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ABSTRACT

In this paper, a precise orbit determination process was carried out based on
KARISMA(KARI Collision Risk Management System) developed by KARI(Korea Aerospace
Research Institute), in which optical tracking data of a geostationary satellite was used. The
real optical tracking data provided by ESA(European Space Agency) for the ARTEMIS
geostationary satellite was used. And orbit determination error was approximately 420 m
compared to that of the ESA’s orbit determination result from the same optical tracking
data. In addition, orbit prediction was conducted based on the orbit determination result
with optical tracking data for 4 days, and the position error for the orbit prediction during
3 days was approximately 500~600 m compared to that of ESA’s result. These results
imply that the performance of the KARISMA’s orbit determination function is suitable to
apply to the collision risk assessment for the space debris.
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Table 1. Optical observation data of ARTEMIS

Table 2. Force model for orbit determination
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Table 4. Measurement residual summary report for ARTEMIS optical tracking data
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1 & 1 1 &
— _ 2 _ 2
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Fig. 10. Position uncertainty of smoother result from KARISMA

2 A BETel g3 AEZA Aoke) BEx 4P AT & A5 A 0P} BS
237} 309t Bo]&L BT & Yok oleR  AAZ AFHoR B3] 98] B2 o
=1
=

E BEuolEst 4Hos A=y 1 FAt @ 3

)

T (mean)?} RMS(Root Mean Square)



668 2T - HsjE - oA A2 T B
#E0A Fto] e RMS(EZHAANE Table 7 3 F&4te] HA7E HA Aok
of ver ek o EolA AP = fiFel A 2RUE RE BEUolH Wil FHE 4
AFel pEaRte] Fitol 1 aresec olFkelrd, R &7 F ALHP, Fig. 30149 o] AF B
MS 4] 3 arcsec ©|3t¢] ALFL HelFTh o  golEZRE A Bejsh v Woz ~
£ o 36000km FFY AAAE AL FL 2y 4GS FAHUA X BIFAHS Zoly
g W o= 100~600m FEO] AUER FE S g wed FEHE £33 3 ARgE
U o83l HW Fig 103 o] 45 ke 9
oo e 8 awnie] A2 Al 4 5 wgage) skm YT FolmE AL W<
A=A L%:@!’}%—l 6{(50}8\1’c101;1qunCertamty)O Fig. 9~10 5 2= itk ES, ARG Ao Y B=E)
el AR T AR AT AR LI cleh seldes gen ALl Adel mel
s ol e ges BEA BT M EL nack wael Aadel 44 Sk A9
Ao paae) BEACIE AN S welw ey ole West 2 A9l o
SAAT s RS e A ) caa 3 99 1099 quges aro)
=Z7l5l=s uL o % /‘ o) T
A= olEr} fE FUdolE q}ak 10km $%< . o] o5 )
o o= . = FAAM Al 2o AT upAEA A A
fASHE slg B9 & slen), oeld 2 y :
! I AlZbg ol A JEj9} Ritje] 5402 FHAghol
ol Azrel Al whet WA el=s A%e LN S -
2 5 otk olsh ge 91X BAge &xd 7SS AR veh A 5 Feld. o
= =i o ezali ! 23 27 HY o= BSFHolHZE EA%=
HE T A=Z2ds Fdst= FAHAM 2ol
i i TRAAE ARTe] TR BE 9X B8
Adshe g Ane nach Aok wgy T IT N 0T R T T S
o] ¥ 7} Fig. 5¢} o] BodxEHol7] wEe T d o] Skme]u wHS5Hloly 7t EA8HA &
& o - E AzEERke] HElAE BEA ARTE ASH e
29 Y BSuolE L EAT W Welzint e R Am
7} BEEolg} e ATl daie s = SV i S Sobshe dae
she geE s Adel Axel wet & HEIETE S S CE A BIATE E
FEA Folme AL AwE & ok o) 7 AT [ Fel B BSHHE olgA
& SEweinmack)el Ma A HRadiahz A $FEAC @ ALY Aot} v
H AW (Cross-track) o] A4S BEeolgst g =¥ TEUES AU F Al .
= A H A ZA GolE AL Fold 4 s FH¢F7I7A B 5ol
Atk Awrdow A=ARNAN Hgete ey o 2ol AT ALAEDS wHolHE V2os
RS Fig. 117 o] ZA #=9xe} gstwd  KARISMACIA g A-AEZY FHS RIC
oxtz A" 2 9k B=ox7t AUy Ho= (Radial, In-track, Cross-track) ®&Fel w2 9|3
e Azega QA haie #3de)  SAR Fig 129 Zo] RasHT o] 2=
E] Abole] AJZFEQH @x}EAo] Fig. 113 o] A "Range's F AX=ZA HlolH Apele] 33hel
W3lsly) wEe 9 FEA ARE =724 1% & 2} (relative distance)E 9w sttt & &
AN A2 e FEE AT, A=ox} = wdE 7Hbe] 318 EE AR 3= KARISMA
e A9 AA AR #EoAs} & o HIE fHeTIIT ALAEEY A2 L
ALSHAL 7] o Zoll #SuolHrE EAY W 2

