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ABSTRACT

The GEO-KOMPSAT-2A (GK2A) satellite, which was launched in December 2018, carries weather observation payloads
and uses the image navigation and registration system to calibrate the observation images. The calibration system requires

accurate orbit prediction data and depends on the accuracy of the orbit determination accuracy. In order to find a possible

way to improve the current orbit determination accuracy of the GK2A flight dynamic subsystem module, orbit determination

software was developed to independently evaluate the orbit determination accuracy. A comprehensive satellite dynamic

model is applied for a batch-type least squares filter. When determining the orbit, thrust firing during station-keeping

maneuvers and wheel-off loading maneuvers is taken into account. One month of GK2A ranging data were processed to

estimate the satellite position on a daily basis. The orbit determination error was evaluated by comparing estimates during

overlapping estimation intervals.
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. INTRODUCTION

Mok 914 2A (GEO-KOMPSAT-2A, GK2A)S = 2018
129 Aol 2019 TYRE FA &8 5 AFHAA
E9lHoR AT U $5714F BEE UL 9t (Lee
et al. 2019, 2022). GK2A 2] =3 A} 7|52 A A AEl (Image
Navigation and Registration, INR)-& £]AJo] Zodsl JARS 11
ZZ 0] oJaro 2 WizlsflR A|AEIOZ GK2A $jA]o] Al
A BeE BAshs ekt (Yorlg et al. 2014). H=AS
(Orbit Prediction, OP) A3}E INRo]| AFE-5}1L Q=4 HE
3 Skl i INR A 50] ] stk AR 45
ofatrel g 4 HBalo] fashon), A8 2o Aol 2
7] 917 9 o] Yewe] TA ARFS Wtk 2] 943 2
=73 (Orbit Determination, OD) I oflA E&E]7]
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o] 91 749 48417k Y} 2 kmolck. 5}

ool A=ZA &
GK2AS. Hl=d& A2
A7+ 3 kmol 3L, A=71%
AR olE Haaqidon
22 INR & GAEA] =
i=]
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et al. 2008, 2013, Lee et al. 2015). BeiDou & QZSS & ¢JAIgHH
A A8l A HELFo] AHEEHA FAAE A= T
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Fig. 1. Location of GK2A satellite and two ground stations.

o AR s sled, SRl bl g
7} Wejule] 4291 ¥EHE ol gk AP 2 4] g
t} (Beutler et al. 2005, Zhang et al. 2023). ©]2{5} oP ol&Z A=
A% FUES 4] ulE 2291 AAAE AEDHE FhelA
Aot 15 W 259 THHE A7t 2 YAt (Lee et al.
2016b, 2019).
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SEALY FYSIo! ABIAAU ATV 2212 2
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F2 AMgE 3 ek

*P% 1-‘%—7PL:,L% (Korea Aerospace Research Institute,
KARDOIA = GK2AB 9] TAIY RS Sa5k7] SIaiA] 24 A
AALES IS L8513 ), o] F ulyelet amEgo
(Flight Dynamic Subsystem, FDS)7} Hl=244 U%%
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Fig. 2. GK2A ground track (June 2023).
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AP AAEN LS T2 AT oA AFARA 45
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BA|e] Qe 2t izt

A=t} (Pocha 1987, Berlin 1988). 91431} x|AF=Z1}e] 7 2]&=
tone ranging 7|¥-& o]8s}o] 23sH=d] (Kim 2005, Lee et al.
20162), FA) AEFIEIFe] HUES @ AL FFssith. GK2A
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Table 1. GK2A orbit determination parameters.
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Parameter Description
Method Least square batch estimation
Software MATLAB code
Dynamic model Gravity field (6x6), Sun-Moon, solar radiation pressure (SRP)
Observations Satellite-ground station ranging (Daejeon, Si-Racha)

Estimation parameters ECI position/velocity (6), SRP C,(1), Ranging biases (2), Thrust acceleration (3, optional)

Wheel-off loading
Thrust handling

Predicted WOL values

Acceleration estimation in 3 axes (optional)

of TA=glolEHE 249—~}— o5t A =AA 7|9 (dynamic orbit
determination)& AFE5}93 11, GK2A FDSE TUSH HHH S A}
45111 gt} (Montenbruck & Gill 2000, Tapley et al. 2004, Lee
et al. 2021). 94 SJTEE S Aggho 2 TEHolE o4}
9 o] o8 s AHE HASY 4 g, GNSSE ol 8}
o AEZA & F3sh= AHE/ el visl BEoolele] 7t
FESHA] &2 ATH A A= o] H=ZA ol Zarst v o]
ot AEZ4% FE|2 & BSTolHE BHobA X she 4aks
W78k ?E‘Té]"ia] HEAl (Least-Square Batch)ZE| & A}&s519ich
AT H=ZA ol AedstA| R HlolE] o] o]t
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g < (6x6)7}A] AFR519IAL, 3
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Fig. 3. Concept of OD-OD difference (single epoch and overlapped
period).

