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Tab.1 Variation of Orbit Elements with Same Inclination 89° but Different Elevation

for Various Gravity Field Models

R bR 2 1S ¥ AR Ar FROR TR AERLIS 1T
3. TEPF EitHE T, GRGM660PRIM H /) 75
3 B T 2 500 By 420 B 150 By & BLAR KT IS
X BT TR R ) AN K, 3 sk AT T DA 2
BFa] . B e T R, AR SCAF) A R 4G
# 1~3 5 5 GRGM660PRIM # B & 420 Bk

100 km 50 km 20 km
LP150Q SGM150j GRGM LP150Q SGM150j GRGM LP150Q SGM150j GRGM
Aa/m —907.855 —911.048 —807.057 —780.975 —811.129 —1768.72 —802.117 —734.218 —958.376
Ae 0.053 480 0.053 474 0.053 530 0.027 156 0.027 226 0.026 517 0.011 274 0.011 312 0.010 741
Ai/(°+d”1) —0.000 042 —0.000 042 —0.000 052 0.010 637 0.010 635 0.010 817 —0.019 43 —0.019 40 —0.021 114
Arp/km —99. 156 —99. 147 —99. 152 —49. 314 —49. 468 —49. 134 —20.612 —20.612 —19. 830
Ar,/km 97. 340 97. 325 97.538 47,752 47. 846 45.597 19. 008 19. 144 17.914
At/d 175.969 1  175.969 1 175.969 1 58.864 9 58.864 9 58.700 7 11. 847 6 11. 847 6 11.771 2
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Tab. 2 Variation of Orbit Elements with Same Inclination 10° but Different Elevation
for Various Gravity Field Models
100 km 50 km 20 km
LP150Q SGM150j GRGM LP150Q SGM150;j GRGM LP150Q SGM150;j GRGM
Aa/m —287.566 —115.455 —100.151 343. 387 308.615 322.092 579.092 626.598 1 346.589
Ae 0.053 835 0.053 996 0.053 83 0.027 800 0.027 836 0.027 738 0.011 308 0.011 200 0.011 790
Ai/(°+d™1) —0.009 378 —0.009 868 —0.009 678 —0.031 677 —0.029 718 —0. 029 669 0.190 647 0.189 427 0.187 569
Arp/km —99. 221 —99. 354 —99.077 —49. 373 —49.471 —49. 283 —19. 307 —19.071 —19. 397
Ar,/km 98. 646 99.123 98. 877 50. 060 50. 089 49.928 20. 465 20. 323 22.090
At/d 47.754 2 48.243 1 47.998 6 5.740 3 5.740 3 5.663 9 2.757 3 2.680 9 2.913 9
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Tab.3  Variation of Orbit Elements with Same Inclination 170° but Different Elevation for Various Gravity Field Models

100 km 50 km 20 km
LP150Q SGM150j GRGM LP150Q SGM150j GRGM LP150Q SGM150j GRGM
Aa/m —36. 624 37.982 101. 008 133.271 258.866 —134.856 —30.102 40. 137 244,312
Ae 0.053 895 0.053 923 0.053 965 0.027 714 0.027 854 0.027 430 0.011 146 0.010 978 0.010 982
Ai/C e d™ ) 0.115 424 0.115 180 0.115726 0.123 617 0.126 533 0.117 022 —0.225 713 —0.238 139 —0. 234 347
Arp/km —99.093 —99.074 —99.092 —49. 423 —49.551 —49. 175 —19.624 —19. 260 —19. 065
Ar,/km 99. 020 99. 150 99. 294 49. 689 50. 068 48. 906 19. 564 19. 340 19. 553
At/d 16.518 8 16.602 8 16.522 7 6.045 8 6.045 8 5.969 4 1.466 3 1.470 1 1.393 8
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Tab. 4 Variation of Orbit Elements with Same Inclination 45° but Different Elevation for
Various Gravity Field Models
100 km 50 km 20 km
LP150Q SGM150j GRGM LP150Q SGM150j GRGM LP150Q SGM150j GRGM
Aa/m 3.424 —592.993 —552.711 —371.038 —237.673 —167.188 —187.59 9.798 —980. 307
Ae 0.054 105 0.053 806 0.053 751 0.027 378 0.027 347 0.027 397 0.010 763 0.010 881 0.010 555
Ai/(°«d™1) —0.009 059 —0.002 960 —0. 002 959 —0. 004 970 0.010 375 0.010 356 —0.072 484 —0. 067 011 —0. 065 201
Arp,/km —99. 442 —99. 455 —99. 317 —49. 313 —49.127 —49, 148 —19.107 —19.119 —19.525
Ar,/km 99. 449 98. 270 98. 212 48.570 48.651 48. 814 18.732 19. 139 17. 564
At/d 72.427 8 76.189 9 76.189 9 25.070 4 26.170 4 26.170 4 8.960 1 8.116 0 8.112 4
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Tab.5 Variation of Orbit Elements with Same Inclination 135° but Different Elevation for
Various Gravity Field Models
100 km 50 km 20 km
LP150Q SGM150j GRGM LP150Q SGM150j GRGM LP150Q SGM150j GRGM

