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A systematic strategy is required to train future—oriented space manpower. To this end, in this study,
the discrepancy between demand and supply of space manpower was confirmed in terms of major,
education, and job. It is necessary to systematize the level and range of capabilities required for space
potential manpower and space technology/research manpower, and the space manpower training
policy considering this is proposed as follows. First, it is necessary to strengthen the infrastructure for
training space personnel. Second, a policy to train space potential manpower is needed. Third, policies
are needed to nurture space technology and research personnel. These results can be modified and
supplemented by considering the human, material and social resources of the government and

businesses.

o] : AL, 5T, AP
Keywords : human resource development, space education, space human resource
policy
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Fig. 1. Manpower status by major [4].
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Table 1. Space related Majors [4]
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Table 2. Space technology manpower cultivation project of the ministry of science and ICT [8]
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Table 3. Proposed policies
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Table 4. Training space technology and research personnel
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Rendezvous and Docking Simulations Considering
J2 Perturbation

Hoya Youn', Henzeh Leeghim

Department of Aerospace Engineering, Chosun University, Gwangju 61452, Korea

2 =20Ms 452 Daist UiR/= Al 28 222 fIst AIZ2014 2401 s 7 [=3IICE 2
=2 7|8 SHA7120| 2 AOE MEL) R/

A MEA(on-orbit servicing) 71&2] 7(810] El= 7IE2M SH M (target)0fl HZ51| 25 T4-Xol

UPHOIC M2t 2 =R0iAle 58 HES 1ol FoR/=Z B5s st L= Ho| AIARS AN

St ES ARl gain)zke Sofl YhlR/=8 AEe BASHIAL St

Abstract

In this paper, simulation analysis for close operation during rendezvous/docking considering perturbation
was described. The technology to control satellites based on their relative motion is expected to be a very
important core technology. Rendezvous/docking is a technology underlying on-orbit servicing technology
and is an essential process for approaching a target satellite. Therefore, in this paper, we introduce a
feedback control system for rendezvous/docking verification considering gravity perturbation and analyze

the rendezvous/docking situation through the proper gain value.

S0l : Jrjes, FeR/EY, T 28, 4%

Keywords : relative motion, rendezvous/docking, proximity operation, perturbation
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X Inertial frame of reference
(fixed with respect to the fixed stars)

(a) (b)
Fig. 2. Inertial frame of reference. (a) Two masses located in an inertial frame. (b) Free—body

diagrams.
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Table 1. Earth zonal harmonics

Zonal harmonics Values
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2.5 Numerical Results

2.381} 2440l A A9kt feedback control systeme ARESHe] FHEIFE L =7)9] 53] A]
B0l AFFE. Ao] HA oA CW 7t R35P7| wlizo] LOS HHE(p,0)= &%
gt 2 91499 XL} £EE thEA o] ALk,

2 =wolA tRI Qe Y= BlEH(non-coplanan)ollA =2t 91440 sigsh= space
station?] A=t ¥ A=Y o S 9432 spacecraft’t Fote] FlR/EA ok ARl
o} 27] 2708 =& gn S 949 fIAIet &= SoiA ok 7PgRith AlEdE
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o] YoM ARGERE 27|12 AL theat 2tk & §449] 271 YR [1622.39, 5305.10,
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Toke Aol HFsial IHsith B3 £ 7R A3 454 Al SRS A1EE 19
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Table 2. Configuration of the target and the chaser

Space station Spacecraft
Perigee, apogee (altitude) 300 km circular 320.06 km, 513.86 km
True anomaly, @ 60 ° 349.65°
Inclination, 40° 40.130°
RA of ascending node, €2 20° 19.819°
Argument of perigee, @ 0° (arbitrary) 70.662°

RA, right ascension.

Table 3. Configuration of feedback control system

Gain values (K , K, K, K,) 0.7,0.1,26,2.1
Desired range 0.3 km
Desired LOS velocity -0.0002 km/s
Desired docking angle -30°

LOS, line—of-sight.
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Fig. 7. Variation of docking angle for rendezvous maneuver.
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Abstract

In the 1970s, space robotics was used to attach a robotic manipulator to the first planetary exploration
satellite of the Soviet Union. Since then, it has been developed to use various on-orbit services such as
space debris removal, parts replacement/repairing, refueling, orbit changing, and construction of a space
station in Earth orbit. In planetary exploration projects such as the Moon and Mars, various space robotic
manipulators are being designed and developed to be used in the collection of samples and building bases
on Mars. Recently, the use of various space robotic manipulators to perform missions in the Earth orbit or
on the planet has been increasing. Countries with state-of-the—art space technology plan and implement
new space—related projects. In this article, we would like to introduce the technology development trends
and functions of space robot manipulators that have been used in various space challenge projects in

advanced space technology countries.

Aol : 778 2R &, 2R 4, ARG A, 95 2871 A

Keywords : space robotic arm, robotic satellite, on-orbit servicing, active debris removal
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2.1 Canadarm A|2]=[1]

ST ARONA AREE= ZEH 3/179d wiyEHolE ] HEAQ] AHEE 5 S0
A @AZRA| o3 9L BIPAT|IAY AT A4S 918 SSRMS(Space Station
Remote Manipulator System)?l ul=k NASASF vt} 2==HCanadian Space Agency, CSA)
9] Canadarm(The Canadian robotic arm) A|28]|27} iAo, '81d 2FFEA SEH]
OKSTS-2)Z 0l A2 A=A, A5 A International Space Station, ISS) 5 30
o AF SR, Fig. 12 AA| AN &L U= Hg= HolEth

Fig. 1. Canadarm series and Space Station Remote Manipulator System.
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Table 1. Canadarm series specifications

Canadarm Canadarm?2 Canadarm3
AX| YR LFYEH0| LR ZHRSFZHEISS)0 e g AR 2
2ELCL XF2 2t goxoz X ¥ 28 HAE Luna Gatewayd|

X # 28 0IE

NS o7 &+ 271 o7 =& 374 o & 371
2EX HE 1M 2EX HE N 2EX HE N
&= HHE 3 &= 2= 30 &= 2= 30
20| 15m 17 m 8.5m
= 410 kg 1497 kg o 715 kg
X0 FHFMY A E= =2MRFEAZY X2 MU=, X1y
2= HIHALH 2Jah H|of LFH[HALO 2Jaf A0  E= Lunar Gateway2
SLHIA0 2fsh HOf
7tk 274 474 6714 K)
28Xt 0= FHLiTY, 0= Lt
| K70l =2 LF0IM 2lg 5 Lunar Gateway LHE0f|A]
US4 2|8 £ U= MMO|

oxO|M JiERoz nHE  AVIER| HEE A

4 Qi OISA MO Ty

ISS, International Space Station.

