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Orbital Transfer Process and Analysis of Small Satellite for
Capturing Korean Satellite as Active Debris Removal (ADR)
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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.
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Keywords : small satellite, active debris removal, KITSAT, mission planning,
J2 perturbation
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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)
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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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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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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
Akst OF 11.517 km/s¥& ¥ = ot

ADR A% 9AJol= 30N S35} 250s9] Isp(specific impulse)?] 452 28l Q= sjsh
F71E AR dIgolER, 1T spece 1319 direct burng RS W 42E Ao
2 JEEE F A7 Y2 Tsiolkovsky?] 2ALFAS E-8ato] AXE 4= 9lod, 1 3t

° 4 (02 59 2L 4 9k

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

olff g= F9 &k, [pw 719 ¥IFE AT, myryv 89 AR A Mypope=
Azl FAl°lt}. 500 km9] Hl=oflA AxAZo] oF 100 kg ™ 11.517 km/s2] Delta-vE
53] gt & AR9] Tl AxAF] oF 1008 ool AEsF Bast AL AT
et 3o g 7|0 o gajA Sl 25.9] Al FH HEHde] she W w2
A HAledols & = qlou, 7ol 1,000 kg oA QFEE H@AZQ oz 4
g ol EAEE AL ARFoR Sl 250 FIT & e AlUEE AT ¥
[7do] gl

4.2 Indirect Access

RS HEE A7t SR ERIFES AT 9] o] MAleke 4] B
ofst 45 BB, 315 Folo] Mskshs RAANS] 2715 A7 B4 7k A5
RANA L Aolw], 12 s o] AT A W] APAT P DY AR
AP sHe B4 23 9lek BE7] A=) RAANS] Luishe 4 ()3t 2ol AXkE

= lem, shrof] oF 1:=4 RAANC] 3ole 21& &l 4= Qltk.

360 (deg)

_ deg
T 365.24(day) 0.9856 ( /day) ®)

https://www.jstna.org | 109



Qejs ol B3 YR AHS Yot AHSINO| AT HO| Wy U 2

1z

B 71A% 29 e Rkl Al s A ﬁﬂ%l*éii sk A5E o <l Al
7ol wH} RAAN©] Hi}Rit}. ojuff RAAN ®is}o]
2, g 9 g Qlgol ot e, AxS] gRhE ¢ lé‘% S QsiA sk 115 7t
A A0 WAl o3t )2 A3t 7P £835F gQlog zR8sl= o= deA 9t o]
£ FAHoZ mEstd 4 (4)f Aot

O.[(?‘ll
1)1
i
rr
N
-
e,
)
oX,
iz
=

_ 2
Q= —mnjz (%E) cos(i) @

o714 ex= Hx O|HE, J2= AF-9] 22} Zonal Harmonics A, Rp= ZEolA9] |-
o] Bt WA E, a& A= Y, iv A=Y A, n A= B 504, AT5dd
5 15 O8I u/a3 Tt o] At 5 Sl

919l A @5 Bl FRIg & U= AAME, ZF 3459 g2 A™oH Yo HYer]
9] RAANS| gHis}el th2 RAANS] UHsts THEold 4= Qlrt. 13|22 ADR 43943

2 RAANS] gHists BiFE7|HEe] LHsiel 1=Hot IA4 wHEchd 327]19] ARgglo]
<=2t propagationa 914 F = AlR]9] RAANS YAAZ 4= Qlth Fig. 5+ STK
(Satellite Tool Kit) AlEE0]AE o]-8sto] Y57 =et HiYE7IH =7t obd 392 Al

fijt

Fig. 5. Process of STK simulation when the small satellite approaches to the KITSAT-2 using
the indirect access (a) initial orbital plane, (b) during the propagation, (c) after the propagation,

(d) access completed. STK, Satellite Tool Kit.

110 | https://doi.org/10.52912/jsta.3.2.101



J. Space Technol. Appl. 3(2), 101-117 (2023)

7ol @& RAANS] H3HE Uehli= AlEdelde] 85 FESIITE 500 kmo] HFE7]
A= ZA3 500 km ¥R 1,800 kme] EFAHAIE A& THE RAANZES 2801 912

3t Al Ano 2 RAANS YAAE &= Qlrt. o] WS &-8sto] A= #o|gt of ARG
He FE719 AR ARFE Eole IFE AAR 4 om, o Aol o] indirect
access WS o83 ADR 439449 A= Ho] I7goll thsfixl Agst3irt.

ADR 2% 949 g Zu7HA] sl $et A% Ao] IS Fig 63} o] LR
4 Utk ADR 423912 94 AT AT n7 A& 20279 = HARAIE oA 2
239N FHAILE 9189 Fi| 94 55 EARE S5 LTDNO] 104] 30221 500
km HFE71A=E FAE Fig. 60l 270 A= Ho] g2 AF 99 dF77I7te] 1d
olgi= ATARNS THESH| fIsiA, oF 771 57t A% Aol S AX= AL st
of B4 R BAol= STKE AREsIien 1% BEA 59 dF A4 5ol AF
2 =& astrogator BES o|-85l0] BAS Y5l HFig. 7).

