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Abstract

CubeSats are being utilized in various fields such as Earth observation, space exploration, and verification
of space science and technology due to their low cost, short development period, enhanced mission—
oriented performance, and ability to perform various missions through constellation and formation flights.
Recently, as the availability of CubeSats has increased and their application areas have expanded, the
demand for high—-speed transmission of large amounts of data obtained by CubeSats has increased
unprecedentedly. Laser-based free space optical communication technology is capable of transmitting
large amounts of data at high speeds compared to the existing radio communication methods, and
provides various advantages such as use of unlicensed spectrum, low cost, low power, high security
characteristics, and of use a small communication platform. For this reason, it is suitable as a high—
performance communication technology to support CubeSat missions. In this paper, we will present the
core components and characteristics of CubeSat-based space laser communication system, and recent

research trends, as well as representative technology development results.

o] 1 9 AolA FAL FHA, AolA F4 Ed, B4
Keywords : space laser communication, cubesat, laser communication terminal, optical
ground station
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1. NE

oX
filo
u)
>,

22 9a900] B4t wWsjel wdow A vlgo] 24 4wk oY Az
slo] Au1g, B AN 7K, AR AR A s, 24 9 we) 75 B9 TR g
5 ofe] AL 7T Y FEICubesade] A78S, SFFA, SFUY 2L 95

HES v|FE3ta] AHZ(LEO, low earth orbit) B4 HEQF 1= 58 B o= I
=]

g glo] §435] S7IskaL Uets,0l. 1=u 712 X-tHY ¥ Ka-tigy}t 22 54 Ful4=RF,
radio frequency) 41 W42 AHEY 718/do] ARk 1, X&H 02 F7lol= thegd A
& & S0 gt 8 FARRE 555171 of% A Aol Awskal QUHH1L3,71.

o]H St Ao A A8-27t SBHBAIFSOC, free space optical communication) 7]& 71&
RF B4 %4 div] 1402 ti&F dojg Afo] 7ksskal, HASIHHY(unlicensed
spectrum) AHEY AR AH|E, AAY, £ HOF £4 9 AR ESE0IAN 145 F
A& Flo]2E(payload)® &8 715 & Tt AR AlFote] 5954828, space-to-
space), SF-AAHS2G, space-to-ground) 7t 211&- & 9F B4 YEYT F=2 9
gt HHo s ghle] AFEI QUrH6-11). FELEY AF7E BRsiA 1 S8-Eot I
o wh FELFN el T &2 Holy ME $EE Q7cks 871 A F7oks A
ojtt. T AR FEAY BAE Al 4%, B, B2 A 4H| EAS As 44
H FEHE F Fo]A Al Huld(space laser communication terminal)¥} 0|5 &-&
2k 528 9 S2G BA7I&0l thgt thtRt A} AFo| tiat ZEAES Y|Ho g nj=9]
BT 9F=HNASA, National Aeronautics and Space Administration), AEFRATLA(PL,
Jet Propulsion Laboratory), MIT(Massachusetts Institute of Technology)®] A4
(Lincon Lab) ¥ FH$9F=HESA, European Space Agency), &Y ¥39FAIE(DLR,
Deutsches Zentrum fiir Luft- und Raumfahrt), @& =BFHFAA7]7HNICT, National
Institute of Information and Communications Technology) 5 95 71& =3 A4 A
TS AR ZPE| L QUTH7,11-171. HL 2 Fo|A 4l HuldS "AT FE94
2 PAHE(GEO, geosynchronous equatorial orbit) $AS Z&3sE THE /4] viEn
(backbone network) 73, AHE 9148 7+ BAI(SL, inter satellite link) 7= 2 AH%E 9
A1 H5E HIBA E= F37] 7 oA B4l I A4 5ol A0 TS ¢ Zew
71 € eH7,12-18].

2 =wolAe FEG 718 5 FlojA B4l 71se] @A g aaet B 9
T AV 2 FlolA BAE sl B agt 7o tisl Aesta, 2T ATsE E FET vl
o] ti 77 Aot oA FF 7Y AlE 5ol sl A} gkt

2. FHQY 7|5t HOIY EM HA THRA U X
2.1 27 YO|X EA HIHE

FEEQ] HE 712 A 242 FEASE golA B4 Huldof thisf v A4
St 327], BA|, A 4H]|(SWaP, size, weight and power) 7S 73t} o|2]gt oG04
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FEAGE HolA B4 Hujdd B2 SWaP E4& AL E 29} 7|& SHoA 4%
A alo] 4ot WA W2 SWaP 242 Aol 974 7i-Htelescope aperture)?
FHIEAF E= FES Z6t0] JAS F4 Fekiel 4l FHR9] 4 (monostatic T
+ bistatic) & B AE F2 AAT} lS- S5tk 59 THAE AT 27 AA B5t
AlA" 9 Fo]A B4l Hrlde] F7|ef RulE AT Bt ofuzt it Z9] oY ¢
o|A Al HA #5314 B4 F4 RAE AT oA 84l B3 vH(link margin) FEE
sl AlEet 7o) "ositt. PA vidl EEol= WY Tt 7] 2ol $A §le) WAk
ZE AS A, B &9, AV A, B &4, 93 34 £ T U 84E50]
A 2= olof Ttk o714 FY S 25T FES oA 4l I vkl o
o] AlTSHAEE, 4H] Ao F7bek= AIE Atk olF% #olA Al Bude] Sl
T84 7F ST A(trade-of)7F SAEZ AT U AJAH] QFARSS FdZHoFE 17
sto] AAlstar, BRoj wet tiet 7|eE E85ks o] 8 Y A=, BH &S =
oA i FAIZ] ol 31 A FerATE 1Eg AASHL JATorN FAl 1
o] HiE HAaskohs 7leS B0l FAIRE YAk FAISY] ovA] ExE =9
2 3 vE #0)1L, A @4 7HsSt tlolE £E gEE o] Qlk

theo g FHSE HolA B4l Brld A% 9 HFEE Al BAE9] S4lT =41
of AEEE EffAH(ransceiver) & B 4l TS HES FELV FHE(form
factonol HEF 43t 9 £33} sl= 7]eo| stk olE fldf FA HA =
(photonics integrated circuits)ol] ¥F=A| 718 oA FL(laser diode), SNEHR] FHZ7Y]
(APD, avalanche photo diode), ¥1Z7](modulator) 5 55 A&}t AZ(ens), LE(filter),
A& (splitter) & G5 £AE Zole] 14 HAE 3R2E 2K E(on-board) E5HoF
qhtk. o|FA =g SR EWMAY RET A B 7} 4 940t A tjuto]Aof of
off = AL 2 G T EAS 1EE 315 Al 2700 w714, &, AR Al HS
= AR, A=3S SHHEofof gt

2o& FHY gAY 7kt dlolA B4l "Huld S flof dlolA A 83 5
4 292 8l Yo F "Hast PAT(pointing, acquisition and tracking) A48 F&gst
4 Ag3} 7o) 8-H) PAT Aloje FEAAGY 23 ¥ s Fret 54 B3 F4
o] o} coarse PAT 2 EQ} fine PAT REZS 2320 & Aglsto] 5215t & == of
£ Zo] ¥t olt}. FojA] F4l P3PS sl SAl ’lz 4l jlo] Fets] st Bt
ARE AFEEE s S DY PAT Z2AAE FEAAQ] A4 24 2 Alo] AlA
Hl(attitude determination control system)}2 &-&3lo] +1° WHQ W=E coarse EQIE
(pointing}= =35, oA B4l Emd WFRo] m3he FA A" HAH FPA(fine
pointing assembly) Al01E S3l £1° H9Y B YES ~F prad FEOE HE5
AFoles Sh= fine XRIY AE APHTHIT]. o714 #olA B4l Hul'de] FPA= ¥
HEA o 2 37Uk AR 3% 7|(QPD, quadrant photo diode)@} 114 2AE|o]3] u]Z|(FSM,
fast steering mirron® =, 9ol wet glojg 4 913t APD7} A L-8-Hrt.
QPDE= AIH FlojA E4l Huld EE ZXASHOGS, optical ground system)ollA] Ed
HIE WS AAsto] 24 R oAlS S45t0l, 2HE nfojag HEER o5t 48 e @
5 Aol &85t FSM2 PAT Alo] FLE Soff HlE £ & ZteE AofstoExn 44

(R
(o = H

ot
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7% QEAIS 4143] BAISle] HolE 412-S ol B8Hm, AthH dolq 54l &
o] Sk 441 W] HE AP PAA(point ahead angle) 7% A1F-S 3 %41 ]
o] BgAT FEVE Fol4 B4 Huldo] AHgE= QPD % FSM 2EY 7le
s A1) utel ot ag A4 2707 WAE 4 glons 2% QPD U FSM BES WAt
A WS gEe] HAst 447 wastch ohed AdE RSy
ALE 8l PAT Alo] RIL HA51S B3 An|e Hasp} Buislolof g,

ol
3%

A, o5 ATt F

J

2.2 FXg= MIHE

FAPSAE FEAEE oA B4l Huldyt tixFos W2 SWaP A|eF 2704 Agh
Aog AFETE ot olfE FAV ST FESIE oA S4l HudE & o
FEES AAIsto] 148 FlolA B4l ElHdolA m|eRet 4127t mEsHEE HlolE §Al
< 7FsotAl sk, B33 PAT AlAEE ERE 37 714 845 FH[RHo RN Q13 9
& Flo|A S4l Elrldo] k= F2 PAT AEE A5 TAE ok TS it

HEZ 02 FRA== t7] Y atmospheric turbulence)Z A3l FA15 2] X Hphase)
I} A= (intensity)7} HotL, A5 o] WAsk= @S AAAIFICEHN ol Al 4
o]7] 9f8ll 4-383HAQ, adaptive optics) AAEE F7H 0= FH|HLh 2833} 7]
FEoNA Aol =3 v A ASE FAR FHF E= F 4270 5
AA713L, AlZtol mE Al FF] A M-S A7 le 574 7ol B4

o
=1

o rlo

—E

o o
o
%
L
fo
ot
oS
X,
)
g
l
iic)
9,
>

Ir
el
o
filo
X
[20d
ok
b
Y
i}
o,
)
=]
)
i)
b
i
ﬁ
N
o

Z=tt. A8t AlAES tiiA g 4l o] uhd S 9 BAS 919t o AllA
(wavefront sensor)2t HEH tHHE BoE] 2t HE A2{(deformable mirror) ¥ °l&
AR|7F Alodl= AloJA| A"l(real-time control system) 2.2 A E T},

BRSOl FEAGT FAVET 2t FlolA Al F2 42 s PAT Z7dA e &
|5= HlE(beacon) $4717F 70 & HAH. FAVYTE Coarse PAT ZEA|A o
AolA =& 3 S48 W2 1E9] H|IE WS AMSsto] FES WA ZRIFsha, 22
AL S Hofl HIE A8 E= RF A5 S83F ned] JHE FAlste] 78 o=

%Y AEg 2,

ol

3. #E{Y 78t Ho|N S ALSE

FELE 71Nt §5 oA B4l 7IerET A5 913 A= 20109 S0 v,
4, 92 594 =7t Z2AES &9 7t =AU LH, AAEE o851t Table 1
ol AR 3E FEL 716 FolA B4l 7]e T S22 ZEAHE} 4PA] U8l
=0l et 72t TRAEE 21 H43 E40 wt AR tE P2 79, A5 A, A
& &, |2HA 9 FolA S4l Huldel =27, 74,

HA AA 2z FELG 715t o] B4l Ho|2E AF= vl=k NASA?F US Aero-
space’t 5522 =35t OCSD(Optical Communication and Sensor Demonstration) &

RAER FUIYS BBsl] 95 dolx] A YA AL, 94 7 B4 A e

AHHY 5 ERS 2

.
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Table 1. Details of CubeSat-based laser communication projects