Aa/m —462.106 244.541 —491.745 —359.980 —192.276 —748.301 —423.340 —294.710 41. 306
Ae 0.053 673 0.054 111 0.053 727 0.027 505 0.027 652 0.027 173 0.010 910 0.010 731 0.011 027
Ai/(CCed™t)  —0.005 135 —0.006 136 —0.006 179 —0. 122 900 —0. 050 227 —0. 051 844 0.031 761 0.034 377 0.032 140
Arp/km —99. 088 —99. 224 —99. 215 —49.528 —49. 629 —49. 313 —19.599 —19. 157 —19. 344
Ar,/km 98.163 99.713 98. 232 48. 808 49. 245 47.816 18.752 18. 568 19. 427
At/d 67.199 0 71.858 7 71.858 7 10.235 8 14.081 9 14.001 7 1.695 5 1.695 5 1.771 9
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Fig. 2 Two Way and Three Way Doppler Residuals of Apollo 16 Subsatellite
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Tab. 6 Statistical Results of POD Residuals for Different Models/(mm « s~ ')
LP150Q SGM150j GRGM660PRIM
SR Doppler gy P —T.5X10° 137X 1077 3. 14X 10~
= Doppler B B 1.36 1. 48 0.722
oot gy O 1.37X107%  6.8X10" —1.58X 107"
e Doppler TR HF7 4 1.67 1.69 1.2
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Tab. 7 Statistics of Orbit Overlap Difference for Different Models/m
M (| Wy il 1% 18]
LP150Q SGM150j GRGM LP150Q SGM150j GRGM LP150Q SGM150j GRGM
5/10 0.417 8.169 0.178 1.653 17. 427 0. 882 4.421 32.750 6.326
5/11 2.740 9.981 0.575 5.295 21. 360 1.792 26. 460 40. 732 2.666
5/12 5.094 4.698 0.385 10. 895 10. 851 1.32 27.382 63.695 18. 730




98 W S [

ERSRE

2016 4F 1 H

o I TR IE 52 T GRATL B[] B B B8 %) A 3R 8
1 R RURS BE 1 25

L R A HT AT, GRGM660PRIM % 4% H
TR TR B S 00 8 B PE AR L a3 00 TR [ B
RGTHI IR 5 SHMBEAAEENSHEZE L,

3 & iE

AR S NI TE A R 5 A A A i T
T R BRE ) A A GRGM660PRIM [1)
ERLERE, SRR M TR E TR S,
GRGM660PRIM # 8 %f 20 km, 50 km, 100 km
o BE TR A I A i AR O R R B LR A A
P 5 %5 F RABU A IR B0 T2 RS 2% 0, T DA 3
P HOE U . TR E R Kk S I 5 S R
i i S TE ) BR BT 58 58 23 W 2 5 SRAT IR 1] 3K
Xf E LR TS R AR SO g R aT DL Ry 3
B 55 MZIE MRS R -2 BENS%,

& £ x #

[1] Li Fei, Yan Jianguo. Principle and Method of Lunar
Gravity Field Determination and Project on Self-de-
terminational Lunar Grdavity Field[]]. Geomatics
and Information Science of Wuhan University,
2007, 32(1): 6-10(ZE4, KRk, JBRE J) 5 19 o
AR R E B A R R Oy =R LT
BBURZ AR - (5 B RHA R, 2007,32(1) : 6-10)

[2] Yan Jianguo. Lunar Gravity Field Research and Lu-
nar Satellite Precise Orbit Determination[ D]. Wu-
han: Wuhan University, 2007 (ER@E. ABKE 115
MR KsE A TRR%ENID]. R RIK¥,
2007)

[3] Zuber M T, Smith D E, Watkins M M, et al.
Gravity Field of the Moon from the Gravity Recov-
ery and Interior Laboratory (GRAIL) mission[ ] ].
Sciences 2013, 339(6 120): 668-671

[4] Lemoine F G, Goossens S, Sabaka T J, et al.
High-Degree Gravity Models from GRAIL Primary
Mission Data [ ] ].
search ; Planets, 2013, 118(8): 1 676-1 698

[5] Lemoine F G, Goossens S, Sabaka T J, et al.
GRGM900C: A Degree 900 Lunar Gravity Model
from GRAIL Primary and Extended Mission Data
[I]. Geophysical Research Letters, 2014, 41(10) .
3 382-3 389

[6] Konopliv A S, Park R S, Yuan D N, et al. The

Journal of Geophysical Re-

JPL Lunar Gravity Field to Spherical Harmonic De-
gree 660 from the GRAIL Primary Mission [ ] ].

