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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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HARMIZ 20181 TARE ] T, 2HE, Bl & FHS] AX e AASHARHR0] g
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AolA RE Sh= AuTFE A& AZEFOIE ol&sto] Altsleltt. 53], 33 TAK
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7goltt.

2. 2od 25 94

S2lE 25 2 = AEidieie] A B AHGE ARt nSsERTRS B9
et SEluEte] A WA S e 1T S B 2 BT AXE 7HEe
2 R Hzo] = A ool /1499 AR A, AR Al B
EXWJ FHPOH, FARE AR, =W A AlE HAA 28, fEE 159] HE 8

& Fo EAE A 9 e B eche WdeE Flold AA AR A
(22]. 917de] AF2 °F 50kgo = QP4 P2 922 129k FABHARE 1,300 kme] 919

https://www.jstna.org | 103



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

I3
o

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

LT

[

Esl‘

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
HAz=rgell Adste] A7t S=E A Aol Holdle =7F AWt 9S4, 28 9 A
ADF7E 7Fs 23S NL/ASThe Aol F2 A9 Aot BEE2 A% Al
7= ADR HAAIE ol8ste] ZEt & S A A== sPAAE TS AR8sH
FEH 0z H7]dold AT k= Zo] FHoo olE A5, Al 248 A=E X
@5t 200 kg ofste] 2 /de AlsHH, TARIE(SF 500 km)ollA = 1] A=
(eF 800 km)E = Aol sfof 311, 28] & AF2 APE s At F37]
=9 9 4T 2R3 FE A=Al 7lell "Rt Al A5 3T £ SEE
ge AR ARJAZ7) et 4 HE 9 o 28 =S fet YA, MM B =
3 AaEe) 2 A4S 2 AT T Aol

Fig. 2= AAIH 23913 289] £4] EES ol-83to] AR ADR 239142 3/
< UERaL Qo 202790 AtEE o= EAAlE S 249 SRAILE AR
o] ZEAERE FUY dFgo|E=2 ADR £FL2 3 AleziE FeE #1449 A=
Zofshs ZEAAE Sy olnf 285 = 7] Angor s Q] F AT T
7Ftou, dmo FAES ARt A9 Hx A MY AF 9 289 24 FAL}
AR, 149 Al ol Wi B a8%= Amol tiet Atk e Aol skl
B o5 AES] 2REE ol8slte] 22 A4S 2eT dgelH, vl AIMSE o1&
oto] AFsoz ZR2 olF B 24 715 52 s {5l vl A= A "EAsk
UFE =YL Aol Table 20] 7] AAE 551 =&H ADR £G4 Al 89F

s
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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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4.1 Direct Access

Direct accesse= 28712 impulsive B2 02 ARRSICH 71 LS wjo] A Zo] HH4
olgtal g 4= Qirt. ol T2 Ho| ¥ AR Fdsl| feiie FH4d50] Al =
I A7t g2 ARE A AXskE FE7IE AR ] gzl 439 X
Ak} v P o Az o] FshA Eol Wasitt, s, YFEAE 3 o 71EAH
o= y#sto] AAG 4= glow, ol& Hal 20270 $=rE WAAIE B9l WAFE ADR &
Pl 24P FHAAE 49 A=olA 8719 A=RE ARSSHA 2 259
A== Hololet] ast Axm ARS [28]00]4] A7oke 241 o]-8sto] Akt

Z7] A=et HF AR Aol wii= Fig. 42} 2ol common pointollA -3 AYsof
stH, o] Q2 Sk= Delta-vi= 4] ()3} Ztt.

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

0
Av = 2vim-tsin(i) M

A71NA, Tinge= AR A0] O] BARAOIH, ifingi< Al A1°] 2] A, AQ=
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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
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) ®)
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(d) access completed. STK, Satellite Tool Kit.
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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.
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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. We 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.
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Keywords : conjunction assessment, collision avoidance, low earth orbit satellite, small

satellite
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2. 10| ME fF=H 22 =4

Fig. 1(a)= 3% 200 kmoflA 2,000 km Ae]9] A= 537+ 100 km F#9] €
(shel) =2 UL, ZF 1202 24417 SRtol Safsts SF=A419) AE Holett A
L2 98l 69 109 0Al9f Spacetrackol|A] TLE H|o|EIE W& ¥tal, J&A3-S g A7t
T7RE 2023 6¥ 10Y 0A1HE 6¥ 119 0AI71R]9] 24417to]t},

Y-S5 11%0] X-52 7 shells 244Kt &% A|Whe S5E4152] seAteldt. Fig.
1= % 719 38 Hojzeh 7P =2 13 1% 700-1,000 km 7ot} o] 7t
EE U U3 22 Al 7HA] & AR 71Q1sh B S2AE7|= A Qlck AA,
20079 1€0] S=2 Ak 865 kme| SA=E &1L Ad 50l ot A=<] 7149913
Fengyun FY-1C(EA 750 kg)Z nAdE mt1sk= 948 248 (anti-satellite test, ASAT)
= AL O AvE B2 9 v A7]E wHEofWtH17,18]. =4, 20099 24 1L
T 789 km H-Zof|A 4719 8L thst 914921 Kosmos 2251(FA 950 k)it AAA -8
Fold m=9] Iridium 33(F+A 560 kg) 140l SEFL 11 A2 B2 o] PP
[19,20]. 20099 F&°] 71 A3 GRolA Ao + A9 FEES 2x1E-4
0= d&3lon, 3= 10¢4= F3ELES 3x1E-52 AXGISITH21L o] AR 4
o] QAT S 913t wetof] QlolA] - Fa%t JFolE ATttt AlA, 202149 34 18
of| 219] Yunhai 1-02(20194 9Y BHA}L, 71AF91A)Q) Ao}l Zenit-2 2A1(19964 gt
AL, BARRSHE GRS A7k = 780 kmollA FEFLL 37719] whHo| vlg
9] FFE}Z 10 3N ATH22]. LeoLabs?] 43812191 Darren McKnight= Z1 Zsje] 2
717} 1-10 em@2 7FsAl0] Atk 23431} Jonathan McDowell9] E17of| 251 o] S5
AN F B4l TLES] 3P 910 Zot== 1 km oW A7 HEd Zo=

#RSOs (During 24 hours)

. All RSOs E W Starlink

#RSOs (During 24 hours)