At fF=olAE vl= NASA F22] 791 95 BARE 913l 20249 ZAEER € ]
=9l 95 A% Lunar Gateway©] 54 7I8He] 25 A28l Canadarm3E A6
o’go]™, Table 1 Canadarm A|2]29] F8 ARF Hlo]Elo]cH?2].

CSAE 2 WE7] 98l MDAMacDonald, Dettwiler and Associates)t Al2FS #il

Canadarm2®} 35 T=%1 1, o] ASARRI Spar Aerospace= Canadarme =3It

2.2 Dextre[2]

“Dextre’& Canadarm2, ISS E= °Fs Hlo|2o] A 4= Qe 55 549 § A2 &
o 2503 SPDM(Special Purpose Dexterous Manipulator)e]™, 74 &
2 Fig. 29} % H:}.

Dextre®] 25 3} 11 A5 I AAIEE 28 Ajio] 7kssta, @A 5 19 5ol
S v]gALo 4 s A= JJ_Xﬂ AA(ORUYE AT 4= 912H, Canadarm2+= “inchworm
motion" 02 AHOJA F£E o]5T & ATt Dextre7} Z2E|A] YO oFFAL -2HE
o 5= ik Dextre= iUttt 5213 MDAOIA] & 40| 3.35 m, 7 A== 7= glom,
20080l HFLo= 9o ARGE A
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Dextre

Servicing the International
Space Station (155) since 2008

* Perfarms maintenance § Height:
waork like changing 37m

batteries and replacing

cameras.
‘ 1710 kg
* Reduces the number of

risky spacewalks for
astronauts. v About 400 km

* Works with portable above Earth

tools that can refuel
mock satellites, detect
ammonia leaks, and

500N, Scan _the 1SS in Works | gear as small
high definition. mostly when | as a toaster or
| astronauts are | aslargeasa
- Is operated by [ sleeping. | refrigerator
controllers on the S — I T
\ | Only robot to
graum:.i at NASA or the soplisticated | Bave repelead
Canadian Space Agency. \ space robot | itself in space.
ever built.

= _L - Canadi

Fig. 2. Dextre Special Purpose Dexterous Manipulator.

2.3 European Robotic Arm(ERA)[3]

it

ERA(European Robotic Arm)}= 2A|oFe] 22 oo} 53} T Zhssto] 22 |4
A 9 A WRolA QRE AH &7 AdS FPokH, old BF 5 79 T
S H[YARY] A A7to] o150, ERAZE 9= HIAR} 3 25T = Qlok. E3h &
A4S A5 Ee TSR YT = glon, 5 AAY UR T JFoA Alofd
Nom, AAZEO & AlofstAL n|E] Zg I sto] Alof7t 7sslt.

ERA= Fig. 33} 0] Dutch Space©llA] & Zo] 11.3 m, 7 A== 7iE= 9o, 2021
AZo g §5of AREE ]I

o

4 rlo

SMART SPACEWALKER

530 kg
8000 kg

Autonomous or by
the Space Statian. astronaut commands

Girars wsid Catbon fbre and alumirium
lighting unit
End effector Multipurpose Laboratory
Madue (Nakal

hY

Hand the Russian
Space St

Camera and lighting

unit

#EuropeanRoboticArm

Fig. 3. European Robotic Arm (ERA).
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2.4 KRAKENI4]

KRAKENZ 4% 914 = 740 "Afste] 504 29, A2 4 AL AFE &
P 5= Qe 47 2R Do, 870d ¢ 9| /42 Fig. 49+ Atk

u]=9] Tethers UnlimitedBothell, WA, USA)7F & Zo] 1 m, 7 A%, $F 4.2 ke,
19cm x 27 cm* 36 cm F-3of] o] 7sstal, T wA7F 7RsSt QlEHoj Aot %
9] 3 AA/A0] 715E AFSES st o, A A oA HEESeH, &
= o) A1 AlEl= itk KRAKENS Alofo]l EtherCAT 41 &85t A= W7 9
oot & Zolo] 21 & o] 7hsstt

2.5 Mars Exploration Rover Robotic Arms|[5]

IDD(Instrument Deployment Device)= NASA/Maxar/MDACIA 3] EAF ZH(MER)7}
3Hd oA It EQko] ERH o R T 4= AUEE, Fig. 59 o] AAE 2R & 4
°] 0.9 m, 5AHFE2] 25 Folr, 2004 A& YARE]o] AREEQT

IDDO] Tehilof A2k 4719 7d 71715 Tk 2ARE 9o Adge A1d 320 AA}
Ae FASEL, QHASHA AEstal 47191 71715 vixIRith. &3t 7} 7]719] Edol= 71717t
Ad #2230 JEFS B =X 2| BEZ AASHES SHA sk A FSAA7E A2

of gck.

2.6 Mars Science Laboratory(MSL) Robotic Arms|[6]

SHg et AYA AF= tE P40l digh NASAY 7HY ol El= 35t JdF2 MSL
Pathfinder Y52} Sojourner 24|, A50] 3} At 28 I Phoenix LanderoA] &2

Fig. 4. KRAKEN Robotic Arm.

Robotic
Arm

Fig. 5. Mars Exploration Rover Robotic Arm.
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S v s AN MSL 25 & 94| 3V A 2HO| 23 B3} o] oM 8
oM A Bl SRz AT A= Maxar/MDAC] oJ A=A 2H, Fig. 6
I go] 25 & Zo] 2.1 m, 5 A= 2 B 342 7HAM, 202049 9ol A= A

it

5 & ¥dole & "Hand turret(ER) ol #t 7H=), F= 2 o8t #47] 5 5%
o S/ZA71717F gAlEC] 3le, ole sHdoAe] AF TS ATl HekAow
7H 7 Qe AlEE ARSIl Bao] Thssit oMd o4 Fo Az AFHE AAsH A7

& T U= IAA 54 =Eo] FRIE] Q.

2.7 Luna(or Lightweight) Surface Manipulator System[7]

NASA®] Langley 17+ AlE|= Fig. 73 o] Z<l Fejol 2|=2d FA|et =5 viyEd
olf T 27H] 7Is& 4= siolHHE 549 A= fg 3 HY XM AFA| o]

_Instrument torret
47 (mass models
shown)

_———— Tamet
actuator

_— Azimuth
flex spool

_ Azimuth
_—" Actuator

/ Elevation

Upper arm Actuator
assembly and flex,
spool

Fig. 6. Mars Science Laboratory Robotic Arm.

