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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,
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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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Fig. 4. Comparisions of different ADR methods. ADR, active debris removal.
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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 BN §-172 2017697 20189 IEdlAlote] EAIA B
359k 77hg: SIXIoIA el 9 /1B AHRPONS AN HCHEg. 7).

20159 209 F7Y AT wh2wl, JIAEL HAA=NA S o] 2 94
of el 1oky A A, wheA FEs BA 7R HAsKE 4 leieh T S

TH16,17]1(Table 2).

SJ-17 Nearest 200°E
Neighbors
(2016-2019)

[l chinasat sa (china)

-(hinasat 6A (China)

150°E
Telkom 35
(Indonesia)

100°E \/
[ chinasat 20 (china)

BBl chinasat 2c (china) 50°E

LONGITUDE"

8l chinasat 1c (china)

[P exrana (russia) Bl Iz & B EE EZ @
-chinam 68 (China) . JAN 2017 JuL2017 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, Y =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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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
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Fig. 8. Mission Extension Vehicle (MEV-1) Lab Test and Robotic Arm.
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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. 14. lllustration of ClearSpace—1 Detail Shape.
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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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