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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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Orion Stage Adapter

Secondary Payload
locations

_47 l Orion Service Module |

Interim Cryogenic
Propulsion Stage

Launch Vehicle
Stage Adapter

Core Stage

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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Fig. 2. Artemis 1 mission scenario. 10 CubeSats deploy in A, B, and C [4].
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Fig. 3. Placement and deployment schedule of CubeSats inside the OSA. Each satellite is
designed to be deployed sequentially according to mission requirements (Image Credit:
NASA). OSA, orion stage adaptor.
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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 salil
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 57| I3t 7HEtet =247 GAEtHTable 2)(0].
A WA JF+= Orion©] SLSH £2]& o]% SLS9] A4 T+H21 Interim Cryogenic Propulsion
StageE EY2UTHFig. 5). o] AFE Sl ZA N U= W SAlOl FFol= AglA
739 AAAIN9} Ak AL=E ARt 7Het gl = 7R B2 g7 7iEt
o|cKTable 3).
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PM: Proximity flight maneuvers
M1: Lunar Fly by Maneuver
M2: Final Maneuver for reentry trajectory

Deployment

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

<A S Aol fdel 4 7183t E fly-bystal A A== ©]

o}
o A= olHEC] whe- AA Aol AT A1 8] Ale &gell

Fat= Zolet. o]
ol Hr. A7E TS ABINSS Q0T A7 47| HS BEY A NS 5
PR ©] A9 AL A7 A1 G WolB R thE e AFgalof ek ArgoMoon
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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.

3.2 BioSentinel

|

BioSentinel& A2t YT S| 918 QPoIet YT BIEE AT A7V de] A%

% @701 Aol 1A BIX|E G ZAIOL £ SRFAE Aol Fi

HojA] Mol 108 AY A7 Aol YRS SUTHFig 6). Lok LTE DNAZH

4= Qi) Aﬂ o AT AL AA S BB AL I BT A

PUIE Aol PET AYOIT, A T FFU, ks AW 231 UL 4 9
FFolx, ThE Shhs DNA B3] 432 7K 31% agelct 5 s&wo ]

Ao BN oA 83IA st

nE
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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] ARE B A9 S0A QIte] B o= = WAL
A FsiE AJF3) sl £ol= b Ewol 2 ACE 7|diHrh

ESE A 95 A HInternational Space Station, ISS)olA] 22 Alglo] 3= o o]
t}. ISS= A= (low earth orbit)o]| B &2 49522} G| ¥PARAo] HlwA A1 2|7 FE9| o
T WA ok A S8 2 YA 2ol i {71AE e 9 Hlash] {5
oA 22 Ado] XIgE ool

3.3 CuSP

CuSP(CubeSat for Solar Particles)= &4 7+ 33104 Y 4 A=E 51 HFZolu
Zdo(flare), Z=2Y AT WZE(coronal mass ejection)T} -2 Ejd&Fof A 7]Ql5k= ARt
E8 B=she F7IAR Aol Fig. 7)I10]. AT A7) sl BlgEES TAlsk=
A2 GHHAQl Q1591 2B S W, AR ojike] Amrt Hie- Aok 1 TEolA
Hl-go] Wil aqfE g ENE 2AaF o] Al Adsttt. AS71= 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)
BgS YA A& 18AL VHMS A1 Beot Wik S4e.

3.4 EQUULEUS

EQUULEUS(EQUilibriUm Lunar-Earth point 6U Spacecraftys A7 95342 o3
st7] sl A ETtAntES BAltks 58 AF dolthFig. 8). AlIRA AF=
Z Y 7R VY 7A@ 95, 3709 skl F7t Qlk 71eAld 5= 914301 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
Solar array paddles atch antenna

Sun sensor

DELPHINUS i
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.