Fig. 7. Lunar Surface Manipulator System (LSMS).
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LSMS(Lunar Surface Manipulation System)2] AAS S Ho]2=9] ¥A ¢ 3|4 2F
£ oA Alofsto] FLet YA A7o] 7hssh, W, TYE x4, THu, Al 2 G
AN, 25 23 Z2 boiRt E¢ 54 T g fA 571 4= 9leH, olF AR

3ol chopet 2ol ZRsehES A

2.8 xLink Robotic Arm[8]

xLink™%= NASA/JPL(Jet Propulsion Laboratory)®] Mars 2020 Perseverance Rover& 2
2 I3 /Rt 35Ut "ol vke 2R EEXA 94 §A 34 =& FEl= Fig. 81 2tk

Motiv Space System®] xLink 2% Z9| Zo]= 1~3 m, ART+= 4~7 AFE7tA] 71
o] 7}se REFY S 7 2R HEN & &0 uEt tf FH Y 2R T 40l
73t A4S 7L it 25 & dool= 71|} LIDAR, H 94 7Hdet 5 A&to] 7t
St, o]& olgsto] Aol e] BE /A, SR, 5 2871 AA, A48 A=
7 & T Aude SRR JPEESQLoY, FATEA] S0l A 9] HIGIAIR2 o] FoiR]X]
Fokth 184, NASAS] OSAM-2(On-Orbit Servicing, Assembly, and Manufacturing 2) &
ZAES dgtoF At ATE T 59 3D ZHH Y X ALS st 5410
AE 20239 EAPE Al =]of Qick

¢

(E o

&2

2.9 Front-End Robotics Enabling Near-Term Demonstration(FREND)
Robotic Arm[9]

FREND & 2 At 918 ARlA, 434 8, 9504 tiy e 23 4 A8lA
OF 22 tfefgl ARl ARESE] {8l vl s A AIE = Defense Advanced Research
Projects Agency, DARPA)?} t|=t a7+ I7-A(Naval Research Laboratory, U.S. NRL)© 23}
NEE] AL, OSAM-1/Restore-L ® RSGS(Robotic Servicing of Geosynchronous Satellites)
oA AkgE AL 7HA I 9O, Fig. 9= 28 T 14 AT A 76 A8 E5S
ot

FREND E& Z2 1A 3M FAM dFole ARE o, AA” A= 2000490 5
Bk DARPAS] 95 A= $4E& 1% 54 % FREND T3S 9is) /e =y 5

Fig. 8. xLink robotic arm.
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Fig. 9. FREND robotic arm. FREND, Front-end Robotics Enabling Near—-term Demonstration.

2R A 1 8Lt i A E5] BA Ao, ER AZE o] T YA, I-EF
AA, B8 dA 9 B 2 Aol tigt ol NASA W DARPA A 7[5t g 7ids
Atk FREND &% T2 o7/l ¥4 35, T4 15, &5 T 35 5 7 AR=EE 14459
UeH, I TS 65 A/EA AL} Hloly, A W J4 AlA B Ho|AE AlFshH,
F5 & ol 2m, A% 78kg, 7HIGHS 10 kg, B &= 15 cm/sec®] AFFRS 7HA AL QL
o, A7+ #H 1 g TENA Al 7hsstes A=A

2.10 Space Infrastructure Dexterous Robot(SPIDER)[10]

OSAM-1 2FAojl= SPIDER(Space Infrastructure Dexterous Robot)2h= gA4|71 A}
=lo] Qlt}. NASAE Maxar Technologies@t 541 QFEIUE 2RO 2 ZHokal HEofA $-
A W& Axok= 19 42009 g2 29 Aok AFsL, o] 7l& Al A xo
A 8E AulAstal ARE AFGRoHeS AAE NASAQ] Restore-L 5410014 %138
g YU, Restore-L 542 SPIDERZ= BAAIE 4-83tes +78E Zoltth o] HA
Aol 5ulE9] A 25 o] Z3ET} NASA Tipping Point THEUWAS] 214F Al o
Aol A o] DragonflyZ ¥2H4 SPIDERE= 31|E|9] BAl QMHUE £=3517] Yl 774
o] 8T 2P Ao, 1 BH52 Fig. 103} Zor, 280z P ek A4
=3} M Ka Y A Al & ofgolcth

o] A= E3F KRAKEN 2% 22 7T AAIQl Tethers Unlimited”} 7HERE 7|42
ARESto] 10M1E A 4’2 AR ZolH, ol#et Alde] Ax8AE B8l HkolA
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2.11 K-Space Robot Manipulator

=7 1E AT AKITECH) Y F=5-FFATAKARDO] et 249 f14dol &4
7Pt 28 olH, 3 ARFORE AF 4.2 ket F 7 AREE 7HAH, 94 HiRol =
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Fig. 11. K-Space Robot Manipulator.
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o% g7, ol B3 A% vl PAIE EY 5 9% F0F JlhEct npgos
Tl HE ofefat 95 ZHEA 7& Y Hug 9 clkt AgRol] BEEU
ERYA 71 $FE By 93t 714 TEsbt ash, J1E S AEAET 28
WAL 719 95§ BE 9 Vl& T2 5 Po] LAY 5o mal

L ARRIRATAY TEAYOR 29 B A=Y A Ale A
Q79| Arolu], PRYFLFATAL A€o BA=YU.
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Trend of Satellite Technologies for Signal
Information Acquisition
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Soletop Co., Ltd., Daejeon 34051, Korea
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NSHBOINS AHE ASE HIZOR MERO| YRt M50l SRS A SOICE O3t AS
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RAICHRE] BRHOH 0127 K| NS
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b BOXIXZE GARSEMC=Z S2¢t A0S
2149 7le Seke HEN. Eot 2 =20ME Ml #1d 71

QA 7|HE NS EEAZIO| |5 2= RS 2G0T

R oL

Abstract

A signal information satellite is a satellite that estimates the location of a signal source on the earth and
identifies the type of signal based on the collected signals. These signal information satellites are less
accurate than image information satellites, but they have important implications as surveillance and
reconnaissance assets. This paper covers the technological trends of signal information satellites from the
Cold War era to the present. In addition, this paper shows the advantages and disadvantages of low earth
orbit (LEO) satellite—based signal information collection compared to geostationary orbit (GEO) satellite—

based signal information collection.