Al RSOs Hm Starlink

Altitude (km)
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(a) (b)
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.
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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) 2%
1, SNIPE- 56743 (A) 6U
M HY
2, 1/2/4 56744 (B)  300x200 374 1 UAS
o5 A
3 (=LM) 56745 (C) x100
3U XEH
4 KSAT3U  56746(D)  300x100 331 1 HE A AS
x100 =3
6U x
5 LUMIR-T1 56747 (E)  300x200 374 0.5 ENS AU AS
x100 =3
3U KM
6 JAC 56748 (F)  300x100 331 0.5 A|AH 2 o2
x100 43
NEXTSAT-2 5,023x1,340
(XEAICH x820 SAR
56749 (G) 5,262 2 U UAS
AEAH (EHTIX] ATFHE
23) Th %)
8 32 56750 (H) N/A N/A N/A A8+E N/A N/A
KOMPSATS 3,700%x2,600 SAR
227 10,161 5 ~ US UAS
Or21Y53) 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

A% 550 km A oll= 4,000 o] ABHA 45| Bt s St
Table 2= Z|27HA] HARE A3 97 & 4,051HH9] 878 1Al Attt
(25]. 1A (Gen 1)9] T1& 1(Gr D& F213 917 22 550 km A=A BARTE 5329
7270 H=gHol, 7 A=PHS 22719 9o =E F 1 584‘:]19] d= 7HAAL Sl walker
constellation®|t}. 1% 4% &2 5:—1}_4 F/dE0] vttt A0 540 km oA -8
3 Qck YA 1 10 km R perturbations ZH=th= A2 185hd FEo
L FEZE 1% 530-570 km AEE 2= He EAEYL 35S 7L ok &,
Table 2014 15 1, 2, 3, 4, 5, 69 “active” ¥ “decaying/deorbiting” A€l 4,051712] A&
B e ARt SEES WAIT 4= gloH, ol SEAES AEKH R Bt
Skal dju|sfiof gttt 539], 22 94 7dl FolA ot 397550l 7] Wedl 5=
A Aol =52 HIwrt wobd ol gtk ABRE A= 20229 12¢€5F 530 & 560
km %] 24H(Gen II) Mini 948 viAI517] AlZHCHTable 2).

5. 2|5 940 SEY

w2l 51 7717t Aekia 9 Vel SRBAST BEL FEYES RAYCKFg 3). 4
Felolel: Fig. 101 A8T 23k 2ek. 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 58 187 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
—— NURI-SATs vs Starlink
500} --<- NURI-SATs vs Others o 1175
1150
400y 125 o
'n | .
) 3
5300 100
~ {75 &
200t
150
100} 1os
0 0

0 1 2 3 4 5 6 7 8 9 10
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.

FFEASS SN IEAR ARPCH, ARSS AL ESol= SpaceMap?] AstroOne ©]
o J-A X-52 7 A7 S= 08 d-H conjunction)l] L W 7HE 7R Al
“FHHAT DCAOlH, Y-32 18 9I3418ke] Wi golth JolA 91& wjehd 17

T= TR C)5717E EA] S A1) ARRL RIS HojRn, mghd 9% Y-
o] A&drt. diA2 dgS7telnt. A2 FEle A AEE /1 Atele] ARdR
ol HAE FET T AEYAE HIAT BE SFEA ARl S ety
MR A Aol FEE AT éE}ﬂEL AeRt BE SFEAte] el i
gk 79 &%t 10 km o2 HISh= B9+ & 3,08731013, 1 km ol Z-$-= 48%]
Hggict 500-600 km I= PR Av= %% 9] & SeAfollA Aerg=9/do] ZpAIst
= HI&0] 58%%1 A vlsf 2] g3 LI Afolof] whEolle AR Hle 94
%= e £ 1 olf= FElE A AR EE BF ol 7Pk ARE s
7|8t EAIES oldEel Adider & BeAEE HEY] il T o whd 713

7h A7) iZo s o). ofE WA I e 2443 E9ke] RS HEY,
10 km o2 HToh= %ol 4683], 1 km oJHlR2 HTohe %ol 23] TR 2o g 4
SH Fig. 4= 2 94 771 449 Rt welel] 3d=A EA 29 o
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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.
5%(KOMPSAT-5) 91/dell sl F7F8 0 & EA3t Aol o] 97§9] 1 5 Fig. 49 (a)
B (@7H] 771E T Fig. 39| 27} vhE0f 7). Fig. 4()2] KOMPSAT-5%& %] =
2191453} DCAS] E3zof QlofA e thE HEe HojFal ok 6-7 km7HAle Ui W
< 712719 A¥S71E sitih 21 of| 712 A S71Rtt. &, KOMPSAT-59] 73-9+= AE
2=910] 9Bl thS T VST Yok AL Bolzrh o] g ZHHE ol 3
719} o] 7155t
T 2) FE|S $do] A AL 7Y B2t 10 km oJHiE2 HEtKs A= & 2,9068]0]1L
1 km ©Hi]l 73-9-= 483]°cH6 10 0A]°fl Wiz TLE HlolH).
W2 3) el o] AEA%} 244 52 10 km ol WS AL % 463 TPl
1 km ©J<l 7B%-= 2 FJo|th6¥ 102 0Alol WHel#h2 TLE HloJE]).
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2 A=A Qlek
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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
W OAlol TLE dlel8E Wz il 1 F 24A%F &te] SEfdel dis 2450
(Table 3). 73] A99] Bats HH, 2B+ DCAZF 1 kmE T 77k 140l
Skl et 1783] WAsHH 11 FolA w2 4ol ot Aol A9 1.7%el sidsh=
Bt 392 e o] AMdE the BEE A

[¢]

W 5) FeT ol 2B AL 24417 52E 1 km oW E Fdk= 9= Bt 330l

6. AstroOne2} Socrates?| AH4tZ1} H|W

AstroOne AXMEIE SFEA9] SEA50A Eol AMEE= Celestrak AF2] Socrates
A 9] AlibA e} v w3t Fig. 5 F ZET§0] AR & o g/l tis &
A3t AiE ARt AL PAF R HolEtt Fig Saks F ZE13H0] Al4RE DCAS
AAG7E AR oA 0.99970]H, Fig. 5(b)= DCAZ} LAIFS wje] A7kl TCA
(time of closest approach)?1d] SA] 0.99979] AHAFE 7Hth= AS HojEe) &, &
AgtHos & of & T2 oA St H2 ARt & 4= Qlok ShARE &
L2 TLE HlolHE 7I12AHEE AMGSH | o] HolelE et Aol whaba] At
SE9] Fho] gEtt= AL fsfoF gt} & TLE Hlole g Weld= Aol g2tAH +
2] AHIA7T Wold &= k. @A SpaceMap?] AstroOne> TLE H|o|EHE $H=
AZE i | 12410 Wzetol A A 2l(preprocessing)S §F & AASE A 2] H|o|E{Ho]
~F o834 DCAZ 3ttt o] HI5) Socrates HIOJE}E UTC 71&22 0, 8, 16A] &
Sko] 33] Ju|o]ERIt. webA Socrates?t o= Aol HlolEE WE W=7l wt F
DT ATATE 9 5= Qlok ©, & A¥E A5iA] AstroOne©| TLES W=
Az UTC 71 0A1= FiTh
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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.
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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} !
[
o ANt
&3]
_6 -
=7t -
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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Starlink Conjunctions
(24 hours, 2023-06-10 ~ 06-11)

