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38l 7. AR SR} AIRIZAN] AR 78 I

* Z%]: SpaceX
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2) N. Chahat et al., “A Review of CubeSat Antennas: From Low Earth Orbit to Deep Space,” IEEE Antennas and
Propagation Magazine, 2019.
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2.2. Terrae Novae 2030+

ESA= New SpaceAlthE S0t 2040E7HA| 122 2| LT A ZE ol SF22H 2F= oS
7H0| THZot0] =Xol0F Sh= 02 A2k oixf X|efshor g HSX|EI0] BRolCh= QI1AS HIEFOZ 5719
LUEE LHEOZ Sh= ESA Agenda 20255 2021H0] 2HGICE (1) ESA-EUS| &A st (2) 22,
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71315 FE (2) 203001 K| 7 k58 E HALE 9I5l 2030E71K| REQI0] & E BH HAIE 24 (3) R&0|

SHH0f Cet 2|=2| 72l UFO| LRI =5 FH[oh= JASHE +EHot
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2.3. Explore 2040

ESA= A D21 Qloll 75 ZTA7 |1 SFEHAUM 2EER! XIS Flotl REQ R = E8oh=
SA0f 02 - U= XD ZAAE et THHOHY Mets FH[ot0] JACE Lot T2 R YA
QIS F7Heft SAI0| 2 7iaS WHoIHM T 27 [P o= JHUC| RAHIS S O|Foh= 23 Flofl
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MH|0F 2030 RFEH2IES 7HZlet HE ACH, & 2T ZICH0| thet X2 7|E0| RFHAL M2kS Fot

710| Explore2040 SFEAPHZF0|CE



2024 November No.10 1 19

12l 8. Explore20402| L =&

Achieve continuity with a sustained European presence in low Earth
orbit in the interests of science, de-risking deep-space habitation, and
unlocking commercial opportunities.

Allow Europeans to explore the Moon, to contribute to unveiling the
mysteries of the Solar System'’s formation and trigger technological
innovation in preparing for the human journey to Mars.

Expand knowledge of the Red Planet and prepare to take Europeans to
this horizon goal and return them safely to Earth and, in so doing, test the
limits of science and technology while devising and cementing an
approach to international cooperation.

* & ESA

3. 22|LI2le] RFEIA}L A
3.1. FNETE7 =12 & RFEAMZEY
Fe|Uete] RIUNEA 2 SFNUTISHO| Tt +3iEs SF/HUTIS7[EA=2I0] 2240] =t 2007
60l LHE M1A SFHETE7 =A== LFHAN] Oiet 2150] AL 0|2 ERfske 2422
20074 1120l dHE STHLAY MPHHZEYOIM R2(Li SEAL A= tigt EfY2RI0] Mee=
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2250 QXN W QUMY T HE0| STEE +E02 WHSIALL 20249 5Y 27Y
QFETH(0[5 QTH)0| AL M2} D77 LA ST S0 L4 I TS0 QFHOZ O[O0,
B QFSTHALR 51012 QXM 27 KIS FIHZS0|CH
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4) E.Turan, S. Speretta, and E. Gill (2022). Autonomous Navigation for Deep Space Small Satellites: Scientific and
Technological Advances, Acta Astronautica, 193, 56-74.
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Borrelly dll4& &5t 2005301 H52(0] YFE =8 NASAS| Deep Space 1 (DS-1)2 Fafatlt

O|2QIXIS Hatot 127tK|Q] =MAQI A 7|&8 Alet 2|x9 MRFHAMOIC FeladsS AEoIH
Ot2|H(Mariner) Al2|XLt 319 HHO|Z) EfARM, HO|X 1,25 S9| A0 LSt HH2} 7|2to] FAalstHnt X|72

A= M dls Sot AH2|SHUAS XEotH MRFEAMMO| FHHEEE FSok= 20| YLHE0|AC

E|ZNA| AHY SO2 YA DT 2123 SIA0| Jye e 7222 AElsta Tt s
X4 Pulsar Navigation 7|&2 HIE2 £E2 §|%oh= SHAME(Pulsan i &L= 37|82 XM ASE a'_é
02510 otLte] |2 HAO| A[ZHI} 2} HISkS 7010 HAMMO| HEIE FFSITt. Xl F4 B EfolY E
HiZ 2 S7F XM EIO|Y HIO|HE 7[RI R St= BM AlZt Ms SaE PNT(RIX|, &, AlZDE E&ish= _i>.'g.

