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Abstract

With the recent surge in the number of objects in orbit, the collision risk to space assets has grown rapidly.
Accurately assessing this risk to support safe operations has therefore become increasingly important. We
develop a 3D cell modet—a space environment modeling technique for collision assessment—and validate
it by comparing our spatial density calculations in low Earth orbit and collision risk results for KITSAT against
those produced by MASTER, the 3D grid-cell model developed by European Space Agency (ESA).
o] 1 SR, FE AF A, vFEAEE 2EY
Keywords : space situational awareness, collision risk assessment, space environment
modeling
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g5 o] 8= 9lor, A7t A =(ow earth orbit, LEO)AE FT Tt 5 AF
9 7hs 9t Bolet A 59 olfeE &Eol ol EHA STkt Utk 53], TAL
H|E9] Fa, AR} HE9] AFslet 95 &8 7€ 1wt AAl= FAolA BAE ot
719] f1/do] AL olFo] 2&oh= AT e B3} ohdA, AR ES t5 o HE
27 &8s el Utk Fig. 12 ESA(European Space Agency)'s Space Debris Office
oA tjyl EHES= Space Environment StatisticsOl|A] BHsH 1322 2-3AE 955
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QFEA| 7+ FE{collision), 3 explosion), 119% YQ(deliberate acts), FH(pro-
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mission disposal) & F7HQl th-3&o] it $5&50] T7HdE AAAHA S7Fd
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Fig. 1. Count evolution by object orbit (reprinted from [1]).
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Count evolution by object type

40000 4 == Unidentified 3 Payload Mission Related Object
[ Rocket Mission Related Object [ Payload Debris
35000 1 MEM Rocket Debris B Payload Fragmentation Debris
3 Rocket Fragmentation Debris I Payload
— 300001 EEE Rocket Body
‘E
S 250001
S
+ 20000
O
L
a
1) 15000
10000 4
5000
0 B
Q Q QO Q Q Q
° . o R o P 20¥ G
A ¥ A ¥ A ¥ A ¥ A Y A ¥ A Y

Reference Epoch

Fig. 2. Count evolution by object type (reprinted from [1]).
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Fig. 3. Overview of the integrated space collision risk analysis system.
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1. A 9L AFE=A 1A FHEA (earth-centered inertial frame)oll A 1 =7 SATE S
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2. 7} At 35 919 2471 495k 31 Wk(spatial density) A4t

3. At 32F 9o 7Rksle] S= 9 B4t EAY Ak digt = EH4

A W e B FH HIEA AdolA S H(radial HRP), SHEH(dec-
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Fig. 4. Shape of a cell bounded by surfaces of constant latitude, longitude, and altitude.
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AN 49 2 EA wet A s thE2A T 4= Utk Table 12> MASTER 89] cell
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body dynamics) 2@-& #8519 3g EAl= 4% ALE ot F7130=2 25350t ot
2hA g A% 7] B3t ZF Aol MEE= AZRE M dAsitt olejdt B0 <lsf, A9
AAE BHste A S AF(cell passage event) HEE LI AT, 3 7] &1t =4
7} Zk Aol wR= Az AR 4= qlck

&, @Ol 93l F=le SaEd, SEH, SHAEHS A A719) A2 ol

Table 1. Control volume and cell definition of MASTER 8

himin hmax Ah amin Cpax Da G Gpax A6
LEO 186 2,286 10 -180 180 10 -90 90 2
MEO 2,286 34,786 500 -180 180 10 -90 90 5
GEO 34,786 36,786 20 -180 180 10 -90 90 2

Unit km km km deg deg deg deg deg deg

Reprinted from [11].
LEO, low earth orbit; MEO, Medium Earth orbit; GEO, geostationary earth orbit.
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2 otoH, ol F HEo] FE AT EA dolHHo|AE Hgt YAAA HSo] 9
ot} E3l, FE B4 9Jgt A 9] mEulElE: Table 20 YERA kel o] MASTER-
8.0.59} 5-YstA Aokt

24 A3E Fig. 5] Yepdict. 9% 182 MASTER-8.0.59] 23}, Q8% J#IE /)
iy mdo] Ayt MukE o2 {ARE gt AFdES Hold, 55| 1% 600 km o4 3t
A= A9 YT Foldt 4= Qlrk that % 400-600 km Ale]ofAE 1-28) A% o]
7} FEER=), ol S 98 EA dlolHE gl vlsolA wEglgols A Sl
Q= dlojeHjo]A 7t ZjoloflA 71Q1%t Ao g webEth 400-600 km 7+ StarlinkE ]
23 Tt 95 AR 28 Aot YAl R £t AERE E8EE J9o=, &8
Sh= dlojeuolAd] wt Ayt debd 4 Slck A 2 7|8F BAoA = space-
track®] dlolElqt T AAg ARGSE WhH MASTER-8.0.5% oi7] Ho]EHo]AS B
o7 g8l Zow A YrH1ll.