Ao : AT, JHE A4,
Keywords : signal intelligence (SIGINT),

2894
low earth orbit (LEO) satellite, small satellite
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Table 1. History of USA SIGINT Satellites

N SR oIS CIPSE PN
TIoVie

Am
Jal

1960-  GRAB(SOLRAD)
1961

HEE: LEO
Q2 ELINT, X-ray MAME
0|83t FH=T| ZAAA

1962-  FERRET(SAMOS) H=: LEO

1971 =2 SIGINT(COMINT &
ELINT) - 30 MHz-50 GHz2|

£ ZE(CW, AM, FM 7|Et

Al
1 2X)

10 km OILHOlA] 41524
RS 2T +

. RHYOLITE, JUMPSEAT,
CHARLET/VORTEX, MAGUM
~ ORION, ADVANCED
ORION(METEQCR) 522
LRt

2&7|2: US Air Force

1962- POPPY H=: LEO

1971 7 A0t s H OAY
Lo Y o|HY He 4.
TDOAE Sofl AIx| et
2873 Naval Research
Laboratory

1968~ Spock Bird HIE: IGSO

1969 (CANYON) YT 2AOFS] 24 SA A

CE THE 7HR2L A0

Cioet e Chef ZA|

[y

=

287|&: US Air Force
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Table 1. (Continued)

LAEE

D273 0|2

(*14018)

dm
bal

1970~
1973

Rhyolite

H=: GEO

YT 2{A0f2 S=9| DIAKY
St UAE SHO=Z UAE.
QIE-T7 |AR Y, HIEYH
™, 2A019] ICBM A2
S 2EE

Al_ﬁ_
2&7|3#: National

—

Reconnaissance Office

1970~
2022

NOSS

Hx: LEO

AR SHYAAE F 2R
UA|AOD, F2 Mefut
H|347|9| radio transmission
HIO|EE

2873 US Navy

1971-
1983

Jumpseat

Hx: HEO
U HAOHHE DAY Z1
20/ 2LIEY, microwave
line—of-sight
communications beams
Xt Molniya HIZ0iIA
235 = A0t SA 2142
ode/old 23 +H

&

287|2: US Air Force

1975~
1978

Rhyolite-M

=2
HE: GEO
AR: & 4047t 28ERION
40 m3] QLIS EHTI5IOH
SIGINT & 234

2&7|&: CIA

1978~
1989

CHARLET/VORTEX

CIALET/WORTEX
U4AF

HE: IGSO

QU CANYONZ} OFEEEX|Z
CHRdRHE LI TS IH Hf
(38 m 2719| QL HR)

227|3: US Air Force

272 | https://doi.org/10.52912/jsta.2.4.268



J. Space Technol. Appl. 2(4), 268-286 (2022)

Table 1. (Continued)
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o= 0|8

(*1018)

Am
bal
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Aquacade

HE: GEO

QU2 Rhyolite &2 thAoH=
QM. Aquacade 49| ZAR0=
LRIFt B 0| HEO|AIY
Rt 2iAl0re| Of0 |3 20 &
39 tsFE ~Ho| 0|8 E
287|&: National

Reconnaissance Office

1990 -
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H=: LEO
= NOSS 242
AP g2 Meld HME

01850 &57|2 e =4

02

o A
oT T
287|8: US Navy

1994~
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(Advanced Vortex)

1994~
1997

Trumpet

H=: GEO

QIS Jumpseat 2142
A&ote Z=ME=R
Jumpseat 2141t S
SAIOF B OJANY Z11
20| ZL{EY, microwave
line—of-sight communica—
tions beams I, Molniya
H=OM 28E= HAloF 84
19| at/otet @4 +H

287|2: US Air Force

1995~
2020

Mentor

H&: GEO

925,200 kg HE2| 100m
OIEILIS THRIT U= Y,
VHFEE| #EE 52 2ol
=59

2273 NRO

SIGINT, signal intelligence; COMINT, communication intelligence; ELINT, electronic intelligence;
LEO, low earth orbit; TDOA, time difference of arrival; GEO, geostationary orbit.
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Table 2. (Continued)

o273 0|2
HAEE Yl g3
($1018)
2013~ Pion-NKS ) H=: Molniya Orbit

QU US-PM 2} US-AE
tHxlok= Yg2=2 SAR
HO|ZEE EMot 4=

g Al 43—% o**'oi

SIGINT, signal intelligence.

Table 3. History of Chinese SIGINT Satellites

o273 0|12
YA AT =4
(®1g01E)
2002 Shenzhou H=: LEO
U5 3712 QHEILIE 01850
300-1,000 MHz Ti¥9| Ao S
FSol0 M= AX|Q /XIE
F7Zol= TDOA Z 3l 7749
SHEILE 018510 ACA =&
2015~ Qianshao— H=: GEO
2021 3(TJS) Q2: Ka—band AIR2OZ

YA AT LHEO] UOLE B
QtE|LE 9] 0f2f QHE|LISC| HHX|Z
0|20{ gte O 28 SIGINT 82
ojME

287 CAST

B AT SSO

2018-  Yaogan—32-

2021 01-01,02 AT YT FHE SR UHE
B SLOLE LA ASUM REE BES

7|9te 2 SIGINT {402t F==
287 CAST

HE: LEO

UL MA zx0| e =2 EM

2019- Ningxia
2021

4 spectrum signal monitoring €4
227|3: DFH Satellite

SIGINT, signal intelligence; LEO, low earth orbit; TDOA, time difference of arrival; GEO,

geostationary orbit.
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Z5E= YAHES Table 33} Lt

3.4 TYA YN

L2 942 20008 258 Aol AR AdE 280k 2 SRR
WISt 202190] AR CERESE 3H2] #1/d0] g olFo] 285 AVHAl=E

Table 4. History of French SIGINT Satellites

m273 0|2
LAEE Y

(*1401E)

%
o
b
m
bal

1999 Clementine H=: LEO
QU 20 MHZz—1 GHz H2{2| CHA!
NFe| Mzt MAfF AMS F

=872 DGA

2004 Essaim H=: LEO
QU XL KHI=O0A 4THOl 120 kg
= Microsatellites =22 E5t

NN 27 o oy

22713 DGA
HEE: LEO
QS 30| ZEHENZ O|F 0T

2021 CERES

| ELINT 914 AlABIO= Riof AlS

— = 287|2: DGA

SIGINT, signal intelligence; LEO, low earth orbit; ELINT, electronic intelligence.
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ATE FHED 5 les A|A"o] HgEo] 9lom, ELINT 955 3% 4= U=E Hoj
At} PRFY] % 50~500 kHz, BAZL 50 ns~500 us7HA] T=0] 7H53F Aoz deiA
et EZE A150] B4 Qlof] A5 93] 58 FAY 4= s AlAFo] FAEo]
(Table 4).
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St QMEUE FASkAL 9lo] VHF, UHF, S-band, L-band 5714 #50] 7Hs3t=2 Qe
HAE St Q= A= Helth