(Earch Moon L2 poin)® 7h= &% 2 #9] & fly-by2t Z2 oA A5 A A
o] 7l&& Algett. FEHIF Al 7HK)= At SetAnHES] YAEE, 2 S= A8(impact
flash) J&f, Ag-g G| gE & S 07 Z47t] A7 2AetH12,131

PHOENIX(Plasmaspheric Helium ion Observation by Enhanced New Imager in
eXtreme ultravioletq= FARIAE FFsl7] QI 7HZtE FeHA= ESATAS] 48
2%l IF o9 HEA ﬂX}(BO./L nm)°ll &3} Fof Qlrt. AT He "olH EehA
nFHO] AA| Hzof et F/dZ FFsto] 3714, AR Xislo] Higt ThAE opdich

DELPHINUS(DEteCtion camera for Lunar impact PHenomena IN 6U Spacecrafth= &
FE ASE BS5E SHE Ik 5 o~p4 9d A Wk oy AR EA7A| & Holl=
40| FEotaL Ut ot 927t ARk o2 Hi= gl Jo] RFoi = FER Qs Y
St W& Aot |7} ofg). W] Eigfdlo] TEsHA] e SYAIFAA S &4 =2
0] Ee BEShe 0= AET o o 92 AN ST & Qe AlReE
92 = 7 W "l S= A #500 Aot

CLOTH(Cis-Lunar Object Detector within Thermal Insulationy= 94 2]5-of A== E
& AS7E 7894 35S A6k, A2 Alo] 32t BE9] A7]9F 33t REE Dot
U= Aol F3oloh. 2xg EML2 A9 BlE &3S S4cke A7 v S:83APt
EML2E Al o 852 $R=EE d&5ste =& &8 & Utk
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3.5 LunaH-Map

LunaH-map(Lunar Polar Hydrogen Mapper)= & ¥= I+ 29 A F(permanently
shadowed regions, PSRs)9] 4 & AEE Alol= UFE 7HA]3L IthFig. 9). 71&9]
Lunar Prospector®} LRO(Lunar Reconnaissance Orbiter)2] &R} R E Z7RAIER
TEAY fa A EF A4 o AFE 3l oA ARl A oE SolH o
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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 Zolot FH FHEO| ERE AAo] ERIgtoH] ofo g ALES o]l B9 S Tt
ofsh= o o] & 4 Utk fAL E A=E St dRE A% T &
FESH] AFRE TES o[k

Mini-NS(miniature neutron spectrometer}= SAA} £-57|2 LunarH-Map2] EAA0]
thFig. 10). —%—’ﬂ(cosmic ray)°] B3 S=ot0] IH ofg7tA] HEd oUA|Z Qs F4
A7} Ayt - 2 Hepithermal neutron > 0.3 eV)= $49 SE319S W, o
YAE ¢lo] & ‘:qoﬂ ZAEH AUAE FESH Hoh Mini-NS= 919 o= #H

¢)
ol
4
D)
18
=2

(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]
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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)

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,,
OHIE #Ssk= AFE ltHFig. 11). o149 BAIZRE G9] 19% Ao &} 4=
A7) (hydroxy)7t E4ek= 2 ERIglo, 71& AS7EY AAe & #52 35 FA4

gob et WSl AV A M 2] 3 3 2 540 B ASV

- YT

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

Fig. 11. lllustration of Lunar lceCube [15].



J. Space Technol. Appl. 2(4), 287-304 (2022)

BIRCHESE HY/4dS 2ARNE New Horizons®] 224 H337] Ralph EAAIE A3}t
T AT 24P GAE FHE /U 27379 370tk 2715 £0°17] S8 94
A Hgrating#} 2= A1 Fejo] F3HA7} ol linear variable filterS AH&SHHC.H
P2 L 1~43 pmE B0] B E40] Uehhs 3 um F9S Eei0], gshn
5 nm= "¢ E=TH16.

