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ABSTRACT

An orbit propagation software for the Mars orbiting spacecraft has been developed
and verified in preparations for the future Korean Mars missions. Dynamic model
for Mars orbiting spacecraft has been studied, and Mars centered coordinate systems

are utilized to express spacecraft state vectors. Coordinate corrections to the Mars
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centered coordinate system have been made to adjust the effects caused by Mars
precess'on and nutation. After spacecraft enters Sphere of Influence (SOI) of the
Mars, the spacecraft experiences various perturbation effects as it approaches to Mars.
Every possible perturbation effect is considered during integrations of spacecraft state
vectors. The Mars50c gravity field model and the Mars-GRAM 2001 model are used
to compute perturbation effects due to Mars gravity field and Mars atmospheric drag,
respectively. To compute exact locations of other planets, JPL’s DE405 ephemerides
are used. Phobos and Deimos’s ephemeris are computed using analytical method
because their informations are not released with DE405. Mars Global Surveyor’s
mapping orbital data are used to verify the developed propagator performances. After
one Martian day propagation (12 orbital periods), the results show about maximum
+5 meter errors, in every position state components(radial, cross-track and along-
track), when compared to these from the Astrogator propagation in the Satellite
Tool Kit. This result shows high reliability of the developed software which can be

used to design near Mars missions for Korea, in future.

Keywords: Mars, orbit propagation software, Mars coordinate system, perturbations near Mars
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Input
Orbital element and time epoch
(Mars Centered Inertial coordinate
system)
\ 4
Coordinate Correction Coordinate
- Mars procession ¢ > Transformation
- Mars nutation (Earth & Sun a Mars)
]
Various Perturbations
-Solar radiation pressure
-Mars gravity field
State integration -Mars atmospheric drag
(Runge Kutta 7-8™) -Gravitational effects of Mars moon
{Phobos & Deimos)
-Eight solar planets with the Sun
including Earth gimoon
)
A
Output
- Mars Centered Inertial coordinate system
- Mars Centered Mars Fixed coordinate
system
2P 1 ML 22Edo]d dnElE XK.
L AT azEYold A" A FAL
Hg =g

A Yo F5H JPL DE405 ¥ 3|42 3 3(34d9 A4)
A= Az 4y A
Az A& 9y Runge-Kutta 7 — 8tk

34 FHAMY 45Y eSS T 8 FAAT A7 Dol o I
349 AN (EE28) ol RA) A% 43
ek BALghel) o3 g3
314 718 gt 43 (Mars-GRAM 2001)
343 Wity FSHel 18 93 (Mars50c)

A9 BAY AT+ At FF
49 Mzt FE
€9 #8A 34 54 24 HEA

34 54 13 FEA

FAeR B L2A7AY AE vehdoh 3 194 & 97 53 e 2nE o g2
& N2AA SAEE B33 itk 34 FH 84 AFAR 283 27 A=8471 4H5

H 7P A FEALY 4B E A%t AT FHY FEAZREH A4 T4 HEAZY W] )R
o] At oluf AT R g2 Mgt AFol & EAE DS Ao AEE HEASG YYd =
7l A=_4E o] 83t BAF 9149 A HE o] A E o] o] FolA e, HE AR A FA A4l
A vl gFT 450l LSHA Aot
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22 A% 43S 98 A28 Ax 24

Beerer & Dallas(1994) JPL(2001)
71EFEA 34 4 FEREA 34 24 BAREA
712X (YYYY/MM/DD hh:mm:ss)  1998/01/01 00:00:00 (UTC) 2001/01/01 01:21:02 (UTC)
4 (km) 3766.159 3766.875
ol 0.00405 0.00538
71& 71 (deg) 92.87 93.01
23} 0|2} (deg) -90.00 269.25
%2 H 0|z} (deg) -39.16 355.56
A7l Z} (deg) 0.000 0.000
3810 430

—— Agrographic Altitude
2800 R 420 | - Aerocentric Atuce
410
370 |-
- 400 |
£ 3
E 2 3w
B =
£ 3170 E
37& :.:_,f'. ........
3140 . i H :
0 20 40 60 &€ 100 12 -90 -0 -30 0 30 60 30
Time in Mapping Ortit (rrin) Aerodetic Latitude (deg)
a9 2. MGS9] AJ7tell W2 A9 W3 2% 3. MGSe| 950 u}E nxof W3}

AR gA 94 Jel A A AT 27 A4 3 HEA(RY FL T2 9B
o) A7 gre 2YsHA Aok B 18 A2H cxEgols] AARA N2ad 47 FAE
o}