OCSD CLICK-A Q4 TBIRD CubelLCT VSOTA
TESAT/
Research  NASA/US
NASA/MIT  NASA/JPL  NASA/MIT DLR NICT
institute  Aerospace
us) us) Us) (Europe/ (Japan)
(Country) (US)
Germany)
Link type LEO-GND LEO-GND LEO-LEO LEO-GND LEO-GND LEO-GND
Range (km) 450 400 200 530 560 700
5-200 Mbps 200 Gbps
(downlink) 10 Mbps 1Gbps  (downlink) 100 Mbps 1 Mbps
Data rate
10 kbps  (downlink)  (downlink) 5 kbps (downlink)  (downlink)
(uplink) (uplink)
OO0OK QPSK
Modulation  (downlink) NRZ OOK  (downlink) NRZ
PPM IM/DD
method PPM /M-PPM PPM (downlink)
(uplink) (uplink)
0.27
Optical
(980 nm)
power of 2 - 1 1 -
0.54
terminal (W)
(1,550 nm)
Aperture
diameter of 10 (Tx) 22 (Tx)
- - 20 (Tx) -
terminal 25 (Rx) 23 (Rx)
(mm)
Aperture 400 1,500
diameter of (stationary) (stationary)
400 300 - 1,000
telescope 600 300
(mm) (transport)  (transport)
1,064 1,550 1,550 1,550
Wavelength (downlink)  (downlink) 850 (downlink)  (downlink)  980/1,550
(nm) 1,550 975 (downlink) 1,637 1,590 (downlink)
(uplink) (beacon) (uplink) (beacon)
Volume of
96 x 119 18x10x 9x95x
terminal - - _
x 96 10 35
(cm)
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Table 1. (Continued)

OCsD CLICK-A Q4 TBIRD CubelLCT VSOTA
Weight of
- 0.8 - 2.25 0.397 ~0.7
terminal (kg)
Power
consumption
- 15 - 100 8.5 10
of terminal
(W)
Launch time 2015/2017 2022 - 2022 2021 2018

0OCSD, Optical Communication and Sensor Demonstration; CLICK, CubeSat Infrared Laser
Bidirectional Communication-A; TBIRD, TeraByte InfraRed Delivery; NASA, National
Aeronautics and Space Administration; MIT, Massachusetts Institute of Technology: JPL, Jet
Propulsion Laboratory; DLR, Deutsches Zentrum fir Luft— und Raumfahrt; LEO, low earth
orbit; NICT, National Institute of Information and Communications Technology: PPM, pulse
position modulation; OOK, On-off keying; QPSK, Quadrature Phase Shift Keying: IM,
Intensity Modulation; DD, Direct Detection; NRZ, non-return—to-zero.

st o7 Ity OCSD FEYAS o]-&3lo] LEO-GND(ground) AE 34E X
Y 9 FHA B4l FA A5 915 OCSD-A 14do] 20154 10€ HARE| L, OCSD-B/C
fAe] 20179 114 HAREIRIEH13,14]. OCSD HIAEE 912 g oglo OCSD FEYA+
vl Aol E&(Wilson) PR IXIEE B3R = FHHG0 cm) 7 Y FHE =
Y 4 FFA B4 HA ASE H5H 200 Mbps £ & th-g=0] Ad-g33icH14].

NASA9} MITE FYg A4 400 km Bl FE9/43E &85k LEO-GND 7+
TEA A B0 =2 CLICK(CubeSat Infrared Laser Bidirectional Communication-A)
Z2AES Yt CLICK-A T2 E| AMH FEAGE FolA 4 d27I(1.2 U=
7ReH]E A4S A8l A8 7]14E(Commercial off-the-shelf, COTS) 38 X2} J4d+
BA|7F ARGE T NASA= CLICK Z=AEES F3 FSM2 &-837t A 2219 45 4 Al
of £X AWHEE ATt Ee W2 Wl F} pAIZS 2= RE AIRE &85 27
PAT ZEAA BIAES $FTH13,151

NASASL AEFAATAE A 7F A93F 335417]1(ISOC, inter-satellite omnidirec-
tional optical communicator) 7|8F XA 3 943 7t FlojA HF3 EAE] Q4 AFE
A|IRFSEIL, Gbps HlolE £e& tro] FEY 1F 5A] 54l 782 FI5l WAt 8 AT
A% HEE FHU Q4 IFol= i Aok AMZR(360°), Xt 200 km AT =41,
Z|tj 1 Gbps Hlol8 £=9] §14d 7t 41, Al ths ARAF AAIA FA] 715 A5l AU
Q4 YF= 06U 7] FEE 4712 741719 9 91487 3719] 5 1=, 2 FE
9Ao|= 10 mm Z7]9] £A17](Tx, transmitter)2t 25 mm 37]9] $417|(Rx, receiver)=
2= #olA B4l Huldo] g€ rH1al.

NASASF MIT 374 COTS A 7]es &8skl 2o 200 Gbps(Add 2
100 Gbps) Hlole] Ad 25 2H= 6 U 2715 28 FE94T FAA= 2F LEO-GND
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ohe-F 3 AV ES e 2 AE817] Y3 TBIRD(terabyte infraRed delivery) Z2HEE
S33ct. TBIRDY tht /A H-8-2 Chapter 4.2°0 AJAl5] 71&=]o] Qltt.

539 TESATS 2018¥ =Y DLR ¥ GomSpacerlel $H4 §A12Q1 48 49 I+
8 9 ALY HARR 7Pke 22 §5 TlolE S AH|A AESHE fIsl LEO-GND
2100 Mbps T2 =5 AlESH= 0.3 UO.5 x 9.5 x 3 e’) 2719 FE3E Fo]
A B4 Tk A EQl CubelLCTE 7HEgict. CubeLCTOll thgt AA| W8-S Chapter 4.1°
AI8] 71= o] Sk

AE NICTY] 9= #loJA B4l A+ IAk= 8=, 20058 A2 AAE A4
I A 2 FHE FlolA T4l B 7= Vles SEAY. I R FELEE dlolA
EAl T7] d7= VSOTA(Very Small Optical TrAnsponder) Z2HMEE &3 20164
NICTS} T==Zdsto] A dsto] AIFECeH, LEO-GND 7t 5412 Z3&E i)
VSOTACIA s FE98E FlolA S4 DEe 72 = 373980 nm % 1,550 nm)
s AYE 5P = IATH13].

4. HE 7S Al R oM Jls

4.1 98 CubelCT(7HY X2 2 #lo|X SM E{0])

CubeLlCT& 243 #lolA 54l Huldx 914 Fe4l EopollA AlAIA AF714<Q1 TESAT
Spacecom® &Y DIRY &4l %@ & AXA(institute of communications and
navigation)’} 552 & /NS X3t OSIRIS4CubeSat(Optical Space Infrared Downlink
System for CubeSats) Z2AE A3} £&H FEALS st A& Fo|A B4l gHuldo]
THFig. DI19]. TESATZ AAZ-AF 7t glolA] B4l 48 £F45 AlFsh| 9l Z2HE
Z717Y =8 7o 2 A F57ido] Hoddltt. CubelCT= AMGAIRF A+ 7]do] 242t |
et Bl dnet 9 E3eS o Addsto] &t AvER I TRy A2 5 E
o] &4l Eu]do|th8, 17-19.

Fig. 1. OSIRIS4CubeSat project: (a) lllustration of optical download from CubeLCT to optical
ground station, (b) highly compact laser communication terminal CubelLCT and (c) optical
ground station on the roof of the DLR institute of communications and navigation in Oberp—
faffenhofen [19]. OSIRIS4CubeSat, Optical Space Infrared Downlink System for CubeSats;

DLR, Deutsches Zentrum fir Luft- und Raumfahrt.
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4.1.1 CubelLCT AHA|

CubelCT= FES FEl0] 2 AL=lom, 9 x 9.5 x 3.5 cm?(~0.3 U)2] 32712
0.397 kg FA & 85 W2 13 AH|HE EAS 2H= FHYAGE oA B4l gudz
Ao A2l & 7|7ES oF 50|tk 0.3 U 712 4F3kl] Yl CubelCTE Q14 32
713HPCB, printed circuit board)}2 45t HIX| &2 AREslo] 345t HEZ-8 PCBO| x|t &
AACH17-20]. 27] CubelLCTY] PCB A2 F¥igo] e HE S0l W 275 X3}
7] 95t BAog AWAASCTE, coefficient of thermal expansion)’} A&o] 717k
Copper-Invar-Copper(CIC) AH&-0] 1|31}, AA EATA A CIC =g AHESl
T Bt 123t A9 9 PR 7AA PCB Aol 53 7]l (optomechanics)
9] FHQJo= <ol FES HAG] ofgle AR Uehtdl, o|F didsty] 95 DLR
Bt BES F N dFule ES0E e WEeR AAE WARC20l. 1 Fi
CubelCTollE ¥F 03t SHAAS7E EYA]6H: CIC ARES HAls] dukd<l PCB A=
ARgo] 7Fs5HA| E|Sitt.

UYurzog LAl Wz} Al Hlo] FE BERTL 348t AE0] A9 Z7lo) w75k
FH0o7 Z7RRI) o]l olfollA F dFuly E50] == CubelCTY BE P35t
252 2 7Fs3t HAUS glo] FEEEE AAERIC ojeh 22 FIHHe FIA
o] gt Azt A AR sAE 1Ee FsaE dA 94 24 @73H201.
CubeLCTOlA] 4241 8HLY] 7L 20 mm Z71S 7HAH, glo]A] Fhe AR Hose
Floll A= 1, Setolw AR A= 5 W2 347} Akl QIXIgE Q14 32 7]5o] 914
5, 4171 A= EE2] PCBOll HAlE o] A o= HAHTH19,201.

OSIRIS4CubeSat Z2AE 7PE2 & B & HolH AE £ A5 7|52 236l
G4} 7] B ZE(quantum key distribution)2} 914 7F B3 Ve E 5Y SHES E-8dlo] A
& 7Fsotes BEA A F Walo] IHE Ik ol2fgt o] f& OSIRIS4CubeSat 3
Eo F EoA AEARHA gar g8t AR}, 714, AZES O], Alo] 9 QIEjHo]A & 5k
Al2Bl(subsystemyer HEAICE HA| W 9 2AFoEN F7HARI A P 75 &
% o] 7kssitH18l.

2

4.1.2 CubelLCT #[0|X E4I

CubeLCT+ 1,550 nm(C-band) o8 A wbdZ 8ot} A=A BAYFO=
°F 100 Mbps &g thed= Ado] 7hset A B4l ohe] AARE Zheth BARS
I AHE CubelLCT 7+ F#AolE= 1,590 nm(L-band) A5 w4o] E-85w, AP W
HIE =% &-8HrH17-20].

CubeLCT dlolg 412 &% 2EE ZAolA 100 mW 32 Ho= F&sh= 1&9
glo]A tho] @ E(high power laser diode) A% AI7|1E WZ s, F HE7]0IA A A5
#A<3H= IM/DD(intensity modulation/direct detection) 412 AR3Ith CubelCT UlH
= QR AS2HE A6 SHHoln, ojugt tloje AL $okR]| s HA =
o35t o] 82 1k @7 $A(FEC, forward error correction)S X3 d IS FH

g Moo $EH, o] weh 2EE HFE(OBC, onboard computer), £ZEH0]
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9] 2}t] 2(SDR, software defined radio), Ho|2= AEZFH(PCON, payload controller)
S 7Iet FEA sk Ala"olA Ad Y 4=380] 755ttH18].