28 2A0|0, XS AAZ 5= XM SR [BH LY 1=2] Pulsar Navigation2 Zakato] H|sH &9 5{6“1

HARMS AR 1EE N YES Fdoke 71 RYSt JIs2 TV QUCH 1980HDH =
HSFOHLIE 0|88t 7|& MR U222 X2 Pulsar Navigation2 20173 ZMFHAHE0IAM

2 St NICER(Neutron Star Interior Composition Explorer)/SEXTANT (Station Explorer for X-ray
Timing and Navigation Technology) &2= Pulsars 0|25t0] 10km RSS x| 2LFE S4& £+ USS
HOZACE 0]0f M 2016H = CASTE Pulsar Navigation?] QFHS MEOZ A= XPNAV-IS

EACIVES

-
/ -

Optical Navigation - Relative Optical Navigation — Star based

| W’fy‘

Ground-based Radiometric and GNSS based Navigation Crosslink Radiometric Navigation Pulsar Navigation

*ZX: E. Turan, S. et al. (2022)
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1.3. MLF EM7|E(Deep-Space Communication)
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ol MPF AUSOIS MEGH UCh ZABOIMO| MPF SYSAS HWGH| AUst0] NASA JPLS
JIZER MSZE SIS SAVISS JE FEIE 1A RIS ASE EUARCIO| JHut 37

Interplanetary Nanospacecraft Pathfinder in Relevant Environment (INSPIRE) 0|52 Z=0IRALH.
0| SHIEFAMM MarCO2} OF2H|O|A-10f|A] HALE FEQIA0)| M2E|QULCH.

3 QHEILIE =S SPMEIEM InSight

40
M
om
=
1o
12
>

Temperature/Wind Sensors
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k
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UHF Antenna

e saly / RISE Antenna;.:

Grapple

RISE Antenna

Instrument Context Camera = e
S
B [ 9 1 HP? Instrument

SEIS Instrument
(covered with Wind & Thermal Shield)

Heat Flow Probe

|

*EX: NASA

1.4. In-Space Propulsion (&AM FX17|s)
4SS Holeh B Aol The W F 3t FO HAR XEMAI V1Y g80| 43E WAeE
STLAROIA 22IE HARO0| S8 A7 H| WA B2 0lzAIE 4= U= HEO0| U= BHH
URO| MA| 7|3|H|IZ0| BIIoICt. LEHO = HARMO| S0l =ESH K] 2|4 6710 et AQE|7| MHEO0
HIE FZXE 7HMGI0 OfZH|O|A AHlge] |21 stdEHAIL RIZE[0| X[afot= TS Edstor|
floliME HESHUH| FLEE0| 0 SFHIYAZIS] HUNQl ZAZL kst T |FEIEA9] SAM
FL7|1&0] F=2g 2 QT SHYEAL MSIE lol NASAZH FHIUE 7|&F oilke Solar Electric
Propulsion (SEP)OICY. Oli= EfYTIX|ZEE A0IZI M7|E 08510 7|E Ststh] FEIAIAZ0] I 108 H=
ARt HH ARE|= FIIETIAAES KRS NASAE 2015H0fl= 4 H7F ZS0| 7Hs53H 12,5 kW2

1O
Electrostatic Hall Thruster2| 7H240{| A5t Ht QL. SEP= Q201 AR ZH2E £ S A9 2 7|stH

fJ

5) A. Klesh et al., “INSPIRE: Interplanetary Nanospacecraft Pathfinder in Relevant Environment,” Proceedings of
AIAA SPACE Conf. and Expo., 2013, pp.1-6.



241 sgii7dl| Vol.10

S =XIgH AshM ERIZ0| ARM(Asteroid Redirect Roboticc Mission)d| & 40kW7EX|Q] Hs2
Algdota] oLt 20183 KIMEFOZ Qlo FAF HE QL 212 S0 REUME FRISFEAM 2SS

Sloll 2& AR 7[ZE2& 400kg O[510] HESHTIC 2L 1S H|S o~ U= 2572 77} TIHE 11 QUCHS)
HH, NASAQ] 1271 XEM|CH EXAL |20 MHE0 Ad AstraAfZF7HE SQ1 ZHE AHA0)| 2ot Z2tA0F YMS
0|2ck= VASIMIR(Variable Specific Impulse Magnetoplasma Rocket, 7t H|x2 X{7|22t
2A) (A= o ST AR J7| R AAY F oiLtz 28 FUHME 0|28 & 71gotl 22tR0tE
714536k | floll TS ALEol0] F2 MdatLtt VASIMR T2 =2

