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Orbital Transfer Process and Analysis of Small Satellite for
Capturing Korean Satellite as Active Debris Removal (ADR)
Mission

Junchan Lee, Kyungin Kang”’

Korea Advanced Institute of Science and Technology, Satellite Technology Research Center,
Daejeon 34141, Korea
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Abstract

Active debris removal, a technology that approaches and removes space debris in orbit, and the on—orbit
service, a technology for extending the mission life of satellites by fuel charging or by exchanging the
battery, are gaining interest with the growth of the space community. SaTReC plans to develop a satellite
capable of capturing and removing Korean satellites orbiting in space after the end of their missions. In
contrast to the previously launched satellites by Korea, which were mainly intended to observe Earth and
the space environment, rendezvous/docking technologies, as required in the future during, for instance,
space exploration missions, will be implemented and demonstrated. In this paper, an orbital transition
method for next-generation small satellites that will capture and remove space debris will be introduced.

It is assumed that a small satellite with a mass of approximately 200 kg will be injected into the mission
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orbit through Korea Space Launch Vehicle—1I in 2027. Because the satellite must access the target using
a minimum amount of fuel, an approaching technology using Earth's J2 perturbation force has been
developed. This method is expected to enable space debris removal missions for relatively lightweight
satellites and to serve as the basis for carrying out a new type of space exploration in what is termed the

‘Newspace' era.

4ol 1 23N, 5287 5EAA TIs, S A, AFEAL 2 A
Keywords : small satellite, active debris removal, KITSAT, mission planning,
J2 perturbation
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non-cooperative target®] 3|, A YEE 5t dgo|cH21].

KAIST 13914 ofg] Alg29e] 423 9ds Tkl 3t Ade HAokal 9l
= 2P AE AF7I1HOE AFAoA BRIl Sl 71eE ol-&sto] oAl AR
71 gr]Ael 94 5 sl S ARl2 94e 28 9 AASk: dFE 719 SOl Utk
AR A=del =1 1, 2, 3271 57 SRE ok A=E Adlstal }loy, olF A7)
ot A= 24 52 15l L2 255 23] o R AAstalon, A% WS 2780l
A 7RI 3ol AT ATA0NA FLol| AR A Al A AF
1ol HisiA s, o] e NdstiA 53t 24 /Y Ve tiFE 283t
= 7HoE AR AAE 5tk

oM 2871 AA dFE wFst7] fsiA 47 A+ 459
o] "Hof| thsiA Attt A7t e ol8qt Ak Aol 2 A2 ARrE o]&sto

23719 Aewe HHH0R gomﬂ—t— o A9 2ol S A FAH A
FHY A0 AT 4 U AOE ZIhka Uk 5L £golA AT A= ol
WS o] §3to] £g9Igol A % ”oHOF Sie QR 9 = do] TAZ AL, 4 g

AollAl B8 E st ARTFE A& AZE|E ol&sto] Aisltt. §3], a3 YA
(Korea Space Launch Vehicle-1I, KSLV-I)E ©]-&s}o] 20274 WAFESHAL 71Hsto] Y&
£ AAlstl o, 914 o] A=rEd g S 2 g)eto] AA| AF A=E AT 9
oot

2. 2od 25 94

S2lE 25 2 = AEidieie] A B AHGE ARt nSsERTRS B9
et SEluEte] A WA S e 15 S B3 2 BT AXE 7HEe
= e Hzo] = A ol /1449 AR A, AR Al B e
EXWJ FYFOH, TARE AR, U A AlE HAA 28, fEE 159 e 8

& Fo EAE A 9 e B, eche Wdes Flold AA AR A
(22]. 9199 HAF2 oF 50kgo =2 QP4 Fd2 92 159k FAREARE 1,300 km] €13

https://www.jstna.org | 103



Q2 ol B3 YR AHS 9ot AHMO| AT Ho| Y

I3
o

AT | ARRRERRARERH:
)

SRRRANRRRRY | "RENRERRERRRERL
','f.'"'[!lluli .--1”.1.--.1[

EERRRY
i '
11 (L | ] |
' il
1 B RN
" | LIl '
' 11 1B
(KR | e
\ LR
' 'R
[} IEERE
' ' 'R
L | [
' [

Fig. 1. Flight model for the KITSAT-2.
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Table 1. Key specification for KITSAT-2

Orbit 800 km circular sun—synchronous orbit (inclination 98.57°)
Dimension 352x356x670 mm

Mass 47.5 kg

Maximum supply voltage Max 30 W

Gravity—gradient stabilization, magnetic torquer { 5 deg
Attitude control method o
pointing accuracy

Uplink (145 MHz frequency band): 9,600 bps

Communication (Tx speed)
Downlink (436 MHz frequency band): 9,600 bps

On board computer 0OBC186 (80C186)

Payload CCD Earth imaging system (CEIS)
Next generation small satellite computer
High speed modulation experiment device
Digital store and forward communication experiment
(DSFCE)

Low energy electron detector (LEED)

orgel, AAd 2F Y 229k TRVIR|Z k=9 TARIE ol 8dte] TAkE Aglolt
Arrdell AYste] d77t S A Aol Holdle =7 At A4S 34, 28 9 A
AQF7E 7Fs 23S NL/ASThe Aol F2 A9 Aot BEE2 AxAd Al
7= ADR HAAIE ol8ste] Zet & S A A== sPAAE TS AR8sH
FEH 0z t7]dod AR k= Zo] JHo ofE A3, Al 248 =g X
atod 200 kg ofske] &P e AR, FARIE(SF 500 km)ollq =18 #1449 A=
(©F 800 km)E = Aol FFsfof 31, 28] & AF= AL F=s] et F37]
=9 5 4T 2R3 FE A=Al 7lell Wt Al AS5E a3 £ EE
ge AR ARJAZ7) et 74 HE 9 oA 28I =S ot YA, AA B =
3 ALHe 2 A4S 2 A5 73 Aol

Fig. 2= 2 2394 239 BA E3ES o18sto] A% ADR &3 91439] F4%
< UERaL Qo 2027900 EAtEE o= EAAlE S 2499 SRAILE AR
o] FHAER FYT dIFolE=2 ADR 232 T A==FH 222 A4 A==
olsks ZRAIAS ARIT oY 285 F7] duedoR U8 Y49 F AF2 T
7Fetgloy, Aol FAE ARt 2419 Az A FA 4391 259 24 FA<RL
AR, 1] Al dol W B 2% ARl tiet Atk tha Aol sk
ES, O ArE] 25T o183t 92 A4S 29 ooy, vl AMSE o1&
oto] Aoz ZR2 olF B 2 71E 52 s {5l vl A= A "Ask
UFE =L Aol Table 20] 27] AAE S35 =5H ADR £G4 Alde 89F

st
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Fig. 2. Preliminary mechanical design for ADR small satellite. ADR, active debris removal.

Table 2. Expected specification for small satellite for ADR mission
Specification

500 km — 800 km rising — Earth re—entry

Contents
System/Bus Altitude
Mass {500 kg (including payload and propellant)
Lifetime > 1 year
Power ~300 W
Attitude control 3 axis attitude control
Payload Vision sensor Monitoring/Control the ADR and RD
R sonsor Sensing the target with =40 to 120 degree of
temperature
Lidar Precise distance observation (~500 m)
Space net Net for capturing
Robotic arm Arm more than 6 degree of freedom
Docking system Docking device in Rendezvous
Transmission X=band Transmitter (~100 Mbps)
~128G

Storage capacity

ADR, active debris removal; RD, Rendezvous and Docking.
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4, HT HO| Y

1o

£ AoA= 1ol 271 A=dolA o A= E Mootz 99 Ak Aol ZEA
2of tisfiA Attt 27] AeHolA 51 AEHeR Ay AeE HAsk

access, AT AE5EHE o854 Holdhk= WS indirect accessEtal F-27]
Hol| tisiA 4= +E ul ADR 42391 2027400 TAZE alg=o] Sle o= T
AAIQL RS 63F AL HAE O] Aol BUYEE A 7Hdste] 245k A A
3t A3t Zo] 20279 ARSI 23 Al F BAAE 24FU8 FHAARY &
A7) 5718 - A oo, ojrf Hk=+= LTDN(Local Time Descending Node)©| 13
Al 30821 500 km H{FE7]IHE=C|H27]. 12 EE ADR A& 24P AL
H9] AroA 23] ZHE HAlx Ho| JE AX|= Zo] BashH, 27| xE tiifos
1A 2 94 1, 2, 359 AEFAS Fig. 33 £t 20224 8Y 7|EoR I A =5
EA 74 71382l CspOC(Combined Space Operation Center)2 314 viZ% TLE
< ARESI3loH, J2 propagators ©l-&5to] 4ol AupEntal ZPYsiA] AR o] %9
89 AAE AZF o] HAE o884 A= Ho| 5o BRI H F(del-v) B
s ARY B4 5 B9l JHY BRE A6, oF EH7IA| AHo] ZENAS

f
o
S
a7
z

Fig. 3. Comparison of the orbital plane for the NEONSat and KITSAT1, 2, 3 at the Jun 1 2027,

computed by TLE and STK. TLE, Two Line Elements; STK, Satellite Tool Kit.
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Hic}. 137 uhgel] 29 500 km HFE7IAES SARE AAS ZH S 258
E2SH 0 712 YA A=Ae] AteeS TR AA] Aol BaElo] 9]
Ko] IRl YD whi, WAL AHe] ufet E8lo] Golat o] WAR - YomE, A7
o} WA A Halol X8 g AT Aol o, £ FuILS SeE 9y
o= Aasts o] ohjet Frjell WA BE NS FRA0R T3 %8 91y
2 4% 4 gtk