100

Starlink Conjunctions
(24 hours, 2023-06-10 ~ 06-11)
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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. (c, d) 7 days. DCA, distance of closest

approach; RSO, resident space object.
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SPACZMAP KoVl oun

(@) 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.

.- 2023*072D/56746

45189 (STARLINK) vs 56748 Nuri3Rs0-5)
“TCA: 2023-05-26714:22:37.5632

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.

Aol @ FE 94, Ui 94, HlolBE, IAY, AudE, 3
Keywords : cube-satellite, nanosatellite, waveform, anti-jamming, low probability

detection, cluster

1. M2

[ S

7o) 2 SEAAAL Skgo] Zol A8 AT BAS 71eke] AAGC
Shto) AATE BASVIOE Solge] LT AREE Wgsior sh7] uje] charat B4l &
Aol Shke] AAAE BAe) WEEol et HAE 40| B4 SR B
A 4= ol QAT AL 49) THESE ErhsldTHI. SR A2 AW FAstL


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2023.3.2.144&domain=pdf&date_stamp=2023-5-31

J. Space Technol. Appl. 3(2), 144-153 (2023)

SE Aslol mE A 9] A ool met 23 5l AIR di s TRt #RIA
A7t Zoll EUEEA 2 A 287de] Hekelal vk Mz FAAAYE Y diat
o 3ig FRAAIAIY] 28l Bt Mz $A a7t A&Hor TSl et 71E9]
A= SAAgTeRE M2 FAAAIY B4l 88 WAVl wie- FE5Se]
Mz A SAAAPE Bagtel wet A PPdsAlel tiet ol ARAL Sl Ee,
0] #8vhks FRIAAE 24 FRIAAS] 287del Tt S4l 8ARe] vt dIE
S0, 24 ARE s¥cke AR FIAA= w2 o9 oledH AR S 7TsE &
Tohke We] B, 3o, Fof 2] 52 ARAY FAAE S4 9240l gt A
ARHgol A 87HA] e 4= . olet o] wilp- AR 27ARRY] SAA’E VISR
o] shte] A= ARl BHgsHAl HH 449 7w dolke 9 Al Blge] sk
Aoz F7H Hedl, Ak 500 km A= SAd0] = g0l Sl AH|AE
AsD o A ARt oF 5720 Bkt ARl A FEol Ad & Hel itk &
A SAHEY B S AKARE A Al ool 94 AP Evhsies A
2ol w2 7Hdule] A= A T I AlFte] a-go] we ZHIuTE et FE
SAIe] Egoll s o] &orAAL 9lom (23], B9 AXI=2 ofv] g ME|AE &
HISIAL QUTH4 5. & =EolMe SdetdTArt 9 31U 72 SA JAE 275!
AL wjel FE S < 2800 His A EAA; S,

ol
O

op

2. =&

02

S SMY/MOE AOEE IHH(1EHH)

SRSt 20209 1195 E 202449 129714 vjd=diAE o) ‘24F B4
3 FAG/ AT AolHE: AL HAE $F Foloh. ANl 287 AHEA]
AAY 287 YA ok FYIAAC H8e SRR LAl HAlHRl AV Tles
A Agshe FAlol & vl T A A= Fig. 13} o] 20io] APkl 6U 3739
FH e S8 940 E2e 285k A& 1Esaled, 1941l AR oU
FE 1499 Wi 7442 Fig. 29 Lt

£ 30 TAoA e ERAHS /AT PloluE A Avke ket Pk
o714 A FolRES Ao ozl o) ATHYE I8 & e F4 7o) vt
A Mg B 4

e A5 WAL st AnE Yol BELS Ho] ofLe] ASE HAT 7
.

sIFg 3= T3l BAlo] ARRE scrambling 718F tHEEHE 7|42 A5 Ang fo|=
EZS FHHH. A5 2.4 kbps o4}, DBPSK(differential binary phase shift keying) ¥
4792 RS(reed solomon) {58 CC(convolutional code)g Al AH&sHH,
Burst E&go] o}d continuous EFHH Q] AIFE 0|85} coarse carrier offset> T =9
F219] L&R(uise and reggiannini algorithm) W42 &-83slo] =& 24} 50 kH7HA] 3
“Jo] 7Fssitt.
AFTe T 2oF A9 AT Fo|BES TSI s 4l 5T1E
7|Rt0 2 Fuly QA5 FARTE AT Fug QA AFEA AE Al ZIAH oA o
HAsto] $AZ eI B4l 7hs AlRto] 22 A= 148541 AlARloA GPS 715

=
ZH A]’ iﬂ""i‘%

https://lwww.jstna.org | 145



g SHUAA 274

146

https://doi.org/10.52912/jsta.3.2.144

6U Cubesat

Remote Operation for Drone /" s
= s 5 . X
(Communication Link) 3 N *.. Remote Operation for Drone
s Beacon/TC/TM \\\ (Communication Link)
Y N

inals . .
Ground Terminal#1 Ground Control Station Ground Terminal#2

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. 5. Uplink NOMA and SIC in nanosatellite. NOMA, non-orthogonal multiple access; SIC,

successive interference cancellation.
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Fig. 7. Concept of physical layer security in downlink.
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Fig. 10. Operation concept of future nanosatellite communication system.
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STEAOIN 2EEE2 Mo 7 g2t 2218 £42 Olsliol= ol Rt
Moz 02 74| 20| o, = Tt TFETHA0)| M2t X017} QUL 2 ==0M= 2 EAI0IM
X2 MEok= TIAZ-2XQM(visible & near—infrared, VNIR) 22 Xt2 £A1 HHHO|| CH3H AJHSICH =
Q 2XM dHH0fl= 7HHA HIE(false color ratio) FaF X2, BIAIE f3i(reflectance pattern) 24, £&F

O 720|(integrated band depth, IBD) AA0| AUOMH, 24X 0|FQ| MA2|2E= H<H| MAH(continuum
removal)7t QICH 0|2{5t 2a B4 HHE2 TN -2 QM
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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.