4. 45 % 1t

4 oA EA 958 98 NE8 £ AnAdst 2ZEH oY A5 FFsH] HEd
1996'd 119 79 TALE v] 29 314 A MGSS] 34 A= FAA4 & 95 7] A= 84 (Mapping
orbital elements)E o] &3 th. MGS2] A& A A FA] Beerer & Dallas(1994) 7} #x 3 27] A%
245 ol4sto QFAA AF & AAReH, 25 MGS9] 434U 45 & 4xd JPLY =7]
A% 84 E o] & STK(Satellite Took Kit)2] Astrogator ZEL T3 4538 A3 2 JPLAA A&
g AFAE o] 43t F71HA AF & AA AT A7 Ao T 27 AT 24+ X 29 YE
1} 91t} Beerer & Dallas(1994)7F AlAIS MGS9] 7] A= 248 o83t & 1208(F549 1
A4 A7) FL U ASE Ans v Y AAY Avt A= 1Y 2~40] vERY Ytk
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430

—— Aemgraphic Altitude
-+ Aerocentric Atitude

Ahitude (km)

Latitude (deg)

0 A 50 R °; - ¥ -
ol . . . . P I W S
0 2 a0 60 & 100 120 -180 120 & 0
Time in Mapping OrbR (min) Longtude {deg)
3% 4. MGS] Aol & 2k 9] M3} % 5. MGS9 314 AE A4,

3 Ax A5 39 Az 84 WE(12 F

£
N
N

STK 43 JPLg=E 2 dx3y
4= A94(km) 3767.119  3767.182  3767.114
oA E 0.01148 0.01151 0.01149
7 AL zH(deg) 93.004 93.002 93.002
$2 A olzb(deg) 355.578 355.582 355.582
8178 ol Z(deg) 268.645 268.576 268.596
A2 olzi(deg) 179.984 180.000 179.986
AE F7)(hour)  1.94996 1.95000 1.94996

a3 29 A A A g 3 F4Ho2RE B MGS7HAIY Ag HEE vehd 270
o, 2% 39 - MGS vl A=) 95 W3] ;2 -7’-5-94 WEE vebd 2P olth ojm) FA L
Aerocentric altitude2A 349 AFE (S 45HE A g2 FLol B3 MGSY 2= E v}
ElUl o], A A2 Aerographic altitude® 3142 HHTE 123t Ao s 15§ vepdich =3
T X AE7 AFE AT B P4 FAoE REHUE FF “Geo” A “Aero”]
FHo) A2 Fusy] vidh 2 3¢ B B34 ¥¥EE v e uEA 4L 3
Fol me 34 24 g ¢+ 157t F FAYAAE oF 18km FES Ao|7t E £ YeS
&5 Atk 2 4= FB A & 3249 1x95E eiA, 9A 349 #3858 19
B 399 obd Ffoll it Ao oF 18kme] =9 Aol7t A& & 4 Qlth o= IAUGA HE
3 3430 713 BRE(FA 9 B A=uHA 3393.4km, 3140} B 2k 3375.8km) o] A 7}
obd ¥ de] Fef(Vaughan 1995)0]7] wf&ell Uhebd dxtolth 2 2~48 S8 ML £ T E o9
A% FANA A4EE A7) Beerer & Dallas(1994)0] A9} A &tk 1Y 5= AL 2=ZE
Hlﬂi 4298 MGS2 34 A E A A (ground track)E& R ETH FA A4EE AT FAAA £4

Eol AA HA e BAZ MGS 4T3 4F +3 F JPLAA X3 27 A= 848
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ol &, 2718 A% AF S AASAY A& FFE= STKY Astrogator 2 &2 ©]-83) 428 2
ok 9 JPLe] ZAFhe} vasted Hotth olu) A= A Ae] B9 MGSY 844 12 7H F7] ¢
AAEH oY, ol & A FF(AF AT2RE oF 2447 398) 0l A FH & Al dolth & 39
A GA AEE 243 At AE 240 i AR g BojFa Yk JPLY g AA MGS
o A% 474 T A& Holi STKY ¢ 3¢ 243} 428 A=A 23 gtolth & 39A
STKS 23 9 2 A72 AEFo)d 275 JPLY ZAFe vjadted B RE Ax Q404 &
0.001%~0.2%2] 2218 B4 & F Atk o) AA MGS2) B¢ 549 vy A= 24 9
3t 7)%(Orbit Trim Maneuver)-& A Al(Lee et al. 1996)3 R oj w}2 e X2 kgt 19 62 A
LBZEY O E o]&3d AvlE $F A A=) STKS Astrogator 5 ©]43t9 Hutd A¢+E
v ste] B EH SFAY AP ELAE EAT 2Ptk 28 62 THA 70l 34 FHE
129 FASE Fotoll A F As Az E Y 4T X7t 542 ¥ 3 (radial), T3
2 Aukek(cross track) 18 1 #A % R P93 along track) 2F +£5m oo 2 & = At} 31A
ueFAM RE JAHEE) AUACR 2FY AFFL Jlon AP+ Ao Wl Fge] v
A GEe & thh A doljdg & 5 Aok o8 = 0t 422 REH 7]d8 ol
I F Ak A FEAY ABAA S, AT T FRAZEE A 54 FABAR] 2ERA
oA Vet @xlolth A A E vie Zo] FRA Q] M AL b FxXUF AL FNkE
A Ho, IAUE A&AA 3t XA dist ZEE A1) 8 Fe2 NFA Bl sto] TR
Qth B dpoA A_E A FE AL AL, 19929 IAUA A3 I (Davies et al. 1992)F
AHRE Q.00 Bl thAFQl STK ] Astrogator 2ol AL % 4212 2218 dste] YAH Ao
#aHt g o2 AAY A8 FAHNA LA expolrh B APl AHdE 27 AE 849
7] %A Z+-& UTC(Universal Coordinate Time) 7o)t} 312 ¢t AW HA 2l DE405E |83l 3}
Ao A 9 AL YA TDB(Barycentric Dynamical Time)& AH8-811, A|7ke] 34 FE)
2 Jeht= 34 FEA 29 A2 93 A= TDT(Terrestrial Dynamical Time) & AH8-$tt}. whe}
A A AZE o)} STK] Astrogator EE7HS] A|TA & oA LA 2342 Adste] v
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Bt 27z gdEn olelE s 2 3] A S(ZR L% Tho|Ra)of tf g AA)
Zo] A W, 5149 AAte AFF9 A Y, 437 AL FEVIZ A8 EAF 244 O
2|1 2z EHo] YR HOoZ AHH A5 Aol2 Adtd 227} tha AT Aeg A7)
ol&3 RER ¢I3ta] YAHH et ML 2nEYO]Y 23 BHA AYL T3t HE3] AL