4.1 Direct Access

Direct accesse 3715 impulsive 34102 ARESICHY 71 wo] Al o] 14
ojgfal & = Qlt}. o|et Z2 Ho| W AAE FAsh| YoM FHd50l A6l £
I A7t g2 AgE A AXskE VIS AR ] gzl 43 X
Ak} v P o Azgo] FshA Eol Wasitt, s, YFEAE 3 o 7|1EAH
o= yEsto] AT 4= gloH, o]E g 2027490l =g HAAIE B3l HARE ADR &
Fedol 24P FHAAE 49 A=olA 8719 AmRE ARSSHA 2 259
A== Hololet] ast Axm ARS 28]00]4] A7oks 4] o]-8sto] Akt

%27] Ax} FZE Axg Aol wiE= Fig. 49} 0] common pointoll A 8-S dhAsfjof
St ojuf YQF Sl= Delta-vi= 4] (D2 Atk

cos(0) = cos(ijnit) cos(ifinal) + sin(ijnit) sin(iﬁnal) cos(AQ)

0
Av = 2vim-tsin(i) M

A71NA, i A Ao] A A, ifing A= Aol £ AL AQ+x=
I o] A%-0] RAANS] HI3}eFolct. Table 307 B2l=lo] Q= Azt o] 2] 259] TIES

K T Ufinal

Common point

Fig. 4. Schematic for non—coplanar transfer from Figure 6-12 within [22].
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Table 3. Orbit Information of the NEONSAT and KITSAT series at the launch candidate
computed using TLE with STK software

Sat Inclination RAAN Semimajor axis Orbit type
NEON1330 97.258 271.403 6879.31 SSO
KITSAT1 66.100 4214 7694.06 Circular
KITSAT2 98.906 171.761 7160.33 SSO
KITSAT3 98.676 142.036 7088.80 SSO

TLE, Two Line Elements; STK, Satellite Tool Kit.

ol-gsto] A& A= FEE ARESo] AARS StloH, A% Hojof Q3 Delta-vaE A
Aksl OF 11.517 km/s¥& ¥ 5= ot

ADR A% 9AJol= 30N9] 33} 250s9] Isp(specific impulse)?] 452 28l Q= sjsh
FH7E AT AFolER, 31T spece ©18319 direct burns FHFE W 42 A2
2 d&mE & A7 %L Tsiolkovskyd] 2AEAS B-83l0] AAE 4= 9Jlom, 1 3k

° 4 % 59 9 &

m +m
Av = gl In <%>
v
mprop = <exp <g15p> — 1) de_‘y = 111.5305 X mdry

olff g= F9 &Lk, [pw 719 ¥IFE AT, myryv 489 AR A Mypope=
Azl FAl°lt} 500 km9] Hl=oflA AxAZo] oF 100 kg ™ 11.517 km/s2] Delta-vE
Ea7] Yot F Ao FA= AR oF 1008 o}Afe] st At AL ERIs 4
et J3ug 7|0 ol gajA Sl 25.9] Al FH HEdo] she W wiE
A Aledols & = qlou, A7o] 1,000 kg oA 2FEE v@AZQ oz 4
g ol EAEE AL ARFoR Sl 250 JIT £ U= AlUEeE 8T
[7do] it

4.2 Indirect Access

ofst gEee BEANA, 1% Folo] Malshs RAANS 2718 A7 34 YKkt AR
RANA F Ao, 15 Q18] ol Amwe A el APAH A Y A
fASH e B4 2w Sk B9 AES] RAANS] U¥ske & ()t o] A
% 9lom, sh2o] oF 14 RAANC] ol 242 Be1g 4= 9let.

360 (deg)

_ deg
T 365.24(day) 0.9856 ( /day) ®)
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(d) access completed. STK, Satellite Tool Kit.
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STK, Satellite Tool Kit; ADR, active debris removal.
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Table 4. Fuel consumption in each operation phase computed from STK software

Maneuver Fuel usage (kg) Etc.
Rising 38.389 Altitude ~1,800 km
Propagation 0 About 6 month
Rising periapsis 0.27
Lowering apoapsis 25.993
Inc and RAAN control 12.858
Proximity (1 V-bar approach
Capturing 0
De-orbit Electrical propulsion

Natural decay at 200 km altitude

Total 78.9865

STK, Satellite Tool Kit.
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Abstract

Space is becoming more commercialized. Despite of its delayed start-up, space activities in Korea are
attracting more nation-wide supports from both investors and government. May 25, 2023, KSLV 11, also
called Nuri, successfully transported, and inserted seven satellites to a sun—synchronous orbit of 550 km
altitude. However, Starlink has over 4,000 satellites around this altitude for its commercial activities. Hence,
it is necessary for us to constantly monitor the collision risks of these satellites against resident space ob—
jects including Starlink. Here we report a quantitative research output regarding the conjunctions, particu—
larly between the Nuri satellites and Starlink. Our calculation shows that, on average, three times everyday,
the Nuri satellites encounter Starlink within 1 km distance with the probability of collision higher than 1.0E-
5. A comparative study with KOMPSAT-5, also called Arirang-5, shows that its distance of closest ap—
proach distribution significantly differs from those of Nuri satellites. WWe also report a quantitative analysis
of collision-avoiding maneuver cost of Starlink satellites and a strategy for Korea, being a delayed starter,
to speed up to position itself in the space leading countries. We used the AstroOne program for analyses
and compared its output with that of Socrates Plus of Celestrak. The two line element data was used for

computation.

walo] | 3R, BB, A= 94, 49 94
Keywords : conjunction assessment, collision avoidance, low earth orbit satellite, small

satellite
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2. IT0| ME LFEH BT A

Fig. 1@ 1% 200 kmellA 2,000 km Ate]9] AH=E 537+ 100 km FA1Y &
(shell) FHEE W, ZF 20 24417 BRtol Balohs 9FEA9] AIE Hoj&Et 4
2 93] 6 102 07l Spacetrackoll 4l TLE Elo|ElE W&l ¥y, o&43S 3 A7t
TR 20234 62 102 0A1RE 69 11Y 0A17HA|9] 244170t

Y-52 120]3 X-&2 7 shell& 24417 B AWWhs S5FBAES] SAjolt). Fig.
1@= % 719 32 HojEe) 7F &8 13 7% 700-1,000 km 7ko]ct. o] 1719
E2 Uhe v Z2 Al 7R 2 ARl 7191k B 272 YA Slek HA,
20079 1o S 1% 865 kmo] SHAEE &1L Y o] gt A=9] 713914
Fengyun FY-1C(EA 750 ke)Z nAd 2 mt1sk= 948 248 (anti-satellite test, ASAT)
< FP, 1 ARE T2 4 o 2AF7]E wEelWltH17,18l. &4, 20099 29 1
T 789 km Fol|A 439 S thdt 914921 Kosmos 2251(FA] 950 k)t FA4 28
Zold "= Iridium 33(FA 560 kg) 91430l F=JL 11 3= W2 ohHo| WAt
[19,20]. 20099 =0l 7] AA oA HAIRIAELS + 49 3E52ES 2x1E-4
oF dEgor, FE 108Me FEZFES 3x1E-52 AXRIGITH21]. o] AMd2 94
9] ATt Qg {19k dol] glojA] Wi F a3t FelE :eteh A, 20214 3¢Y 18
Yol F=2] Yunhai 1-0220199 94 LA}, 7143918)2k BlAlote] Zenit-2 219964 &
AL, BARESHE GRS Jei7E = 780 kmollA FEJLL 37719] whHo| vlg+
9 7tz 10] F7N=ATH22]. LeoLabs?] $~47He}A}Ql Darren McKnight= ~1 Ztsfe] 2
717} 1-10 em$@-& 7Fs4do] Atkal 373} Jonathan McDowell2] Ei10]| 9J5hH o] &
FFANA F EA4l= TLEY AP 9lo] Z3lE= 1 km oJWY A7 AT Zo=
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Fig. 1. The histogram of the RSOs entering each altitude shell during 24 hours. TLE data
download time: June 10, 0:00 (UTC). (a) The shell thickness is 100 km. Red and blue denote
Starlink. Starlink satellites count is 3,741 (58% of the 6,430 objects in the shell of 500-600
km altitude). (b) A more refined histogram with 10 km thickness. The RSOs in 530-570 km
have collision possibility with the Nuri-SATs: The red denotes Starlink. RSO, resident space

object; TLE, two line element.

https://iwww.jstna.org | 121



122 | https://doi.org/10.52912/jsta.3.2.118

W= ATH23]. F HAE =2 w7 3377k 17} 500-600 km 72+ T 9
Eo] YRE S Qe I E=E EFIE 24417 Bt o] TS Ak SFREA Y] &

= 6,4307101™, 1 & 58%%1 3,741712] EA|7} SpaceXAte] AR 91/d<toltt. o] +
R 5 AAlA 7HT EdetA A Dol XPE L Q= Fxtolrh HeRug &4

S o] F7lo] A 7H e WES Hojzch o] AN theo] BES BAR,

& 1) 500-600 km ILEF7E 24A07F B0t 3,741719) Aerg A¢j4do] wrAE
(6¥ 8Y 04] UTC dlo]H).