Ao]  Fgsh THAPE-2A LA, TP HIE, YR, B9 B o]
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].
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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 7HA HE FA(false color

ratio composite)°]|gile F-ErH1,21,22].
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S MB7| HH7IES US3 27| Y HAY

& U 2F7|ZH(Space Maneuver Warfare)2| 0|5t

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

2021 2| STLAIRIE(AMOS)H| ZHE =20 M2, MY T30 @F2X 7t S5/Isd
2 HSSQ 10| OfLf2t LA &H, HRlY S 5 AP0 ofet SS2HE0| 1!, RFTUSEA|
(space traffic management)2 Safl 11 £= 7ts8S &Y A2 Xetek Tt 0[248t HiAN =2 2
T30l 214 & X 24T B2 25 M2f7|(debris) 2AVF FHERI £ EHMNE £2¢
E07 U, 0joff A 2022 98 720 B2 FASS(0| == Zelet R 2E=S0| +ALUAR
QMO AO|AI (anti-satellite, ASAT) AIHS AA[GHK| UEE SH= Z0|ot AEHS EaH HAM|1H 87H=(23
H 62 7IE 137H=)0] ASAT A3t HAISIA| 7|2 it L5t @F Mef7IE S017] fIgt &eto] 2
7200l ero| AT U=, 0|2feF R MY7| 48MH|AE HRA| FAMHOZE ME0| Vs

:IO

g Ao MHECDL 0/0] 23 27| MAHVI= oig, 91 T/HE He o HUHR & 28V ISAH
ALi[of] CHoll LOPE, @3 =2 RF M27| HA/IeS &€& 3771 M HEHG0 CHol 12Eot

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 2a7], 571, 7154, dTY], 5 2E7(Es) AA 71E, 5
LA A
Keywords : space debris, space weapons, anti-satellite (ASAT), active debris removal,
space nulcear thermal propulsion (SNTP )

1. M2

[ S

19579 F4-o] AlA 29| 91/8°0 AFEYA 15(Sputnik-1)E AR o= 2022
| 1149 79 712 = Al 7—?‘3‘2 & 14,4500] 7}9] 1S X R Ao} EF o,
9,61091 7H9] f)/go] =81t AL o]F 58009 N7t Zs Foll AUrH1I(Fig. 1). ETF
20309 71 =k 58,00097 7He] 1t WAL A¥ Fo& 20229 12€ 7% 1] SpaceX
ARz 30,0009 719 914 F7PEARE ml= ARFEAIRIES]o] 8] ol 7,5007101 thgt
31715 FITH2]. o]9)o= OneWeb, Amazon, Telesat®} £+-9] SatNet 52 HAAZ o2 A
A= B IO E 90,0000 7ol Dok S 3110l FARE ZE AlE FoloH3l.

ol 914 olejol= F, BAlot & AR F=o ti9)dF A (anti-satellite, ASAT)
Aol oJsfl $EL 5 271 THECH, SFIAK] AR 2R 5 4 9] &
F 287|= ofds] 537t Eof At} o|X" 5= AE7|= 9 A=Y ti71del A
EUshe QItte] ¥ EAIR Aoskal . F= =l wEH dA A Hiole 18
o] TRt g} AR Zelia, $5=210] A} T oiH ™ 2F -5 Zotd oF 904t 719
5 28717 A S E@E U=t 28719] F9E 1 mm 59 22 EA7HA] &
sk 11 o= 2F 19 3,0005F 7W7F 2 Ao E FsHAl= g5k 31‘:]'. ojxg St

5,500 .

5,000

.

4,500 ’

4,000 .
£ 3500
= .
k]
“v
@ 3,000
s
< ~ s
s 2,500
2 o
E .
2 2,000 . .

o
1,500 - . o
L - ° ¢

1,000 ®

500

0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fig. 1. Approximate number of active satellites, 20132022 [4].

166 | https://doi.org/10.52912/jsta.3.2.165



J. Space Technol. Appl. 3(2), 165-198 (2023)

= H213 ool FIA] 531t BAZ A FXIA|, Hlolg 5 10 cm o 271 3
TSRS o8 AA 28 3 4ol He- AF A EAITBIFg. 2). & 1&59] £
F 27 e 30 A A 1 FE 7FeEE STHAIPIAL =T, ekt 85 A
719] tiFE-2 200749 =9 P8R AIE & 20099 =3} BAlo) 940 FEE W
Astelom, 1 emad] 4% 95 2d7]1% 9ol APARI &= & 4 AUrHFig. 3). °]
2t 5 27l @A 1 f520] 9 B9 SSFHAHENA(space surveillance
network)ell 2J8f| 10 ecm o} 2719] £5EA|(27,0009] 7H)oll thofafwt &= 1 Qlet.
20219 A 51A8HS][Advanced Maui Optical and Space(AMOS) surveillance
Technologies|o] YHH =z W=2H, XA $5571] 554 1t & 7Fs82 &5
21 21/go] ofet 2AMI, {9 T 5 A7)0 9t FEFEC] =1, SIS TA
(space traffic management}g $3 L 35 7Fs82 Y 22 AbskaL QIHH7L. ol=igt
=R} I T 3 tel 98 & EAS S5 VMR 5 2987](debris) &
A7F =AAQ] F8 EATAR BRI QY FF AT FelA 7l S, 2
& S 22 ] SFEFI AA S 5 2E7|7F FF Gof 847t E 27t odE
o} ofofl A 2022 9¥ &M FE {AS 3ol 7l Je=Eo] FALAR] 94484

ngo b I IREEEEEES Fragmentation Debris
000 1
000 — Spacecraft
000 ]
000 ]
000 11 — . Rocket Bodies
000 4
000 ]
000 J
000 ]
000 ]
000 1§
000 ]
000 4
000 1
000 ]
000 ]
000 J
000 ]
000 ]
000 1
000 §
000 1
000 ]

— — Mission-related Debris

© 0O O N S © 00 O N F O
W WD O O O O O K~ P~ B~ ~
D DD DD DD DD DD

Impact at 6.8 km/s: 56,5000 ey
ESA

Fig. 3. Damages of satellites caused by debris (ESA). ESA, European Space Agency.

https://www.jstna.org | 167



F M| HA7|ES BEE 2557|

)