4.1.3 CubeLCT PAT

CubelCTE Bdll BAVI=O R o 24 7Fsdt the® A e LAVSoA 4=
BAZO AI7Ie AP #Ro] it wiEkA] w2 dHlolE HEES 2/5k] ol
CubelCTERH FAFH0RE o B2 FAS YAt kddote] 3-H HEHoptical-
electrical conversion)°] @old = JAEE FE= 7]&0] Q7H olE 5l CubelLCTS} 3%
A= 2F Rt S AR PR B o] Aot} CubelCTolks BAVd=E A2
SHA X3S 4= YESF 517] Qs 23 AA 2 & Alo] A AR T A 2RI
of tigt 8 FARNS £1° WY HE |AHEE ERIY QRS Bk, Fest YHHo]
5IEE F= FSM ZA7F EA=0] Qlet. 3 Cubel.CTE Al5o] Hut AlZF Z3to] uk
A2 QAE HASH| $J3t PAA B 715 SR Qi o] 53 CubeLCTE ©R
A =3t Ao 1587t B4lo] 7Rsotct. FAVdol A= CubeLCTSF gt #lo]A B4l
3 FE=L Y3 HIE FolA WS CubelCTE ) S413Ht CubelCTollAE FatA]
of Wds QPD % AEVIE &8oto] A= RE HeH HE ASE H
CubeLCTS} BAVE= 7t 2QIY @57 k2 AlojA| Ao Al53to 24 FSM Alol&
Y oRE BRI ZIY o7 478 ol CubelCT Wiol= HIET} 5UTH
2 PGS ol AT o] AdE § QIEE Sk FPA ZA|9 Alo] £2
S 9Yohs tlo|la2 HAEE7F gAEct +1°9] AJoKFOV, field-of-view)E #H
U= FPA BA= 200 Hz t9 50 Alof £15 B9 &2 oW Bro] FAl o7t 34
°F o] Add 4= J=E 318l

o,

of
No1e M

il

|

¢

mi)ll" [y = W
= > =
S ot

off of
|

=

P
(M o
i

sk

o,
A4

4.1.4 CubeLCT QIE{HO]A

CubelCTE 9 Hlo|g] A|AH] A& AS|(CCSDS, Consultative Committee for Space
Data Systems)?] O3K(Optical On-Off Keying) &2 wErH18]. O3KE Y3t CCSDS #
£3} ARTIES DIR FE2 AREJOH, CubelCT oA &4l Huld] A4 ARE
gPgol| 71043t} CubelCTE HlolE B4 913t QIEHo| AR AAY F54IS(LVDS, low
voltage differential signal) B41-& A ¥sHH, TM/TC(Telemetry and Telecommands) E-41
< 938 UART(Universal Asynchronous Receiver Transmitter) QE|H[o]AS A sttt E
St QoA A Z2 1Y (reprogramming) 7Fs3HESE JTAG(oint test action group) E
Ho|A7F = o] QIeH19-21]. CubelCTE 57 71 2EHo| wh % AH=—FA
= %t 1 Gbps the2E &I A|Y 9 914 7+ 47 100 Mbps 8541 B2 A¥°] 7Fss5t

L5 IEHo|AE AlRIh

4.1.5 CubelLCT EX|4=
DIR BAVd=2 52 Oberpfaffenhofencl] 9123t S41 & I A4 A& 240 2L
galo= Aatulo] gtk BAl 2 Y AvA AE S4o] AAE DIR FAA=S 40 cm

4739] 7732 2 WY Wy 722 2tk DIRS T4 BAYTY HEL o5
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]

FBAVF=HTOGS, transportable optical ground stationy= 2011d 7FE3c}. o4 FAN
=2 Hold #2E Bl Fd 35 m EOI7HA| WA 7sdt 60 cm A9 EFUlE
Ritchie-Chrétien W7 25 Z-=0H19). Ritchie-Chrétien B4 o5 5 4% |
Az=HE Howy] 95 g4 ARz el 34 5 vheE] AXdEH. o5 JAS
=9 ARt YA AR A 2HE A3l 9148 dimlAleld B A AllA] Z1eE wlzREa &}
& A AAHo] ARGEH, GPS 9] 719k Flo]A whARe] S22t e o] E-8E AL
ol T4 FAVFTZ Al DA & At AFol Hiet I AR Ee A AR AL o
wTste] AARE ARE o QI 7= | H5f AR wet 5 Rt A5 o] 7t
SOMES she 9T . ok&d olsA A= 71 2400 e IFe EUo=H
-2V 7 FolA FAlo] 93] FRFHES Fe Vs o= 59 e # 71 A
]

4.1.6 CubelLCT #&

CubelCTE 20219 19 v|= E2tt Alo| = AYHE 25 7] R|(space force station)
oflA OSIRIS4CubeSat Z=2AE 7 Avlo] H&= A|AIOD, in-orbit demonstration)¥t 7|
5 oS 53 A1 A5 B4 o= PIXL-1(Photo Images Cross Laser-1) UF5 ¢35t
3 U 7234 kg9l A% FEA ZEQ] Cubel(GomSpacert AlZhel €Aj=]o] SpaceX
9] Falcon-9& ©]&-3f B 5571 H=(SSO, sun-synchronous orbit) & YA ATH18-20].
PIXL-12 FEL 29| 47 9140 | 713t HHUERT o)A SAXARS HA 2
A&star, olF g&ste] AAR A7t AH=AlA FFeE I o|n|RAE FAV TR
golA Al B3l ASshe Ae FRE =Y DIRY TESATAP) 3522 3% Y70l
TF. CubelCTO] A12+= 20219 84 FA=OA A5o2 415910, o]F CubelCTO
WAE FPA 54 22 S451E B 20219 99 = A WA 53 I (tracking lock) 22
AAE S=Fict. CubeLCTRF AV 7t 541 Aldoll= 59 DLRE| 1784 BAVd=3 o)F
A FAg=o] A AREESIT) AL BAVEFOIA CubelCT A1E F4lol= 353
o, RHE 9 327 (star tracker)7t HHZR1 FA o At +2 5= LRI X
of, B2 AlAQl A A (magnetometer) ESH B FA7]0] H|g| & X5 HYOZEH
OSIRIS4CubeSat ZRAHE= opA7H4] XF: GAS Ls] LEshA] 23t A-oltHis]. &
Al CubeLCT2} 3BAV= 7t 45411 ol theda 2E H1 G4 95 DR 5=
Z AIE(GSOC, German Space Operations Center)?} GomSpaceA7} $H4 & 2719
AEAS =011, AA| HEF AoJAABI(AOCS, attitude orientation control system)& 9H4

S5l T A= P77 Y3 FEst ok

4.1.7 F7t JL A& - CubelSL

DIRE 43 4 & &83t 94 7t BAIISD) AlhE diHlste] CubelCTE 948 7t
B4l Bokg g617] 943t CubelSL Z2AES AR 20259 WAF 17821 CubelSL
2AEQ] ZXE Fd] 1,500 km AgolA 100 Mbps =2 FH3F Hlo]g] Abo] 73t
1 7t ElolA B4l AARIS] A W AFolr, o]} dA AAFOE HolE theRE A%
&5 E 1 GbpsZ Hol&= BXEE AHFTH22). CubelSL Hlo|2EE 37| 1 U, #4 1 kg, 3
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ol &H]HE 30 W, 9144 2t Hlol8 & &%= 100 Mbps, AV the®d= &%= 1 Gbps
2 FPA #4949 +1° o|Wf gk ZH=th. CubelSL2 FEL4 7+ F3F 541 9 CCSDS9
O3K = 38 295F7] Aall 1,537 nme} 1,553 nm(C-band) F wFg-E ARESHO =X
£ H3} £ 1S LEIIEE pAEL E3F PRAEOZEE 1,590 nm(L-band) HIE
] $4lo] 7RsetES FAJETH18,22]. CubelSLS CubelCTS] BE4] H 4ol =go
2 7ol 283t o] Fastal, Zda Q5o At Alxt @50l 7ksSttt. CubelCT
£ 7§10 = 5k= CubelSL HUE2 CubelLCTL} 5Y3H 20 mm $41 7R 715 7HAH,
1&9 oA tolQEE H|FE3IY] CubelCTOl 2% tjHEo] BE ZjAlgo] 7Hs3)t
CubelSLoll= CubeLCTo} 2PEA 02 ) tlofE B4Z 915t APD JHE719H 1 W 3
£88 FAS7] Y3t EDFA(erbium doped fiber amplifier) 5&717} $417] AlA"of| 71
2T ERE CubelSL2 41 Hlo[ElE &H[slal, 4l HloJBlE EA4I5k= SAlol FES
’J B0 QIEHo]AE A|FSk= G CubelSLY] 8 %9 Z2AA IS Sh= HolE A
2] ZAX|(DHU, data handling unit/s 37} g3t}

DIR B4l 9 & AF4e} RSC3(responsive Space Cluster Competence Center)=
CubelSLY] Al & H5-S sl oF 8kg FAI9] 12 UQ x 6 U) FEL(30 x 20 x 10 cm)
= 2tHE &8 oFoltH18]. 2the] FELESL BF =2 BAHEY At AR TARE
olFgolm, 2t $41 ARl 1,500 km7HA] Bzt Azjol dis FELH 1F FLEF HolA
Al ARE ¥ dFolth CubelSL HS= flsll f1d0ll= FX17171 B2t=m, = 91449
Azl R} AA 91A] 2 ZAJolg mFkste] o 518 2aF +£0.1°F ZES GNSS(global
navigation satellite system) 441 AA7} ZF2ETh E5E 9149 AJLet A 273 2 AlolE
H3f 8 F2717F Z2E CubelSL A52 A% 7 FEJS] 292 DLR GSOCOIA &
Fot, olE flsfl FELEE GSOC A=t 285 98] S2KHUHF, ultra high
frequency) B41& tjA15te] TM/TCE S-band HE ] ETA|HE ARSI}, CubelSL Hlo]
A BAl HrlgE FE 7F ISL Qo= Hl 997 v FESLVIo] SHAHE A
sto] == S F7F ASE ooltH18]. 71 A9l 542 FHEAY -8 HY
o] AetA] 22 AAS HQl Y18Y 2EENA AT 4= ULF =l #/4do] FES
g9 dlolelE A5k, =l f1dolA A2et duE FHELS 1F ISL& &3l HHAl Adst

€ 7leS ASHe=MA 9 A ekl aed E8He Sstast stetl At

4.2 0|=2| TBIRD(MIA 2|1 452 FEHYE 01X S HOE)

ul= NASAS] It Q-Fu|3AE|(Goddard space flight center)2} MIT BAITAE
201495 A& COTS AlEZ Argsto] ARGt Hl&o® §5 AFE AHUshr| Hsh
TBIRD Z2AEE 7|83cKFig. 2)[23]. TBIRD ZRHEL NASAQ] I EE Q0|3 AlE,
AEFAATA, oYL A (Ames research center), MIT JA74 2 Hg eH[E
(Terran orbita)A} 3522 4% FHEE ZH= 6 U FELLEIT 282 7)ol S4€
glolA Al HudMIT JAATF4 7= ol-gste] Zejaryo} glolE nhed] {IxIgt
AESAATLAY] FBA A AFA(OCTL, Optical Communications Telescope
Laboratory) B0 & Hdf 200 Gbps 4% the@3E Ex= $P=UcH67,101. 1
A3} 202349 59 1= oF 530 kmol] §A|$+ TBIRD FEAolA OCTL A =2 55
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Pathfinder Technology
Demonstrator-3 (PTD-3)
in Low-Earth Orbit

JPL Optical

A Ground Station 1

Fig. 2. TBIRD project: (a) lllustration of TBIRD downlinking data over lasers links to optical
ground station, (b) PTD-3 CubeSat with laser communication terminal and solar panels
deployed and (c) TBIRD's optical ground station in Table Mountain, California [23]. TBIRD,
terabyte infrared delivery; PTD, pathfinder technology demonstration).