3. Fol= #de HE X HE=EE

5ol gAE 8719 AHES £ =73t A, Table 13 22 A|¢hS ZH=tt.

59 3T B3t Ak AHUR =25 & 8719 94 FolA 7715 HTHE A
Z31e]th o]EYel 59 269 0419 Spacetrack TloJElHolAL FE|T 94 77|19} 3¢k &
2] TLE Hlo|8E 3715kt Fig. 2(a)2] A7t ol Q= 254 E0] o] HolHE 7t
AIBFeE Zloltt. o] F 9ol fIX|e M & Sdiohd Fig. 2(b)2k At fjollA] ofiZo R
SAHE ARE GZ, 281 W off&e] w2 Qi EA7F Holo. o] &9 TLE FE4= tha
3} 2tk 56743 (A), 56744 (B), 56745 (C), 56746 (D), 56747 (E), 56748 (F), 56749 (G), 56750
(H). 59 269 TLEC] Yehd A-G9] 24417t 59F9] 1k+= 538-552 kmolal, HO| 1lk+=
509-551 km# 3H}=| Qi) Fig. 2(c)= 5¥ 3199] B0l o] Hlo|H & 24417 B9te] A-
G9 &= 537-550 kmo] 1, HY] 1%+ 502-542 km=Z TtE ). 62 62 & AlolA
£ 24A17F B Z7F 540-550 km@} 515535 kmeolch. o & B =F0] BXojA ARE G
7HA 9] 7709] 23 f1gel HishA T2 £AS g 1 olf= AFE Ao AER &
2 Hul= 94do] oln] 2 IkoflA] EEstal Sl Y] el ok BRI
gt AlgslE Hrof g S SEAIANEE lojuy] Sl et TR EZI Y]
F84 ghzolth 9], 83 9149 A9 1 tidol 4,000th o] 1ol A oA
EEIL = AEG A0, 3 91 771 SOl 6717t F97|eS 9%t 9717t gl
Jeiehs SR04 o] ZEEFO] F840] ¥ AXth dFIKE ok FET AES
AFE7] 7R AAB71ZE AZl dot Sl Aolth A AAIA oA dog o] T2
o] BHEE 4= vt AR HO| 1erf oA HolRo] foA]] S04 WokA|ar 9]
1 G2 H Ae19] Azl w2 HojR| AL Qltt. 7HASR= SpaceMap?] AstroOneS ARESHHTH24].

2% 94 771% 550 km ILEOA 97.6%9] AT R YEal B Bo] AAZS 2
U Sz, Bt AEHe] Aol Yot fAlEE Hds7]HEelt. olF A
Lol BT} 90=E o]Fo] HAL=HoA BIgsH= f14d0] A HdS HIEHEHA HES
AL 5 Qs AEE o8e(dawn/dusk) A=kl Sick 5 HAAID ZAIT A3
237} A71E @ol AR&Sfiof k= FA7IEIolE (synthetic aperture radar, SAR}E AH&-5F
7] 2ol AFFEAEE Aeoloirt. FAE, JPFEATE B ToAR 7Fsst A
< ofym, oo oA, B AARES ol&ste] AT 4 itk AFHAEE AT o
= A9 58, 28818, TG 5 ofg] 7HA] SFAIAE AA 845 JrEsfof gttt
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Table 1. The specifications of Nuri-SATs. “Min Sphere” means the smallest sphere surround—
ing a satellite and is used to calculate the probability of collision. The calculation assumes

symmetry around geometric center

Diameterof ~ Mission =7
Dimension Primary
# Objname  Norad ID min sphere duration He GPS
(mm) mission
(mm) (vear) 5
1, SNIPE- 56743 (A) 6U
IEM HY
2, 1/2/4 56744 (B)  300x200 374 1 UAS
o5 FAE
3 (=e4M) 56745 (C) x100
3U XEH
4 KSAT3U  56746(D)  300x100 331 1 HE A= A
x100 =3
6U =
5 LUMIR-T1 56747 (E)  300x200 374 0.5 ENS A AS
x100 =3
3U M|
6 JAC 56748 (F) 300x100 331 0.5 A AH 2 o=
x100 45
NEXTSAT-2 5,023x1,340
(XEAICH x820 SAR
56749 (G) 5,262 2 AU AS
A (EHSTIX] ATFHE
23) )
8 3HEA 56750 (H) N/A N/A N/A A8+E N/A N/A
KOMPSATS 3,700x2,600 SAR
227 10,161 5 ~ US UAS
o2 53) x9,100 ETIES

Apogees/perigees: 550/540 km for Nuri-SATs; 548/507 km for the rocket body; 561/559 km
for KOMPSAT-5. SAR, synthetic aperture radar.

@ ) ©
Fig. 2. The visualization of Nuri-SATs. NORAD ID: 56743 (A), 56744 (B), 56745 (C), 56746 (D),
56747 (E), 56748 (F), 56749 (G), 56750 (H). (a) The first TLE data appeared in the Space Catalogue
at 00:00 May 26 (UTC). (b) The enlargement of the RSOs. (c) 00:00 May 31 (UTC). AstroOne of

SpaceMap is used for the visualization. TLE, two line element; RSO, resident space object.
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4. AEHET HE=EAM

1% 550 km Aol 4,000t o] AR A QidE0] 2T AYesS st Q.
Table 2= Z|7HA] TARE A3 97 & 4,051 /878 1Al Attt
(25]. 1A (Gen 1)9] T1& 1(Gr D F+213 917 22 550 km A=A BARTE 539
7271 A Hel, 7t Al=HHE 22719] 9180 R F 1 584‘:H-°4 d= 7HAAL Sl walker
constellationo|th. 15 4% &2 5:—1]'-4 AAE0] HIS=%E 2O F 540 km I LA 8
1 Aotk YA 2% 10 km ] perturbationS ZH=tH= AL 1E5HH FE S
L FEZE 1% 530-570 km AEE 2= HE EAEY 3E7/M4EE 7L ok &,
Table 2014 15 1, 2, 3, 4, 5, 69 “active” ¥ “decaying/deorbiting” A€l 4,051712] A&
B e ARt SEES WAIE 4= glon, ol SEES AEKHeE Bt
Skal dju|sfiof gttt 539], 22 94 7dl FolA ot 397550l 7] Wedl 5=
A Aol =52 RlTrt ol o] glvh AR A= 20229 12¢€5H 530 & 560
km 31%=0] 2MH(Gen II) Mini 913 ¥iX[517] AAZIEKTable 2).

5. 2|5 940 SEY

w2l 51 7717t Aekia 9 Vel SRBAST BEL FEYES RAYCKFg 3). 4
Felofel: Fig. 101 A8T 23k ek 24412t B2l 500-600 km MEFIE Ak BE

Table 2. Summary of the Starlink constellation status [5]

Orbital shells Orbital planes Status
Gen Gr Alt  Planned Inc. Sats Decaying/  Weight
Count Active
(km) sats (deg) per deorbited (kg)
1* 550 1,684 53 72 22 1,458 268 260
2* 570 720 70 36 20 250 3 260
1 3* 560 348 97.6 6 53 187 10 260
4* 540 1,684 53.2 72 22 1,567 69 306
- 560 172 97.6 4 43 0 0
5% 530 217 1 307
3,360 43 28 120
6* 559 21 0 750
2
- 525 3,360 53 28 120 0 0
- 535 3,360 33 28 120 0 0
Tot 7,596 3,700 351

(14,488)

The constellation is categorized by “generation” and “group” units.
*, active satellites; —, approved by FCC but not launched yet.

Gen, generation; Gr, group; Alt, altitude; Inc, inclination; Sats, satellites; Tot, total.
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NURI-SATs Conjunctions
Shell: [500 - 600km)

600 200
—— MNURI-S5ATs vs Starlink
500} -=- NURI-SATs vs Others o~ 41175
1150
400+
iR 125w
w |
) 3
8 300 100 2
= 75 N
200t
150
1007 25
0 0

612 3 4 5 6 7 8 610
DCA (km)
Fig. 3. Conjunction assessment of Nuri-SATs (500-600 km altitude). TLE data download time:
June 10, 00:00 (UTC). X-axis: DCA. Y-axis: conjunction frequency. The upper blue graphs corre—
spond to 7 days (The blue left Y-axis). Solid curve: conjunction assessment between Nuri-SATs
and Starlink satellites. Dotted curve: conjunction assessment between Nuri—SATs and the other
RSOs. The numbers of approaches for 7 days: 2,906 within 10 km and 48 within 1 km. Starlink
takes 58% of the total RSO count passing through the 500-600 km altitude shell. The ratio of the
conjunctions created between Nuri—-SATs and Starlink is 94% of the total conjunctions. Bottom
red graphs correspond to 24 hours: 468 conjunctions are expected to approach within 10 km and
2 conjunctions within 1 km. TLE, two line element; DCA, distance of closest approach; RSO, res-

ident space object.