Astrogator M-&9] orbit maneuver®} propagator 7|5 &85t ADR A4 7]
B2 T2, ZF maneuver 7150l 48004 AETE 30N 2FlET|E ARESl=

Propagation

De-orbit

Fig. 6. Orbit transfer flow the ADR satellite as the results of mission planning. ADR, active

debris removal.
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Fig. 7. Configuration of the STK to implement the ADR small satellite using Astrogator module.
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.

£ Aot £Y9S BESIel 95 2] 5 A 714 ST 455 9
& A% Aol el Theglom, £ A=Al WAt QRS 4 HolE, 2UA
AuFe Haslslo] BE FBAP] AT 4 Qi welo] dhste] nugleh. A7 )2



J. Space Technol. Appl. 3(2), 101-117 (2023)

58S ol8sto] RAANY IRISEE &6 91449 AxwE YAAZI=S sk Wk
20279 =g DAAIE ol&ste] Aol FUHE 91490] indirect access Al ©]-85
EFE Fol] 71x9] S B §lo, AlmHolof digh Al AAIE B3t 24
37} )R] QRO E751 100 kg uluke] L Qko] gz Eyo] HtelA B
At AA Aol ARl S87] AAA vlFEo] & 271E AMSIITHH Al A
B H& EolE 4= Stk

BB o) T IR 8-S SRS AYaAd] avss 2] 240w 4
A Aol Syl Sl choRt Aok A7E o) A A o 2U 5 s o

H B A & A7 B SYAYORE WAL D ot £
=] el oIS FHY & U AL F2HHOn], ADR YT} W Fo|/=
e Y S P
9RUFe T WA WS Wl B2 A7 E Aoz s

ALl =2

B oq?____ L}%Oq?'ZHE}A i HSE H’é‘_ ]EHHE7]‘§ 7H d wio Qﬂ'ﬂ?‘”g Z]
2 wol 45 =2y,

References

1. Kessler DJ, Cour-Palais BG, Collision frequency of artificial satellites: the creation of a
debris belt, J. Geophys. Res. Space Phys. 83, 2637-2646 (1978). https://doi.org/10.1029/;
20831a06p02637

2. Bonnal C, Ruault JM, Desjean MC, Active debris removal: recent progress and current trends,
Acta Astronaut. 85, 51-60 (2013). https://doi.org/10.1016/j.actaastro.2012.11.009

3. Inter-Agency Space Debris Coordination Committee [[ADC]. IADC space debris mitigation
guideline, IADC-02-01, Revision 2 (2020) [Internet], viewed 2023 May 12, available from:
https://orbitaldebris.jsc.nasa.gov/library/iadc-space-debris-guidelines-revision-2. pdf

4. Visagie L, Lappas V, Erb S, Drag sails for space debris mitigation, Acta Astronaut. 109, 65-
75 (2015). https://doi.org/10.1016/j.actaastro.2014.12.013

5. Yoshida K, Achievements in space robotics, IEEE Robot. Autom. Mag. 16, 20-28 (2009).
https://doi.org/10.1109/MRA.2009.934818

6. Yoshida K, Nakanishi H, Ueno H, Inaba N, Nishimaki T, et al., Dynamics, control and
impedance matching for robotic capture of a non-cooperative satellite, Adv. Robot. 18,
175-198 (2004). https://doi.org/10.1163/156855304322758015

7. Flores-Abad A, Ma O, Pham K, Ulrich S, A review of space robotics technologies for on-
orbit servicing, Prog. Aerosp. Sci. 68, 1-26 (2014). https://doi.org/10.1016/j.paerosci.20
14.03.002

https://lwww.jstna.org | 115



Q2 ol B3 UR AHS 9ot AHSINO| AT HO| WY U 24

L

116 | https://doi.org/10.52912/jsta.3.2.101

8. St-Onge D, Gosselin C, Synthesis and design of a one degree-of-freedom planar deployable

mechanism with a large expansion ratio, J. Mech. Robot. 8, 021025 (2016). https://doi.org/

10.1115/1.4032101

9. Choi J, Jung J, Lee D, Kim B, Articulated linkage arms based reliable capture device for
janitor satellites, Acta Astronaut. 163, 91-99 (2019). https://doi.org/10.1016/j.actaastro.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2019.03.002
10.

Bischof B, Kerstein L, Starke J, Guenther H, Foth WP, ROGER - Robotic geostationary orbit
restorer, Proceedings of the 54th International Astronautical Congress of the International
Astronautical Federation, Bremen, Germany, 2003.