7+ Xt 4882kt E(TeraByte, TB) 7H2.9] tlolE] th@ = A3 3cH7I. ot 2t 200
Gbps TR-B 3 &= BAE Wi wedo] o3t EFokA(dropout) @40 thedd A
Al ARE S FAIEA] Zot Ao BAEIEHT]. NASACIA= TBIRD Z2AEC] H 71|
COTS A& ¥4 712 &8, 53] A9 gl doly M52 I3 100 Gbps 3-8
EZiAHQ} 114 h=0] 7153t HiEHo|Ex 2HE A MHE 483tk TBIRD =4
EE: B4l #3345 9 BE4E Qo €83 PAT AIRE Aate] o2 Ad A4 ¢ oi7] @4
of oJ3t Hlo]Q(fading) 217t fl= HFA Hloly A& BAstr] s AIEA] -2 b
olf ZHYS A5 ¥HE 2 H(ARQ, automatic repeat request)sto] A ASI TS SH= 2=

Y ZI2EZS 7Hte g = TH6-7,10).

4.2.1 TBIRD 4A|

TBIRD Z2AHEZ QI5] MIT FAdAFtAE 3 URH 22 719} 3 kg ofst FAE 2=
S5 oA B4l HuldS AA 9 AR Flojx A1 "rjde] d4lQl 3 odlEe
(optical assembly)= T3 ol A5 Y3t 22 mm 279 A 7i+et H 3 b
o[f 41 fl8f 23 mm Y FAR Ve HER 2= Hio| AR E (bistatic) R
£ 7K, AFofolH(actuator)”t flE= Esd]Al(monolithic) SH-Holl FRFETHIOL.
Terran OrbitalAl= 6 U 37|9] FESLY HMAE A4 9 A&sty, AEFNATFAY
OCTL-Z TBIRD #o|A &4l Br]dollA] A%Q] OCTL JAVI=o&E HS5H BAla7E &l
HE PR 2 8EE YAEA To2H HFA Hloly FA4lo] 7FsttES 1 m A%
o] AT 23385 AARE TS5 AR 752 IAREHI0]. MIT FAAF4= #o]
A B4 "uld Qo= OCTL 3A=3} TBIRD FEY 7+ =& 9 t2Es 9
a3t v gAg Az AAE AASHL AAEH. TBIRD #lo]A 84l Blw|doll= 2kt
o|E dlolg 7HA] AEE sl PCF 1% SSD(solid state drive) 471Z 4%E 2 TB BjH7}
AAElo] 2H o] 2| ITH24]. SSD= o2 COTS 44 848 34 nt 9 F/g<} v
AMH HIAES ARloH, 95 ARl At A ow SRlErt
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TBIRD AJARI2 25 Floj#] F4l Huld MHQ2 TB)OA FA/=r W2 TBE 100
Gbps A& HE E= 200 Gbps A& HEZ Ho|g Zfo] 7kssitt gojx F4l Huld
o 23k 3= 200 Gbps ZE9A 100 Gbpsel 5 £&& F 719 AE 5 shel Al
351, olg] tRE 100 Gbps A'd< 7Hd #m 9] Hu] tlo]8(dummy data)® HHA ==
A= JATHG]. TBIRD #HojA &4 Hud2 OCTL FAVd=ollA Algsk= 1,534 nm 43
3 ATE &8sto] FELo] ZA| B E Alof AARE B BAVITE 6] Aot
L5 10 Hz &= 9uwE Agsks 7]5°] 2= . g, OCTL JAV =2 51t
to A (spatial diversity)g 1o 4HEE /3H 2 o8 =2 kbps)d] B+ AR
IE AFotes AAESCH, Fot 93 Ao Abs vHE 2% 1EW 75 AT 3
FTELEY 24 ZAPT 37 82 2%t BlE QTR AR 75 eSS AA = UTH6,71.

TBIRD oA 541 Huld2 EWAIY, FPGA(field programmable gate array) 2 SSD &
LE AR BEo] F&6k= &< A 100 Wel Ago] AH|=w, 1 A3 oF 3CA4TC 2%
5ol TAYste] Al AF A& Algto] AlETHo]. o2t offollA S41 E 44l FeRER
= 94 EgZE(thermal drift)E ®A[5k7] s AAFAZEE GH o= AAREE HA

S A

4.2.2 TBIRD #O|X SAl

TBIRD oA &4l Buld®t BA= 2+ the&dde Add 2o 100 Gbps £k=2
COTS 718t 3345 EsHAIHoA AdH 1,550 nm FAIS7T 3P B8 th53l=o] 1 W &
2& Zh= EDFAR HSHA, HFAH 0T FAR AFE S3l 150 prad ofst Tiktos
A o2 AlZFEE 100 Gbps Hi= 200 Gbps BER A8l 2ol 7Hs3t #o]A B4l
Elujgo] df 3 £82 0.8 WolH, 200 Gbps BEOA 33 &2 F A 7ol 453
HiEEITHG,24]. TBIRD #|o]A] 41 Bmdo] 200 Gbps BER 546k= 7%, 100 Gbps &
T fj®] COTS B¥ shthE F7F EA98k=]ar oF 20 W] F7F Ae 4n7t FQsir}. thed
Fof| A== EfHAH= 71€ 1,550 nm o] §A4 FEAloIA AR EE ©]F HuKdual
polarization) QPSK(quadranture phase shift keying) ®%2} FECE &7 &-83l] 8=
Aol BE20]1, °F Q= Aol 7FssHe= Frk TBIRD thed 3 S4lolA Ho|go]

= 79, A dlolg A2]3F 100 Gbps E 200 Gbpsoll tal ZAI=2] 3 HE7]oA
Qe A YL 47 oF 42 dBm 2 -39 dBm 0 tH7].

TBIRD AIA®RE FEAY AAE He ZgQlo] A3 og 4ld wizix] A3E =
TE ol WY A v 8% DRESS 8510 oA B4l HuldY °oF gl=
olg] A4S BASIE TBIRDY AR5 ¥ @4 T2 e22 0§ Ab A|7to] Q= 7} 4
d AES FASH=E o aH Al Figol dejixg Hso] PAshs Bfole w2 A7
BEE GGIES 9 AAESQIH TBIRD o)A &4l Bu|dofA BRI = theidd
&= HlolE= A RBHE 8% o] EstE] o] MSH T FAY=o] A HHE 8 &
HAS FBH R FARE AY, FAS=E °oIF TBIRD #lolA] &4l Budof &e7] fsi
37 &l(positive acknowledgement) AETE HHFIE S HIE A5t AF HHE 9
A T Adol A8F= AR o 1 mso]al, T 7= 27 7hsol dutdes

100 Gbps ¥ 200 Gbps HEolA 27+ 9F 15 MB 9 30 MB s==°|tH10]. #F& ¥ 8%
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HAIR= 7HE Ade 1RER g%, ZF HA[A]7F @ Reed-Solomon(223, 255) A%
3 =9 fo]2E RS =S 1,752709] 7Y Ade] Qltt. #lo]A B4l Huldo]
JHA FAV = BRSO 2R E 418 HAIA] o gt R/ wds 98l 2 A W
234 HARO] 371 858 A A cyclic redundancy check) F=& 3R0Igi}E (483 A
B HAAZE PAEE A FlolA SA HuldolAs BE 7HE gl gt e el
E7} XI5 T}H24].

L.

4.2.3 TBIRD PAT

TBIRD UFolA PAT Z2A|AE TBIRD FEAQ] A4 B4 L Alo] AlAlo] oj&s}
o, #olA &4l Eude] X3S the&d HE W= Fotes A5 ffsl BAE=2
EHE 45 A9 HIE 4% S92 E8Rtth TBIRD FlolA &4l Huld2 A3zt
A 248 Y8f 10 urad RMS(root mean square) F&%=9] 10 Hz ZQI8 o0& mrulg:
TBIRD FESLVES A4l 274 4 Alo] AA"”e] Algstar, w4 F(closed-loop) 718t
body 219 53l Hlol¥ th&d37}t 7Fsste= StH6l TBIRDE| body 21T 41>
2HE 9 F27] 9 o|2 AA 5 AHA| Al FEo oJ&Esh= 7|&9] /P FZ(open-
loop) ZE1Y F W4l ApE Ao}, TBIRD FEHAS] body 2182 FHA Ao
A2 2]AH H(reaction wheels)& -83tth oF 530 km I =oA ARE FHocl=
TBIRDE] PAA Zt=+= 9F 50 mrad s<EolH, go|A Al Huldol oA W€ 7HA1% 7+
H2ke] Aok 1 rad S0 TH10).

BAVS=Z 72k S5 TBIRD #lo|A 84l BuldolA A5 oheda W 7P ¥
A AstaL, 7idet e FJHE 7|Hte g d(gimbal) ZRIYS 4517 Hsf Alo] F
oS 2=t o FAVSToE ASH W& 23385 AlAF Y ui AAE Potes £
skal, A5Gt AlAFle] H/DE(ip/til) ¥ HE AZ Alo] FLE &9 theEE WE &
A B F HE710 2EES s7] etk FAV el 48385 £ HH(loop
closure)E 95t thedgda W 7R T2 AAE oF 1027} 2850, AH| BE(acquisition)
IL2ANAE TBIRD #oJA G4l BldolA 27] AP Wa A’ F oF 20% olujof] &
FEHT).

SHH, FA=2 TBIRD #o|A &4l Bu|d2 HEstA ZAYst7] {5l TBIRD FE.9
/39] A= (ephemeris) FE7} Bg=Zo|t}. FA=oA TBRID #lo]#] B4l HuE=E ¢
2T F&= W9] HEXAZ(FWHM, Full Width Half Maximum)& 380 urad ©J8} &0 =&
0.1 dB mRte] Q1Y EAE Zh=ti7]. 74 Q7= Hio]olA%} 0.01 Hz °fst AF3t =&
I E(low-frequency drif)ell &Jsf 2= 2218 de Ao da=E X3E 53l &
A 7FsstH, P Y A= o A2 HE AM-Z 71s5HA sto] 71 93 nkkl &
Hof o]o] Ut}

oA

424 TBIRD ZX|M=

TBIRD YF-Z 93t AIEZAATLA9] OCTL FAAFES 1 m ¥HAF L7404 TBIRD |
o] BAl EndRHE 4415 HS FH(Coudé) AEE B &Y HT FHGE A3}
7] $1%F #12] BHbench-top) -84} AAERE 28511 ITHGL OCTL FAVS =l oo

2]
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A48 AAEE AR 9 BE PHRE SYEE FAS = AP FE(preamplification)
9 12} doiEsidemultiplexing) TS #A1A4 AAF Bdlo g2 A& E|o] B2 (demodulation)
4 E53Kdecoding) Hh. A HHloA HJFH o 4ld ol I 100 Gbps <
T2 FAAGT o) 7|55, XFHoE o AN d EAZ 5] AHE thEE 9
o}, FAAF] AR EE HEE 12.5 Gbps $E2 Eeto]Ho 27171 7Hs3 8702 SSh&
T4E HE oEAE 71AH ) 100 Gbps 271 $E5 AYgttt TBIRD th&3 37}
200 Gbps ZEQADE == 4% BAST HE= F 71 Ad F skt A dlolH
Tt 7]1E3tH6). OCTL BAVE=-2 20229 25E 29& AR LCRD(laser communi-
cations relay demonstration) 95-2] 2 FAAFH0OGS-1)°]7|= 3t} OCTL FAAF=ES
TBIRD UF S7AFE 485171 9ol LCRD UF A¢S I8t 33t ¢ 2 44 +4
stoH, 45 H% 24& §9 LCRD XE=% TBIRD 2E 7+ A%to] 7Fsote s 35
32 QleHol

TBIRD 932 A1%+= 1,534 nm S &8skl olX(binary) B2 12 HE(PPM,
pulse position modulation) B2 &3} 2 kbps A4 £ 2 AL o|u oA &4
Hujgd9 Ady3a $£A1717F d719He] $8 A4 A4 (effective scintillation index) S Y
o=2H wHolg e Bl 9t EHoRE AP W 419 FF F2FEco-
boresighted) <-A1%- 7704 Spatial diversity 7|42 &-8&50] SAlo| ASHH10. IF
3 2 W2 ool 24 5= oA B4l HuldE Agkelr] s thed = | tie] A
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(pathfinder technology demonstration)-3 FE-2]/30 EAjEo] 2AE o™, 2022¢ 62
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Abstract

