, this paper
explores possible ways to improve the Mars gravity field model through simulations. We designed two types of
orbits, a polar and a near equatorial large eccentricity orbit and recovered six gravity solutions considering various
error sources. By the power spectrum of these gravity models was analyzed and evaluated, finding that a month of
tracking data from the polar orbit or the combined polar and near equatorial orbit could be used to properly
reconstruct the Mars gravity field model with orders and degrees of 42 under the 0.1 mm/s measurement noise.
The results show that after considering the influence of comprehensive error, the accuracy of gravity field solutions
from the two types of orbits was similar. Nevertheless, the orbit with large eccentricity near the equator has a
slightly stronger constraint on more than 35 order and degree coefficients.

Keywords: Mars gravity field model; GGM-3; power spectrum; Tianwen-1

First author: LIU Shanhong, PhD student, specializes in planetary spacecraft orbit determination and ephemeris.
E-Mail: liushanhong@whu.edu.cn

*Corresponding author: YAN Jianguo, PhD, professor. E-mail: jgyan@whu.edu.cn

Foundation Support: the Pre-research Project on Civil Aerospace Technologies(D020103); the National Natural
Science Foundation of China(42030110, U1831132)



PEER:

FRAE: K 1) — ST AT S50 SR AR 70 0 M S0 OV L SRR 43T

PEH: i, BREE, M, W%, 59, Tk 2%

KR H#: 2021-01-24

DOI:10. 13203/ j. whugis20210035

3 AR

I, B, BT, 5. K I — S0 AT 55 00 SR R B 1 MR S I LE SR ST [T RS2 of
BARERR, 2021, DOI: 10. 13203/ . whugis20210035(LIU Shanhong, YAN Jianguo, YANG Xuan, etal. Potential
Contribution from Tianwen—-1 Extended Mission to Mars Low-Order Gravity Field [J].Geomatics and

Information Science of Wuhan University, 2021, DOI: 10.13203/j. whugis20210035)

W% E R CEANBMRA S IEAHREEWMER, 18 IER RO !

BRI ARSI

FIF E /735158 MR0120D 4347 K B FRN2R BB E
MRsE, B E, 223, MET
R 22« 15 ERIEERR, 2021, 46(6) : 880-886

http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20180506

K ETR #3H535 5 PR AR ] K S o478 sk 7

WET, BRI, i, 2238, i T, <5 ki

BCBUR 244« 5 B RHERR, 2019, 44(3): 385-391
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20160494

—FhFT AL RS E T E
FH, eI, Fa, Z&E, P
R R R« 15 BRI, 2021, doi: 10. 13203/ 3. whugis20200232

http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20200232

10



