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Station Keeping Analysis and Orbit Determination of
Geosynchronous Satellite

° Soo-Hong Park, Kyeum-Rae Cho
Department of Aerospace Engineering, Pusan National University

- Abstract -

The dynamics for a two-body problem including.

perturbations due to nonspherical gravitation of the earth,
gravitation of the sun and moon, radiation of the sun is
studied. Orbit determination was performed by SVD filter.
The simulation result shows that the characteristics of
the satellite orbit have east~west and south-north drift.
’nierefore, the periodic magnitude of the control time and
value in the view of the periodicity of error can be
provided, and this result can be basic data to a station
keeping problem with an orbit determination result.

.M B

AIFNEE FFFWEAAN s180l nlAE A5l 2
Hert 234 Wspstng, 28371904000 gAY §)
oAtz ue] 517 flsidE x84 8 sojd o A
ol § 4ustelo}l stecl, oY WAABHANE Ax2)
Az AEB Yo dyysiolop )

ANEfH L sl Y Fol ulet Fold AxLLIRE o9
T 594 2yg 7182 AbiYe] ujet =) o
A dEst=rlg A&t Zolu], A=AFS 4 By
HOlEHE 7122 slel #1445 & Mt A g wie
el €& AAelch (1] &£ d3e $l4de] d8g =
AEdE =3 vicly F94, it @8] A9, gl
& 2d3)e] xesidlon, olayt myye] osie] Yy
t ol ol UF oM 2T E F4o2 ot 3
ELEE st AeAF viogshoch

2AFEFIHEgNN Y e HE5Yol AT abol of
W PdYE Fo] $)x) BH E(station keeping problem)o]
Mol FHAEREYL SHERALY grivEy iz
gl Alejzlo]l Yagrlg Amuz, WePdAYnEL Hol
2 BAAYE ol 8 AAUYUEF 18 lo] HEY
Abw ¥ ofrt

2. 28 =9
A3 A i Azde) 94 5L Avizhe WA
A2 w1 AqyezyE F ENZL A olE ¥F5E%
EZY YefRA EEYBHE H2D3} ekl

Ry + AT @D
4714, Ryt A7 ZalolA s14d7iale] s12] W
ar 2% W

ng=Ggmg (Ge= $3%44, me2 AF A
el 4B oA HEHRE 3A A A3 59
Aearth’s gravitational field), e} @o] ¥, efjstsa}
¢ Bol 2w, olaiy AB¥E W2 Y& A4 MaE ¢
T 24 A28} Yon, 1 Yol A3 FLEAL, 3]
38 Y% 9ol alrh
‘1’?\’# Qop+ Gs* dm * ds (2.2)
2.1 A uciy YA XU FAF

AT FURWNEL AT AN Yo Ty
Bl BA4g 2y FYIULL 4 @3)2 Yl

U =

7+ Uz(Ry,)+ Ur(Ry,0,}) 23)

Uz Ryt = = 5. )P, (sine)

Ur(RvaN= 4 3. $(-RE )y pr(sine)
(i cosm\+sqsinm\)

71M,  Rp: AT A= R
¢ AF9EY )= (atitude)
A AE91488 2 =(longitude)
Uz : zonal harmonics2 245 el
Ur ¢ tesseral harmonics® Fd%|= Xwly
Pp : degree n | Legendre Y4
P7 : associated Legendre &4

~ 783 -



AT ulchy FAR DA QB2 FULS 423
& olg3iel 4242 Yk

_ 1 JU Zyv iy
Xv = ( Ry 3Ry BAX T, 90 XXv
1 AU
e T
- 1 U _ Zv Al
Y=gy =&y Ry Y X%o+Ys, 90 Yy
1 3y
*(W — Xy (2.4)
__1 al YXv+Yy U
Zv— RV( 3Ry )Zv*( R%’ Er )

# M2 Hr]EYES 4254 Fjuch

U _ 1 g & _Reg " .
dRy Rv ( Ry )n;z[ Ry ] (n+1)

i::o{ Creosm+ShsinmA)P7( sing)

aU
e

= (e Re ) ™
= (g )nzz[ Rv} ’g.o{c',{'cosm)ds,. sinm\}

< {P7*!(sine)-mtanoPT(sine)}

3 <{ Re " .
a(xj =( —;%)’E[—R—i'] mﬁj:o m{ Sy cosmi- Crsinmh}

PZ(sing) (25)
22 g3 22 A9 45Y
elodat weo] A" A6 42N} Aokl

* . Hs BB\ _Hs T

as '—"—T(RS_RV) (Rs-Ryv) —TRS Rs (2.6)
- Upm B Hh_ MM 5

am _'—‘“_r(RM_RV) (Rpu-Ry) ﬁ—RM Ry @27

A7, us ,un  EYI W FYAe
Rs : A 73414 ejo7lx Ael
Ry : A23A014 w@rix Az
23 QAL 45
A efHalqtol & elde] AE slgmt 4 €
otzte] el welo] olsjA 4](28)3 Yrhl2)
asp=Ps C";:sz Riun ((11;:__;:)2
o7|M, Ps’: el 87t F44 o] 47s U
Cr = 1+ ns st EE\"‘.':\,_})‘I’é')
Ap: $14e] Rauy
Rsyn * A1 UG A ZM ukda A