52 HIE2AQ T7| F71 A0IS) ZFIS HAS 4 s 52S 2E HOR W)

ron

og!
0%
_O'E
=]

[
[
o

2

Val
1y

o
T
AW
10
fon
i
HU O
o
Hoap
g

30 WL
Nk
k=l

oz
H

SARO| KT -3Hg712] HEOIAIZES 71EQ| SIefFTIAARBLt 108k
CHE0| 7hs5iChe 2Ho0| 200kWZ(BN, Isp=5,000s)2] ZZIAUITI JHEI0| At HE
IARRE RF0IRH0I| SIS 7HME &= QU= 7IEE B7MUL QIO 2AXMOI M85t AEXO = XAk 1
IH0|Ct 20l E726k1, 20234 90| WHE Zion Market Research?)0f| 22 F A VASIMR
1Y 2= 0= 7|2 S CAGR 10%= H&610] 20223 5509 2| 20i|lAf 2030E77tX| 770

210f 012 AL ettt FHSI0 (5| siid7|&2 d87Isds £ U

r E(I_} rlo
8 &
nw -
.
2]
<
o 0
2
s}
rlo

=
$0
2

o 4o
™o 4
p> om

-

= 3

o

3211 VISIMR AT 7HEE 3 ARHY

VASIMR Engine Market

The global VASIMR (Variable Specific Impulse Magnetoplasma Rocket) engine market profiles key players such as Ad
Astra Rocket Company, Agnikul Cosmos, Skyroot Aerospace, Pixxel, Northrop Grumman, and Tsangs Group.

Regional Analysis

North America | Europe | Asia Pacific
Latin America | Middle East and Africa Antenna Feeds
y Magnetic Coils
! 2023-2030 E l
CAGR_ Sk e
SO AL

10.0%

Vacuum Chamber Hejicon Antenna

By Application

» Space Transportation Quartz Tu

« Asteroid Mining Follow Us On
T Zisn fYing
» Space Tug MeketResearch

www.zionmariteueseavch.com

* ZX: ZION Market Research (2023)

6) M. Casanova, et al., Feasibility Study of a Solar Electric Propulsion Mission to Mars, Acta Astronautica, Jan 2024.

7) ZION Market Research, VASIMR (Variable Specific Impulse Magnetoplasma Rocket) Engine Market, 2023.
https://www.globenewswire.com/news-release/2023/09/15/2744098/0/en/VASIMR-Variable-Specific-|
mpulse-Magnetoplasma—-Rocket-Engine-Market-Size-to-Surpass-77-Billion-by-2030-Zion-Market-Rese
arch.html
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2. STUMA L T2 7=
2.1. SLS (Space Launch System)

OfZH|0|A A2le| Ustoz T 3 SHYO=0| ROUFAE Hoioly| loi NASAE= SLSE 22|12 =Y
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AHO| E&otke Al 2212 EAM0= OHZS o0 ESPARL 221R= LAl O{EEOl=
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O2RENA ZHo|
GH[5t0] @3=Q101|1A St

SO 22 AT WL A7t O O{X| L QU Of2 T OtL|=t, =k
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Waste
Products

Sabatier Product Water

Crew System
al
-

Potable Hand
Water Wash/
Dispenser Shaving

Water

Soot/| PIoiACE E2f, YHR

OI_|OIE_I-A

Flall 2

2ol MAE

BEO| EXok= &5
RIAA— 0} XA

S Hio 2= FEo1
= 28t At HE

= SIS HHRANAR—S 7|
H MOXIE(mars oxygen ISRU
Mdok= 710 et A7t

Overboa rd
Venting

Overboa rd
Venting

*ZX: NASA

a2l 13, ECLSS P 7HEE

l—{ Wastev "—I
: Solid waste collection ) _ +
» H,0 Waste
.
. Storage | n
WASTE MANAGEMENT
| _isku_|

ATMOSPHERE MANAGEMENT

sy
+»{Exceed €O,
~»CH——> Storage

WATER MANAGEMENT

*ZX: Acker, D. et al.(2022)
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3.2. RFHZE U RF7M7|&(Space Architecture & Space Construction)®9)
271K] 4442 SIS KR} RS XTOMTE] LK SUoI1Rt B SRl HIZ0| AQS))
A