3.7 LunlR

£ o5 SkyFirez ¥BHE 24P om S SHIS B30, o 52 =
H2 skl g3l of=Hu|A 10 H7IsHEA LunlRE o] 5S BHEAL HidE = A9t
AtHFig. 12)17). 91849 FAAIE 1719 Aeld AlMz 2o Hat 7 Agaglel S 94
(mid-wave IR) HolA & 3] AHEHT} AoV 7 Hlo] &
tH18l. S edolAe] B B4z sl AME Qo 2ot Fl Fsl o= A=l &
g A & e M AAE B 27 $57](micro-cryocooler) AlA5H

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}
I QtHFig. 13). $1490014 LEHE o2 AR8ole BEES BEAldl: FHAIE AREs= Ao of

iz
1
z

)

Fig. 12. Assembled LunlIR satellite [18].
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Close Profimity Science
High-resbiution imaging.
10 cr/pX GSD over >30% surface *
KGs: Local morphology
Regolith properties

NEAS Camera
(Updated OCO-3
Context Camera)

NEA Reconnaissance
<100 km distance
50 cmipx resolution over surface
SKGs: volume, global shape, spin
properties, local em(iro'nment

Reference 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 gjoFo] EARKradiation pressure)Q & FHL wrong =g Ao 7l o) 9
39 FARA, it A7 59 B3t Qlo] B B2 24P AolA AdRt Alefeltth

SLSOIA AFEE o] Foll= AF2RE 1 AU SHZoll 2= =71 100 m "]9He] NEA] A
Sto] FdE skl 42849 I B4, B S EHIL #ET o U= 4%
78& 2020~2024 71742 7L 9F 409 A7} itk 7hlEhs Mars 2020 2H Q] HiH]
AlolA ZH|2Hnavigation camera)?} -FAFBFH20].

3.9 OMOTENASHI

OMOTENASHI(Outstanding MOon exploration TEchnologies demonstrated by NAno
Semi-Hard Impactor)= & EHO| 2F5(hard landing)dto] & THO] WA $4& =4
Sk= AFE 7HAA 21 982 A5 Yol Ak Z-E(orbital module, OM), EA &
E(rocket module, RM), EH X -E(surface module, SP) Al 7}X 2 FA4ETH22].

25 AU 2= IHOMPIA ZFA] SHET TS k= oflofdls B3 & ZAF4H(SP)
o] AREHL, SPeF AFE ] QU= FFA HERM)E ARt AMfHsh 9] £E2 &2
tholl SPe} RMe] #2jste] SP= & #Ho] 25 ghth(Fig. 14).

3.10 Team Miles

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

& 12709 718 ARESH] Al ol s Z2 7124l 303 ApA| Alofof] B ARG
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<lLaunch day>
Attitude control
for pointing sun
[~ Orbit control to
f impact orbit

OM : Orbiting Module
“d - SP : Surface Probe
<day 2>

<day 4-5 ! just before landing >

_ SP is separated from OM.
Total mass 12. L‘ d < leration by rocket motor

Landing!!
Rocket Motor 4.
« 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]. 9182 718 AR&SiA & v™ 4009F kme] FAD H|PS ZHE Flrt.

SHARE 2AF A UFEC] FE ARG At Ao R AAY S419 of#Ro]
i} 2814 NASAQ] deep space networkS E3l Y497} SA1E Shct,
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4. 28

ofzelul2 19 243940 AFE & 10712 247 ek T8k, 7144 ZRE AR
3 9k ojaig PR AHL Orionol & AER K= ool gl BES NHBS
u ghelol), Nkl QIBSITR Tl AREE NYHE 22WP0 A B4
91 o ARIS] AR AoFe] B) ofolA] 2t SPgS ket B 2kt

QJ50] ol Tote] Bae ST YL £ 7p2 TR} 958
FTET AT AN, Bepavlo] 45AES FAR st glon], YTl
HHo] B2 wisl] ot BABES FAR o1 ok 714H BEE S 2e]
A3 95 g Algtolet.

4G9l RS EYE ofF, JRE ATE

M wfl o

AT o] Fo1F oL, of| of=
Hul2 122 QIs) 2% gielA ) A7t Aot ot 24gepdel A5 45 AR
7b AE Bl RAREE WO wiE] vl FojA] fejE= FEo] glou, A9 R e
E5E ARl ANE EEsP] oo Am AR A 9 Folhe WA Hi
ZJo

o¥l ofZElul 13 24P YFE 2 ol ¥ 4 Urk

rlo

el =2

o] It AR(IE|EHBEAIF)] AfPoZ AL XYL o} SFE|9iL
UTtHNRE-2022R1A2C1092602).
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