FrEAES BAWSEAR AR, ARSS AR Eg o= SpaceMap®] AstroOne ©]
ot} g0 X-&22 T 247} =934 conjunction)ol] HES W] 7FE 77k ARl
FHHIAE DCA™IH, Y-5-& 118 ISR Hlegoloh. TIgolA] 915 wiehl 112
L= 7979] AS5717E Bt T 9149 AR W E Hojsw, oA A% Y-
50| 285t AR AFS7telrh AAL T3 T A=A 914 Alel9] {14
o|1, FAL FE 3 9T AR IE T HE SFEAIS] Aol & oM
AT A9 AJol= FE T 3T AR AE A2 BE $FEAIR] A48l s
ghct 79 &<t 10 km oJHE Hohs A= F 3.0873]0]1, 1 km |l 9= 483]
AFTE 500-600 km M= RS Avs $5E2A1Y F AelA AR A 94d0] AR5t
£ HIEo] 58%%1 7ol vlsf =2 /41 A Alolof] RHEo A= F/dRY] Ble2 94
%= WIS =t 7L olfe T A AR BE o 7R Al=E H]gskA| et
71 EAIES olilEe] AtAoR & BHeAEE wEY] fige] FeE 9487 v 7|3
7t A7) qEo R weEch ol Wb T 24407 Rt SRS YERiH,
10 km oJHE Hok= Aol 4683], 1 km OJHE H6h= Aol 23] YA 0= o
SHoh Fig 4= Fo% 94 771 2429 A48T F259] 392 54 181 ol
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Fig. 4. Conjunction assessments of the seven Nuri-SATs. Data: TLE data download time: June
10, 00:00 (UTC). Blue and red correspond to 7 days and 24 hours, respectively. Solid line: con—
junctions with Starlink. Dotted line: conjunctions with the other space objects. The altitude shell is
500600 km. The interpretation of the graph is the same as in Fig. 3. Software used: AstroOne of
SpaceMap. (a—c) SNIPE, (d) KSAT3U, (e) LUMIR-T1, (f) JAC, (g) NEXTSAT, (h) KSLV Il R/B (rocket
body), (i) KOMPSAT 5. TLE, two line element.

53 (KOMPSAT-5) $1ol] sl S7h405 B43F Zlolth. o] 97)o] T % Fig. 49] ()
HE (@714 7S FXE Fig, 39] 1|7} BES0j AL, Fig, 4()2] KOMPSAT-5% 9] =
9IS DCAS] Raef Qlol] W th Tfeke Bolrd itk 67 km7HAlE WS- %
2 712719 437 Shebt 1 5] 7eA] S7RIT 5, KOMPSAT-59] 29+ ~et
2ziote] @Al uhe & Belsl ek 2 RolEe 9lo] Age] 7|uska ol 3
] Bgo] 7Rs et

T 2) T o] AEERL 79 B9 10 km oJHE HIdRe A9 £ 2,9068]0]1
1 km oIl 9= 483j0]tH6 10 0Alof] ek TLE Hlo]E).

T 3) 2|5 o] 2EHI A9} 24417 B9t 10 km OUHZ Hohe B9= % 468 3lo] 1,
1 km ©JQl B$= 2 FJojth6¥ 102 0A]of Wauk2 TLE dlo]E).

T 4) ol 5S(KOMPSAT-5)2] AEJR2 25 A9ET 794 Zfolg HolHA|
Z FE= L QU

126 | https://doi.org/10.52912/jsta.3.2.118



J. Space Technol. Appl. 3(2), 118-143 (2023)

Table 3. Conjunction frequency analysis of Starlink satellites for 24 hours "All" row is the
conjunctions between Starlink and all RSOs. The second line is the conjunctions between
Starlink and Nuri-SATs. Starlink has on average 178 conjunctions which includes 3 caused

by Nuri-=SATs (1.7% of the total)

June June June June June June June Avg
4 5 6 7 8 9 10
All 191 169 188 146 189 181 182 178
Nuri-SATs 3 2 2 2 6 4 2 3(1.7%)

Seven repetitive analyses (June 4-10).
Range threshold: 1 km.

TLE data downloaded at 00:00 (UTC).
Shell altitude range: 500-600 km.

TLE, two line element; RSO, resident space object.

DCAZ} 1 km ©J31]] 4J%<] M@= gelstr] Al 68 445E 68 102714 72 &<t
Wl OAlol TLE dlel8E Wz il 1 5 24A%F &te] SEfdel disi 2450
(Table 3). 73] A9 Hv& HH, 2B DCAZE 1 kmET 77k 18430l
Skl et 1783] WAYsHH 11 FolA w2 4ol ot Aol A9 1.7%el sidsk=
Wt 392 YERT o] AMdE the TEE A

[¢]

P4 5) rels 9o] AxkiEoh 24412 B9 1km ol FEshe 49 B 35lolch

6. AstroOne2} Socrates?| A4tZ1} H|W

AstroOne AXMEIE SFEA9] SEA50A Eol AMEE= Celestrak AF2] Socrates
A 9] AlibA e} v Wkl Fig. 5 F+ ZETH0] AR & o g%l tis &
A3t AiE ARt AL PAF R HolEt Fig Saks F ZE13H0] Al4RE DCAS
AAG7E AR oA 0.99970]H, Fig. 5(b)= DCAZ} LAIS wjo] A7kl TCA
(time of closest approach)1d] SA] 0.99979] AHAFE 7Hth= AS HojEe) &, &
AgtHos & of & T2 oA St g2 ARt & 4= Qlok ShARE &
L2 TLE HlolHE 7I12HEE AMGSH | o] HoleE et Al whaba] At
SE9] Fho] gEitt= AL f9sfoF gt} & TLE Hole g Weld= Aol g2tAH +
2] AHIA7T Yol &= 9t @A SpaceMap?] AstroOne> TLE H|o|EHE $H=
AZE i | 12470 Wzetol A A 2l(preprocessing)S §F & AASE A 2] H|o|E{Ho]
£F o834 DCAZ 3ttt o] HI5f Socrates HIOJE}E UTC 7122 0, 8, 164 &
Sko]l 33] JH|o]ERIT). webA Socrates?t o= AlFof| HolElE WE W=rlo] wet
T2 TR ATATE 9 4= Qlok o, & A¥E 5iA] AstroOne©] TLES =2
A7k UTC 715 0A12 3t
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DCA Comparison TCA Comparison
(24 hours, 2023-06-10 ~ 06-11)

(24 hours, 2023-06-10 ~ 06-11)
06-11 00 )

51 ,
06-10 21 ¢

U4
.°
— 061018 »

&

p: 0.9997 /
[ ]

IS
L

S

Celestrak (km)

2 3 4

SpaceMap (km)
@ b

Fig. 5. Correlation between the outputs of AstroOne and Celestrak's Socrates. Target primary sat-

ellites: Nuri-SATs. TLE data downloaded: June 10, 00:00 (UTC). Prediction time window: 24 hours

(00:00-24:00). (a) Correlation coefficient of DCA = 0.9997. (b) Correlation coefficient of time of

close approach (TCA) = 0.9997. DCA, distance of closest approach; TLE, two line element.

Fig. 62 FeEAIES] Y34 olA DCALE & -E(probability of collision, PoC)9] 3
& &43% Aotk o] HloJ8&= Socratesol] HalH A0 R F 80040lct. 7|4 AREEE
SE2 covariance®] 719} DCAY] H|E =)= FA9| Fvigtol sidste 5=
E0[tH20,27). °J5t & =&olH FEZ NS ELES Ittt Y-52 FE4] log &
Aot 20239 64 102 540l SocrateselA HoJElE W& o4, 1085H 1697H
74710l gt E4olct. AAAR= SocratesO Al ARES= 5.0 kmo|t}. £427H= HlolH
7t BEsA F e OFe R EeE AS HojErh Addo] YRR W O52 FH%
VgEC] 2B ST e 763719 AF/dRelL st HAEM OFE FEEAl
E0| 7|8t EAIET Y= 37719 A@AReIth AR At BEE RS2 DCA%Y
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DCA & PoC of NURI-SATs by Celestrak
(7 days, 2023-06-10 ~ 06-16)

=2 * . NURI-SATs vs Starlink (#: 763)
NURI-SATs vs Others (#: 37)
_3 -
O -4 !
[=]
a e
g _5 -..‘||-‘:H ::‘rA.:::;:.’:l %
."‘.v':":h:‘.."."n 1\ 9
=7r -
0 1 2 3 4 5
DCA (km)

Fig. 6. The probability of collision (PoC) and DCA reported by Socrates. X-axis: DCA. Y-axis: PoC
in the log—scale. 800 conjunctions in total. Red: conjunctions between Nuri-SATs and Starlink
(763 cases). Black: conjunctions between Nuri-SATs and the other RSOs (37 cases). Data: down—
loaded from Socrates: June 10, 05:00. Prediction window: 7 days (June 10, 00:00-June 16, 00:00).
Socrates reports conjunctions within 5 km. DCA, distance of closest approach; RSO, resident

space object.
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Fig. 7. Analysis of the pairwise combinations of five variables: (i) PoC, (ii) DCA, (ii)) altitude differ-
ence, (iv) angle, and (v) relative speed. An analysis of the 890 collisions downloaded on June 8,
05:00 from Socrates. Analysis using AstroOne. PoC, probability of collision. DCA; distance of clos—

est approach.
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Fig. 8. Starlink conjunctions. Blue: conjunctions between Starlink satellites. Red: conjunctions be—
tween Starlink satellites and the other RSOs. (a, b) 24 hours. (¢, d) 7 days. DCA, distance of closest

approach; RSO, resident space object.
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SPACZMAP

"

(@) b
Fig. 9. SpaceMap's website. (a) The landing page with five services. Log in from the top right.
Bottom bar is for animation progress in timeline. (b) The Nuri-SATs conjunction assessment panel
developed. Daily e-mail conjunction data message A-CDM from AstroOne is freely available for
any space objects including Nuri-SATs. Requests can be prescribed using the “Favorite” function

of the SpaceMap website (https://platform.spacemap42.com). A-CDM, Astro-CDM.