=0 S AROIA 2E 7Hs AHHS 2E0I0 A= 2 ditet 4= U= 71E 7HL0| E+HMRl =0T 015

floll =AY ST H0IME OO|2 2T A2 TIES Sl 2 X AHQl HHE(Lunar Regolith)S %
T¥EGI0 HEMER S8l /gt BTE SucHD AT KA HEfet QIS HHE(KLS-1)= 010|320 ?g
AZ YHS Soll 1080°C 01| 2E0M X 2|0 QS EHE 22NV EEH AZ2E7H 70 T2t E'E'.!
AZNQ Tt YFEIEIE S/t Jbh 2Ol Yot 2k Hald| [E A8z H=XMQl =0t W2 ﬁ
TEE2Q #ES YA £ Q7 H=20 g 7K 2E0 AMEE= 2= MzS2 SUH 40| iR SQ0I0t J.g
O|2=20 4z o= MEE USFHEE AZXQ EUFASs € HE 29 RARE #He oﬁ

q° (0]

2
tE-dA-M1E S0 QISEHE AZH|9 SYYA/L 2 HelE HOIX| ot 22| S4et 2Hs} =
otME D02 2= A EH QIS EHE AKX 2 € NS /1 A =eloiitt CIsEHE 22HE E
2 71X dEM=EE E8oP| floiMe wEY BEL Rt M=o S=8 228 7|UCRE #EdE ﬁ,ﬁ
Yotots CLE Fatlotal Qs S0 oM ZEM=2MO| HELE 07| Aot USEHE 22 S5 =
M=ol QoM D020 A2 JIEs &M 29 TS 2HF0l| HEst/| ffoh D0|220 TE AZ FHIE
TEOI A2 delg oYY A0 ol FUSQ F AFH D=TT-0| HEoH0] 4 D0|Z =0
TELZHH HAE Sot 2 BHMY 7|edSE SHE o1l A

3.3. SX|KEEE7|=(In-Situ Resource Utilization)
LTI Q| ME SHAXMEN| Qo XS A28 2501Q= 2t HIS S| 2loH, SXIXHES
2822 L4MoICt. ISRU (In-Situ Resource Utilization)7|&2 SMX| M, A&, XHRF7IE,
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AHHOIA X|&SHREE £ OF2H|DIA HZ0] 223t=HA MAMR! HAHLM KLt 7|2y T2HES

Z510 H1} 3H0IM Q] 2B 2 ARSIE QI5HVIPER, PRIME-1 S2| BIAIM QRS 48510 QICt 93,
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8) 3H=271M7|a AT BHO|X| HFE0F ATH(www.kict.re.kr)
9) MEM, DYIX| ZHMES QI8 Y XK &871%, Construction Technology Review Ssangyong, 2023.
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Task Sub-Task / Outcome

SHX| S 3 A GOt o 22/3E BN, 2R, 2/3UNER, XY, XIE & 240l st 1ot
Destination Reconnaissance & !y
Resource Assessment/Prospecting  * AFREZX|E, 33X XHE
N ES, 22 2 &Y o V7RIS, 3 EEY, AZ, 24 3 230 QB EY ¥ 22 +F
Resource Acquisition, Isolation & (Me™A)
Preparation o EYLES 2 QFt AHSHAIEA
A M2l 3 AHIXH At o SSMIE, E, M| ¥ MESA Hatg Sof ESAY SIHIEES Xt
Resource Processing / Consumable AHX E= A80 HEE S5EE MM
Production o URE AHM(CE, HHRAE 37|, ARTXE FHA 3), HEME
X HE + SEHEEREH UHEE, SMME, T, SEAARS Mt
In Situ Manufacturing o g AH|XY, HSALKY
X o4 o MXKIHECZRE MAME M=E 0188 E5FS, il 1x, &8 d4
In Situ Construction o HIAMM HSOF RASMIERM, T2, FHAM
LINRVIEIN o X ZEMEE AIESH 7|, &, &l BAE o|HX[2 it MY
In Situ Energy o EHUMK|, £ Y UTAAR, SFSHX|, RXHHA|

10) G. Sanders et al. NASA In-Situ Resource Utilization (ISRU) Capability Roadmap Final Report, 2005.
11) G. Sanders, et al., NASA Plans for In-Situ Resource Utilization (ISRU) Development, Demonstration, and

Implementation, COSPAR 2022.
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ZX: OECD.Stat, Share of female managers(https://stats.oecd.org/index.aspx?queryid=96330#, 2023.12.30. 2!&)
F1 1 3H EEXY ER(SCO-08)2| 47H2] 2|xt IJ/(HDAHK} - HFZPH - YR, BT - S D2IX}, WAt 9 HBMH|A B2|KE, HAY - 2002 - 7|EF M| A B2|XHollA FAY -
A0HY - 7|EF ME| AR B2|XPE H|2(
F2 1 @2220194, SF2t FLICHS 20214, LIHX| 27H= 20224 7|1FY

*EX: SAE SHNE(2024), =2 SDI O|#E WA 2024, p.51.