168 | https://doi.org/10.52912/jsta.3.2.165

HAFU(ASAT) AE AASHA] REs o= ARk AEs HA1A 871112349 6¥ 71 13
7)ol ASAT AdS HASHA °——P71E et vl=e 2022 49 SAEAR] ASATO] T
/A AREE A S |2 =l /AU5Y), wERETY), 593 4209), T+ 9
=, 2904, 35109, T18)a 12¢¥90ll= Tt Fo] AAFITHS] Eh vgshEs 2023 2
H A9 AdHboflA F¥ 53 UN 390l Q591 87 wAd AlgE SHeittal
- AAFHI). o]Yo= == 2F71E Eo]7] Y3 "Rte 2 {8 95=HEuropean Space
Agency, ESANS ‘Ea]ojAd|o]A-](ClearSpace-1) 02 FHst TRAE R 2025W0f 95 &
7] FARRS 2ACE Ao} S7 F HHI MfES S| Ak, X} eA A+
£ Tl AEots Ae BHE FEAHIAE FHl6laL Qi ol=et 5= A87] AAY &=
83 FEAHI A= A FARCREE ARGo] 75 A0 R W o]d 5= A7)
AA7 & 8%, 99 37 H A= A DR 2 2871524 Allo] disf] Yok, 5=
227] AA71EE L83 97571 /i 71 gl s argsiAle). 18 ar v 5
tjulsl7] 1%t 25718 %(space maneuver warfare) °©|51E 3l 22 FFFHAA ] A
g g /do]| s AlAskarAt gtk

2. F X7 A= 7IeH 2R

S5 2715 APshe S @ 7 7] £olotk shbs A Hi7]d R AEUAA &
As] AdaAZl= Aolal, tE shhe HE QIS9FEC] A5 ARESH] = A, & 8

oA W7t HA| = AER &7]= Aolth. 19 F S AF A
A F 7K A"A]7t ot AA= IADC Space Debris Mitigation

AlE A=A 2 2] R S5 5 254 ol A tf7]Ho
A AAE H71E AYskeE 5 & AE](post-mission disposal) B4]0]tH10l. EAl= 5
T7tog HAL QIS HY o= 2AH7E A AASI= 5524 A A(active debris
removal, ADR) B2le]tH11]. olF 95 2871& A4 AAsH=s 5524 AAADR) 7€ @
ol sl Yot Ak 552 AAMADR) 71& A 47H] WHOE JEIFTE AAH
(drag augmentation systems), H|ZZ Hl(contactless methods), HIE(@) 715t w4

(tether-based methods), < AA%4](contact removal methods) & E531t}

2.1 g8E7t A|AHI(Drag Augmentation Systems)

FES7H AAEE 95 28719 AAS A sto] di7] @& VA 1 E BE
AT 7R AEY AlA A AbA7]= BHAloleh o] HPAE 95 2g7|9] H7]o]
gglol AA A=rh Zhsskal EFolu ti7]d Qs 9%t 5 28719 AR U(re-
entry) A= 70| BRX| At} FEF7 AlA”lol= Efoam), B4 (inflated), A7-718t
(fiber-based), B1¥/32 E(solar/drag sail) B2lo] Ut} E(foam) HA &3 2AF)7] Al
7 o] Jit el HEHF)St] 2 14 HH| EAlsto] FF HYOo R THAS
A vHeo] FEE S7HKIA s WA sk Baloloh B (inflated) WA 9 &
7o S Z2 & BAE FASto] S S7MI7IE A eE 9 A7) AlA 94
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o] %# - 270 AEEHEE 2 EA)ote] 4 E2 FEE 719 EAE RS
A5718Htiber-based) W42 Efoam) W4T FARHY & il HAREEE
l 7] Xﬂﬂ Vol Fi §5 27| HIEHFs] AREdE B

S 37 vHEo] FFS ZTTMIA IS BRI AT gi7]EeE A=Y
HFAlole}. B E(solar sail) W42 5l E2joh|E(aluminium-
polyamide) 99| & B¢S H3 o 2304 AA AL f1dE7] 7154 BA FEE 7]
= g4lolot

-+ n:il fr
oL
(e]
53

5 I &

2.2 H|HZE "HA(Contactless Methods)

HIZS A2 5 28)7] AlA f1d0] ZH 5= A7)0 HEQlo]l &5 247|& AlA
Sk WAl g 91 7F SE81R0] /710 71”1 S 28717 sk ko, HER
Alof| Blg] iAo 95 27| AA £~Q5= 7IXto] Aot BIFS WAofl= QS 7]
3K artificial atmospheric influence), Hl°o1A 71¥Hlaser-based), ©]2 ®(ion beam shepherd),
77| EFE(electrostatic tractor) BF410] It} QIF- th7|F&H artificial atmospheric influence)
L EH 9 1= A=l 9F 7 (gasoline)S: WAL S SMAA ZH 2719 ?J]
T 55 =50 2 S| otk o] MRl trl] 93 27|17t 2o 9l
5 AAN golsttt. oA 7|WHlaser-based) 412 3717} 1-10 emQl 95 27190 ‘:H
s FolAE 5‘—/\}0}04 1 95 29719 Al S5 =50] t7]oA AEATE AL
2 A4 7|6kt 23 71EE "halo] Qltt. o] Wl(ion beam shepherdr> ZH Aol &4
(1020 mysto] o] HlZ RAlsto] B3 95 297]9] Al $EE =50] th7|olA &EA|
71 "haolct, 7] EZE(electrostatic tractor) Bl FAHE 4] H Aol 274

59 5 2d17] AAN R-&st, 259 HA(Coulomb's law: F Hs} Alo]9] T2 Ao}
9] A719] Foj Hl=stal Azje] AlFol vkl ghrth)S 288l AR AA(tug)” |7t AR
Hs 51 95 2870 WAlsto] JHstE BHA| shal, ARI7|9F 5= 28|719] HMstkE &
A gkEo] A2 "ojuiA stof, &5 271E T Hl=(graveyard orbig= EUlE A0
= 2-47f1o] A9 Ht

