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Abstract

KOrea Multi-purpose SATellite (KOMPSAT)-5 will be launched at 550km altitude
in 2010. Accurate satellite position (20 cm) and velocity (0.03 cm/s) are required to
treat highly precise Synthetic Aperture Radar (SAR) image processing. Ionosphere
delay was eliminated using dual frequency GPS data and double differenced GPS mea-
surement removed common clock errors of both GPS satellites and receiver. SAC-C
carrier phase data with 0.1 Hz sampling rate was used to achieve precise orbit deter-
mination (POD) with ETRI GNSS Precise Orbit Determination (EGPOD) software,

which was developed by ETRI. Dynamic model approach was used and satellite’s
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position, velocity, and the coeflicients of solar radiation pressure and drag were ad-
justed once per arc using Batch Least Square Estimator (BLSE) filter. Empirical
accelerations for sinusoidal radial, along-track, and cross track terms were also esti-
mated once per revolution for unmodeled dynamics. Additionally piece-wise constant
acceleration for cross-track direction was estimated once per arc. The performance

of POD was validated by comparing with JPL’s Precise Orbit Ephemeris (POE).

Keywords: precise orbit determination, carrier phase, dual frequency, double differenced data,

empirical acceleration
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B AAE A4S B Foe EE o] F F345 GPSFA/E FAS] AUAEDHE 5
Bt ek ole @ AAE A0l HAHE GPSEA e 949 ATE SN A 87HE
499 AN AHsol wek A9 Brk 1AW 1 EA SUH NEH FAR B AN AN
o] B F3k8 FASL Adw, ol e @ B Fuk4) o F £5h5 QPSFAIA ALl Qo] 43
2 Aole AdF 248 Avh} FYsA AAL & ke BA oIt o] F 3t GPSFAIY]
& Aokl 2el3 2t - AU BEIA A ol HE A HE B ARD Ra s
d4o] 7bs sk webd, GPSSh B e we A7 Eel By 348 A8YS A% AdF oA
g dvht 29 4 AeA, A48 93X 2x7 duit F48 5 9ol el Yoon et al.(2002),

Pl
Montenbruck(2003), Hwang & Born(2005) 5ol &) o] 2ol Zth ©d Fub A 75 0] 83 A4
EA4Y A=z AEEE 25 3AE A 1m o] 2] Root-Sum-Squares (RSS)E R At} olF &
st RS B ALASEA A0 o4 AEE olgtE 2 Y =Tt ofs A H th(Ijssel
et al. 2003, Jaggi et al. 2007, Yoon et al. 2003). THEAH AL 24259 A= AW J4 &4 ¢
F& Aol G4 £ GPSTA7|oA 42 4] ol E o] &3t 1m ol 914 A4 FE=
7} 272991, d=AAEAATANAN s ALY EBA 4T E o]l EGPOD(ETRI GNSS
Precise Orbit Determination) &~Z Egojof 23] o|n] @ a4 g o] & FAUAZZAHS A5
o] A5 = AtH Lee et al. 2005, Hwang et al. 2007).

2010 o WAL AlE ol GEAALEAAH-55F 7Y SAR(Synthetic Aperture Radar) %74 A
2l 78 4FE oYY Ageln 1Y SAR dFE +HIY] AL ofF FET A4 9
21(20cm) @} £ 5(0.03cm/s) €27 @ PR CE ThEA AL A-55 = thek 550km AHFol X EHA
2 Ag e, GPS A7) e olF Fupe 9d T 2R gAs 1Y SARGY AFEnl
obUzt GPS Aot 5 #3F 4= 3 o Folrt EGPOD £ ZEg ol g2 o33 g4 YFES
HEA7E H48Y AA S5 ZA #A s DTS H5h, AAl SAC-C 94 HAH (on-
board) GPS $-A17] 2 HE 22 yole & o] & =
T 242 5 A A= (Overlapping orbit) 44, #Z X2 Residuals) A4}, JPLY & U A = 8 (Precise
Orbit Ephemeris)3} B 8fof o] Fo] H i,

st A0AEER 2
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Latitude (deg)

Longitude (deg)

29 1. SAC-C ] A9 ol A2g sl Ae" A A GPS Aol E(2009d 19).

GPS HojBl= A&l AAAR R tiojHE 9 5 Sl FHo] dol Ad= A48 4
dAEZ Aol Wol o} g5 1 Atk 2 FYE T3 £ vl A AH e AR FE7A A
AL 1AL 28 AGE: Y8 2 FLE7F Ak EGPOD 4ZEgold AdA=ZER L T 7t
A Aol o +FEh WA A e] tlole] Al 77 (Preprocessing) 2 2 L1(f1=1575.42MHz) %
L2(f>=1227.6MHz) ©|% 3 GPS Ho|E & o83t HeF A5 A AT F ofF aAEste
AL ARh o2 AP H (o priom) FL 2 AE 54 2l AF dolHE A AS A7
7 Aol o3y o] FeofHrt.
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£ 1. ECPOD & ZE9o]olA A&te &5 2d.