HawkEye3600141 AH|ASHL Q= AH|A RES AR ohZa) 2o

- AHlA ks Fukge

» VHF Marine Communications (48 Channels), 156.050-157.425 MHz

- VHF Ch. 70 Digital Selective Calling (DSC), 156.525 MHz

- UHF Push-to-Talk, 462.5625-462.7250 MHz and 467.550-467.725 MHz

- L-Band Mobile Satellite Devices - GEO-Mobile Radio (GMR), 1,626.5-1,660.5 MHz
- GPS Interference, 1,547-1,576 MHz

- S-band 3.05 GHz Marine Radar

- X-band 9.375-9.454 GHz Marine Radar

- Q% B AElA
RE 415 Hlole] §4Y: A4 B, S A

=
o
<SRt A A E: AlHF 55, AT 34, Al R =R, a4 g@A

- glo]& AH|A(RF GEO, Fig. 2)
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Table 5. ZZZANE =48 SIGINT 2?14

UAHE ool SEEN

Am
oA

2018— Hawk Series HE:LEO

=7t 0=
7 QS 3rhel HOjH|S
0|25t Xl XA =3
2 RF ABE B=E
EZ0l= F 2
sl Spiral QtEILE 0| &.

287|#: HakwEye360

b
jo

2015- Lemur Series H=: LEO

=7t 0=

YT SEAHIA S0|0,
AIS 3 ADS-B HI0|H
= B B0 A2,

287|2: SPIRE

2021- Bravo/Chalie HE: LEO

27k 0]
QD RF ABE
DLEE

287|&: SpaceQuest,

2014~ Perseus—-M

2012-  ExactView Series H=: LEO

27k FHLict

U2 AIS 2
2872 exactEarth /

COM DEV / Myriota
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Table 5. (Continued)

UAEE 9M0IS SEER =

2017-  NORSAT Series = HT: LEO
7F =2¢0|

oI AIS £

287|&: Norsk

H

Romsenter

2017- HEAD Series H=: LEO

=7F &=

QI AIS 27, 45 kg B
VEDS % ADS-B Bt

|

R&7|2: Head Aerospace

o
=

X

I

2019~ Unseenlab H=: LEO
=27 TEA
QP AIS Y RF AHEH
ZLHEHY

2021- KSM Series 7 H=: LEO

e EEE]
| YT AIS U RF AHEZ

- BUEY

SIGINT, signal intelligence; LEO, low earth orbit.

HawkEye 3609] 73-%-ll= $2eo|ue] AEIE &34 GPS Jamming H3|of gt 37
AE Hojgon, ue-S= FAAGRI 24 Ao FAPIA] H2] 59 &5-Z RF 4%
22 2 Y] = Sl 2ARE AR Utk ol FEY] AH|AE 24 SYHE E
= ARl #EX S aaFos T 5 e el H & S HoF
(Figs. 3 and 4).
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Fig. 5. Comparison of DOP and configuration between aerial vehicles and satellites. DOP,
dilution of precision.
o S AXIO C|
5. M= M MSHE 2Eo| Xty
5.1 321712t H|w
APl Fol7] 7] Asg RS ol le) w2 A5 Hae] 2H B
o] 7Fs3sl7] Wizl Agxdo] Wt SHANE BAlols FH=F] FHE v oF7] wiZol
280 | https://doi.org/10.52912/jsta.2.4.268



J. Space Technol. Appl. 2(4), 268-286 (2022)

AT Eof e AR AofARge] W oz I 71Vl B FVIzE el
Hgh S aZto g #ESfof Jrt W yZtow REAole FHY ofF Fgow )
A1 S o734 (Signal-to-Noise Ratio, SNR)7F 4] A 2 4= 1AL, 93] 4 93t 7]
Stk wiR7} EEfete] AddiAes W2 fA] 4 JUEE s=t oo ’hd A2 =
< DOP(dilution of precision)& A& SAI9 427t t7] & AF& Fshe A=t
R1710] sk gobM B fEfshFig. 5).

5.2 ZX|H Lt Hlu

YHAH off o] AP E f1do] Molyina H= E= FAHE(GSO E= GEO)ONA

S gloitt. ol R 9IS Hohft] B 7] Brk AFRS glola A&H 0.
2 A8 YA AR S0l AUk A YL Aol BRE ARA0R T4 gl
who] AR e o A ShEE AEE H5E 4 ek ol gtk

FA oM AR e AF ”‘/\PO}L Z1o] E7Fs3lL, EHL ‘ﬂe*/\}iﬂi AT
AL st FAARI olf2 E7HE 7FsAgdol & o2t Aok
o] AegH S 83kl e =70 A=TARIE ERokL Q= ﬁi'} %740] ‘th‘r.

&3t vie} o] FURt A TA|719] AV ZE A=t HAIAEAIM 42 414 6 dB
oV SNRS 7] ¥ A7NF QtElde] dast <ty oS Y 27l o
Table 69} . ojuf Al g2 2o 45° AAIE SofA Boal 7Hgsta, FAHEs
w2 Zshkeke Rl 7159, TEZ o F Noise FigureZ 6 dBE A5 RS-
kAR d2sio] ALl 2ot ftEY E&2 30%E 75t |tEly 271E Altst
o 24 23S F3 AAAECIAE 42 FF0l w2t 30 m 2719 by 283t A

& Aok AT FF7E E S e W, 87 AHu= g4 H 2 5

ES U 371 1 ol8stol LR FALE R AREFS71(100 ns °fshet 1]
Q330 m)7F 7Fsskal AT Wi B2 Zh=thal 7Hgshd A=t FAIH =0l 2=
GDOP:= Fig. 63+ o] g5t A7=olA= Sl HolAl 20 km oW 917 42
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Table 6. Gain and antenna size required for SIGINT on GEO and LEO

SNR >3 dB 0|4 @7 UHF Push-to-Talk L-band SAT COM X-band Radar

QHE|LL Ol (400 MHz-0 dBW, (1.6 GHz, EIRP = (9 GHz, EIRP =

10 kHz) 0dBW, 200 kHz) 30 dBW, 100 MHz)
LEO (500 km w/ -11.738 dBi 13.314 dBi (0.51 m)  26.221 dBi (0.4 m)
45 &= XA