The abilities of system engineering and project management (PM) are essential in the development of large
instrumentations in modern astronomy. We propose a novel undergraduate educational program that
allows students to gain experience in system engineering and PM by making a practical small spectrograph
along with its test observation. A pilot program titled "Creative Astronomical Instrument Development and
Observation" was conducted in Chungnam National University, as a part of the Space Expert Training
Program of Ministry of Science and ICT during the Fall semester of 2023. After five teams were organized
from 24 participating students, each team manufactured a spectrograph and observed spectra of the Sun,
Moon, or planets with it. The development process was guided by several reviews, and students were
evaluated based on the outcomes of their development processes and documentation. Through this
program, students acquired fundamental principles of systems engineering and PM, as well as optical and

mechanical engineering skills.
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Keywords : system engineering, project management, spectrograph
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71 23 Tk $9e golf(python)olut 2%
0 2 T Higt s Ek= ;ﬂ’ﬂo]' | &1 AE IZ&, AE HARIY A
MOOC(massive open online course)2} 2= 22191 73olof tjst AHE A|l&3t & o]&

=

[s]

o SHEEE A TEU AR ofEl BAF 52 S5 A8 Y 0EALE B
Y5
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_lﬂ

2 (optic studio), 21¥IE|(inventor)

Sff A7|FEH 0 R SESHEE SIQlth. = T AlTE B tARIG 714 HARIE
o] HASIX] Yot TRAE L5fo] 7158 250 AATE 7KL YAg ZF Z9] 3fskA
EA(scientific objective)ol] WA AAE $HEE A =53}

A5 oY GEt AT HEA okl 717t Aldolghe AlofARe] Sied 9
o|2fgt A|RAFE 1rEfste] ALFAIE APt FAk= Z1A0l gt A ofshe} BE
TEA|20] gt o|shE v o= S0 ARt ALFAIE AAsES A3l

202349 725719 e 37 s SHE SIolth SHE0A AEE AXE &8
7] 9 HQ(high quality) 7}#|2te] Al s ¥ Fefl= Table 1, Fig. 13+ 2t} £37]= *c}

& A=, A& 3EAR, 2tzHE] gol(raspberry Pi) ¥ 2t2H]E] o] A8 HQ 7H2HE
o|g3f AlAetH &3 25 mm F7|9] Aol ZEE 110 AF ARt HQ 7=
it ZH=F CMOS(complementary metal oxide semiconductor) A4S AR&-5}o] 12H|EQ]
to[ElE &5 4= 3lon, A4 HE HA AAT 4= Slof ZH A FA7HR = TS|
7Fssteh. AREAQl A& Ho]Ae] CMOS AIA9] 735 ES IEoH 1 um A=
GHI=9] 500 nm WY thH] 5% oJAF9] 7853 (spectral sensitivity)y & RE A0 2 7|0
o 4= ek gkzH|E] mhol9} HQ 7H|Ehe s Attt UsHA Ao 75
st B529] CMOS AlA 9] 3= =58 50| 9 O‘/} Z*v:ﬂ'éoﬂlﬂ‘: EZ Q31 AllA

Table 1. The specification of the spectrograph.

Parameter Value
Slit width 10-50 um
Focal length of the collimator
imager 100 mm
Groove of diffraction grating 300-2,400
Resolving power R 250-2,000
Wavelength coverage 200 nm for 300 groove diffraction grating
HQ camera
Sensor Sony IMX477
Format 4,056 x 3,040
Pixel size 1.55 um x 1.55 um
Sensor size 6.287 mm x 4.712 mm (7.9 mm diagonal)
Maximum exposure time 670.74 seconds
Shutter Rolling shutter

HQ, high quality.
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Table 2. Timetable of the 14-week education program.

Week Lectures Team activities

System engineering
1st _
Project management

Optical design
2nd Team building

Mechanical design

Team building
3rd
Science objectives / discussion

4th
5th Private team discussion with lecturer
6th Preliminary design review (PDR)

PDR Al report
7th

Decision on optical parts

8th Private team discussion with lecturer
9th Critical design review

CDR Al report
10th

3D printing, assembly, alignment

11th Observation readiness review
12th Observation
13th
14th Final presentation
15th

Al, action item; CDR, critical design review.

gy meds UACPMe G2 SYSHES stk olsiet HEe Fol ohal Ao
Z7F AARE A+t FAI= Table 33 2t

ATHA| A4 THE B3l A SIS ofEA ATRAIE A S DI
o etalse] UL 717] ALE 9 ANse Hoe i 9 of A7 Sgeior o
L7170 o8] SHISelA uleka o Bgle] DR WA s ‘LA AP o] ciet ol

Table 3. Science objectives of five teams

x A=K
wishflAre EiZOl H-o, H-B SAHOIM E0l= XS FE2=2| X0 &4
Kodal =O| Reiner Gamma X2 1 um S4M X0 EH M
JSA514 SHO| LiAE0| US M2t gis mel Mg Xi0|
Dizle =49 GYEY HEs ST 2EEH 0|5l
Cluster M45 L He 2EE S0t 7 E BF
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1.

ol

FFH o AAE AT ARGl wet SIS o] whE ALY AR) 9
5 B9 FZ(work breakdown structure, WBS), 984 #2]A18](risk management plan),
94 9 ARBG FA(role and responsibility, R&R)}Z A E3Ith. Fig. 2= wishflAre &7}
AAEE PDR ZHFl419] WBSH. M52 olet 22 A4 TE Bl Y dFE A4S

skl AAAR 7171 $9E 4 ek

J
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Fig. 2. Work break down (WBS) tree of the team wishflAre suggested in the preliminary
design review (PDR). HQ, high quality; TBD, To be determined.
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Fig. 3. Internal structure of the spectrograph (a), handmade slit (b) and the spectrograph

installed at the backside of the telescope (c).
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Fig. 4. Solar spectrum of the spectrograph. x—direction of the image is the direction of
wavelength and y—direction is the that of slit. H alpha line is shown at the middle of the image
as a vertical dark absorption. dark lines perpendicular to the spectrum represents the slit

pattern, which is caused by imperfection of the slit.
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Fig. 5. Examples of data processing: (a) observed slit spectrum, (b) slit pattern extracted from
the original image, (c) after subtraction of the slit pattern, (d) after correction of the bending
of the spectrum, and (e) Half Sun at the center of the Ha line reconstructed from the drift—

scanned imaging—spectral data.
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Fig. 6. Observational Results: (a—c) Moon, (d-f) Jupiter, and (g-i) Sun.
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Table 4. Document list requested in each milestone

Milestone Document list

Scientific objective
Science requirement / system requirement
Schedule
Preliminary design review
Role and responsibilities
Work break down

Risk management plan

Optical design

Mechanical design

Assembly plan, alignment plan, test plan
Critical design review

Observation plan

Answers on the PDR action item

Part list for observation
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Table 4. (Continued)

Milestone Document list

(Detailed) Part list for observation

(Detailed) Observation plan
Observation readiness review

Data processing plan

Answers on the CDR action item

Final presentation Science result

PDR, preliminary design review: CDR, critical design review.
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Abstract

Korea Pathfinder Lunar Orbiter (KPLO), launched in August 2022, is successtully carrying out its mission.
Korea's lunar lander and rover programs are expected to proceed in the future. To successfully carry out
the mission after the lunar lander has landed on the surface, the performance of the equipment to be
mounted should be checked in a laboratory environment similar to the Moon. Scientists and engineers of
several countries, including the United States and China, use lunar soil simulant which is developed to
resemble lunar soil for simulating the surface of the lunar landing site. Several lunar probe landing sites are
being discussed in Korea, and lunar soil simulants such as Korea Hanyang Lunar Simulant=1 (KOHLS-1),
Korea Aerospace University Mechanical Lunar Simulants (KAUMLS), and Korea Lunar Simulant=1 (KLS-1),
which are similar to the characteristics of lunar mare soil, have been developed. However, those simulants
are not useful if the landing site is chosen as a highland area. In this study, we introduce the process of
developing KIGAM-L1, a lunar highland soil simulant similar to the chemical composition of the Apollo 16
lunar soil sample and the particle size distribution of lunar soil sample 60500-1, in case the lunar lander
lands at highland area.

o] : & BAE, KIGAM-L1, 25X, 2EFHS
Keywords : lunar soil simulant, KIGAM-L1, lunar landing site, lunar soil sample
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I3 515 A 52 AT A3E vigoR g BAE [SS(LSS-1-5)8 /Es
A vk A el ARSI o1& IshA Apollo 152, 16%, J12]3L 175
HAZE 2ot 2 B SAF 9 AR AF uAS 3D 5 ASITHIL

Apollo & EY¢ A% A& A4S B0 & EYol| A+ EG Hluste] B4 Q1 oF
409 | B¢t =54 0] IA tEv= A E94, A|¥k FoHy, 71l akehy g
SOl Zol7t ol H A /el BAL BH AL 183 & VA HES B E BHS
QI = RES FollA] o]Foix|7] wigo] & EYQ] HAES IESE TA| Aol et
)7} 7= ofof Bttt 3 & 71Xl ARSE ARAeL ol )IRTF ASs=t Bagt
A 250l Wit vl-go] AQFEE g FEA AYE g5t AR T
Q1&= ISRU(in situ resource utilization) 97T ©]FoJ A1 QJct. sHAIEE SR AF7T B-R3h
1 =g EYY &2 oF 350 kgoll B, B AR Ad F° 2 9 EYH &+
AR g BALEE Jfdsto] ARGSHAL Qlnh. @A E BAMES AHA| 7Rt 572 vl
Mt & = gk 12|11 ojgEjoto]] uj= NASA Johnson Space CenterofA] 7igt
3t JSC-1A(Johnson Space Center-1A)0] @Esl= & BAIES Fo|A 783 & EY FAF
shokar Q1gHrar QITH1lL

g2 AR SFALRS 712AE(2007)00 whet S5EAF T2 T 510] AJRFE] ], 2007
SNIAN AR AH 2ERE B5 2017958 20209714 B A AEA i, 2021
WRE 202597H4] & BAF A g9AF B2Y S S3E AR @4 ek 20229
8Y WAtE Z AJF] H=A(Korea Pathfinder Lunar Orbiter, KPLO)O] & AES &9 &
oA &S APoks Folal FF G FAFAT $AF EH 02 I B IR TREE o]
ofz ajFdoltt. ool & A5 AF-E thu|sh] sl StHiet, Satiet, A7
AT FRLS YuEE ANESE ¥ BAIE KOHLS-1(Korea Hanyang Lunar
Simulant-1), KAUMLS(Korea Aerospace University Mechanical Lunar Simulants), KLS-
1(Korea Lunar Simulant-1& 212 7idsi3la B 2o Hitto]| Ql= EQRY] & HA
sto] 7RSI A4 B & 11 Ao GEAbAo] 2ET A5 tir[sto] & AtolA
£ ohe-APgolA A3 SPQtat HeEl-obih =]y HIA|E SrollA AFHTE ARAE Y=
E AES] ofgR g EY AMIE § sl 60500-19] YmrEet ShehdBulk
chemistry)& 7|02 BARE G 119 HALE KIGAM-L1< 7idsk= 28 Agtet.