CESHOIA 2|CA0l UM, 2H|=S7|7X(International Labour Organization, ILO)0IA XZE5h= ML}
2, 07| g F85 OECD =712 oy |2 HIg2 BH TAEI2|7K46.0%), 2/EH|0H45.0%),
EEH|0KH43.5%), E2t=(42.9%), AYHI(41.7%), 01=(41.0%), HIAELI0K40.2%) S0] 40% 0|49 =2
&2 LIEHHCE 81 522 14.6%2 OECD HrQl 34.2%2] Hetf = O|X[X| Zott L=t S| 2[5+
&0 HREW ACHEAE SANLH, 2024).

2022 Ofutsty|EQides MEIREA HUOMOIME ISl |SAUNLRIE M2kt 5 ogHIg2
KEHo2 HEMIE H0|de QUKL FA| 03 21 & OMEXIXIO HIZE 12.5% $FE2= [f3{0]

18.9%= 7Heh =11, DIZE7|AAIT7|0] 9.3%2 7+ J| LIEFHTHWISET, 2024).
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EX: WISET, (2024), 20229k O{gutst7|SQ02{EE HEHZAL HIIA.
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SEER| Zoks PO R ACHRIHHA, 2021). HS M2oPs 1l [s=0f (g BT HIZ0| =1
2|tig §d0| 2L/t g LIS ?Ier 030| K{Ho| £FaiCt. 55| RADZ0F (g 2At2| A HIFO|
01 2R, THE LA 2L BIS SOi| K= oA 37152 (lditely =2l 38 2T g3 a0
Cieh &% AP == 5| H2 222 F/HE (EE, 2021).
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STEM 20 LN 2 ILEM KIS ISt 70| =2t2) 2E11A(Best Practices for Diversity and Inclusion in
STEM Education and Research: A Guide by and for Federal Agencies)lA HA|Z|QICt S0I22 X2
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SISt O H%et QAEY, O L2 ZHlcids=S S 012 1ol |=
Ax6t QT MOICHXIMIR, 2022; NSCT, 2021).
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miang 27101 HIZ3Hs STEM D2 T30j T3 2 W EOJ0| L S PRistn, Ef 712 U HE TAD} §510]
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Ag/eloy M uSEHIEE B

UDH WA - USXOIMA0| K, SN, ML} WS Y 2|CH 7|3 S0f 0L GBS OX|=X[0f ChE QIAIS =017 /3l
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*EX: XIM&(2022), p.4. 22 XA FIL

|2 0] S5t 5t &l(National Academy of Engineering, 2024)2| SSH20F0A{ 2] CIAFA, TN, 8
0]4E L2 the Bridge 7H2&(The BRIDGE: ENGINEERING a Diverse Future)tA= STEMM(Science,

Technology, Engineering, Math, and Medicine) 20} 0441} 225 ZAexnt 2
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Ol ;L 2HOIM

Lo RAl, 2, SA1 & 285 /iidotais 2|H AEE, HEZUA o & Lot 24 L 93

20(9| LS KXok SU2A(allyship) 22 CIRIFHOIT H7|K0! =20 WRNS UXGIUCS ZX0|
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7IX|2} SiE AfO]2] HiE 11| HES C|0|oHH, RS0l g2 2k, 715 oF9| Folet 8, HalE, A7
AR}, HetE AR 5 A AT HIHO| TSt H2 WAl 50| STEMM 20f0A 044 2| “=4= I0|Z2fPl(leaky
pipeline)’= 0f7|ot= 22102t 25K CHMurrell & Allen, 2024).
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AECHXIME - HEE, 2023). EEot FO{ 01 SV IS ol | I8 o S§Al7He(the Women
Innovators Prize) +=04E Sl 2|7|XQ1 Of0|C|0{ 2 &0 Fot2 71T 032 2Fok AUCKEC, 2024).
MRIIES UE HAZ =X H-2 50 XSHQ HalE 7= H
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W, EU RFEOIM TH2 20F, 7|2, ZS Tl st oM EXUS MAISHOF Sttt &M, 0182 B7t
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S Z8 XUSOZ OF EUS HB X3 APl
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HaKsustainable structural changes)Z 0| £ =2 0|2 X|[HaHOF SHCt OfX[EoZ
HERIE A= += U= 78t ARIUS 2&E 02 KRS Soll 1A 2H2M2 0 7 ES

QICHScience Business, 2024).
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