GEO (35,786 km) 22.959dBi (5.49m) 48.010(27.39 m) 60.918 (19.39 m)

SIGINT, signal intelligence; GEO, geostationary orbit; LEO, low earth orbit; SNR, signal-to—-

noise ratio.
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OIZ2H|0|A A Zl(Artemis program)2 Oj= NASAXIA] =21 F01 Q21 & EA} A=ZI0|Ct OFER 173 0]
SE MFIE R0 E AP AWHECE: Holl 2 22l £ UL 3 =7k SEARESA), =2
(JAXA), FHLICHCSA)ZE UM, 0] A=l F045E| fIet =71t &QlQl OfZE|D|A OFgo| L2 |LI2tE
H36I F 2270 =7F MESICE. OL=H0IA AH2lo] A #m Y221 Of=E|0IA 15(Artemis )=
SAE01 HAL YT OO HAKRt RFMO AlRE = SHE oitt. 8 SHZ Of=H|0|A 130 X
10702 =AYRIES2 AMEEH 24K YRS alfolth. =0 A== OFZH0IA 15= = =]
=20 LIZ0| THE(0 AUCH, 1071 ZAHXE0| ol TR = LHE0| 1R E80 2 QI5&S0|

O RISy, 715X YFE SHE 7L A=A Tiefol| OEH. = ==20M= =Ll ApMIS| A74%

rin

K| 42 OIZH|O|A 159| RASRIN UREN 22 I SES HTHECH
Abstract

The Artemis program is a manned lunar exploration plan being pursued by NASA in the United States. It is
of great significance that manned lunar exploration has been resumed since Apollo 17. The main partner
countries are the European Union (ESA), Japan (JAXA), and Canada (CSA). A total of 22 countries, including
Korea, have signed in the Artemis Accords to participate in this program. The first mission of the Artemis
program, Artemis 1, is primarily aimed at flight test launch vehicles and spacecraft before full-scale
exploration missions. As a secondary mission, 10 nanosatellites mounted on Artemis 1 are deployed and
carry out their respective missions. Artemis 1, which is introduced in Korea, consists of only the main
mission, and it is very rare to deal with the 10 nanosatellites, making it difficult to understand the scientific
and technological mission goals of each nanosatellite. In this paper, the nanosatellite missions of Artemis

1, which have not been introduced in detail in Korea, and the recent trend of nanosatellite development.
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Secondary Payload
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Fig. 1. CubeSats mount locations and appearance in SLS. (top) The front part of the SLS
connecting with the Orion spacecraft. CubeSats are mounted inside the Orion stage adaptor.

(bottom) Attached CubeSats in the ring—shaped Orion stage adapter (Image Credit: NASA).
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Table 1. Mission summary of 10 CubeSats on Artemis 1

Name Type Mission
ArgoMoon Technology Detailed photographs of the SLS secondary
demonstration propulsion stage
BioSentinel Radiation Research on the effects of deep space radiation on

living organisms
CuSP Radiation Solar particle monitoring in interplanetary space

EQUULEUS Radiation Observation Earth’s plasmasphere to understand the

radiation in the space environment

LunaH-Map Lunar science Mapping of lunar surface deposits to find out water
content

Lunar IceCube Lunar science Explore water and other resources on lunar surface

LunIR Lunar science Spectroscopy and thermography of the lunar surface

with infrared

NEA Scout Technology Flyby the asteroid and observation of the
demonstration surrounding environment using solar sail
OMOTENASHI  Lunar science Lunar landing and observation of radiation

environment of the lunar surface

Team Miles Technology Demonstration of deep space navigation with

demonstration plasma thrusters

SLS, space launch system; CuSP, CubeSat for Solar Particles; EQUULEUS, EQUilibriUm
Lunar—Earth point 6U Spacecraft, NEA, near—earth asteroid; OMOTENASHI, Outstanding

MOon exploration TEchnologies demonstrated by NAno Semi—-Hard Impactor.

3.1 ArgoMoon

ArgoMoon< Italian Space Agency’} AAISE 24F Yol AFE F 7HA] dA=Z +
HEo] Ao (Fig. 4), 29| AFE FsH7| I3t 7HEet =247 GAEtHTable 2)(6].
A WA JF+= Orion©] SLSH £2]& o]% SLS9] 4TI Interim Cryogenic Propulsion
StageE #Y2UTHFig. 5). o] AFE Sl ZA N U= W SAlOl FFol= AFolA
/3] AAAC1L} AFF HL=E Al 7 EAAlE F 7HRAE B2 E2F 7HEr
o|tKTable 3).
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Fig. 4. ArgoMoon mission scenario. First mission is taking picture of the ICPS in PM step.
Secondary mission is maneuver in M1 and M2 step [6]. ICPS, Interim Cryogenic Propulsion

Stage.

Table 2. ArgoMoon system specification [6]

Subsystem Specifications
Structure 6 U CubeSat, Mass - 14 kg
Payload (PL) 40° and 2.5° Field of View (FOV) cameras
Rangefinder (RF) Laser ranging (up to 5 km), supporting navigation

Electric Power System (EPS) 80 W (maximum) solar panel arrays (SPAs)
with 120 Wh batteries
Propulsion System (PS) Monopropellant, four cold gas thrusters
Attitude Determination 3-axis stabilization, star tracker, sun sensors, reaction
and Control System (ADCS) wheel
Communication (COMM) Four patch antennas
Receiving (RX): 6.2 dB, 85°
Transmitting (TX): 7 dB, 80°
with 3-dB beam-width

53}
Solf ), A7 BASK ATAHEE Do A7 A7SE B4 zww
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Fig. 5. ArgoMoon first mission concept. Camera payload will take picture ICPS [6]. ICPS,

Interim Cryogenic Propulsion Stage.

Table 3. ArgoMoon camera payload specification [6]

Name Specification
Primary optic
Focal length 393 mm
FOV +2.05°
Image diagonal 28.2 mm
Wavelength range 450-700 nm
F/N 5.2
Secondary optic
Focal length 22.42 mm
FOV +32.6°
Image diagonal 28 mm
Wavelength range 450-700 nm
F/N 4

FOV, field of view.
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Fig. 6. Biosensor of BioSentinel. (left) Assembled microfluidic minicard with integral thermal
control and optical measurement components. (right) fluidic minicard. A microwell dye that

has turned pink due to yeast metabolic activity [9].