K ol
Moo A A0
2o,

fo g 4
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2. B DALE e &

]

g HAIEE A, BE 191 PEEES YRR ARBcle] I EQ E94, 3ok A
A3t FAHA e Solekal FojdcHs). 1970W e ml=-2 Apollo 11, 1255 5
SHE g 2 AE 24 208 Hige s At Zidol 2857 9l A zyotola A
g AL Y== LSS(Lunar Soil Simulant)E 7RLSHITH1]. 1990t md|AEl thshe
AERS Y= = 3 MLS-1(Minnesota Lunar Simulant-1)3 45 92E FE|2 tHEo] 4
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2 MLS-1P, ¥H9kS ¥== 2t MLS-2E 7HdstanHo). of| 2y ek dfetat a5 &
A& Ao] ALS(Arizona Lunar Simulant)yg 7HIstATH7]. S48 A 7idE JSC-1
2 F7k2 200590°l| JSC-1A9} JSC-1 €& 5 uAlR YAFO = o]Fojxl JSC-1A} A
dke]9ltH8]. 2008 Goddard Space Flight CenterolA EZAH] 7 2o g 3|29
=& GSC-1(Goddard Space Flight Center-1)& 7383 EHI] 2010401 WAHNASA)2}
HIF A RARH(USGS)l e, =Sl ElolE, BetEAs 8% NU-LHT-1IM(NASA
USGS Lunar Highlands Type-1M}& 7HE38IHI NU-LHT-2M= A HARE 1185t
L= ACHI0. 22 A7), 2= tieke 33 @59 988 CSM-CL(Colorado
School of Mines — Colorado Lava)s, SHATAIEE ZHE ¥E2 GRC-1(Glenn
Research Center-1)¥ GRC-32 7l&519ict BP-1(Black Point-1) oFg]ZUSolA 2]
H Fo= ET3shy dEol g HiHEYY FAFsItH11-13] (Table 1).

Table 1. A list of lunar regolith (or soil) simulants

EREIN =7t e EQF B
LSS il 1970:cH HiCH
MLS-1/1P o2 1990 HiCH
MLS-2 e 1992 k|
ALS i[E= 1991 HiCH
JSC-1/1A/1AF ifE 1994 HiCt
FJS-1/2/3 Y= 1998 HiCt
CAS-1 52 2005\ HiCt
OB-1 it 20054 k3]
GSC-1 ifE 20081 HiCt
KOHLS-1 e 2000+ HiCt
NAO-1 5= 2000+ Il
CSM-CL [ 2010 HiCH
NU-LHT-1M/2M o= 2010 Il
TJ-1 5= 2010 HiCH
BP-1 il 2010 HiCH
GRC-1,3 il 20104 -
NAO-2/3 z= 20114 HiCH
CUG-1A z=2 20114 HiCH
DNA-1/1A NEE 20144 HiCt
KAUMLS 5= 20144 -
TRI-1 ol 20141 -
KLS-1 e 2015\ HiCt
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Table 1. Continued

o DAE =7t L EY EY
ALRS-1 F 20154 HiCt
QH-E = 2015 HiC}H
CLDS-i 3= 20174 HX]|
BHLD20 3= 20174 HX|
EAC-1 =Y 20174 HiCH
NEU-1a/1b == 20194 HiCH

LSS, Lunar Soil Simulant; MLS-1, Minnesota Lunar Simulant-1; ALS, Arizona Lunar Simulant;
JSC-1, Johnson Space Center—1; FJS, Fuji Japanese Simulant; CAS-1, China Academy of
Sciences—1; OB-1, Olivine Bytownite=1; GSC-1, Goddard Space Flight Center-1; KOHLS-
1, Korea Hanyang Lunar Simulant-1; NAO, National Astronomical Observatories; CSM-CL,
Colorado School of Mines — Colorado Lava; NU-LHT-1M, NASA USGS Lunar Highlands Type—
1TM; TJ-1, Tong Ji-1; BP-1, Black Point-1; GRC-1, Glenn Research Center-1; CUG-1A,
China University of Geosciences—1A; DNA-1, De NoArtri-1; KAUMLS, Korea Aerospace
University Mechanical Lunar Simulants; TRI, Tiruchirappalli—1; KLS-1, Korea Lunar Simulant-
1, ALRS-1, Australian Lunar Regolith Simulant-1; QH-E; CLDS-i, China Lunar Dust
Simulant-i; BHLD20, Beihang Lunar Dust 20; EAC-1, European Astronaut Centre—1; NEU-

1a, Northeastern University Lunar Simulant-1a.

T2 200595E Fol(Chang-E) B84 T2 IS 9I5| S=28t(China Academy
of Sciences)ol|4] St AT E]oHscoria) Y& 2 7St CAS-1(China Academy of Sciences-
DE AR &[14] 201997HK] &3] & HAIEE Hgs3ict. NAO(National Astrono-
mical Observatories)llA] 7H&3F NAO-192} NAO-2, NAO-3[15,16], £A|(Tong Ji) thste]
TJ-1(Tong Ji-1) [17], $=AA7st dsKChina University of Geosciences)®] CUG-
1A(China University of Geosciences-1A)7} 7RI = {H18]. 2017 °l= #5HTsinghua) T
s+o] QH-E7F W= 119], $=15F49] CLDS-i(China Lunar Dust Simulant-i)2} H]o]
PHBeihang) thste] BHLD20(Beihang Lunar Dust 20> & HZ] £4] 4L Haf 7id=]
Qith20,21]. 2019 7H¥FEl NEU-1a(Northeastern University Lunar Simulant-1a)2} NEU-
1b= AT SMEAI oA 55t AReE, Sk Z18]ar A-AgolA AR5t AFiEjors
22 7= NEU-1boll= Egh o] S71=|qicH22].

AHE AJu|F(Shimizuy= 19984 FJSFuji Japanese Simulant)s 7HegiE=d] FIS-12 54
AtollA] AF et AR, FIS-2+= AT A=A oA 4lo] /i3, FJS-32 EgbdAo]
Z7F=EAcH23]. 200548 iyt FEEAYNew Brunswick) tisl, EVC(Electric Vehicle
Controllers Ltd), NORCAT(Northern Centre for Advanced Technology Inc)7} &gls}o] 3]
A3 EH &#ldslag) YEE OB-1(Olivine Bytownite-1)7} 7HEH=] 1EH24,25). 2014
Wof| ojgte]oh= st E4S Y2 DNA-1(De NoArtri-1& 7H¥5t] 3D TGS &8
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St 1A A BE T Aol ARgskaL lar(26], 1% Tiruchirappallis= TRI-1(Tiru-
chirappalli — 1) 7H5FcH27]. 2015E &5 3+ ARSA ALY A(New South Wales) ek
2 B9 AR Yoy R] &8 AdFE EF o0& AILRS-1(Australian Lunar Regolith
Simulant-12 7R&sFECH28]. ESA F-H-FH|PAMIE (Buropean Astronaut Centrel=
20179 EAC-1(European Astronaut Centre-1) B ZAEE 75t TH29].

2 20099 Rtfistn S ERFS St olA Aot oA AfFet AR
Sk 2|20 & HALE KOHLS-15 7IEstitt2]. olF =adstistue & 254
] 7 X0 2 AXeE Ut BHjE Y82 KAUMLSS 76 al30], e=ra471&2
oA A3 FFLS YEE KIS-12 7Hdote] X5 g Soll & &
= TS| gt Aol ARESIITH3 1L

4o
2
[o
rjg
fﬁ

o]

e
i
>
rlok
ol

o rlo

3. g+ 44
3.1 2 18 BUALE Y 7|E

2 AR gl 94 T B ol U FoIN BAR ST SBL ofBE g B
A& FoIA NEOR 4G RS /1E0R AL £ 478 59 ATE g 19 24
E KIGAM-L1S & Ee] dugn 9 SRy BAg 2us A=t AL 7129
A4 ofER 9 EY Al= 60500-19] Y=REe} ol ER 1638 E EY AR Hef 3ot
42 Table 29} 2t

Table 2. Particle size distribution of Apollo 16 sample 60500-1 (a), Average chemical

composition of Apollo 16 samples (b) (https://www.lpi.usra.edu/ lunar/samples)

(a) (b)

Sample name : 60500-1 Apollo 16 average
Sieve size )

(mm) H2E(%) Oxide Wt.%
10 0 SiO, 45.16
4 3.74 AlLQ, 27.66
2 3.3 Feo 4.39
1 5.07 CaO 15.63

0.5 7.15 MgO 5.85

0.25 9.33 K,0 0.13

0.15 8.44 Na,O 0.48

0.09 10.03 TiO, 0.48

0.075 3.83 Mno 0.10

0.045 11.72 P,0s 0.11

0.02 15.43 Igloss -

0.001 20.96 Total 99.98
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3.2 AL MY 9 H=

s

L]

KIGAM-L1 7ol A8 3139te] =t £2A]9 AW =i AL AT-UoNA 2B
St AR EANAAI NS 85190t Figs. 1, 2). B3 SUFRANE S5 21l 3=
QA Ao} HFEE ol-&sto] LA oA HFAAE Tt sttt AT & 5%
T 33 AeoE Yurt HARR g2 AT FA4HE AS2(35° 26° 40.5'N 127° 47
19.2°B)} AF- Azd A112](35° 29° 5.6°N, 127° 50° 51.3"F)2] 31442 EH QHZof|A
Aot HFigs. 3, 4). sFsa} APyl Exsh= Sl Elebs BAI7H viEistaL QlojA]
[32-38] 5] TollA EgFEA(FeTiOyo] ol T 20 & Holi= 212 IAIE2 viA
313ict. ol ElgbE o] w2 31ke] 9 Apollo16 EXTO] SFsHIE 4] Xfo]2 13|

MEY AMEME GPS#H & FAEHERHE, HT)
140 35 28 1840 N, 127 49 5930 E
A 141 35 28 20,10 N, 127 49 59.00 E
ANOR_001 B 142 35 28 20,30 N, 127 49 59.20 E
ANOR_002 :;l 143 35 27 5110 N, 127 49 4530 E
144 35 27 2060 N, 127 49 37.20 E
ANOR_003 A 145 35 27 23.00 N, 127 49 39.00 E
A 146 35 27 1350 N, 127 47 16.60 E
B 147 35 27 1390 N, 127 47 16.90 E
C 148 35 27 13.00 N, 127 47 16.80 E
D
ANOR_004 E 149 35 26 4490 N, 127 47 23.10 E
F
G
H 150 35 26 38.80 N, 127 47 1340 E
1
A
B
C
D
ANOR_005 E 151 35 25 3120 N, 127 47 040 E
F
8
SETH)
E|EHEE 4T 4)
153 35 11 5260 N, 127 51 55.10 E
A
B
C
D
E
F
ANOR_006 G 154 35 11 5310 N, 127 51 56.00 E
1
H
1
]
K
L
ANOR_007 A 155 35 11 50.60 N, 127 51 56.40 B

Fig. 1. A list of anorthosite samples, coordinates of sample sites (Korea Institute of Geo—-

science and Mineral Resources).
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2013H9_Hadong-Sancheong (&}&-1t)_Anorthosite

No.| Sample name | Si02 | AI203 | Fe203 | Ca0 [ MgO | K20 | Na20 | Ti02 | MnO | P205 | Igloss | total
1 |ANOR_002A 52.30 2828 121 1232 043 037 370 035 | 003 0.02 0.64 9971
2 |ANOR_002B 5248 28.26 109 1230 056 038 373 018 = 0.02 0.02 074 99.76
3 |ANOR_DOZA 5241 28.63 065 1231 028 022 390 012 001 0.02 083 99.58
4 |ANGR_0048-B 5235 2860 056 1212 021 020 419 013 002 002 132| 9972
5 |ANOR_004C-B 5247 2851 072 1218 026 023 406 016 002 003 093 | 9957
6 |ANOR 004D-B 5267 2820 093 1238 033 031 38 014 002 002 085| 9969
7 |ANGR_005A 5193 2750 175 1166 128 035 366 017 003 002 118 | 9953
8 |ANGR 005D 5165 2534 202 1118 304 043 345 014 005 002 128| 9951
9 |ANOR_005_FeTiO3 5241 2235 7497 988 134 072 240 167 010 029 040 9953
10 |ANOR_DO6A 52.05 2839 179 1230 077 039 3.65 019 003 0.03 074 10033
11 |ANOR_0D0GB 4176 6.22 3170 1067 447 015 045 335 040 101 0.00| 10018
12 |ANOR_D06C 39.57 8.86 2928 935 309 029 0.87 692 035 145 0.00| 10003
13 |ANOR_DO6D 37.93 1323 2260 8355 172 031 151 1293 027 019 0.00 99.24
14 |ANOR_006H 3887 1146 2474 1004 228 030 120 885 027 158 000| 9959
15 |ANOR_006! 5175 2872 092 1274 052 035 356 013 002 003 094 | 9968
16 |ANOR_006T 3557 672 3207 822 335 022 041 1271 037 040 000 | 10004
17 |ANOR_006K 5110 2066 058 1349 025 053 343 010 001 002 081 | 9998
18 |ANOR_006L 4075 1311 2380 885 230 052 085 887 030 041  000| 10006
19 |ANOR_DO7A 4581 1161 2512 992 297 033 125 144 029 133 020 | 10027