Fig. 4. Ranging measurement time series (June 3, 2023, mean adjusted).

Fig. 5. Ranging measurement time series (June 1, 2023 ~ June 30, 2023, mean adjusted).
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Fig. 6. Thrust firing duration of GK2A station keeping maneuvers in June
2023.
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Fig. 7. Thrust firing time of GK2A station keeping maneuvers in June 2023.
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Fig. 8. GK2A position estimates on June 3,2023.

Fig. 9. GK2A velocity estimates on June 3,2023.

Fig. 10. Range measurement residuals on June 3,2023.
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Fig. 11. Daily range measurement residuals in June 2023.

Fig. 12. OD-OD position estimate difference on June 3, 2023 (UTC Oh - 1h).

Fig. 13. OD-OD velocity estimate difference on June 3, 2023 (UTC Oh - 1h).

Fig. 14. Daily OD-OD position estimate difference in June 2023.
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Fig. 15. Daily OD-OD velocity estimate difference in June 2023.

2)o NSSK =715 0] AJayl 72k 2
£ UTC 174] 40856 Alasiglin] #ol =]
5 % 7 SRRl A=l of wﬁaﬂ 30| BEHo]e]
7} Bxsie] AwAY AL} Wobx A HglaL, the o 7}

l At old A=l
de 9

n}% r&i
oI'

>

Ao] AEFHAE GeE Folxl OD-0D 2x1t FEshairk.
FF oleiet Tk AT 715 et ASEY P2 24 5
o 2325 Kol Waslrt

Fig. 15 202341 642] 99 $E35F OD-OD ol & Lt}
W Ik 18021 AI5HA TjF R4 1X12 B2k Kol
TR A1 Fpolmek £ ghe Uiehiich hY Bage Al

7‘(]—0]7]— 0.0049 m/so] a1, IX]7F x}e]7} 0.0052 m/so]th. o= 2]%]
247} OD-O0D 2hole} yhthelu], A=lZ A SEYB=s) 5
astos F5 ARAY AR A $E2H 0D-0D 2ol

(e}
5 AN SR A2 3@ 4 ek

5 A=

—

7% AR1E BATE BV vlel B AREY B

(e} o o™
7} 2T F1AHSIR) WeRkeld 243.9) ARARE 45}
odck. A4} $PALelo] Ag] BETolEE ALgslol AEA
e Sasiglon], 24kl FHR IR kel 24 Hol2
el 27 58 FASHIGE F A0 0] Aol |
7 AR oFURE 1X17E SQHE AFgEle] 03F Sl AlEE
2 Az

FAZE 23X 2210] 30 WAL 557 mE He|ekAl 2A5.9)
R 4 7|AE2] 9o et Al=Z2d AeeE A
E ol Lol A ?oﬂol ?ﬂEﬁXé Ry

ACKNOWLEDGMENTS

H ol 7]Ak R&D T2 I3 744 2o W 3He 7]
% 704, (KMA2013-03720)9] 21910 2 Sai=|oi 4o,

AUTHOR CONTRIBUTIONS

Conceptualization, J.K.; formal analysis, Y.K. and J.K,;
data curation, Y.K.; writing—original draft preparation, J.K.;
writing—review and editing, J.K.; project administration,
]J.K., S.C.L,; funding acquisition, S.C.L.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Berlin, P. 1988, The Geostationary Applications Satellite, 2nd
ed. (Cambridge: Cambridge University Press)

Beutler, G., Hugentobler, U., Ploner, M., Meindl, M.,
Schildknecht, T., et al. 2005, Determining the orbits
of EGNOS satellites based on optical or microwave
observations, Advances in Space Research, 36, 392-401.
https://doi.org/10.1016/j.asr.2004.11.015

Hwang, Y., Lee, B.-S., Kim, B.-Y,, Kim, H.-Y., & Kim, H.
2013, Validation of Geostationary Satellite Orbit
Determination Using Single-Station Antenna Tracking
data, Journal of Spacecraft and Rockets, 50, 1248-1255.
https://doi.org/10.2514/1.A32334

Hwang, Y., Lee, B.-S., Kim, H.-Y., Kim, H., & Kim, J. 2008,
Orbit Determination Accuracy Improvement for
Geostationary Satellite with Single Station Antenna
Tracking Data, ETRI Journal, 30, 774-782. https://doi.
org/10.4218/etrij.08.0108.0152

Kim, Y. W. 2005, Effect of satellite link noise for satellite
range measurement using tone method, Journal of the
Institute of Electronics Engineers of Korea TC, 42, 9-16.
https://koreascience.kr/article/JAK0200531935898802.
page