S

gl

C s R S T
¥ -
45189 (STARLINK) vs 56748 Nuri3Rs0-5) _— ,{\

TCA: 2023-05-26T14:22:37.5632

DCA: 1.988km

(@ b
Fig. 10. Visualization of two conjunctions using AstroOne. (a) The Norad ID 56748 satellite is close
to the Starlink-2398 satellite having a distance 2 km. (b) The Norad ID 56746 satellite is close to
the Starlink—1230 satellite having a distance 0.333 km.
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The existing military satellite communication system was based on geostationary satellites equipped with
special communication payloads against enemy’s jamming and signal reception. With the advent of new
weapon systems such as unmanned systems, the need for low-orbit satellite—based communication
system is increasing. This paper introduces various waveform technologies suitable for cube satellite—
based communication system and the operational concept of a future military nanosatellite communication

system.
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Fig. 1. Operation concept of the nanosatellite communication system. OBC, on—board

computer; LNA, low noise amplifier; TC, telecommand; TM, telemetry; RF, radio frequency.
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Fig. 2. Internal configuration of nanosatellite. CDHS, command and data handling subsystem;

ADCS, attitude determination and control subsystem; EPS, electric power subsystem.
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Fig. 3. Synchronization of the nanosatellite communication system. TX, transmit.
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Fig. 4. Verification of the nanosatellite communication system.
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Fig. 7. Concept of physical layer security in downlink.
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Moll= 012 71| LEO[ R, 2= e IRSTHA0 Mt X017t Tt 2 ==0kt= E EALIM
Z2 MEoh= 7HAIZ-ZMM(visible & near-infrared, VNIR) 22 Ktz 241 B0 CHo ATHSICH 3=
2 24 2H0ll= 7MiM HIS(false color ratio) B4 M2, BIAEE R¥(reflectance pattern) 241, S&f

CH Z0|(integrated band depth, 1BD) AA0] A, 24 09| MA2|2= H&A MAH(continuum
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Abstract

In space exploration, spectroscopic observation is useful for understanding objects’ composition and
physical properties. There are various methods for analyzing spectral data, and there are differences
depending on the object and the wavelength. This paper introduces a method for analyzing visible & near-
infrared (VNIR) spectral data, which is mainly applied in lunar exploration. The main analysis methods
include false color ratio image processing, reflectance pattern analysis, integrated band depth (IBD)
processing, and continuum removal as preprocessing before analysis. These spectroscopic analysis
methods help to understand the mineral properties of the lunar surface in the VNIR region and can be

applied to other celestial bodies such as Mars.
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Keywords : Spectroscopy, visible & near-infrared, false color ratio, reflectance,
integrated band depth
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Fig. 1. The ground and vibrational excited states (transitions) of the H,0 [11,15,16].

4L AHEY oA 49 FEHIR UERITHI415] AR E FE] =g A1E
(ferrous, Fe+) o] &1} A2 (ferric, Fe’+) o]-20] 9o, 400-1,000 nm TG ol 54
< YERATH16]

3. 714 H|g FA(False Color Ratio Image)

7 QS Aduit I F& g AR |u AREE A Qdok T1EiA A
O] wO & QXeh= 7HAIFA A9 Al thE oY) AEE THAEA MoRh BEd 5
ULt o] WA OF AR o' & 4 gle A Q4E Aol QlAsk=s Mo
HASHAY, S22 7HIEA 3ol Yeld= 239] A t2A] FAdollA B3k Ae
ZHAAHFalse color)o]2FTl Bt} 7HAAF QAARS. oleld o @ Ex mp tlolo] AS A&k 2
Aol AREAZE ok BEHAYe] 2218 B2 dA w2 & IRIT 4= Sle o] AUtk

HEZAQ! AR 1994 ©]= FF-95=HNational Aeronautics and Space Adm-
inistration, NASA)IA 2Alet S=HERR](Clementine) A=AIS] R}QIA-7FAISGA 7=k
(ultra violet-visible camera, UV-VIS camera) B2A7} &gt d4Jo|thFig. 2). °] Y=
A o] M QU 7|Z2npAo] HIE AXlste] AN =M HA 37| d R ZFZF JPAL v
Fd= A7gste] wAson, 7+ Ado] Yetdl= E¥14 £ Table 13 ZTH17-201

Fig. 2. The 750 nm image of lunar reconnaissance orbiter camera (LROC) wide angle camera
(WAC) (left). The false color composite of Clementine ultra violet — visible (UV-VIS) camera

(right) [2,16-20]. Location is the Einstein crater (16.6°N, 88.65°W).
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Table 1. The false color ratio (RGB) [2,16-20]

Color Ratio Explanation
750 nm /
R (Red) Soil maturity
415 nm
750 nm /
G (Green) Mafic rocks
950 nm

the Mare concentration of the ilmenite

415 nm/
B (Blue) [FeTiO,] or the fresh soils, Fe-rich,
750 nm
higher Ti
Yellow, Orange Fe-rich, lower Ti
o|AY 3749] MxFO R TP HlE JAS Hdoks A2 7ML HIE FA(false color

ratio composite)°]|gtile F-ErH1,21,22].

4. HIALE 938d(Reflectance Pattern)z} S&H| H|7{(Continuum
Removal)

4.1 gEH 280 A5 HAH 28

A&AlE FE AHEHA A Yeits d402 TSohs oYY AAo] 24 AY 52
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o8] 77} & 5= Stk S AHEY F49] ook AE 5 AFH EAS T
ol aAag 285 5= 9lo] AAsH= Ao] E}. AlA WHS IF A7 =g ZG50A
SAEAL FAE AXste] AASHEAY, £5 Z&(convex-hull) E8jE3t 22 4814 7]
H 52 AR8sto] AAg.

A&A AA AFo] AHEG] AR A Fo| A A7 TP (Kaolinite) AHEHS Fig.
5011 Uepict 904 ofefo] AHER o] A&A|7F XE o] Q= AHEH0|, 97t A
SAE AAT AHE-o|t), AKAE AATOZHA S0l digt Zole WE 55 Xt
o s HFH oz AXIE 4= it

4.2 X|7+ EHO| HtE /Y

A= B 2 = 717 EA6HE R B2 Heso] WAty AFE- ] &3 Hi7]
9] FaFo| AT e ti71H 3t ol wE 8 £/ olsizt Qlefok ekt
H40] 7Fs sttt AT FE WA {3 A= AT SRR ‘?l”\}E 79 AHEROo® 7}
ol gk At motdl] B84 BG4S FET 4= AUthFig 4)23]. WAL Wotr] 3}
A Z-Q(volecanic breccia), A2 wiety| Wk QFAQKandesite), 2412 wieky| WAL
SHIRS, =S Hioly] Rl (rhyolite)e 7HIXIH: ol52 A= 34 A4S Ho
|, ¥ §19] B& G5o] o]Fojxl Zo=E HelrH24,25].
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Study on the Feasibility of Space Weapon Development
Utilizing Active Debris Removal Techniques and Understanding
of Space Maneuver Warfare

Seonghwan Choi

R.O.K Air Force H.Q. Space Center, Gyerong 32800, Korea

29

2021H =X SFLAIEEAMOS)0| LHE =20 MEH, KHT 255710 2F=4 7t 5257184
2 HSE0! 10| Ot LA AT, Ty § 2 L7[0f Qg SS52E0| =11, ST uSHA|
(space traffic management)E Sl 1 & 7tsdg Y A2 M5t Tt 0[2{8t B0 &2 <
ZFZU0| 21 S FEMC 245 TR 25 M7 |(debris) BAHPE SHEQ! £ EMMNE 22t
S0, ofof Xjit 2022 92 FE0IM T RRAS30| =S Zaith U SIHUTS0| PEIUARA
Y2 A0 anti-satellite, ASAT) &S HASHK| U= Sh= 222t AHEHS Solf TAA 87123
H 62 7IE 1371=3)0] ASAT MES HAGIA| 7|2 JHCE St 23 M7|E £0(7| I3 Eeto] gl
7t 200N 2T ATE|T Q=D 0218t 2 M2f)7| 4EAMHIAE BRA| ZAIHOZE ME0| 7ts
o Aoz HHEC) 0)0] R M2f7| M7 |E o, 9= B/ 2 A= & FHE ¥ 28 ISEN
AHHOI| CHaH LOtE, @2 =9 2F M2f7| MA7 &g E8%t RFF7| 71 7HSH0i| thoh 126t
Zict J2|10 0j2 QTFES HHISH | {8t L2715 K (space maneuver warfare) O[SHE Saf| 22

LEFXIMA L] i HRM0i THEH MG X} i
Abstract

According to the studies recently published through advanced maui optical and space surveillance
technologies (AMOS) Conference 2021, LEO conjunction assessment revolves around not on operating
satellites but space debris such as rocket bodies and non—operational satellites, hence suggesting a
solution through space traffic management. Against this backdrop, the issue of active debris removal (ADR)
has emerged to the surface as an international challenge throughout the globe. In step with this, the United
Nations General Assembly approved a resolution calling on nations to halt tests of direct-ascent anti—
satellites, to which U.S. and twelve other nations included Republic of Korea were original signatories. ADR
techniques are also actively being researched in the civil sector, and these commercial services, if
successfully developed, could possibly be utilized for military use as well. As such, this paper will help
readers’ understanding for the current status of ADR techniques, space threat assessments, on—orbit

rendezvous and proximity operations by looking at previous cases, reflecting on space—faring nations' ADR
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techniques and its development probability in relation to space weapons. As a conclusion, this study will
propose the needs of developing space propulsion system by understanding Space Maneuver Warfare in

preparation for the future space battlefield.