2015%3_Hadong-Sancheong (5}5-4Hd)_Anorthosite

No.| Sample name | Si02 | Al203 | Fe203 | Ca0 [ MgO | K20 | Na20 | Tio2 | MnO | P205 [ Igloss | total
1 [ANOR-002A 5273 2771 105 1227 049 037 382 035 003 002 067 9951
2 |ANOR-003A 5206 2820 047 1245 028 022 404 012 001 002 093| 9970
3 |ANOR-005A 5227 2708 150 1154 127 035 385 017 003 002 126| 9944
4 |ANOR-005D 5223 2514 270 1118 308 043 358 (014 005 002 121| 9976
5 |ANOR-006B 4248 688 3007 1058 443 015 061 335 039 098 -083| 9900
6 |ANOR-006D 38.32 1337 2229 a51 171 031 1690 1270 027 019  -058 9878
7 |ANOR-006) 36.05 718 3212 a.09 329 022 058 1254 036 040  -088 9995
8 |ANOR-006L 4111 1313 2359 8.94 228 053 1.00 849 030 040  -0.29 9948

Fig. 2. X-ray fluorescence (XRF) analysis result of anorthosite by Korea Institute of Geo—

science and Mineral Resources (KIGAM) in 2013, 2015.

Fig. 4. Anorthosite in San-cheong gun Sang—cho myeon Sin—yeon ri.
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Y 39 BAE A 982 Mok o] ol SRE sigHES XRF(X-ray fluo-
rescence) $412 B4 313 748 Tjetsto] Apollo 16 2 B AlREe] B 33t 74
H| W5}t Tables 3, 4)[39].

giRe] & Qb Rale 9% ool TRHA(Mg, Fe),SI0). FH(Ca Fe, Mg),Si0y. 1
23 A4(Ca, Na)AL S)0)02 ol5:01# AcHA0L Apollo 16 & B9 Alm53te] sfat
T4 AolE 8|14 Pgete] A9 £AfelA] G MgO9 FeO B& 017 9ilof %
h 413} 91490 B 28U ulra-mafic rocks) T WEEIIRIO] s Aog
AR RARALE B9 Be? Sy 259, WY, T4T TS, BAT BHS,

A, obbA Golw Algel, BeAl Ald B Sl o FaSo] Hmst
1

c

(36°55' 23.2'N, 126° 55 35.6'E)2} oFAFA] GIH A12-8](36° 52' 25.3"N, 126° 56 41.97F)
oA MEXLL}S HFIoto] S 47| flof FE F Y AFoHATHFigs. 5, 6). W

UZ TAR 2 & w4 H](Jaw Crashenoll Yo @7t 22453 3 449
FA} 11 Hko) 718 E JAREC] EolA L2t olE &S ARgolo] dRet
oz Aoz S| Mo] Yt BelgltkFig. 7). B3 AL ul=t
{12 &(Kilbourne Hole) 8AtollA {FE WE 29 Frfisto] st 2+
A GHESIQA, XRF AU #42 551 SFeMdE2 245t Table 4).

BN
2 K
30 1o
ol
n\l ﬂllo

N
i
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o 4
=
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Table 3. X-ray fluorescence (XRF) analysis result of anorthosite and average chemical

composition of Apollo 16 lunar soil samples

Oxide (Wt.%)  An#003 An#004 An#005 An#006 Anave  Apollo 16

SiO, 52.45 52.65 52.65 52.61 52.59 45.16
Al,O; 28.11 28.44 27.69 28.47 28.18 27.66
FeO 0 0 0 0 0 4.39
Fe,0; 0.69" 0.37° 0.76" 0.44 0.57" 0
Ca0 11.97 11.91 12.06 11.73 11.92 15.63
MgO 0.39 0.51 0.73 0.46 0.52 5.85
K,O 0.75 0.35 0.39 0.49 0.50 0.13
Na,O 3.85 4.37 4.15 4.26 4.16 0.48
TiO, 0.15 0.1 0.15 0.1 0.13 0.48
MnO 0.02 0.02 0.02 0.02 0.02 0.1
P,0s 0.02 0.02 0.02 0.02 0.02 0.1
Igloss 1.39 1 1.17 1.14 1.18 -
Total 99.79 99.75 99.79 99.74 99.77 99

* Fe, 0, total.
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Table 4. X-ray fluorescence (XRF) analysis result of olivine

Sample name Olivine
Sio, 40.18
AlL,Oq 0.36
Fe, 05 11.22°
Ca0 0.28
MgO 47.78
K,O 0.02
Na,O 0.02
TiO, 0.03
MnO, 0.15
P,0s 0.01
Igloss -0.47
Total 99.58

* Fe,Ostotal.

Fig. 6. Spinel peridotite in Asan si Yung—in myeon Sin—eun ri.

https://www.jstna.org | 129



KIGAM-L1:

130 | https://doi.org/10.52912/jsta.4.2.121

Fig. 7. Removing basalt particles from olivine by using a magnet (a) Olivine seperation among

minerals by using a tweezers (b).

A=l YRS T dH|(Fig. 8)ollA ol E4fgt ¥, #EA #5(4 mm), #10Q2 mm),
#18(1 mm), #35(500 gm), #60250 pm), #100(125 xm), #170090 pm), #200(75 pm),
#325(45 pm)E BobRsal S 7HRE SAIA 242 Ao Al JAF Z7EE RSt
t}. 1 mm "9 JAE9] B a3 & FEsk] el disk mill(Fig. 9)olut AP ARt
o 1 mmErth 2 YRS dokert. 24 | J=iw 2 Fig 109] B4 k=9f A,

3.4 #R &%

YA A7E=E FQagt IvkE g ST ARHAS el @ 1Y RAEES '
£t} ol & 1Y HALES] 515t o] Apollo 16 & EFS] Bt skt 1430 7 717}
A AEE F 7IRE 4= BlE&S Agdfor gtk ol Yl ddlmt A=t 7Y vleE
10:0,9:1, 82, 7320 4= 4714 A= AAste] ZF 9ol ald=l= g 19 HALES] 3}
5} 44S AXKIKTable 5). Kanamori 412 ARgsto] ALEE Z- 749-9] deviation RE©|
2SE 318t 149 FAMdol H 7] wiEoll[1,23] o] % Rkl Al sgetat st
9] Z=Fu|zt 9:10] H g FH|g

@ (b)

FE ED l FUAWHEEL

Fig. 8. The process of crushing anorthosite (a) jaw crusher and (b) operation principle of jaw

crusher.
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Fig. 9. The process of milling anorthosite (a) disk mill and (b) operation principle of disk mill.

Crushing | Jaw Crusher

I

Sieving

!

Disk mill — Anorthosite a1
Mortar & Pestle - Olivine Milling
#35, #60, #100,

#170, #200, #3225 Sieving

#5, #10, #18, #35, #60,
#100, #170, #200, #325

No

Yes

Finish

Fig. 10. A diagram of crushing and sieving process.

Table 5. Olivine and anorthosite mix ratio and deviaton R value

Sample
Si0O, ALO; FeO Fe, 0, CaO MgO KO Na,O TiO, MnO P,0Os Igloss total R
name

10/0 5259 28.18 0.00 057 1192 052 050 416 013 002 002 118 99.79 3.45
9N 5135 2540 0.00 164 1076 525 045 375 012 003 002 102 99.77 3.02
8/2 50.11 22,62 0.00 2.70 959 997 040 333 0OM 005 002 085 99.75 354
7/3 4887 19.83 0.00 3.77 843 1470 036 292 010 006 002 069 9973 4.72
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Fig. 11. Anorthosite, olivine and KIGAM-L1 powders.

g 1Y HAES YREIE © EY 60500-19] AEEZe} fARBH wHET] 93,
60500-12] ZHF-&of wet sPgda A4 A= FHlskat &9 d3Hl= 910l o
g 79| 2AE A SAEE A7 e Ot 2EAES 4l BY 17 7RSSt
= o E T 7RI FYSHA 4ol Fol "ot 59 HHT WHS gEo® Eot
2003] o4} E2W & 119 RALE KIGAM-L17F S = thFig. 11).

Aol 253t Y72 o 2 495 WHlsteat & 1Y BAE KIGAM-L1& /i
She S A7NoHITt APdollA AFg sgetat BeEl-opit 2] viw mEA R 7
2 3101]/\1 At WEEolA Bt AAS ARE ARSIl 747t YRES ohj)

Hafolal Ag ARgote] et 245 T7ER RS o E EYO dxix 9
9}°L%“51°l A= Eotgltt. ol WS T 7l oo des EFstel & HAIE
£ NEd of Yas9] vigo] bE T 55t g dgste] Edfehs AR F A of
3O YEES FYsH A ol Ad 7hshe Btk T g Bl EASk: o2
Eld|o] E(agglutinate)2} S (glass)’t E3HE HAF S 7shd & B9 vsigle
1} KIGAM-L19] 355 fAMIE Eold 2o 7|djsch

©

=2 AIAAR] &) Fatieh AR =70 YRE IHsto] o] =
2= HUth 2 A AR eP B84 Ao g ZA AR AL A
< hop SYE|FFUTHKIGAM, 23- 3216) E3 2 e RIS PESAIR)Y] A
Yo 2 S AT Y-S whol Y= S HTHNRF-2022R1A2C1092602).
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Results and Lessons Learned from the Operation of a Cubesat
for the Microgravity Science Mission with Shared Ground
Stations
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Abstract

Currently, investigations in microgravity environments are carried out in a variety of applications, including
drop towers, where experiments can be performed for short periods of time, and space stations, where
time is not limited. However, producing a microgravity environment for long—term scientific research
requires huge development expenditures and efforts. As a result, if the microgravity experiment is carried
out on a cubesat, the variety of scientific studies will likely increase even more due to its low cost. The
Korea Microgravity Science Laboratory (KMSL) cubesat, which has these features, is a satellite that has
carried out microgravity science missions. On March 22, 2021, the KMSL satellite was launched by a
Soyuz2.1afrom Baikonur in Kazakhstan and operated normally for nearly two months. This article presents
resultsand lessons gained for successfully completing science missions in microgravity based on the

KMSL satellite’s operational experience.