Golebiowski W, Michalczyk R, Dyrek M, Battista U, Wormnes K, Validated simulator for
space debris removal with nets and other flexible tethers applications, Acta Astronaut. 129,
229-240 (2016). https://doi.org/10.1016/j.actaastro.2016.08.037

Medina A, Cercos L, Stefanescu RM, Benvenuto R, Pesce V, et al., Validation results of
satellite mock-up capturing experiment using nets, Acta Astronaut. 134, 314-332 (2017).
https://doi.org/10.1016/j.actaastro.2017.02.019

Shan M, Guo]J, Gill E, Contact dynamics on net capturing of tumbling space debris, J. Guid.
Control Dyn. 41, 2063-2072 (2018). https://doi.org/10.2514/1.g003460

Botta EM, Sharf I, Misra AK, Simulation of tether-nets for capture of space debris and
small asteroids, Acta Astronaut. 155, 448-461 (2019). https://doi.org/10.1016/j.actaastro.
2018.07.046

Heide FJ, Kruijff M, Tethers and debris mitigation, Acta Astronaut. 48, 503-516 (2001).
https://doi.org/10.1016/S0094-5765(01)00074-1

Estes RD, Lorenzini EC, Sanmartin ], Pelaez J, Martinez-Sanchez M, et al., Bare tethers for
electrodynamic spacecraft propulsion, J. Spacecr. Rockets. 37, 205-211 (2012). https://doi.
org/10.2514/2.3567

Takeichi N, Practical operation strategy for deorbit of an electrodynamic tethered system,
J. Spacecr. Rockets. 43, 1283-1288 (2012). https://doi.org/10.2514/1.19635

Nishida SI, Kawamoto S, Okawa Y, Terui F, Kitamura S, Space debris removal system
using a small satellite, Acta Astronaut. 65, 95-102 (2009). https://doi.org/10.1016/j.acta
astro.2009.01.041

I[farrea M, Lanchares V, Pascual Al, Salas JP, Attitude stabilization of electrodynamic
tethers in elliptic orbits by time-delay feedback control, Acta Astronaut. 96, 280-295
(2014). https://doi.org/10.1016/j.actaastro.2013.12.011

Forshaw JL, Aglietti GS, Navarathinam N, Kadhem H, Salmon T, et al., RemoveDEBRIS: an
in-orbit active debris removal demonstration mission, Acta Astronaut. 127, 448-463 (2016).
https://doi.org/10.1016/j.actaastro.2016.06.018

Astroscale, ELSA-d mission update [Internet], viewed 2023 May 3, available from: https://

astroscale.com/elsa-d-mission-update/



J. Space Technol. Appl. 3(2), 101-117 (2023)

22. Park SD, Sung DK, Choi SD, Overview of the KITSAT-1 and KITSAT-2 satellite systems , J.
Astron. Space Sci. 13, 1-19 (1996).

23. KAIST, Satellite Technology Research Center (SaTReC), KITSAT-2 [Internet], viewed 2023
May 5, available from: https://satrec.kaist.ac.kr/03_02.php

24. Korea Aerospace Industries Association [KAIA], Policy - Status of Domestic Satellite and
Launch Vehicle Development (Aerospace Industry, Seoul, Korea, 2010).

25. Shin GH, Chae JS, Lee SH, Min KW, Sohn JD, et al., Operational concept of the NEXTSat-
1 for science mission and space core technology verification, J. Astron. Space Sci. 31, 67-
72 (2014). https://doi.org/10.5140/jass.2014.31.1.67

26. Shin GH, Lee ], Jang TS, Kim DG, Jeong Y, Development and field test of the NEXTSat-2
synthetic aperture radar (SAR) antenna onboard vehicle, J. Space Technol. Appl. 1, 33-40
(2021). https://doi.org/10.52912/jsta.2021.1.1.33

27. Lee ], Kim SG, Kim SY, Oh SH, Kim SH, et al., Concept of operation for microsatellite
constellation system, in Proceedings of the KSAS 2022 Fall Conference, Jeju, Korea, 16-18
Nov 2023.

28. Vallado DA, Fundamentals of Astrodynamics and Applications (Microcosm Press,
Hawthorne, CA, 2013).

Author Information

0] & & ljunchan@kaist.ac.kr 4 492 kikang@kaist.ac.kr

KAIST Sej3hatold] 20154 #apstele 4
Ssigm, dEasiegel oles B, %
A 439 159 $FEFATE AT 2
SRAASSS) 59 ABIIE ST B 1Y, AARAFINY AL L ey
AAE 4 Aastlt. 201195 2139 AL YA PPALS S0, thre)
HAFaoIN 2AF FUALE AL o EAE Ylok Hgrllee] At At
DEAS YYshn o, S AR AT 9 5 AU SAAS SIS 201990 202187
S 9l ATAe] SF7EIS AAste] FASTANLAR AFA]
ot AGBAS AT, AT SEAVYT $HL AT AT

£ 59 ol ok

KAIST 2719084153 4. 9t atole 25
slgiom, 190595 H A& 2189
HoA7ae] d7loz CeE3E, Hepls

https://www.jstna.org | 117