4ol 1 5 27|, 571, 7154, dTY], 5 28716 AA 71E,
WA
Keywords : space debris, space weapons, anti-satellite (ASAT), active debris removal,

space nulcear thermal propulsion (SNTP )
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Fig. 1. Approximate number of active satellites, 20132022 [4].
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Fig. 3. Damages of satellites caused by debris (ESA). ESA, European Space Agency.
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HALA(ASAT) AS AAIBHA] Res Sk Aoqks Aes) HAIA 871=(23d 64 71+ 13
7H=)e] ASAT A AABHA] 712 e}, vl= 20229 48 2 EAM ASATS] 3]
A AIFE A S 5712 =t AUTHcY), FERETY), SY90 209), =
=, 294, 35109, 181 12¢99l= A 5o] AAFCHS] 3 Udstts 20239 2
H A9 Aol A F¥ 53 UN 3]9jofA Q591 84 UV\]"” AldS SHeithl
i AAFHI). o]o= 2= 2718 Eo]7] Y3 "Rte 2 {8 95=HEuropean Space
Agency, ESANS ‘Ee]ojAH|o]A-](ClearSpace-1) 02 FH3st TRAE R 2025W0f 95 &
7] FARRS 2AHCE &Ko} S7 F HHI eSS S| Ak, X} e A+
£ Tl AEdsts Ae BHE FEAHIAE FHl6laL Qi ol=et 5= A87] AAY &=
83 FEAHI A= A AR CEE ARGo] 75 A0 & W) o]d 5= A7)
AA7 & 8%, 99 37 H A= A DR 2 2871524 Ao s gopar, 5=
227] AA7|1EE L83 97571 /i 7| gl s ardstAle). 18 v 5
tulsl7] I3t 95715 (space maneuver warfare) °©J31E 3l M2 FFFHAA ] A
g g dof| sl AlAstarAt gtk

2. F X7 ®MAIE 7IeH 2R

:10
N
[¥
)
N
i
_>:’_‘,
)

St S © 7 7HA] #olth shuke A ti7|HoE AEUAA &
A3] AdaA7l= AolaL, tE shhe HE QIS9IFEC] A5 ARESH] o= A, & 8

oA Wit HA| = AER &7]= Aolth. 19 F s AR A
A F 7K A"A]7E ot AA= IADC Space Debris Mitigation

Ald A=A ) 2] JF S5 5 254 ol A tf7]Ho
A A8 H715 AYsle 5 & AE](post-mission disposal) B4]0]tH10l. A= 5
T7tog HAL QEIIANE HY o= 2AH7E A A|ASI= 5534 A A(active debris
removal, ADR) B2lo|tH11]. ol 95 287|1E A4 AAsH=s 552 AAADR) 7€ @
ol sl Yot A 552 AAMADR) 71&2 A 47K WHoE JEFTH AAH
(drag augmentation systems), H|ZZ Hl(contactless methods), HIE(@) 719t w4

(tether-based methods), < AA%4](contact removal methods) 0. & 531t}

2.1 g8E7t A|AHI(Drag Augmentation Systems)

FES7H AAEE 95 28719 AAS A sto] di7] @& VA 1 E BE
AT H7180® A5 AlA ] Aai]7]= Aotk o] A 5= 28719 =719
gglol AA Al=rt Zhsskal EFolu ti7]d XSe 9%t 5 28719 AR U(re-
entry) A 7ol QXA At} FHZ7}F AAHf= Efoam), B4 (inflated), H7-715F
(fiber-based), B1¥/3+2 E(solar/drag sail) B2lo] Ut} E(foam) HAS &3 2AF7] Al
7 f1dol E1 1ol FEHDs] F2 91 ERol| EARste] KPR @Rl
A vHeo] FEE ST7HKIA 1 E WA sk Baloloh B (inflated) WA 95 &
7o S Z2 & BAE FASt] S S7MI7IE BAeE 9 A7) AlA 94
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o] %# - 270 AEEHEE 2 EA)ote] 4 E2 FEE 719 EAE RS
A5718Htiber-based) A2 Efoam) W4T FARHY & Al HAREEE
l 7] Xﬂﬂ Pdol B3 £ 27| HIEHFS] AREEE B

S 37 9HEo] FHS ZTMA 1S W AT gi7]EeE A=Y
HFAlole}. B E(solar sail) W42 50l E2joh|=(aluminium-
polyamide) 99| & BFS H3 o /304 AA FAlskL f1du7] 71541 BA FEE 7]
= g4lolet

-+ u:;& fr
ok
(o]
53

5 B &

2.2 H|HZE "HA(Contactless Methods)

HIZS A2 5 28)7] AlA f1d0] ZH 5= A7)0 HEQlo]l &5 247|& AlA
Sh= WAl E 914 7F FE91=0] /710 711 S 2717 SR ko, HER
Alof| Blg] iAo 95 27| A|A &85 7IXto] Aot BIFS WA= QS 7]
&K artificial atmospheric influence), Hl°o1A 71¥Hlaser-based), ©12 ®l(ion beam shepherd),
77| EFE(electrostatic tractor) BF410] It} QIF- th7| &K artificial atmospheric influence)
2 53 9 1= 9] HEof 9IF 7 (gasoline)S WAL &2l SVHAA S 2H7|9 ?ﬂ
T 55 =50 2 FEA7|= otk o] Ml tel] 93 27|17t 2o 9l
5 AAN golsttt. FlolA 7|WHlaser-based) ®41& 3717} 1-10 emQl 95 27190 ‘:H
s HolAE 5‘—/\]'01'04 1 95 29719 Al S5 =50] t7]oA ABAT|= HAL
2 A4 7|6k 23 7]EE 9halo] Qltt. o] Wl(ion beam shepherdr> ZH Aol &4
(1020 myste] o] HlS RAsto] Z3 95 2A97]9] A= £S5 =30] th7|olA &EA|
7|+ WAolth. 7] EHE(electrostatic tractor) WA FAHE A9l Hdoly 24

Y = 24)7] AA f-&st, S5 H2(Coulomb's law: T+ A5} Alo]e] g2 A5}
9] Z719] Fol vl#etar Ao Algel vkl g )yE A8l FHAte] AA(ug71 7 HA
WS 51 95 2870 WAksto] JHstE BHA| shal, ARI7|9F 5= 2d|719] HMstE &
Al 90l A& oA stof, 95 27|15 T A= (graveyard orbitE EUlE WAL
2 2-47)do] &g ¥tk

2.3 HIG(#®) 7|8t 2r(Tether-Based Methods)

BIE{@) 718 A2 95 28)7] A|A f1/do] bRt HEl(T) FEjo] HRos Bix 95
2715 BolA AT "oz HAEA Ielectrodynamic tether), 1E E3(net
capturing), 2FHharpoon) ®4]o] Qutt. M4 Helectro-dynamic tether, EDT) W4l
S5 270 Axd £ 9ot if‘;ﬂé 3](Lorentz force)oll 2Jsf 43t 3FEL WHAsHA
sto] ¢ 27] A= &5 =50 HA=E ol (de-orbigr7]= Falolth Edl= I
(Lorentz force}2 710l Q5] A7/ 52& TA E= H51E 7|1 53k YA
Zhgshes dog Aol &k Wk A1 HiRke] R Il ke g 9ls Wtk
TERE AR skl g6/l o, AT R AAHEA 5= 2Ad71E AASH
710 7VdRl7E £ ERL, 95 27|19 oy B4 5 =94 ME AA AEsto] A
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AR A 92 2] AV RSk 4 e 95 ) AN Shae R
B 9% 28712 Uiol Ak WACE e olgd $5 Ad/lE 45k 1Y
o

oA B paolct.