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

ElE(@) 719k WAL 9 29)7] AlA o] vttt Hi{@) FEY] WHos X 5
AH71E BolA AT "oz HEA Ielectrodynamic tether), 1E E3(net
capturing), 2HHharpoon) ®2lo] Qlct. A=A Ielectro-dynamic tether, EDT) ¥
S5 270 Axd £ 9ot Ef‘;ﬂé 3](Lorentz force)oll 2Jsf 43t 3FEL WHAgsHA
sto] ¢ 27] A= &5 =50 HA=E ol (de-orbigr7]= Falelth Edl= I
(Lorentz force}2 7140l Q8] A7/ 52& TA E= HsE 7M1 55k YA
Z-gshe Jog Aol &k Wk A1 HiRke] R Al ke s 9ls etk
TERE A skl g6/do] o, Ak R AAHEA S5 2715 AlASH
710 7Vdnl7E £ EeL 95 27|19 oy B4 5 =94 M5E AA AEsto] A
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Mo 7] 9% 2] AAZL Rt 2L WAL 9% s AA e AR B
B 9% 29712 o] AASKE WAOR e olg8] 9% Ad1E SA%L 7)Y

oM Ei¢= g4It

2.4 = HAHYA(Contact Removal Methods)

AE AATAL §5 2871 AA 140l H1 5= 29710 ASs 5 2471E AA
5= W02 MZ(slingshot), F2HA|(adhesive), £5X3(tentacle capturing), §¥ Z&
Zsingle robotic arm), T Z5Z(multiple robotic arms) H4]o] ltt. A& g
Aol ofF 719 9 AE71E AAT 5= s PAoE 93 27| AA & 5 2
#71E 285t AFe® I (spin-up & ejection) LT, T3 U 5 2AF7|E XL
Qe A A2 5 28)7] AA o] XA e 2871 AA 71Ei) o A
£ gAs o 719l 5= 2700 242 JH2HA A A7) AlA 7|EE TAlSte] BR
5 287]0 RFAIA d7|HC R fEste] AFATE Walolth S5(FA B) X8 &
F 2715 S5 2ol A7 BRIl 95 A7E HA 7SR fkeste] 4AHA]
= WAolt}. & 2R 18y v 25T 232 & ¢ oM 5 2AqV|E 285t
of 7] E REsto] &A= HACE vA| S 9 §5 A S04 FEo] 7}

5o 71& 7ol B asteH12](Fig. 4).

o 1

Jot

25 227| A Yo X LER e RO
@ &(Foam) A .,.f. LEO >0.1
YAZTH A AT (drag P AR S LEO 01

augmentation ) x4e5|ul (Fiber-based) , LEO 50.1
systems) 5 =
@ Y F(Solar sall) 190 o° LEO/GEO 50.1

e e [
artificial atmospheric LEO 0.1
Hlﬁﬁ ',’J"bl Influence) (

(contactless lojx 2|t ® x| SN LEO/GEO £0.02
({laser-based) @ v, B
methods) 5% &> d LEO/GEO  <0.02
®o|2 ' LEO/GEO >0.1
(ion beam shephard)
@ HH7| E3H GEO £0.01
{electrostatic tractor)
@EEd 8 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

SFAY 7R 20189 89 u|=F HEF(Mike Pence) U= LFApAL| ish F=,
ZAloke] go] S7kE 1 Uk W7, 2023 3¢Y 1] 574 Chance Saltzman)

70| SFEopflA 7FE & HIgolgal AxohH F=0] £571es 7713} ok k¥
A& 0= skl Jlokal BFETH13]. 2jAlere] B vl=o] oS skt o e 55
ojxje} tf g mIANEE A SolH, S BAloke] f14do] ml= ol 4 Hdok= 5
A glo] 1ol =i lokar A HH141Fig. 5).

20229 wl=k A A ZFALA(Center for Strategic & International Studies, CSIS)ollA] &
7kt ‘FHE7Kspace threat assessment) 20229 9Jahd H=2 202149l 71 @
9 A=A &9 yetolyl, 529 9553 (counterspace capabilitiesk> 943 7t
LA =N FH|F{co-orbital rendezvous) ¥ AAE T} FAAE 4 it &
g4 o] 9 HE FARF olUA, A 5) 82 BT 2R EASH glo
o, 2Alore] A A B4 iS4 ASAT) AT S-Aeteuo] gt GPS A9, 14
7t 237182742 (rendezvous and proximity operations, RPO) 53 Z2 fl 95532

AJ&2 0z JPAIZ]AL ITH15).

=13

-

QO:

|

3.2 Y= & ZERIISEHE Akl

A= A TH7152E EAY ARE 20204 1€ #AloF FARIAIo] vl g2
3l 160 km7HA] FH(RPO)TH AHEIet S= 9148(TJS-3)°] 20229 10¢¥ wl=r FZH(USA
233)f| tisf 6.2 km7HA] BoFATHFig. 6; Table 1).

=2 A 1237 A= 918 AolA 9487 2471852 ARPO) 53 2ttt
FF71ES ARE 3tk $59 A= 89 §-12+= 20109 559 =98 9491 §)-
OGF & Hlste 237152 2 A £33, o] 7162 A&0& 2] Ho]glom,
20109 o5 % ol AA e o= oot FA] §-12+= J-06Fet B0 HF&
o7 AL SHEE EAY S 00 St &4 A7 A0 R HolA|= gdgith
o] 24l M2 20119 AYH AAS- & dlg-1 579 AR 9] 42 I3t AP
Agoar FAHEAN, §-129 7152 e 772 AME $ e FF0lH

2 A0} = o | wmE | e2m | TR
HAHIE Y HAYF I Direct Ascent) MU Y HAYTIIE0 Direct Ascent) 492 | yg2 | g L]
FUS/BIRE AT |Meo/6e0 Drect Ascent) FUS/BIRE AP IMeo/6e0 Drect Ascent) s Or | ¥¥28 | w8
HUS A TS AHILE0 Co-Orbital) HHIE Y US4 AL Co-Orbital) o2 s | BEYS s
SHT/EXIUE HIE2 91 SME/GE Co-Orbital) =3 sERUS | B2AUS &8 FHUT/EXUE HIT2 S ME/GE Co-Orbital) o QUS| IEAUS o8
I 0l Xi(oirect Energy) ) a9 os oy EE] XIS2A! Ofl A Xl irect Energy) 7gsg 423 LT ES s

& X1 H(Electronic Warfare) a2 yget £y e & XM (Electronic Warfare] Yot g 4ot =

3= 224012 (space Domain Awareness) yg ygo 499 ey Q25919101 Al(space Domain Awareness) Ny Aoy Aoy Ee

Fig. 5. Space threat assessment of Russia & China.
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Intelsat 3050} 0 (]
Oct 2015 I
Intelsat 7 Athena-Fidus

ul 2015 0ct. Nl7

151 SA| Intelsat - Olump-K B HIZY 2EIIS A

_ COSMOS 25429t USA 245Q STz 8 ST Hey

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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4. F Z= 2F AYJ| MAHYIE HE

rOII
ol

F|T 5 28717F SAPA F9] 8 SRR WERth 20219 68 9= 2ol €
A F82 7HHG7) B3YelA o] EAZE F8 o= =957] wiiZoeltt. o]¥ 399
AT 2= e FeANES Bl = 28] B4 didS oA HE yeteo]
A FFofok S L TR, “R&EAR] 9 AMES Yol BAIEY SEAQ diEe

A A Aol B asity" L FEUCH18).

