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An Analysis of CSM orbit for Conjunction Assessment of Space Debris

Su-Jin Choi*, Hae-Dong Kim and Ok-Chul Jung
Korea Aerospace Research Institute

ABSTRACT

Since plenty of spacecrafts were launched in space after 1957, the number of
space debris has been increased. According to the JSpOC, the number of space
debris which diameter is bigger than 10 c¢cm are more than 22,000. Recently there
were two critical events. Which one is that China shot down their satellite using
missile and the other is that two satellite, Iridium and Cosmos 2251, collied. Space
environment in low-earth orbit has been severe. JSpOC analyzes the collision risk
between 15,000 space debris and all operation satellites and then they send CSM to
the satellite operator to utilize its orbital information if collision risk might be
occurred. This paper analyzes the CSM orbit data by comparing with KOMPSAT-2
precise orbit data and shows conjunction assessment results.
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Szmmolgr S=z7k Ao oz s= B, #olA(Laser) F4 HolE il GPS H43
B3 = o oA §43 Edoz AL & g A5 (pseudo-range) S & 53t Haztsa 71
= 242 wait) 19579 AEs g oz SE A3 GPS I3l (Navigation Solution)
AL ol R ARl o8] AT $FEswe SOl UHHTL obdF 299 Beel= GPS Al
SAE E) Zrleigta, Ao 23 uary Z7F EAEC 9o GPs @dElE AR 5 9
QAXNAT T YA === st 1 5£x  2W, A4 ARZAS FHs] A d2A
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= Ad F7ketth dAA ] 2 eF2Er] 212 HEZA MY @by 2 Fus
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_ - =55 I Hol— A §7]"5“°]']:]'- O]'E] 6] ZE*’]
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Xi?'"—‘— “4}\ 685km/ 75]/\]‘7—]1— 98—1;—01]}\:1 1= = 23 = H 2] i
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Table 1. CSM Data(Summary Message)

ltem Contents
Creation Date 2012-02-06 02:23:13
2012-02-08
TCA 21:34:10.912
Miss Distance(m) 993
Relative Speed(m/s) 12951
RIC Position(m) -22.60/-497.40/859.7
RIC Velocity(m/s) 76.8/-11211.0/-6484.3

Table 1 CSM HIolE FollX F &A1 F
S84 A7 g Fo WAAE Yt H
& ALY AIZHTCA, Time of Closest
Approach), A A2 (Miss Distance), <
% (Relative Speed) % EA7tY] oA (RIC,
radial, in-track, cross-track) ¥ AUl&E 84 E
HoEt
0 242 Axdoly 3=

Table 2= CSM H|ol§ FolA ofgd 239}
89 FARE g 9o, CSMoles FE
A Ao #SE W8 o9 I8 1 9
d#e] FEC] A5 FFEA AR F
Zt 71850 ot s HelHol= #S uolH
of IZAH ¢ #AZdHolH M, TEHE =2d,
g7l B, 949 94 2 SEez, a2
RIC W&o TS et

Table 29| 7]&%® & o]2d|% Radar Cross
Section, Atmospheric Drag Effect 34t 5%
CsMell ks o] JUTHI.

2.2.3 CSM =4l &g

CSM<S 85317] $aiAE WA Space-trackol]
AZTES sllof ot 1 & Fsta U= 9
JE9 EES JSpOCH AF3HH, JSpOCS A
TH 559 Y= e CsMo| BT A5
oM d=Z CSMY A S dHFH(EFTAY B
olgl® 1, 2, 35 ¢ ML A0 TFEFH
5). CSME 5317 98lA= Space-track YA}
o|Eo] H&g £ 1 HolXE AXde WS
ARgafor sttt CSM2 AtEstE &5 &85ty
AZAHERE A&ste RS &olstAl 3t 6l
xml 2202 =of 9t} JSpOC7t CSM< Al¥

at7] AlERE 20119 FE #2012 8€)7HA]
ofgl& 239 CSMS F 263] 218t on, o
T A4 39 ol FAF A$e CSM W&
Table 3%} o] 2] s}ATt.

Table 2. CSM Data(Each Object Message)

Iltems Contents
Observation Num. 611
Apogee(km) 720
Ballistic Coefficient 0.025985
Solar Rad Coeff. 0.015355
Geopotential Model EGM-96 367, 36T
Drag Model Jacchia 70DCA
Lunar Solar
Perturb. on
Solar Rad. Pressure On
. 706362.004/-916831.016/
EFG Position(m) —6084214.650
. ~7427.46792/-1316.3008/~
EFG Velocity(m/s) 568.03193
U \% W
Object 9946 | -455.6 | 11.06
Covariance(m?) -455.6 | 24390 | 34.9
11.06 349 7.042