2.4 = HAHYA(Contact Removal Methods)

AE AATAL §5 2871 AA 140l H1 5= 29710 ASs 5 2471E AA
o= ®WHAlo & AfE(slingshot), A&HA|(adhesive), £+3E3](tentacle capturing), @Y Z&
Zsingle robotic arm), T 25 (multiple robotic arms) B4]o] ltt. AlEH4L g
Aol ofF 719 9 AE71E AAT 5= s YA 93 A7) AA & 5 2
715 2o} AR I (spin-up & ejection)FHT}. 11 tfS 95 AH7|E 27
Qo A A2 5 28)7] AA o] XA e 2871 AA 71EKi) o A

£ gAs o 7le] 5= 27100 242 JH2HA AL 2Ad)7] AlA 7|EE TAlSte] BR
5 2870 RFAIA d7|HC R fEste] ATAT]E Walolth E5(FA B) gL &
T 2715 S5t o] A7l B3] 95 AH7|E AL t7|HeE fiesto] AEA]
= Wolt}. &l 2R xey o 25T 232 £ v oM 5 24V|E 285t
of 7] E REsto] &A= HACE wA| S 9 §5 A S04 BEo] 7}
55 71& 7ido] ® astcH12](Fig. 4).

o5 7| MA By Y A= EECOM
@ E(Foam) . ' LEO »0.1

S S} A|Af(drag P BHH(rfsted) LEO 0.1

T
=

augmentation ) x4e5|ul (Fiber-based) , LEO 50.1
systems) 5 =

@ Y F(Solar sall) 190 o° LEO/GEO 50.1

@A 7|18 %) —

{artificial stmospheric S LEO 01
Hlﬁﬁ ?J’é‘! Influence) ( ﬂ ’
(contactless ;WI "L 7l H‘:, ® Ald e 5 _~ . LEO/GEO <0.02
aser-base ; ———
methods) D= > - LEO/GEO €0.02
®o|2 ' LEO/GEO >0.1
(ion beam shephard)
@ HH7| E3H GEO £0.01
{electrostatic tractor)
@ LEO >0.01

({Electrodynamic tether) |

HE(E) ’I?." 'éti{ Jg = et capturin
(tether-based o b Gl
methods) D) EfsHhamoon)

LEO/GEO 0.1-1
LEO/GEO 0.1-1

02 M B (slingshot) LEO »0.1

13 x| (adhe sive) LEO 50.1

ESES C[FITIN W HTES LEO/GEO 0.1-1

(contact removal (aREacla chpOx®

® oy =R LEO/GEO 0.1-1
mﬂhods) (single robotic arm} 4
Wz =ew LEO/GEO 0.1-1

{multiple robatic arms)

Fig. 4. Comparisions of different ADR methods. ADR, active debris removal.
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3. QXM Wt L UE A DHTISHH A

599 H7k= 20184 8¥ nl=t 5P (Mike Pence) ml=o] S5 4lof diel] S,
ZAlole] Yol F7H= L Aokl F7FAL, 20234 39 1] F7F 4 (Chance Saltzman)2
ZF=to] fFHokoA 7 2 Folekal HxohY Fo] $5U|eS 15} o= ¥
A& 0= shal Jlokal BFETH13]. 2jAlere] B vl=o] oS skt 4= e 55
ojxje} tf g mIANEE A FolH, S 2Aloke] f14do] ml= ol F Hdsk= 5
A glo] 1ol =i lokar A HH141(Fig. 5).

2022¢ vl A A ZFALA(Center for Strategic & International Studies, CSIS)ollA] &
7t ‘QF AW Hspace threat assessment) 20229 9J5FA =2 202149 714 T2
98-S Az &9 yetoldl, 529 9553 (counterspace capabilitiesk> 94 7t
FLAEoA FHlFco-orbital rendezvous) HI AHAE ZF FAAE /3] gt &
g o] 9 HEH FARF oA, A 5) 582 BT 2= Ak 3l
o, Aot AL A el AT ASAT) Ayt SIgtolue] tigt GPS AW, 94
7+ 23471852742 A (rendezvous and proximity operations, RPO) 53 Z2 Hj9-F58

Aj&2 0z JPAIZ]AL ITH15).

—

J.llo

to o

3.2 Y= & ZERIISEHE Akl

A= A ZH7SEA B2 AR 20204 1€0]] Ao} FARAo] ml= EeiA o
sl 160 km7HA] F=HRPO)EH AHILE S 1(TJS-3)°] 2022 109 == 2L14(USA
233)°] tiaf 6.2 km7HA] HZ3F3cHFig. 6; Table 1).

T A 1287 A 94 AolA /87t 2715 AHRPO) 5 22 vt
SF71es A gk T2 AAE H4Y §-12%& 20109 =2 =5skE Y491 -
OGF FH< H¥ot= 27162 2 A 3=, °] 7152 A&2o= F2Ho|glon,
20109 o5 % ol AA4 ey o= oot FA] §-12+= J-06Fet B0 HF&
S71= AL TES HEAY §F 940 SUitt &4 F3l 2o HolA|= it
o] 4l HE2 20119 AYH AAS- & dlg-1 579 AR ] AL It AP
Agoar FAHEAN, §-129 7152 e 7712 AHE $ e FE0IH

Al O} w | umz | ewm = w0 |wms | ems | SY
HAlE & W s pirect Ascen) Ham L L] | uR HAE #2914 T IM0E0 Direct Ascent) I wan . e R

AT TN 7149 7 v reet Ascen] O BPER | ¥UEE | ©8 ST ATASE WA IMeeeD Drect hscent) iz i | uwER | =R
HHUE 14 S $1Sno co-onital) Hen BoORR [ #R HHS 4 A 92D Co-tibial [ 47 e [ HPRR BE

FAT/EINE WEY HYMEGED Co-Ortnal (3 HPRR | BORR BE SHEHUAE HEA FIBMENGED Co-Orbieal) ot BYRR | IVAR 2R

I
TIRH4 Ol LA T owrect Erergul o [ O L] uE T2 ML Xhowect Enarod | wm [ 153 WYRR | B
T Bectronic Warfare] Eot ] oqan Hen e X Bectronic Wartare) | Han o | gan L]

2T Y90 & ispace Domain Awareniss] Han Eo Ee r -y % S 9 01 Alysaaes Domain Awareness] | e wam | uem e

Fig. 5. Space threat assessment of Russia & China.
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Fig. 6. RPO activities of Russia's olymp satellite against USA satellite. RPO, Rendezvous and

Proximity Operations.

Table 1. Recent Russian rendezvous and proximity operations

Date(s) System(s) Orbital parameters H

Jun. 2014 Cosmos 2499, 1,501 x 1,480 km;
Mar. 2016 Briz—-KM R/B 82.4°

S 7 715

Apr. 2015- Cosmos 2504, 1,507 x 1,172 km;

ok 7t Yo

Apr. 2017 Briz—-KM R/B 82.5°
Mar.— Cosmos 2504, 1,507 x 848 km;
M-2F MY7| 7t B2
Apr. 2017 FY-1C Debris 82.6°
Oct. 2014~ 35,600 km;
Luch, multiple SRIHEOIAM B 1 B2
Feb. 2020 0°
Cosmos 2521,
Aug.— 670 x 650 km
Cosmos 2519, oM £2 3 RPO
Oct. 2017 97.9°
Cosmos 2523
Mar.— Cosmos 2521,
?lg 2t 52

Apr. 2018 Cosmos 2519

Aug.— Cosmos 2535, 623 x 621 km;
?ld 7t B2 2 RPO
Dec. 2019 Cosmos 2536 97.88°
Cosmos
Dec. 2019~ 859 x 590 km;
2542/2543, Q|A 7+ RPO
Mar. 2020 97.9°
USA 245
Jun— Cosmos 2543,

do
0x
=)
iga)
r
el
D
)
@)

Oct. 2020 Cosmos 2535

RPO, Rendezvous and Proximity Operations.
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% 949) B AR 9 AR 9 2915 AU 94 A FeR A
7 230 AR QBN F-172 2017697 20189 A=HlAlore] EAISAY B
359 7P7he: oA FelE 2 271 EAARPONS AN R Fig. 7).

20159 209 FFY ATl w2wl, JIAEL FAA=NA S o] 2 94
of el 1ok A A, wheA FEs BA TR HASKE 4 lgieh T S

TH16,17]1(Table 2).

SJ-17 Nearest W00
Neighbors
(2016-2019)

Bl chinasatsa (chinal
.mumu Chinal

[Bireoms

Indonesia)

o
100°E \/
°
.mam)oltrvna-

Bl chinasat 2c (china) 50°E

LoNGITUDE"

B8] chinasat 1¢ (china)

B exrans (russa) " ] B E B EE EE
8 crinasat 8 (china) JAN 2017 JuLzo17 JAN 2018 JuL2018 JAN 2019 JuL2019

DATE

Fig. 7. RPO activities of China satellite against Indonesia satellite. RPO, Rendezvous and

Proximity Operations.

Table 2. Recent Chinese rendezvous and proximity operations

Orbital
Date(s) System(s) H 1
parameters
Jun.— 570-600 km;
SJ-06F, SJ-12 Ad 7+ ZH2
Aug. 2010 97.6°
SY-7: 22% / CX-3:
Jul. 2013- SY-7, CX-3, Approx. 670 km;
LFUAEED,
May 2016 SJ-15 98° i
SJ-15: = HO|
Nov. 2016- SJ-17,YZ-2 35,600 km; SJ-17: Chinasat bA ZOE
Feb. 2018 upper stage 0° YZ-2: BXH T — graveyard orbit
Jan.- TJS-3, TJS-3 35,600 km;
14 7+ RPO
Apr. 2019 AKM 0°
SJ-21, A4 =4 ¥ HEHO| / TIS-3
Dec. 2021- 35,876 km;
Compass G2, 4 7+ RPO(O|RF USA 233
Jan. 2022 8°
TJS-3 6.2 km ED)

RPO, Rendezvous and Proximity Operations.
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4. F Z=9 2F AYI| MH7IE HE

rOII
Ofor

FT 5 28717F SAPA FY] 8 SRR WERth 20219 68 9= 2ol €
A F2 7H=HG7) B3YelA o] EAIZE F2 o= =957] wiiZoelt}. o]¥ 399
TATE 2= e FeANES Bl = 28] B4 didS floiA HE yeteo]
A FFofok Sl R, “REAR] 9 AMES Yok BAIEY EAQ dEe

A A Aol B asity" L FEIUCH18).