2.8

CaAr/mvZ 81738 HAol oiste] ARSRE 914 i} -

el A7 s]o]zict,

3. AA" WHAD A w4
31 29 w3y
el e (state vector): #1744 ¥5-& AWt stetojel
Eolo] Tl del BAEMIEA XYL (Ry)e} T4
BYEA SEHE (Ry)E ZYPYcL
o) Aaw) AeiEale 4318 gl
Y=F(X, 0), X(t)=X, 3.1
32. BFYAEY
i s aelde X(0= AF Bad <+ o). 2

A A=ZZEAE 2lde] 252 Wa Ul A Ed

ek BHY AAES Aol oyt vy Yot ¢l

28 E& FASAU BRI ol ulojele U ext
(random error)& ¥4 4itgich. WY@ee 0-3FE st

Ao a2 oln] oA g WAILAQR FHgoletm 7}

Bk WH2xg U Azieh Ausge @A

#IEA M ot} Yol EAHCL _
p=(Rv-Rsr) +e, (3.2)

- _(Rv-R-(Rv-Fsp)_ |,
= Yoy vep 33)

o471, Rsr: #3829 A
Rer: 3320 4=
g, Al tiy ddex}
gy ZepUdgo) iy dgest
BE2 Y FRPANAANA o|FolxmnR AE-4e] UA
AlZ A (14)0ll A2} o] o]AtA]l (discrete function)e. 3 ¥¥
H 4 den (ke SFAA tkeld BEE, hix(k)k]
£ BHFEE WA wldY P34, 2 VRE B
2210 A7 AIQE 2ol
z(k) = hix(k)k] + V&), k = 1,2..] 3.4
7l 12 BEH4F on| ), ’

1. A 2MAMY A=HE

41 sixRAy

Aoy, 24 A=F F3he ddY YL FEY
TEYAAY g T AYelrh B AR 3E T
wh3] 32 2 Aol Fol Cowelld] W g Algs}aict
Cowell?] W2 275 HAYLoE 73S ol 2471
ol 2t E5Yg Yaiste] gldo] U & JI4EF 24
ngYRNoR Byt AL Solo] 1 3§ ol
Wyjolchl6]

BEBFAL 2149 98 duzez Yoy 4
g AF9d A2 20, WA, Asdy APRL A=sA
& sirlolle olel-gol drh 49 Az, =y
ERlo]of Fig. 13t ofele} 22 mleluieial Aze4d =9
el Ao WE=FAe] mloto] golstrLls)

— 784 —



D A= 373 (semimajor axis' a )

2) o] & (eccentricity: e )

3) 3= P24 (inclination: § )

4) #i3 7= (longitude of ascending node : 2 )

~

5) 224 4 (argument of periapsis: o )
6) W Z#ol2zt (mean anomaly: M, )
oleldl A= AAE 71N #1449 dYrB(Fele AE)
o] F2A AL WAyt BYFEAL 27128 ¢ 4 AUrh
. Satellite’s position
K at epoch

= v o Periapsis
~ direction

/

\;}; b Line of nodes
»~ Satellite’s plane
1
Vernal equinox 3
direction N

Fig. 1 Orbital elements
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Table 1. Scale of the KOREASAT spacecraft

parameter value
payload mass 202 kg
bus mass 553 kg

spacecraft mass (Dry) 755 kg

spacecraft total mass 914 kg

1680+ 100 kg
10 years
orbital location 116° E at GEO
planned launch date April 1995
ready of service October 1995
stabilization spin or 3-axis
boresight of antenna 1265° E, 36° N

launch weight

life of design
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Fig. 2 Perturbation effect to satellite
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Fig. 3 Satellite orbit motion (longitude)
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Table. 2 Position of the ground tracking station

position

latitude {ongitude altitude

station
Yong in st [373° N 127.3° E| 100 m

Kum san st. 36.0729° N | 127.2929° E| 150 m
35.2625° N | 129.1210° E| 50 m

Pusan st.
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