2 A digt JEE FHSR o] AFE B A9 S0A QIte] B o= = WAL
A FsiE AJF3) ol £ol= b Ewol E ACE 7|diHrh

ESE A 95 AA K International Space Station, ISS)olA 22 Alglo] =34 df|4o]
t}. ISS= A= (low earth orbit)o]| 282 49520} G| ¥PARAo] Blw A A3 2|7 FE9| o
S L Qo A7t FE 9 HARA 240 TE {UIA) e JRkE Blash] sy
oA 22 Ado] gE offolct.

3.3 CuSP

CuSP(CubeSat for Solar Particles)y= 34 7t 2704 Bl 4] AE S0 gokEo|y
Zdo(flare), Z2Y AT WZE(coronal mass ejection)T} Z-2 Ejd&Fof A 7]Ql5k= ARt
2 TSR AT Y49olekFig. 7)[101. A7+ A4 dholA B2 HAsk=

== = an
A2 9]l Q1F91E 9L TS o, Azt oflake] Awrt v Foh TR oA
H-go] W1 &gt 94 EHER] 24P /0] Aol HEsith AE7]= SIS(suprather-

mal ion spectrograph), MERiT(miniaturized electron and proton telescope), VHM(vector
helium magnetometer )& & 3717} @A=]o] It Table 4)[11]. SIS= AU R|(3~70 keV
ions)9] HIFE AR AZ, MERIT= 294 X](2~170 GeV ions, 100 keV~4 MeV electron)
HFE dA A& 193 VHMS A7 1 et Wik S,

3.4 EQUULEUS

==

EQUULEUS(EQUilibriUm Lunar-Earth point 6U Spacecrafty= ZA|F+ 25342 03]
St7] sl A ETtAntES BAltks 58 AF dolth(Fig. 8). AlRA AF=
Z Y 7R VY 71418 95, 3709 skl R 7t Qlnk. 71eAld 5= 91430l EML2
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Fig. 7. Mission concept of CuSP. It monitors solar activity that affects the Earth outside the

Earth's magnetosphere [10]. CuSP, CubeSat for Solar Particles.

Table 4. CuSP system specification [11]

Subsystem Specification
Mass — 14 kg
Structure
10cm x 20cm x 30 cm (6 unit)
SwRI PPT 28 V Main Bus
SWRI LVPS +12V, +/-5V, +3.3 V
EPS
Clyde Space solar arrays
Clyde Space 60 Whr 8s2p
SwRi, SIS
PL NASA GSFC, MERIT
NASA JPL, VHM
PS Cold gas thrusters
ADCS 3-axis stabilization, Sun sensor, Star tracker
JPL IRIS 2.0 X-band Transponder
COMM 2 JPL Low Gain Patch Array Antenna

1 JPL Medium Gain Patch Array Antenna

CuSP, CubeSat for Solar Particles; EPS, electric power system; PL, Payload; MERIT,
miniaturized electron and proton telescope; VHM, vector helium magnetometer; PS,
Propulsion System; ADCS, attitude determination and control system; COMM, Commu-

nication.
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Patch antenna

Solar array paddles

CLOTH

Sun sensor

DELPHINUS
PHOENIX Thruster

Star tracker

Fig. 8. EQUULEUS design. 3 science payloads will be attached bus system (Image Credit:
JAXA). EQUULEUS, EQUilibriUm Lunar-Earth point 6U Spacecraft.

(Earth-Moon L2 point)® 7H= 5<%t of2] W] I fly-byo} =2 Aol|A] A2 A= A
o] 7l&& AIFRI HSHRIFE Al 7HAlE At SRS TS, B 35 B (impact
flash) 5, A7-2 F99 BHE &4 4 0= 747 gAA|7F EA0eH12,13].

PHOENIX(Plasmaspheric Helium ion Observation by Enhanced New Imager in
eXtreme ultraviolets SAFRAE o] 3t 7HtE FeHAE StAntEe] 1448
2% FE o9 WEA 14(30.4 nm)ell A3} =of ok Aol He| HolA EtA
nHO] HA| Kol et F/dZ &gsto] 3714, AlRH Xislo] tigt ThAE Zopdlich

DELPHINUS(DEtection camera for Lunar impact PHenomena IN 6U Spacecraftf= &
FE ASE BS5E SHE vk 5 2d~p4] 9d A Wk oY AR A7 = Holl=
4ol FEotaL ek ot 27t detd o g B U2 o HEFoA = == Q) T
Sk W AE5E7]71 o). HhHol Biofdlo] =dsHA| A= SFAIFAA Y &4 FE
o] g TS A0 AET & vk 942 AT TET 5 fle AFeE
92 & 7 ] el 5= A% #50l Aot

CLOTH(Cis-Lunar Object Detector within Thermal Insulationy= 94 2]5of A=2t= €]
& AZ7E 7894 35S HAste], A2 Alo] 32t EE9] A27]9F 33t REE Dot
W Zo] Hioltt 2= EML2 A|99] BE S SHoke 7= vl $HIBAPL
EML2E Ald o] B &9 PREE 5ot &= S8 &= Qlth

3.5 LunaH-Map

LunaH-map(Lunar Polar Hydrogen Mapper}> & = 9+ 2% AY(permanently
shadowed regions, PSRs)2] 4 SHF X 2E A|Zeh= ARE 7HA 1 UckFig. 9). 7129

Lunar Prospector?} LRO(Lunar Reconnaissance Orbiter)Q] I&E T} T4 Z7FEAIEZ

UFAY i A AFRIH14] ol JFE B3 ol dFolM A es Ejld ¢
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LunaH-Map: Water-lce Mapping Capabilities

2 month mission (282 orbits)

Epithermal
counts (relative)

50 pg/g

200 pg/g
250 pg/e
256 pg/e
300 pg/e
378 ngfe
556 ug/g
667 lﬂg/g
778 pgle

0-220 ug/gH

Estimated distribution of water-ice at the Representation of what LunaH-Map

Moon's South Pole where the water-ice would see if the Moon's South Pole has

is contained only within permanently the water-ice concentrations shown in the

shadowed regions map on the left. The boundaries betwsen
water-ice enrichments are clearly defined
for enrichments greater than ~15 km in

diameter and >200 m/g hydrogen.

Fig. 9. Estimated LunaH-Map water—ice map (Image Credit: Arizona State Univeristy).