Table 3. CSM Lists of KOMPSTA-2

o] e | Ton |
22302);:—4039:;2 128:111;(1)2 _2?10 62.5/247.9
| S brsas | tousasony | T84
5)0(1)(1):_505;2 123:1115:(1)8 _23; 84.4/165.8
?0(1);:_012%8 128:1115:32 _2212 102.1/188.8
202_41528; 520111;?;25; 29.9/544.6
) EZ%%:{% zz%}%}z%g 51.8/642.3
4 200234 | 22:19:34075 | 028592
201\;_41128; oo 19_;55232 51.9/627.9
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CSMoll= HATHAZE JE7F e, o]=  Table 4. OP Model Parameters of KOMPSAT-2
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Radial Error between POE and TLE
z ‘ ‘ E-CSMAIES] wAWE 239 RMSe EF
oW A A 0.01km WP, ALAZ-TLES] ¥Hwar ¢
130602011 14-Dec 2011 15-Dec 2011 16-Dec-2011 2Fe] RMSE 02km ©oJWH 9] ks E¥oh 18x
Intrack Error between POE and TLE AUAE-AdFAT ek 2ake] RMS= A
g MMWW WAl 445 AdsuEe EF 0lkm oe]x
< o} ]
§ ‘ ‘ A AE-CSMATE A WA ASS Aolshns
13-Dec-2011 14-Dec-2011 15-Dec-2011 16-Dec-2011 UE['—_ 01km O]LH(I]q_ q_u]_ Z] T —]1: TLEA ;(]
a- . AR . gl be] = H -

1 Cross-Track Error between POE and TLE HFsF 9 2= 0.6~0.8km W BTE RYch
e YAz Sz ZUYF ox}e RMSE
o4 ‘ ‘ 02km ©Jjo]1, FAAE-CSMAEY] AoE =

13-Dec-2011 14-Dec-2011 15-Dec-2011 16-Dec-2011 N
F 01km ol A ¥ FEAE-TLES =49
)3 > FS 1Y
Fig. 3. RIC error between POE and TLE ¢F 2242 RMSE 04kmfi ] <] gha Binh
25 ?F ot =24 Z1t
= olef o] Table 69 4 2|&tdnt.
7 A=E mastn zzke] RICeA B A 251 A& ZHAH A
(Range) 25 3 F31517] 18] RMS(Root Mean 7 A=E o &3] 2EEAS +48 A
Square) MEE =Yt er, RIC 07‘44 RMS = Table 7¢] RAstEch @A Ld9A
= Ast7] S8 okl 4 (1-3)= ©l&-3H A (Primary)® $-FE& A (Secondary)d] A= Z=3H
T, ANLAE AW AN FADE VB 2 qx gAY Ane wAR A3}, SFEA
- o ASHEE CSME AFET Wo} TLES AHE
@ oo Aoz fA Ao 2P Aot
RMS(R 232 1) EE3ATh Fig 20 vehd vhe} go] FYH 9}
CSMAZ= W3 3 SUgde 2371 A
] o] i &x] ekl @ gk A|zte] whel zh
RMS(D) = ZZ 2 23e AP BgEd 53 A2 2HAY A
) b H2 M) AAYF LAt A 00 747
: WRe] $FEASLY FERAS FASE 97
RMS(C EC G) o ol 259 AED COMAER AHLaE
AR ABAE EE JFASE AHESE A
Range =  R*+ I*+ C? 4) Ao FARRE A3E =T T AUtk

Table 6. Results of Radial,

In-Track, Cross—Track and Range RMS Error

No TCA Type Radial(km) | In-Track(km) | Cr-Track(km) | Range(km)
POE-OP 0.00321 0.49936 0.15071 0.52162

B Y 0.01321 0.65335 0.01077 0.65358
22:19:34 POE-TLE 0.12162 0.81530 0.36464 0.90137
POE-OP 0.00055 0.01709 0.15749 0.15842

A e Y 0.00704 0.56797 0.03788 0.56928
22:01:23 POE-TLE 0.15334 062127 0.42292 0.76704
POE-OP 0.00037 0.04495 0.16726 0.17319

3 2012?_0‘_2_08 POE-CSM 0.00214 0.03840 0.01860 0.04273
213410 POE-TLE 0.14155 0.67749 0.40025 0.79952
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Table 7. Results of Conjunction Assessment
No | TCA Date | TCA Time | . "MaY~ | pogialm) | 'Mtrack | Cross= 1 o hge(m)
Secondary (m) Track(m)
22:19:34.072 | POE-CSM 54.3 548.3 577.2 798.0
22:19:34.077 | OP-CSM 54.0 1028.7 10835 1495.1
22:19:34.050 | CSM-CSM 512 4412 465.1 643.3
s 934140 | POE-TLE ~164.1 426.3 4496 640.9
22:19:34.145 | OP-TLE -164.5 906.9 955.7 1327.8
22:19:34.123 | CSM-TLE -167.2 319.8 337.3 494.0
03:45:29.550 | POE-CSM -200.0 130.9 -860.4 893.0
03:45:29.553 | OP-CSM -200.8 -99.2 -652.8 690.1
03:45:29.507 | CSM-CSM -187.1 107.8 ~709.2 7413
2 | 2012-01-07
03:45:29.624 | POE-TLE -3816 170.7 -112338 1199.1
03:45:29.627 | OP-TLE -382.3 139.2 -916.1 1002.4
03:45:29.581 | CSM-TLE -368.6 147.8 -972.6 1050.5
21:34:10.905 | POE-CSM -19.8 ~505.7 874.2 1010.1
21:34:110.907 | OP-CSM -203 -525.6 908.5 1049.8
21:34:110.912 | CSM-CSM -233 4975 859.9 9937
3 | 2012-02-08
21:34:11.205 | POE-TLE -517.1 -1546.3 2668.9 31276
21:34:111207 | OP-TLE 5176 -1566.3 2703.1 3166.7
21:34:11212 | CSM-TLE -520.5 -1538.3 2654.5 3111.9
252 RIC & He|2x H3 3tH FEEAS Fdst=dl %lo] False Alarm
Ao 2PAY ARATS FARA $FEA T S0E Jhede] SEE °F 5 ADH. we
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