o2 9l 12359 A7t FE FES AL 7 AL nF dAEE dAst

dom, F= A& 10 km/s2 1519t Akt Aztet 2+ %’4 u Ae 2 35 3=
T2l Table 300 AT A7t & SE2 BT fARE =502 Uit o=
Al $140] MASTERS} 7ldhd mdlo] 37+ Wi AL Zro] # 2] %_‘il‘a}% 600 km o} 1%
of £xs5ly] oz wetErt,

ARt BE 3E2 10°-10° 25019, 914 2 A AT ofuet ohwskE el wet
o 7% o] gho] B 7Kt Z 0= oA

[0k, FE 918 EA HlolHHolA Rjo|2 Qs F7F HWE At At B 1k +

oA 1-2809] Zpo|7} s, HA| Q] 41| =53t HFdS F B Zhll fARsH
o} T3 92 12359 At = EE 94| MASTER-8.0.5¢ 7ids 2 oA H]
53t $E0 = BrhEo], £ Ao 32k A mdo] o237 7|5t floj|A] F45| FHE S

o [l J=ae]
EQ—?_IOE]-—I—M

S

4. A=

S5 379 H/do] =oAL 1 7HX7E Sl whet, 95 33 QR A ol THY
£ THEE Hol1 9lom Yo RE T& 43hd Hdolch weba A bHEE &
P} 5 S A&7FsT o8 oM SFEA ) titt gt ol B4

[e]
S5l thefRt AAEAS A€ 5 lofof jih

Table 2. Parameters for cell definition

Parameter Value Unit
Tmin/Tmax/ AT 400/2,000/ 10 km
Smin/Omax/AS -90/90/2 deg
Xmin/ Amax/ A -180/180/10 deg
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Fig. 5. Spatial density calculations from MASTER-8.0.5 (left) and the developed model (right).
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Table 3. Collision parameters for KITSAT 1, 2, 3 and annual collision probability calculated by
MASTER and the developed model

Annual collision probability

. - Collision
Target Altitude Inclination cross— MASTER Dovel
object (km) (deg) _ ) eveloped
section (m?) 8.05 model
KITSAT 1 1,320 66 0.2 1.06e-8 2.71e-8
KITSAT 2 800 98.6 0.2 2.55e-7 3.94e-7
KITSAT 3 730 98 0.5 2.45e-7 5.91e-7

o1 919} £ ATOINE S BF Y AL o FAT Yol /5T 319 A
B ol24 7|k Yshi, o] vigo R ANEdo] 7HE AES AL B
of EfAS A537] 918 ESAS] MASTER-8.0.59 41 271 slolla] 87 9 9 3%
917 B4 Ssiglon], F mdo] S SE0IH 35 UL WRE skt
T A 958 dolelolzot 28 49, 2 479 339 4 Bdo] e 34
E(ideli)E 7P 35 918 24 20E AFY A0 JEh £ 53 2UL B
o Seldet $RAAY toit ©8 AU 35 WS 4 BATORA HIsE

249 28 W L AT $3o] 7|0 4 AL Aol
A =
o] AT EEL 20254 AREFYBY) AP PRARATY $RAUHS B

26 DAY A g ol +YEUFHTHNo. 1711179479, SFHAHS STAILH

7N

References

1. BSA Space Debris User Portal, Space environment statistics (2025) [Internet], viewed 2025

May 7, available from: https://sdup.esoc.esa.int/discosweb/statistics/



J. Space Technol. Appl. 5(2), 114-124 (2025)

2. BSA's Space Debris Office, ESA's Annual Space Environment Report, Issue 9 (2025).

3. Secure World Foundation, Iridium-cosmos collision fact sheet (n.d.) [Internet], viewed 2025
May 30, available from: https://swfound.org/resource-library/fact-sheets/

4. Secure World Foundation, The 2007 Chinese ASAT test fact sheet (n.d.) [Internet], viewed
2025 May 30, available from: https://swfound.org/resource-library/fact-sheets/

5. Secure World Foundation, Russian direct sscent snti-satellite testing fact sheet (2025)
[Internet], viewed 2025 May 30, available from: https://swfound.org/resource-library/fact-
sheets/