=9 Zoje} T S4E0] EXE AAIS] It =N for AR
ootz Hl o] 2 & Utk S E ALE EF ARE AXRE & 99 J= Ao
=510l AFE TR oItk

Mini-NS(miniature neutron spectrometer)= 44} 372 LunarH-Map2] §AJA0]
tKFig. 10). —?—,Z—/,‘j(cosrnic ray)°] @3 FEo5t0] T oli7tR] AEH oA = Qs F4
7} vpgsie) 1 ZAJAHepithermal neutron > 0.3 eV)= $49 SE319S W, o
YAE ¢lo] & “ﬂoﬂ ZAEH YA E WESH "o}, Mini-NS+ 919] 3o = ¥H

m‘;"
2
o
2,

0
i
09
o
H

(c)
Mechanical
Support

&
(a) V ®)
Mini-NS

&
3 Cold Plate
5
e . Readout “
S / Electronics Analog
ﬁ Readout
o Electronics

CLYC-2
A

L 2
Fig. 10. Mini—-NS structure and appearance. (a) Mechanical structure of the Mini=NS. (b) Eight

detector modules are attached inner structure. (c) Assembled Mini-NS [14]. Mini-NS,

miniature neutron spectrometer.
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Table 5. Specifications of the Mini=NS instrument [14]

Name Specifications

Detector (2 perinstrument) 2 x 2 Array of 4 x 6.3 x 2.0 cm CLYC Crystal Modules

Sensitivities Epithermal (E ) 0.3 eV) neutrons
Dimensions 25 x 10 x 8cm

Mass 3.4 kg

Power 3.6 W (standby), 9.6 W (data acquisition)
Data acquisition times Counts binned every 1 second

Data rate 14 Byte/s (50 kB/s stored locally)

https://doi.org/10.52912/jsta.2.4.287

Mini-NS, miniature neutron spectrometer.

oM FEse 29 S dUAE SATeEN F40 EAE AR AAIE

(Table 5).

3.6 Lunar IceCube

Lunar IceCubet= B9 &2 HIE3TH 34 EZ[organic volatile(H,S, NH;, CO,, CH,,
OHE #=st= JFE 38 HFig. 11). o]A9] gAlZRY &9 1% X Yof &3 4=
A7 (hydroxy)7F A5k A& ERIF oM, 7I& AS7IEY AAs & T52 950 74

gob et WSl AV A M 2] 3 3 & 540 e ASI

e YT

BIRCHES(Broadband Infrared Compact High-Resolution Exploration Spectrometer)S
A5t} FAfRITH1S)

Fig. 11. lllustration of Lunar lceCube [15].
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BIRCHESE HY/4dS 2ARNE New Horizons®] 224 H337] Ralph EAAIE A3}t
R AT 24PN GAE FHE /U 27379 £37]0lth 2715 £0°17] flsf 94
A Hgrating#h 2= 11 Fejo] F3HA7} o linear variable filterS AH&SHH 0.
P2 L 1~43 pmE B9] B E40] Uehhs 3 um F9e Esir], Bgshr:
5 nm=z " =TH16).

3.7 LunlR

£ o5 SkyFirez ¥BHE 24P om S SHIS B30, o 52 =
H2 skl gl of=Hu|A 10 H7IHEA LunlRE o] 5< ¥HEAL HidE 2= A9t
AthFig. 12)17). 9149 FAAIE 1719 Aeld AlMz 2] Wit 1 Agaglel S 9A
(mid-wave IR) oA & 3] AHEHN} AoV 7 Hlo] &
tH18l. S edelA ] B Aoz sl AME Qo 2ot FFl Fsl B A=l &
e A & e M AAE B 27 $57](micro-cryocooler) AlAH5H

7120) W71E Bt A7 FhEE o] Arks A7) 9l

of

3.8 NEA Scout

NEA(near-earth asteroid) Scout:= B E(solar sail}2 ARESH 434 BALE YR-Z o}
a1 QtHFig. 13). $149004 LEHH o2 AR8ole BEES BEAldl: FHAIE AHEs= Ao of

iz
1
z

)

Fig. 12. Assembled LunlIR satellite [18].
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Close Profimity Science
High-resbiution imaging. -
10 cmV/px GSD over >30% surdace *
KGs: Local morpholegy
Regql_rth properties

NEAS Camera
(Vpdated OCO-3
| Context Camera)

NEA Reconnaissance
<100 km distance
50 emipx resolution over B{ES surface
SKGs: volume, global shape, spin
properties, local on\iiro'nment

erence

Target Detection and Approach:
<40K km, Light source observation
SKGs: Ephemeris determination and
composition assessment

Fig. 13. Summary of science performance of NEA scout [19]. NEA, near—earth asteroid.

d =¥ EARNradiation pressure)2 2 F& gron g 28 A9 A= Wol 9
39 FARA, it A7 59 Bt Qlof Bl B2 24P AolA AdRE Alefeltth
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732 2020~2024'8 7174 7L °F 409 77} it ZHlEkE Mars 2020 2] HiH]
Alo]A ZHHl2Hnavigation camera)2} F-AFSIEH20].

3.9 OMOTENASHI

OMOTENASHI(Outstanding MOon exploration TEchnologies demonstrated by NAno
Semi-Hard Impactor)= & EHO| F2F&<(hard landing)dt] & FH O] WAL 35S =4
o= AFE 7HAA o2l 82 A5 Yol Ak Z-E(orbital module, OM), EA &
E{(rocket module, RM), W X E(surface module, SP) Al 7}X =2 FA4ETH22].

25 AU 2= AHOMAIA 2A5A SAET TS She ofloliis B3 & AF4(SP)
o] AkEE|1L, SPeF AFE]0] Q= FFK HERMYE AHEste] AHfdsh 59 58 221
th2oll SPe} RMo] Eej5te] SPE & o] &5 gtkFig. 14).

3.10 Team Miles

Team Milese &2tAnt 38718 AR 95 P AldS 972 sk ok Aol

% 12719) 32718 AMgsto] A o5 L 712AQ) 237} 24| Aojo] i ALgH}
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+ Measuring the radiation environment during this sequence Surface Probe 0.6 kg
+ OM will be destroyed because of colliding with the lunar surface impact in 2500m/s.

= The emittion from SP will stop in a few hour after landing as it works with primary battery.

Fig. 14. OMOTENASHI mission scenario (Image Credit: JAXA). OMOTENASHI, Outstanding

MOon exploration TEchnologies demonstrated by NAno Semi—Hard Impactor.

Fig. 15. Team Miles satellite structure. 12 thrusters are attached to right side in this image

(Image credit: Team Miles).
(Fig. 15)[23]. 918 FE715 AH&SiA 2 Y™ 4008t kme] FAY HPS HHE Tt

SHARE 2AF A AFEC] FE ARG At Ao R AAY F419 ojERo]
it 1814 NASAQ] deep space networkS Sl Y497} SA1E Sict,
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