&= dlole Ael ]
A3 Z 7 A (Cycle slip detection) ul a9 AF ol E]e] 3ta] Aoz 7
Ag & x%A(lonosphere delay) L1 129 A8z
F% A 9(Troposphere delay) Saastamoinen 2 @3} Niell’s Mapping¥& 4
T 5% Hopfield 29 (Mendes et al. 2002) 5 A€
At A & 3 Relativity effect) 279 3 A W W &%
A} A 2+ {(Solid Earth tide) GSFCof 7}9t
3} A B ¥ (Rotational deformation) Pole tide 24
& A2t &% (Tectonic plate motion) NNR-NUVE1l 24 %2 AMO-22¥(Demets et al. 1994)
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DDIF = (pl(t:) — ph(ta)) — (pF(t:) = ph(ta)) — [(p1(t:) — P (t))] - 8t
+{(7 (ta) = PE(8))] - Otu + 8p] — Sp% — 6pF + 6pl, + NI (1)

7\Al, DD jaA o kA GPSAA o = A4 i% AAE A4 whA) 25 dolE ol
B pl kgl phE pAA S ERA CPS YA o2 RE A4 igk AAE A4 u GPSFAT]
St Ub7bx] A A A, gl pF, 5, g RS kA GPS 94 0 2R E (4= i AAE 94 w7t
2, & GPSEA7] SV e Al A e MBS, 6p1,6pF, 50, 05 = Aol 8 eI A
o &bl o8k B 4y, 68, tu, 6tu = GPSAAZT AAE 94 ST NN 22 A8 A2} 2
Zro el A+ Ak Nibs o) ARE RE RSt
2ER4 44 WelS 24 202 A Aol AHD ¢e AWsE U 528 2oz
TEA WA ol F ok $A7E AFTOE Adtel 42T AE e AAD F AT,
29 REAS AR AT EYole] Ao o) 234 Htt tolE ARl AR L AL 0%
A 10% bl 2 25k, ol o) 8 9] ¥ (quality) 3 2t vl e} obel et e} A s, The
g REe #F HolHE A E S s}giq % 12 EGPOD 42 =80l d A8se B vl
Blo] AelE QX5 A Alzbe] mpe} Wk g
A%A e ghol A £ 24 Aol A (jump) el WS 2

S ASE = BEos Ao tha] thake A3 (polynomial fit)& &
ATED 4 HoHEL Tol2 Ay Uels 238 389 A ED 4 s3I
C 949 GPS "lolE] 54l &7 0.1Hz0] 2 GPSAAMZ S 302 hl vt} 7] & (tagging) =

2 Yl A= v s0xutch AHE 942 GPS tlo]ElE Cubic-
spline)] 9l B ZHinterpolation) 3+Qth o] w} 24 dlole] & AL H GPS &5 dlolE &+ ofj 2F
60,000-75,0007} = At}
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# 2. EGPOD &2 E oA A&dtE F98 2 9 FF A9,
3% =g 4

Z] 7 % & Z(Geopotential) EGM96(70x70)(Lemoine et al. 1998)
2] 33 24 (Earth Orientation Parameters) IERS Bulletin final(Polar motion, UT1-TAI)
A A2, o % 248 (Earth solid tide, ocean tide)  Colombo % 4¥(Colombo 1984)
B} oF E AF9H(Solar radiation pressure) Conical shadow 24
A7 & A}¢H(Earth radiation pressure) Knoke’s 23 zonal 24 (Knocke & Ries 1987)
7] 2 = (Atmospheric density) MSIS-90(Hedin 1991)
N 2A4(N-body) Bk, o, 8709 A
/2] 9] 2] (Planet ephemeris) JPLS] DE405
A 2kot 45 2% (Precession and Nutation) 1982 TIAU
71% B EHE A~ ¥(Reference coordinates) J2000 HEA
A4+ #E A~ (Ground coordinates) ITRF2005
483 U9t /M4 = (Empirical acceleration) 2 u}8E Al nloloj s} AjAubEE XYk
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£ 3. FHAS A% Ax £3H2009 19 9d¥E 19 1898 2429 vlolE ok 3042kl whsh wlolg st
AL A 24203 OEd 24 A Aol ohd Zrol, T cm).
v ol o}=2 At 3PPF AYY¥ 3aA9 RSS

2009.Jan.09-Jan.10 3.4 11.9 5.6 13.6
2009.Jan.10-Jan.11 1.4 3.5 3.7 5.3
2009.Jan.11-Jan.12 4.3 9.3 7.9 12.9
2009.Jan.12-Jan.13 3.2 7.1 9.1 12.0
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