6. Kim S, Lee ], Choi EJ, Cho S, Ahn J, Dual-mode framework for space object collision risk
assessment, J. Space Technol. Appl. 2, 13-29 (2022). https://doi.org/10.52912/jsta.2022.
2.1.13

7. Lee ], Kim H, Choi EJ, Choi ], Yu ], et al., Review of space debris modeling methods and
development direction of the Korean space debris models, J. Astron. Space Sci. 41, 209-
223 (2024). https://doi.org/10.5140/JASS.2024.41.4.209

8.Kim]J, Lee ], Kim H, Choi FJ, Choi ], et al., Development of Korea orbital debris evolutionary
and engineering model, in 2024 International Astronautical Congress, Milan, Italy, 14-18
Oct 2024.

9. Liou JC, Collision activities in the future orbital debris environment, Adv. Space Res. 38,
2102-2106 (2006). https://doi.org/10.1016/}.asr.2005.06.021

10. Klinkrad H, Space Debris: Models and Risk Analysis (Springer Science & Business Media, New
York, NY, 2006).

11. Horstmann A, Hesselbach S, Wiedemann C, Flegel S, Oswald M, et al., Master8 final report:
enhancement of S/C fragmentation and environment evolution models, ESA/DD-0045
(2020).

12. Space-Track, Login to space-track.org (2025) [Internet], viewed 2025 May 7, available from:
https://www.space-track.org

https://lwww.jstna.org | 123



Author Information

UM 2 jwkim@kaist.ackr F Xl &€ jiwoongyu@kasi.re kr
Agdstaols 2022 53383t AL AAst HAEesttolA 2011 AAb
KAISTOllA 20249 3Fg-2=38 XIS SHE FHSol sUishY 2285

HES 7, WA SoSRolA Hakge] A oA 201749 BPAISIE F53H9. 201849

5} Folrh. 9 AAFIS HAR}E 8o & RFE IHEATE AT HAAE A
: 1 IS A= Mk th9jo] oAEH BA SFEAECIR Y 9 FEA SE A
‘ o gt ATES st St EHATE F¥5ta ok
O] 21 4 jinsung lee@kaist.ac.kr Z2 &8 jhjo39@kasirekr

KAIST 389588304 20249 3pafat el ARSI 19889 At
o s 5 o kast azedare © N oom A9 02 Auum ok 9

HodTon HoZeh) A dAma T 9x:TswoA 20024 uhRIglE HSe
ARE a5l 9t AR A9ZEA 9 Ak 2005ARE FRHEATUNA o5
mo| AxeUs FERZ AF 44 2 W mnie o waT

A3}, Fuje] PAk ek St A4 24 o

Z 23 eunjung@kasi.rekr 4 s A kam@kasirekr
QMg RS Sk, B ; 2020 HEFIEE BAERE HESH
Shl AEFSHoA Qg9 AxEd I A IHEATY S EIATER
of tist A2 EAEHIE wioftt =Ry - - SFAFTAAE 2] Folct. AT FA

Satlent MEHololarld otelzely

3 ool 94 5 ABHY PALTEL U
S Sic B BRAEAT 959) /

fr

ZA3d7eet VHF oS ot A= &

Ag FEA4 Jellw, EA gA0l,
A SFATHSAA 5= St 59
AHAAE SFAFATANA 9 BEELAAE AL 5 FHSEIAIAH o] Fojska it

AEEY = SE ATl U A5 B4 A= sk Ak

UN 959 314 o] 9Igt fled3]o] == Jofob, R4

7153t Bk 90l 8-S 15t H AR ko S-Skl Qi

Z| &l rutcome@kasi.re.kr OF X H  jaemyung.ahn@kaist.ac.kr

20184e] HEesaet vifskelE FHSS) AEietn FE-aatatolA ShAL AAb

I

I @A SEARATY SRRy

SZGAAEC] AF Fole. AT FA
£ TABANE T 25 23 % 974
B4, 9284 A= Aol B 9%
AFRSAA T2 At F A= FH
AAI2E Aol ofsta Sl

SHOIE, MIT Aero/AstrooflA] BPARSHIE vt
AUtk AP AT oA BAF=A
7] Zosiga, @A KAIST 3953
3—}3’—}01]/\1 Strategic Aerospace Initiative 1

= olEH, FAILE A/ 2R B

P

=

O

uiel}

ol

J

124 | https://doi.org/10.52912/jsta.5.2.114