41 017

S5 7= & 29)7] AA7IE Y @ v=2 SFH[GA|S] A AHIAE
sl SuFA(RE Z2ZH7F Y] Fo= Aert FH Rolk]= A 9L 7
£ 9ol A58 AEF obAY, Y4AIY} T2 ARES RS 1T SF5F 1A
FHIBA Y] 8S AR $IRt A= g B4 (on-orbit servicing, O0S) 71&2 53H
F 287] AA 71eS L Solth &, A=ZAHIL(009) f-F51tolA =491,
A AR, AT 5)E dFCE A A (inspection), A FA, A=
9] - o]={tug, relocation) E+= F-A|(maintenance), 25 AF-Hrefueling), 8 (repair), -

ZF #d|7] A|7|(debris mitigation), % TA|(replacement) ¥ A1 o|= Av|AE A&}

o Jo ol

SR

= A 33l AeAAuAo] 2t 7leS B1 47 5t Aol A AYstod]
3 k¥ kmolAFE Fok= FullFrendezvous) 71&d 48 vlE—= vl W &

iy

A2E €A A7t A5 247152 - (proximity operation) 7|&, HEXo0E EHE
Al FA(LF GGl = EH(docking) 71& 5ol AUt A=A HALY dEAQ1 7 A
H2 u2 = AF I northrop grumman)®] AF8JAF Spacelogisticss 20204 29 AlA|
F %2 MEV(Mission Extension Vehicle)-15Z AX|AZAF] Intelsat 1S-9010] AZ& o=
st 9489 e 5Ett A AFE 8 Solal, MEV-2+= 2020 8¢Y At
5] 219 44 Intelsat 1S-1002¢9F =75t} -5 3 Folot. 7 F+72] Aol= MEV-1
< A5t AY axlEo] SFFHo=E H7|H HR|9He] el =73t & FAAEE thA
o FAIX] F A F} AAA|0] Al52 Bl AHIAE A7FsAIXL Ao, MEV-2& &9
SR AAAE 9] 9170 =47t Fold. olF fi4do] Alsshe A% Avlae s
A g sHAY FEE Selshe 2 oYz, tid 4ol =Asto] A 8o & 7
Lo JAIE RANGCEN ABIAE A& 4= QLS o= 2102 2024W0lli= Mission
Robotic VehicleZ A MEV-29] 7|50) F7tsto] 5= 27|15 AASH: 716k 7@
St ofgo]tH19,20]. o’ 1 IS A=A HAYS 5 2d)7] 554 AAADR) ¥
4] & A= A|A(contact removal methods) 402 T 2T = o5 Z 5 G 18lo

2 I 95 24718 28] ti7]dos f=ste] £28AI 4= rkFig. 8).

42 3=

B 95 277] AAS A%t 71& AMdo] 1K) WAL AT Foltk FAR W% ¢

ZF A7) AA(contact removal methods) ¥4]Q1 ©d ZHI vka10 & n]= CSISY] ‘9=
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_OI_J

HH7Hspace threat assessment) 2021°°] &Jotd, 20134 F=-2 A 719 2L §/40]
== Au7|eo] tigh Hed AYE dstar Stk 1 v I8y vler BRE st
do] EEES 7L Al giEom, ol tE YE B ¢ I= 58 KL
= Z0E B 39 F9 20164, $92 ofF- 12 AR, oleE-12 BT
4% 9 "HASkL e, o] A7 S UF oA BiXsEAY HA] EAAIE
130t 341491 Hhirof| EH, ofeF-12 5= 2AY|7|E 2o AASk= 7aS AlE
171 918l Tseizichal gieH21]. SRR HE@) 719t ether-based methods) ¥419] 15
20T F= A Halr|EtelolA AT FolH, ESA7F 20029 ARt 2&7] AA 714
AT AT FASHA I8 &6 5 24715 FAS 71N B9 oot
[22](Fig. 9). ol2fgt 9= 2715 AAZANAN IE2 FEe Fo] AAsH: WS -5 &
719 2717 2R AE & Z5ole 28571 ofFrh. @A) 8,000 kg FA} BT
=9 7|36 m)oll thel 1= 83t 95 27] AA ®Walo] dA+t Foltt.

Al 94, S= lolA 321 71gtistollA ATt F<1 HIRS(contactless methods) 5 2~
71 AAFAR] 25 2lolA] 7I8Hlaser-based) A1 HloIAE A2IRE 95 2¥7] A|A
VoA & 2710 FoJAE FARl] $ 27|19 A% £=5 =50 HX I=E
W31, HFH o ® grjHeRE T2 Fedl t7HoA 4BAT = Ao A4 5%
AZHinternational space station, ISS)o[4+ ORION 2-5=H|gA 0] 1 cm FE9] 95 7]
(debris)2} 352 WAISH] sl @A ALE 1L Q= ¥H4]oltH21,23](Fig. 10).

Y] WA 9HA1S =7 A AEl(drag augmentation systems) Q2 20224 7Y S A5
o] S|P eATHL 2A oS AAsk=z HY/FE E(solar/drag sail) AE AT
S5 28717F © S5 BAA| AdTEAClY 914 Zelol H/dE 25 20l 85 2971

30 o
m]I.

X

L
3:0
o)

d

T

[e]

Fig. 9. ROBOTIC ARM DEMONSTRATOR SY-7 & ESA ADR Project CONOPS using Space

Net. ESA, European Space Agency; ADR, active debris removal.
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Fig. 10. lllustration of China ADR Project CONOPS using Space Laser. ADR, active debris

o WAL 2 sl o] P ST AL SES L3o] AT drlUoE Y
AA 5] AdA71E Aol

43 g2

PE2 AA A AAF R 95 2d7] AA ARiol 7 A Y=tE 95 2917] AA
£ {3t 71& 7ol 3714 #H2of] sk OE]‘—rL Foltt. A= FF AATA o& 95 27
AA /o] ZH 9= 27| HEd 5 2715 AAclks BAloloh. 429 9335
AN 7] (Japan Aerospace Exploration Agency, JAXA= 30| BAS & ofAERA
AL(Astroscale) tet FeIsf 20219 38 95 sl 57 9144 ELSA-d(180 kglE Aot
Af2 220 G A7t AHEG50 kmell 2] HWow, 20249 AH|A J-E3HE S3

E 5fal it} o] A¥o] Aggshd Rzt 719) 7heHl 9 287] AA A A A7
=t} ELSA-d(End-of-Life Service by Astroscalef= @&2] HAI1Q1 AH]A 493} 733t 24
= 7K SERIYE 1S A 55 w9 95 2718 AN t71E0lA He= &
5 28)7] HaePdoleH24](Fig. 11).

o[t A AA| Hlxol U= F AH7E BHE She A2 oY AL, = APt
A AGst HFHEYGA Surrey Satellite Technology®] $143(20 kg HHE sl 32 4
Sojot. A Aol = -?—Zr 2715 4] AsiMe WA 1 5 28719 Af=3t
GYJ7} =ofof shar, 11§ 2717 AES] oy A=Al dSste] 1 AR Hsfok
St HHE Sk Aol Ags] 2ks B3 el FrlRet 24 7185AE & 5= Qlod
oftt AAE 95t o8 71&E & 4 Ut ELSA-de E3 91483 3 HAKE] o] F|ofA
IS AX B2l HA] £oprt FokA Hi7|HeE A=Y APlE 71E 7IEs AlEdt
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Fig. 11. lllustration of ELSA-d CONOPS. ELSA-d, end-of-life service by astroscale.
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Fig. 12. lllustration of ELSA-d specific CONOPS of ADR. ELSA-d, end-of-life service by

astroscale; ADR, active debris removal.
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Fig. 13. lllustration of active debris removal (ADR) project using EDT & Lorentz force. EDT,

electro—dynamic tether.
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Fig. 15. lllustration of ClearSpace—1 Project CONOPS.
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Fig. 17. lllustration of active debris removal (ADR) project CONOPS using ground laser.
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Fig. 18. lllustration of ADR project CONOPS using gun bullet, drag sail, form. ADR, active

debris removal.
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Fig. 20. Comparisions of different ADR methods by TRL, duration, cost. ADR, active debris

removal; TRL, technology readiness level.
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Fig. 21. RPO activities of CJ-17 satellite & docking of Shijian-21 to Beidou. RPO, Rendezvous

and Proximity Operations.
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Fig. 22. Sets Up of France Space Command & CONOP of Defense Satellite using laser.
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Fig. 23. Sets Up of Japan Space Operations Squadron & Surveillance Satellite Mission

Concept.
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