41 017

S5 7= & 29)7] AA7IE Y @ v=2 SFH[GA|S] A AHIAE
sl SuFA(RE ZZH7F 5] PO Aert FH Rolkl= A 9L 7
£ 9ol A58 ARG sbAY, Y4AI} B2 ARES AESoH 2T S5RE A 5
FHIBA Y] 8-S AR fIRt A= g B4 (on-orbit servicing, O0S) 71&Z &3f %
F 287] AA 71eE L Selth &, A=ZAHIL008) -F51tolA =491,
SFUAA FREA, SFAAT 5)1E IR A A (inspection), A FA, A% A
9] - o]={tug, relocation) E+= F-A|(maintenance), 25 AF-Hrefueling), 8 (repair), -
ZF 27| A|7|(debris mitigation), % TA|(replacement) ¥ F1Fo|= Av|AE A&}
= 25 ZIRI} A/Au ol BR3t 7e2 S 9T St Al Hol A st
T k= kmoIAFE HZoke Frlf(rendezvous) 71€d 48 vlEl— vlE Y &
AAZYE €94 AI7F A5 287152 (proximity operation) 71&, EX0g ERE
Al FA(GHE GGl = EF(docking) 71& 5ol AUk AZGAEAQ] HEA AL A
H2 uF = AF I northrop grumman)®] ZAF8JAF Spacelogisticss= 20204 29 AlA|
F %= MEV(Mission Extension Vehicle)-155 AX|AZAF] Intelsat 1S-9010]] AZ& o=
L5t} 919 = 59zt AT ARE 9 Foli, MEV-2+= 20209 89 A
5of 2149 44 Intelsat 1S-1002¢9F =7J5to] -5 3 Folrt. 7 J+72] Aole MEV-1
2 Ad57t A9 A3Eo] SFRECE H7|E Aol el =gt & FAHALE THA
O] FAIXl & AA| 3} AA|0] Alg Bl AHIAE A7FsAIX] Aolw, MEV-2+= &9
SR AAAE A9 9170l =47t Fold. olF fdo] Alsshe A% Arlae das
A g sHAY FEE Seelshe 2 oYz, i 9140l Adsto] A4 8o 7
o RS FAARICEN ARIAS A&T 4 QIES S Z2RE 2024d0l= Mission
Robotic VehicleZ WA MEV-29] 7|50l F7lsto] 5= 27|15 AAsH: 715k 7@
2 AoleH19,201. ol2fet Y GG AZIAHAAL 5 287] 5524 AAMDR) ¥
4] % %% A|A(contact removal methods) B2 0& T ZH o T= t}5 ZH 0 130

2 GUsH| 95 28718 28] ti7]dos feste] £28AIE 4 rFig. 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 ZH vkalo & n]= CSISY] ‘9=F
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Fig. 8. Mission Extension Vehicle (MEV-1) Lab Test and Robotic Arm.

B8 H7Hspace threat assessment) 20219 2J5HH, 20139 F=== Al 719] A= 2140l
9= Zgu|7]&o] gt HehA ARls Zggstar Qlok i BiEeh ey vls AR s
1ol 2EES 7L Tl HE o, o= e S #8s & Ue v8= 7L

Ao® FAF 39 FRl 201049, $2 otT-12 TAREY], olee-12 25
I A7 S FAISIL e, o] 4% S UF TAoA HiAISEAY A EAAIE
AR, FAAQ] o WEH, ofRF-12 & A7|E HOoal AAS= 7IeS Ald
st7] f18l wHEolAHAL jtH21]. EA= HE@) 71¥Htether-based methods) ®419] &
20T Fx AF HPr|EthelolA AT Folm, ESA7} 2002 AQrst 2#|7] AA 714

B A SN 1EE G 5 213 AR LA = gl
[22]1(Fig. 9). o]&gt &5 AH71E A=A I1EZ ohg:] AAH= ghgo o= »

719 2717 2R AE & A5ole 28571 ofFrh ‘ﬂxﬂ 8,000 kg FAI°t B LT
=] 27](36 m)oll sl 1E= E-83t 5 2917] AlA ®WAlo] A+ Folth

ANl BA, S= glo]A X1 71&T) —MW AL 291 ¥]-Z(contactless methods) 95 4
71 AAFAR] 25 #olA] 7I8Hlaser-based) A1 FloIAE A2t 95 2¥7] A|A
VolA & 2710 FolHE FAFl $ 2d7]9] A= £=5 =50 HX 1=E
WE, HFHor 7| HeE g RLd] t7]dHoA 4gATE AR A 94
AZHinternational space station, ISS)°|4+ ORION 54| A 0] 1 cm FE9] 95 2d7]
(debris)et S=& WA5l] Y8l @A 2451 = W4lo|tH21,23](Fig. 10).

Y ¥ig AL =7} A A=l(drag augmentation systems) 2 & 20224 7E S= A5}
o] S|P eATHL A S AAsk=s HY/F E(solar/drag sail} AE AT
S 28717F © S5 WA AdTEACIY 94 Zelol H/dE 25 20l 85 2971

< a7 2y

HRAE(GEO)
/s
o

”

= o8 2% a7l A
-}
ﬁomg\mm 4 (Apog
/

o .-

S ama g2

ab /l-ul“""m‘ )

: _/_
/ UIIIM
lu\/ o .
PPTRIES 2P ’_ﬁk,'ﬁ%_ﬁ:“}f XWEH p

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

l K SFUAA

Net. ESA, European Space Agency; ADR, active debris removal.
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T MY 7|2y 4 5)
I1|7i A @o|x 52