4 Sl Abgtoln, B A& F3 /WL ¢SS 323 AT 5 Aok e T 2 Y
th A 718 vke} Zo] Ay A% AF AARE T NLE £zEN e Ve 21 ¢
7 A2EFH gAs At

1‘4

5.4 E

E =RodAe FF feivete] 34 24 gAE A8 $3249 P} 2l Y A7 E 4
At 84 23 BAHE AT 349 A4 dHe 3¢ 25 34 S ARARZ 1€ 3
fdod, AE AA 3N FFE AL A 2HAAY BE AFZES 13T oY
G olES WAL BY A MY ASE A3t T Y 2ZEH O E AL FHALen, dY
9 ARBE B 2 A £ AFEA NLE 2z EY ) 4 —‘a—% A% 37] 913 Mars Global
Surveyor®] 34 A= AYS AT 27] A 84§ o] 8352 STKS| Astrogator2 &S ©]-8- %
A7 92 JPLY] FAe} v st Holth wln A3 34 2 2 +FA0l 348 FHE 129 F
A(F 134 Y)8te 3¢ £ ZE JAARLA7 A £5m oJHE Kol 9IgE ¥l 3}
Atk & d7E B3 ALY dudE 9 AZEol: FF 2ty 4 2F SAE g8
FAe 47 HAA E8E F A}

HOEH

Beerer, J. G., & Dallas, S. S. 1994, Mars Global Surveyor Trajectory Characteristic Documents
(California: JPL), pp.5.1-5.23

Brown, C. D. 1998, Spacecraft Mission Design Second Edition (Virginia: AIAA}, pp.95-98

Chapront-Touze, M. 1990, A&A, 240, 159

Davies, M. E., Abalakin, V. K., Brahic, A., Bursa, M., Chovitz, B. H., Lieske, J. H., Seidelmann,
P. K., Sinclair, A. T., & Tjuflin, Y. S. 1992, Celestial Mechanics and Dynamical Astronomy,
53, 377

Hilton, J. L. 1991, AJ, 102, 1510

Hong, P. E., Kent, P. D., & Vallado, C. A. 1992, Interplanetary Program To Optimize Simulated
Trajectories (IPOST) Volume IT Analytic Manual (Colorade: Martin Marietta Corp.), pp.26

Justus, C. G., & Johnson, D. L. 2001, Mars Global Reference Atmospheric Model 2001 Version
(Mars-GRAM 2001) : Users Guide, pp.1-4

Lee, W., Beerer, J., & Dallas, S. 1996, Mars Global Surveyor Project Mission Plan Document Final
Version, Rev. B (California: JPL), pp.6.1-6.18

Mase, R. A. 1999, Update to Mars Coordinate Frame Definitions (California: JPL), pp.6-23

Rosborough, G. W., & Lemoine, F. G., 1991, J. Astronaut. Sci., 39, 327



360 SONG et al

Sergeyevsly, A. B., Synder, G. C., & Cunniff, R. A. 1983, Interplanetary Mission Design Handbook,
vol.1, part.2 (California: JPL), pp.18-31

Vaughan, R. 1995, Mars Pathfinder Project Planetary Constant and Models (California: JPL),
pp-17-57