[7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

Journal of Geophysical Research: Planets, 2013,
118(7): 1 415-1 434

Konopliv A’ S, Park R’ S, Yuan D N, et al. High-
resolution Lunar Gravity Fields from the GRAIL
Primary and Extended Missions [ J]. Geophysical
Research Letters, 2014, 41(5). 1 452-1 458
Konopliv A S. LP150Q. A01 (JGL150Ql. SHA)
Lunar Prospector Derived Spherical Harmonic Mod-
el for the Moon Submitted to the Planetary Data
System [ EB/OL ].
edu/lunar/lp-l-rss-5-gravity-vl/lp_1001/sha/jgl150
ql. 1bl, 2000

Konopliv A’ S, Asmar S W, Carranza E, et al. Re-

http://pds-eosciences. wustl.

cent Gravity Models as a Result of the Lunar Pro-
spector Mission[J]. Icarus, 2001, 150(1): 1-18
Matsumoto K, Goossens S, Ishihara Y. et al. An
Improved Lunar Gravity Field Model from SELENE
and Historical Tracking Data: Revealing the Farside
Gravity Features[J]. Journal of Geophysical Re-
search : Planets, 2010, 115(E6): 1 991-2 012
Goossens S ], Matsumoto K, Kikuchi F, et al. Im-
proved High-Resolution Lunar Gravity Field Model
from SELENE and Historical Tracking Data[ C].
AGU Fall Meeting, San Francisco, 2011

Yan J G,Zhong Z, Li F, et al. Comparison Analy-
ses on the 150X 150 Lunar Gravity Field Models by
Gravity/Topography Admittance, Correlation and
Precision Orbit Determination [ J ]. Adwances in
Space Research , 2013, 52(3): 512-520

Yan Jianguo, Li Fei, Ping Jingsong, et al. Lunar
Gravity Field Model CEGM-01 Based on Tracking
Data of Chang’ E-1[J]. Chinese Journal of Geo-
physics, 2011, 53(12) . 2843-2851 (ER#[H ., Z=4k,
BAR R SET IR S IR BRI T Bk )
YRR CEGM-01[J]. it 2R ¥ # % di. 2011, 53
(12). 2 843-2 851)

Yan ] G, Goossens S,
CEGMO02: An Improved Lunar Gravity Model using
Chang’ E-1 Orbital Tracking Data[J]. Planetary
and Space Science, 2012, 62(1). 1-9

Matsumoto K, et al.

Wang Wei, Yan Jianguo, Shi Xian, et al. Numeri-
cal Analysis of Lunar Satellite Orbit Revolutionary
[J]. Geomatics and Information Science of Wuhan
University, 2007, 32(1): 19-23(E . EpgtE, $
5%, AL BE T AT 4 T IR E B B AL B HOE o B
() DR 2 2 4l » 5 BBh - A, 2007, 32(1):
19-23)

Zhong Zhen, Li Fei, Yan Jianguo, et al. Compari-
son and Analysis on Main and Newly Lunar Gravity
Field Models[ J]. Geomatics and Information Sci-
ence of Wuhan University, 2013, 38(4): 390-393



A1 B 1 M BEAF . GRAIL F BREE ) 3 B E Bk BE 23 99

CihfR, 238, EiglrE, & HiEARE AL [19] Sjogren W L, Wimberly R N, Wollenhaupt W R.

W55 T]. R KFE¥IR - 58 8B %R, Lunar Gravity via the Apollo 15 and 16 Subsatellites
2013, 38(4): 390-393) [J]. Earth, Moon, and Planets, 1974, 9(1): 115-
[17] Pavlis D E, Wimert J, McCarthy J. J. GEODYN II 128
system description[ R]. SGT Inc. , Greenbelt, MD, [20] Li Fei, Yan Jianguo, Ping Jingsong, et al. Lunar
2013 Gravity Field Simulation Based on Big Inclination
[18] Mazarico E. Lemoine F G, Goossens S J, et al. Im- Orbiter[J]. Chinese Journal of Geophysics, 2011,
proved Precision Orbit Determination of Lunar Or- 54(3): 666-672(Z=3E, ERglE, FHM, & T K
biters from the GRAIL-Derived Gravity Models[ C]. 15 T B Bh a8 R i 80 8E 69 B Bk 7 3 4 B {)y B i
AAS/AIAA Space Flight Mechanics Conference, BT, HER Y B2 4R . 2011, 54(3): 666-672)

Kauai, Hawaii, 2013

Orbit Determination Ability Analysis of the GRAIL Gravity Model
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Abstract: The new GRAIL gravity model GRGM660PRIM has advanced in the aspect of resolution and
degree when compared with historical lunar gravity field models. In this paper, we present a quantita-
tive analysis of the orbit determination ability of the GRGM660PRIM in orbit prediction and precise
orbit determination (POD). In a comparison with the LP50Q and SGM150j models, results show that
the GRGM660PRIM is close to the level of the LP150Q and SGM150 in satellite lifetime prediction; in
the Apollo 16 subsatellite POD, GRGM660PRIM shows its advantages at high degrees and precision,
the residuals RMS of two Doppler decreases from 1. 36 ~1. 48 mm/s to 0. 722 mm/s, and the three
way Doppler residuals RMS decrease from 1. 67~1. 69 mm/s to 1. 2 mm/s; the precision of orbit de-
termination improves significantly. These conclusions can provide a reference for the upcoming Chi-
nese Chang’ E-5 mission and further lunar missions.
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