7L % Aef7]of 2O|M & EAHY
S5 8719 = FEE E0
7| A22 F&f 7

L. 5 Ma7| 7| @22 Fe
7120 22

Laser pulse
Z7| Y= Backjetimpilse

A gy s 77 A7

Space-Based
Laser

G B

i Ho| EFHAE
oI

o Wae 27 o] ty] JEL FHIPIEL AR SES Kol A7 Gl AAY
A1 3] ARA7IE Fajolet,

43 g2

PE2 AA A AAF R 95 2d7] AA ARiol 7 A Y=tE 95 2917] AA
£ 93t 71& 7ol 3714 ®HAlo] tisf A Soltt. A= A AARA R 5 297
AA /o] ZH 9= 2870 HEd 5 2715 AAclk= BAloloh Y29 335
A7 -(Japan Aerospace Exploration Agency, JAXAY= £79] EALS & ofAERA
AL(Astroscale) tet FeIsf 20219 38 95 2af 57 9144 ELSA-d(180 kgl 2ot
Af2 2200 G A7t AHEG50 kmell 2 HWlow, 20249 AH|A J-E2HE S3

& ofal it} o] A¥o] Adgshd Rzt 719) 7heHl 9 27| AA et A A7
=} ELSA-d(End-of-Life Service by Astroscalef= ¥5:-2] EAIQ1 AH|A A7} 73 A4
= 7 SERIE 1S WA 55 w9 95 2718 AN ti71dolA He= &
F 27| HAYelcH4](Fig. 11).

o[t A2 AA| Hlxol U= 5 2H7IE BHE She A2 oYL, = Ao
A st JPAEJA Surrey Satellite Technology2] 9320 ke)& BHE o= 32 A
Sojot. AA] Ao 91“ 5 28715 Aash| o WA 1L 95 28719 Af=at
Y7} Fofof shar, 11§ 2717} AES] oyl A=Al dlSste] 1 AR Hsfok
St HHE Sh= Aol Ags] als B3 4ol FrlRet 24 7185AE & 5 Qlod
ot AAE gt ¥ 712 £ & Stk ELSA-d= =3 9143 3 AR o] H|=ofA
IS A tZoll HA] Eoprt FokA Hi7|He R AEY APlE 71E 7lEs AlEdt
tH11l. 9= 287] AA 9140l 5 2d7]0] A&H 0= ok Wl gt AtAR
£ 100 km HollA 9 2870 sl HAE B 7iHehE S8 AERte R [k,
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Demo 0 Demo 1 Demo 2 Demo 3

Chaser

Initial orbit - ol W
(~550 km) &~ -

Chaser-Target Initial d t
Separation Release Release I CoScan
/ Lock deploy e maneuver \
/ v v v v v \
- LY
B T4 S0 €0
¢ "l:jl = O3 Vo)
. T ) ) &
s | \ A \
Release Proximity ™A Di " Natural =l
demo decay
N v Inte: a lemo C&R™
B *C&R Passivation
P 728 - Capture (w/o tumbling)
= and Release
—— ® ' } >
1 Manual | &
Capture
Capture wio Capture w
tumblin Target Search
. 9 tumbling e
v
Minimum success Capture wio Minimum success
‘| Full success tumbling Filll sticcase {4‘
S — [e— |
| Extra success |
—
!
Phase 1 Phase 2 Phase 3a Phase 3b Phase 4 Phase 5 Phase 6 Phase 7
LEOP Commissioning Manual Capture w/o Capture w Diagnosis & Re-orbit Closeout
Capture Tumbling Tumbling Target Search

Fig. 11. lllustration of ELSA-d CONOPS. ELSA-d, end-of-life service by astroscale.

20 kmollAl 4 km7HA= AL)A 7H2hE E8dl F & ASDAA km)olMe S22 F
Shk= BAE F S HolEtH2o)(Fig. 12).

EAZ v Z=(contactless methods) F 7] AALAIR Fo]A 7|H¥Hlaser-based)
HpAlo g AR AMEA ARl ‘Avlo] HHE JSAT S 20264 A851E BXE Ho|AS
ol-&3ll L= 2&7|E Fache S /NSt ok A m ol BojXl SojlA FolAE
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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. 14. lllustration of ClearSpace—1 Detail Shape.
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Fig. 17. lllustration of active debris removal (ADR) project CONOPS using ground laser.
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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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I N T
Low Earth Orbit (LEO) 160-2,000 km 7-8 km/s 1.5-2 hours
(100-1,250 mi.) (15,000-18,000 mph)
Medium Earth Orbit (MEO) 2,000-35,000 km 3-7 km/s 2-23.5 hours
(1,250-22,000 mi.) (6,700-15,000 mph)
Geosynchronous Earth Orbit (GEO) 35,786 km 3 km/s 24 hours
(22,236 mi.) (6,700 mph)
Highly Elliptical Earth Orbit (HEO) Varies (noncircular) 1.5-10 km/s 12-24 hours
(3,300-22,000 mph)

Fig. 26. Characteristics of common orbit regimes.
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FH| B9} 712 19679 FARA 1867} FARA 188 7Ho] o]FojZTh o]F 2007¢oll=
A 2hE <A oE IARS duA HEeE 7 F E FElR ARE UM Ee] A

CubeSat Small Sat Medium Sat

ol =

Interplanetary Rocket
Probe

0- 1,000-
100 m/s 2,000 m/s

4,000- 6,000 m/s
6,000 m/s or greater

Fig. 27. Conceptualizing 4V budgets.
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Fig. 28. Altitude AV and time budget & plane change AV budget.
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Rendezvous and Proximity Operations
1 2 3 4
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‘:mb”
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x**
oo

Final <=

maneuvers
Initial configuration Transfer orbit, Approaching satellite moves Ae?;fr:;:h;:gosrzel::tri
9 which starts rendezvous in loops relative to its target P

to complete rendezvous

Fig. 29. Conept of Rendezvous and proximity operations.

A Fske A W FYE 7]e /NS (orbital express mission plan, Fig. 30)2 AAT3
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Operations, ASTRO)Z} 48|17} @ Q35t 177 9J4d(Next Generation Serviceable Satellite,
NEXTsat)o] Z+z+ AulA 9144 9 114 91499] I sh AlmAdolA A FlF/=7, A
EHa, BE A 59 JFE SeoiltH521Fig. 30).
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4. Scenario 1: Grapple NextSat, eject separation
ring, recapture and perform additional propellant
and ORU transfers (11 days)

AL e J ASTRO (Servicer) - Jf

3. Scenario 0: Perform propellant and orbital 2. ASTRO and NextSat Activation
replacement unit transfers while mated and Checkout
(20 days) (11 days)

g
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e op :
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Fig. 30. Orbitalexpress mission plan (Boeing, 2007) [53].
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Fig. 31. Nulcear engine & chemical engine concept.
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Fig. 32. Space Nulcear Thermal Propulsion (SNTP) & anti-satellite (ASAT) laser concept.
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