Lee, B.-S., Hwang, Y., Kim, H.-Y., & Kim, J. 2011, Design
and Implementation of the Flight Dynamics System
for COMS Satellite Mission Operations, Acta Astro-

http://www.ipnt.or.kr



206 JPNT 13(2), 199-206 (2024)

nautica, 68, 1292-1306. https://doi.org/10.1016/
j.actaastro.2010.09.002

Lee, J. S., Shin, I. H., Park, M. Y., Chae, J. S., & Park, S. O.
2016a, Design and Implementation of Tone Ranging
& Coherent Mode for Satellite Telemetry and Tracking
& Command, In Proceedings of the KSAS 2016 Fall
Conference, Jeju, Korea, 16-18 Nov 2016, pp.1080-1081.

Lee, S.-C., Jung, Y., Park, Y.-J., Kim, E.-K., Chung, D.-
W, et al. 2019, Flight Dynamics System Operation
during In-Orbit Test Period for GEO-KOMPSAT-2A, In
Proceedings of the KSAS 2019 Fall Conference, Jeju,
Korea, 20-23 Nov 2019, pp.454-455.

Lee, S.-C,, Lee, ., Lee, M.-S,, & Lee, U.-S. 2022, Improvement
of Ground Track Data Display in Flight Dynamic
Software for GEO-KOMPSAT-2A, In Proceedings of the
KSAS 2022 Fall Conference, Jeju, Korea, 16-18 Nov 2022,
pp.1271-1272.

Lee, S.-C., Park, B.-K., Hwang, Y., Ahn, S.-I., & Kim, E.-K.
2015, Antenna Bias Update for COMS Using Over-sea
Antenna Ranging Data, In Proceedings of the KSAS
2015 Fall Conference, Jeju, Korea, 18-20 Nov 2015,
pp.684-688.

Lee, S.-C., Park, B.-K., Lim, H.-S., Park, Y.-]., Jung, Y., et
al. 2021, Implementation of Automatic Function for
GK2A/2B Flight Dynamic Subsystem, In Proceedings
of the KSAS 2021 Spring Conference, Samcheok, Korea,
7-9 July 2021, pp.713-714.

Lee, S.-C., Park, B.-K., Woo, S.-H., Ahn, S.-1., Kim, E.-K., et
al. 2016b, Orbit Determination and Prediction Accuracy
Analysis for COMS in 2016, In Proceedings of the KSAS
2016 Fall Conference, Jeju, Korea, 16-18 Nov 2016,
pp.1004-1005.

Montenbruck, O. & Gill, E. 2000, Satellite Orbits: Models,
Methods Applications, 1st ed. (New York: Springer-
Verlag)

Pocha, J. J. 1987, An Introduction to Mission Design for
Geostationary Satellites (Berlin: Springer)

Tapley, B. D., Schutz, B. E., & Born, G. H. 2004, Statistical
Orbit Determination, 1st ed. (New York: Elsevier
Academic Press)

Yong, K. L., Jin, K. W,, Choig, ]., & Lee, S. R. 2014, An
Angular Rate Estimation Error and Attitude Propa-
gation Performance Analysis of Image Navigation &
Registration System of GEO-KOMPSAT-2, In Procee-
dings of the KSAS 2014 Fall Conference, Jeju, Korea, 19-
21 Nov 2014, pp.1503-1508.

Zhang, R, Tu, R., Han, J., Zhang, P,, Fan, L., et al. 2023, Orbit
determination of BeiDou navigation satellite system
maneuvered satellites based on instantaneous velocity
pulses parameters, Advances in Space Research, 71,

https://doi.org/10.11003/JPNT.2024.13.2.199

2206-2224. https://doi.org/10.1016/j.asr.2022.11.003

Yongrae Kim received the B.S. degree in
School of Aerospace and Mechanical Engi-
neering from Korea Aerospace University,
Korea, in 2023. He is currently an M.S stud-
ent in Korea Aerospace University. His resea-
rch interests include GNSS applications and
navigation.

Sang-Cherl Lee has been working at the
Korea Aerospace Research Institute since
1999 and has developed geostationary
satellite, especially GEO-KOMPSAT-1, 2A
and 2B. Also, he has experience developing
geostationary flight dynamics systems.
Currently, he is in charge of the overall
operation of GEO-KOMPSAT 2A and operates the flight
dynamics system.

Jeongrae Kim is a professor in the Depart-
ment of Aerospace Engineering at Korea
Aerospace University, Korea. He received
his Ph.D. in Aerospace Engineering from
the University of Texas at Austin in 2000.
His research interest includes satellite
instrument simulations, orbit determi-
nation, GNSS ionosphere, SBAS, and GNSS applications.