Position error

Measurement error

Fig. 11.

Time span

Position error of orbit determination

(17)

evenberg Marquardt 2] 2] H] 53 d a"JEi £
ARSI mhebA] o A=A W B o

2d 5o Aolz <lsf "r’r?ﬁ-or—zrﬂ o 1 Al
AUA=ZY Ao} KARISMAAA 33
DA=ZEA 23 Atolol ta Aol7F EAs=
shAIRE 71 vlolE o} wlustlS W A LAt
7b Adl 1km oIS AT 5 AATh oY
g A=At B5H olHE 501 Wi vto}
Ax A=ZY AoHe FE s o=
dZdH o A% J&fi Ao EH%]' R =7t
UX}fﬂ ABE agle 54 Aol am &

S3AA7E A=ZEA @-‘/}4 FE A
E)oﬂﬁ ztol & HolA Hth)E 1L

o]:}_|
rr ol rob o

1729
ET

W 10

_V&Lr{m
%y



042 4 2B 8 B, 2014. 8. AAAENG 33 A3 dolg g o] KARISMAY - 669
ODTK vs. ESA POD
H [ H- 1000
400 [ Distance In-Track /\ 7: D

TE\ il Radial Cross-Track \/ X\ EE Eh
= 200 - / | \ 800 @
[0} i 1 @
o T 600 @
£ -200 | A% A~ \V \ \/ / \ \ O
2 400 ,;7\ / \ / \ 7\7/7*\ 1 400 §
i) T 5 { L Sf \ 3
‘@ -600 Ll e s
£ i | Ul 3
O -800 -1 ! 4

= -1000 ﬁ \S i H 0

4 Fri 5 Sat 6 Sun 7 Mon 8 Tue 9 Wed
Feb 2011 Time (UTCG)
[ ] [ ] ] |
Radial (m) In-Track (m) Cross-Track (m) Range (m)

Fig. 12. Position difference between ESA POD data and KARISMA POD data

Table 5. Position difference summary report between ESA POD data and KARISMA POD
data for ARTEMIS optical tracking data

Mean RMS RMS about Mean
N N N
SANAY) | sy FRE) | (s = R )
Radial (m) 3.4800 144.5832 144 .5413
In-Track (m) -300.7267 456.9167 344.0005
Cross-Track (m) -1.7063 1.5990 2.3385
Range (m) 424.5216 479.2522 222.4053
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Fig. 13. Orbit prediction result by using optical tracking data and KARISMA

Table 6. Position difference summary report between ESA POD data and KARISMA OP data

for ARTEMIS optical tracking data

Mean RMS RMS about Mean
w=t3RY) | (=L | (s =SS
N&= 0 N ,4 N
Radial (m) 1.0760 236.6578 236.6553
In-Track (m) 189.6613 535.3259 500.6021
Cross-Track (m) -1.5546 2.2826 1.6713

Range (m) 514.7194 585.3084 278.6573
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