YHof: vpo]a=FE, FHAY, Y E

Keywords: microgravity, cube satellite, lesson learned

https://www.jstna.org | 137


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2024.4.2.137&domain=pdf&date_stamp=2024-5-31

138 | https://doi.org/10.52912/jsta.4.2.137

271 AAoIA APS 4 e FEo] 7|5 1 gElal & ) 95 S0 =&l 4

Y 4 Ak 39 2718 vlo|aEFH 0 Fojs, 10°g olste] $F =718 Julsict
[1]. mlola258 B4e Selt A7) Felo] o) Wayshs RAEROR s B
e Az Tt SRS A7) At o $BS ATY 5 ok WA vlolAnF Y}
W A7 A Az, AR, 1% el o|2 At okl 24 485l
9IEH2,3). ol oldols T 4 UMY LRAAS WSk o) 49 Rt Sue
AT 4 s e BT B4 AT 4 Ytk HolA 1 Faio] gzt
IASFAAE nloARFY APAS] TS SUSHA AL 2UT HokR 2k
Welah A4 B2 S Aol Wk SF/IUSE vlolARFY AT Hojo] Fol
3 gIcHAL Wtk 95 7gEL &x%;— A vt & 11%——6}71 AWO}EW

+ A A5t ke =53 S0 ;S”E.LE &olsH O}h‘:ﬂ & 9L st 9;1‘:1’.
SHAIRE, mpola =S s E85tr] sl f50lA AFE st Sk Tlole 943
AR 0] SR, 7 woll H= = 90lA e sk Hl B 8ol I
Al = Holok ol=gt AP AH o sl ¥ o= e AW o He7t AlgtA]
o|m, o]& Qlsf| mlo|ARFY A9 HHHAQl ZHo| ARt et T3, A=A
o] ARt & T AF &0l et X FeF BA 22 Q10 = Qls| nlo|7 2%
AT 713 ARtE o] Ark= Zolch
T 71 Al digt Aol F7tsHHA, mlo|A2SE S0 kEEE 4% 714
AAE9] 5T A7 AER S0l eEd 5=Q19] 770l tigt #el4] HolE 2]
Aol Azl wet nlo|225Y A o] J5 ot Stk ol nlejarsY <
T 590] tiSste] FELIS HIARE 47 Y WA} AR oA AFE T
£ 9= a8zl ZHEoEH AES A9tk KMSL(Korea Microgravity Science
Laboratory)> AH|-& FELIS 85t no]d 2358 Ak A ZE] IAES o
Sohe AS FRE SIglth ofHet ZRE AP 98, AW = KMSL #2948
7St 2021 3¢ 229 Hio]Z+2 WA |R|of|A Soyuz2.1a %V}iﬂi 5= Aol k2t
SIGATE KMSL FESIA2 vlo]a258 g4 9] A4 AT 38| (tardigrade) M=
B AESH A 6k o EN Y 27 & L"ﬂ’ﬂ—t— H|gY ATEQo] K
o, EIY 27, ‘ﬂ] AT ST 22 712 AQlS AFA 0 S o% A4 BH
FHYstal Y7 ofn|R] Hlo|HE FAlshe Hlke AERto =M FH
AFZOE SEEH F U 7FeE IS sHAIEE 914
d F KMSL FESLS A2AHA A E5 AdEol B
= ?('E%"é*% nfo|H25Y Aol SWECE ARESH| siAe 5 oA 914
ol A 4= ohegst Aol
FofA= KMSL FEH49] &9 F

o ol
oft
%

5 @
ofx
1
e JH

>
o
ek
jul

A

do
oL
o)
_y mlm
1o
r, mlm

e 1o o 1o
rr fo o Mo
g 0 0
i)
=
o
=
e
S
)
1p
Aﬂ

i
Hn

3 22 olsfe} thulae] )7t Wasitt webA

A3 e 2A] Hhet BAE s, ol
ot IRE 4eAon S| 9et ulde] Qgow 940 o8 ANE 5
TLEE ANSIA Tk 949 28 Ao} LES AN P WA KMSL

N,
)
Lﬁ

%
ne
rlo



J. Space Technol. Appl. 4(2), 137-152 (2024)

B91Yo) 08 Y, 914 A28, 91 4, 9149 &8 A2t 2eln 2y heol dhef A

wisch

2. KMSL(Korea Microgravity Science Laboratory)
FEM
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Launch -
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Fig. 1. Operation concept of the Korea Microgravity Science Laboratory (KMSL) cubesat.
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Table 1. Summary of each of operation modes

Mode Description

« Separation switch behavior when separating a satellite
from the POD
Separation mode « UHF/VHF antenna deployment (15 min. after ejection)
« Beacon signal transmit (10 second interval)

» De—tumbling control

» Satellite commissioning and condition check
» Maintain beacon signal transmission and de—tumbling
Normal mode
control

« Waiting for ground command

» Combustion experiment
Mission mode
« Biological experiment

o + Transmission of mission data
Communication mode o _
« Transmission of housekeeping data

» Maximize power charging while keeping only main systems
Safe mode running

» Reboot the system when a system error is detected

POD, picosatellite orbital deployer; UHF, ultra high frequency; VHF, very high frequency.

AT Bl S 4w A4 Aol Eo A4 QHgsA ae e B4 me
2 A 4 mEL A4 Qgst 94, viEe S, 94 AR dolel 4, A4S
¥ o7lg 5Pk moolth 9R mEe B4 WL mE Y mooly WY 4 9
2 A% st 94 S8 RS HY wER SAEE, IR HEL A4 g
o] olsiAet HgkElth Q% BEE nlo|aREY BolXY et AT $gshs Hol
ZE Aot qlh AR9] 49, AU 8 27h0) A7 AL, Z7te] FEeiAls
A ool o) EdMo® RS Suw oY £ @ oY 242 Wk, a7E
A 35 A 44719} Fhvlelo] o] FFEl] ARS St ol E HolE S A%
3 4 mEe AgEd 4% 84 49e 2uHE Btk 99 mEe) HIE A
8510 B FUWT. olF BE YRS Avlg sz Fsn A4 T Py mew
AghETh B4 oL T A4S 7o) B4 Ssks meol, )4l Q%ﬁi ot
gloleie} 914 Aol Blo]E(housekeeping data}g X402 41k ohgd F4l Lo
A WIEIE] SoC7h 7.8 V0W) o1439) Aol HoleHE: SRS AASSIE, £,
olE] 41 Aol HlZ 4157} BEStET B4l RE & A 240 o3 vE 4157} 4
S, ulAeto R okl mES fele] SoC7} 7.6 V(50%) vRto R Wolxe Figle
2 QLT ST oluf, A AHEeH M, BAACIE AD)S Aot BE A2 A
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KMSL 9182 9 2HgolA st AR5 o=t 28 w50 AV 3=k
59 5 A AAdHEN AAH AAREo] Bolste s HAE]IoH, 9 82 H3E
= =071 9o 7Hdstar st AlA" AAC] S Folth Y189 AlAE AR
Table 29} Zth #oA & &= %o KMSL 9149 42 o/lgs HHE A1, 7}
st AFE {8l 2719 ek AF HAAE "AeTh 91499 271= 3-unit FEAHLE
7}=2, AIE, o7k Z42F 100 x 100 x 340.5 mmolH, & A2 oF 3.6 kgolth. A+ A
= HY 371 A= wEth 949 #et i dro X3RS 876HA| 271 wiizof 2
deg/s oJ519] &g GABIEE F X3 Z:5 A|ol(detumbling contro)9HE $=3¥3ict.
/3 Aol % dlofE] A fldl 4 HA+= 2T very high frequency, VHF) & At
|5t B2 51F P=9] 39 FxHuKultra high frequency, UHF) t9& ARR5to] d)
oJelE FaRt=rt.

371 AN2E"E FHd5H7] I8l Fig. 29F B2 352 ol-8sto] 94 skt 149
ABAIAE ZF L2 A|(structure), SAIA(communication system, CS) 18|32 A A|(elec-
trical power system, EPS}= U5 A5 SEZ =°17] i vl olgo] Q= o9 Al
st A4 FE2AE Endurosatit®] 3-unit FRAE ARESICH, FAAE
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Table 2. System specifications of the KMSL cubesat

Contents Specification
Life time 6 month
Combustion experiment module
Payload
Biological experiment module
Volume 100 x 100 x 340.5 mm
Mass 3.595 kg
Altitude / orbit 550 km / Sun Synchronous
Altitude control { 2° (omnidirection)
Interface USB, UART, 12C, Serial

Uplink: VHF (145.835 MHz, 9.6 kbps)

Communication system
Downlink: UHF (437.265 MHz, 9.6 kbps)

KMSL, Korea Microgravity Science Laboratory; UART, universal asynchronous receiver/

transmitter; VHF, very high frequency; UHF, ultra high frequency.
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— /
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Fig. 2. Overview of hardware and avionics consisting of the Korea Microgravity Science

Laboratory (KMSL) cubesat.

Ul ARl =9 Avo]lA U] AES ARSI Aot S fR FAAIRL Aa
A3 WE(combustion experiment module, CEM)¥} BE |4 A3 HEE(biological
experiment module, BEM) 25 9/ /WdgolA AA]| A2 ol 3ict. H L o]
2] Al(command & data handling, C&DH)}= 2 2= #HFE(on board computer, OBC),
QIEfH|o] A X E(interface board, IFB)= ™, = ARAR] @&&H2 AlES A1
A5t ZAA o] Al(attitude determination and control system, ADCS)2] 739 Zh&=
Alolgks a¥st7| wiizo] = FAIl =Y Aso]A HE9] 27| EA(magnetorquer,
MTQR)}E AR&SIITE. WiA|EtO & A7) EES] Alojg A3 v AZEol= v|= &
& F=HNational Aeronautics and Space Administration, NASA)OIA] 7HgsE @2 AA
ZZ9] cFS(Core Flight Software)s AF&5Ftt.

3. KMSL(Korea Microgravity Science Laboratory)
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Fig. 3. Summary of Korea Microgravity Science Laboratory (KMSL) operations results.
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Table 3. Information of beacon transmitted from the KMSL cubesat

Data Type Bit

Satellite Callsign Char 32
Mode Status Char 8

Flight Software Boot Count Char 8
Antenna Deploy Count Char 8
Antenna Deploy Status Uint 16
Flight Software Boot Time Char 48
TRX Uptime Uint 32

TRX Offset Uint 16
Battery Voltage Uint 16

KMSL, Korea Microgravity Science Laboratory; TRX, transceiver.
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Fig. 4. Location of shared ground stations on the Satellite Networked Open Ground Station

(SatNOGS) network for Korea Microgravity Science Laboratory (KMSL) beacon reception.
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Fig. 13. Orbital position of Microgravity Science Laboratory (KMSL) cubesat on May 21, 2021 [10].
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Scientific Objectives and Mission Design of Ionospheric
Anomaly Monitoring by Magnetometer And Plasma-Probe
(TAMMAP) for a Sounding Rocket in Low-Altitude Ionosphere

Jimin Hong!, Yoon Shin?, Sebum Chun? Sangwoo Youk? Jinkyu Kim!,
Wonho Cha'!, Seongog Park!, Seunguk Lee!, Suhwan Park’,

Jeong-Heon Kim? Kwangsun Ryu!"

ISatellite Technology Research Center (SaTRec), Korea Advanced Institute of Science and
Technology, Daejeon 34141, Korea
“Perigee Aerospace Inc, Daejeon 35203, Korea

SKorea Astronomy and Space Science Institute, Daejeon 34055, Korea

29

AR2E 222 Kot HI81 HE 7H“e’ 71t Sofl TE[HO|L F5 2EE A Bilole {8t &
~L0|C}. Ol2fet 2 D0 Ao 2o, Tiefet ufel HH|S SR HI0/EHE Al
OFZ XI5t 4= QUCE. HZ|X|HHZAHO|ARE 2024 AE7|0f K A& LALS RISHSH 7, 20261 1€
A0ll= 271 JSAlR ARE 22E LA OIFO0ICE. O] 222 A== o0l LA 00|, 2F 150
kmQ| SH 10 & 30 kg2l EAHME A1, ZHT FAUA CIISH ASS 485t Z0IC}. Eo], 5
& X999 MMM 7oz FAF I B oh= ARt ESH XM M7 [HEN| ofet X7 1%
O] DIMHEIE HEY & U A= CYECt 0/2{5 HES @lol KAIST QISHIEATA0M 7Y S
QI ERA| IAMMAP(onospheric anomaly monitoring by magnetometer and plasma-probe)2| AF2H
270 HTO| ZARI & HPE0IC. 2 S+1= ST XF2| M2 0| TiohiA Ofslstl, 2xt FsAI=0]

Mol &= 7kt AT EA SHES FOAt eIt

QE
\_ﬁ

Abstract

Sounding rockets are cost—effective and rapidly deployable tools for directly exploring the ionosphere and
microgravity environments. These rockets achieve their target altitudes quickly and are equipped with

various scientific instruments to collect real-time data. Perigee Aerospace plans its inaugural test launch in
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the first half of 2024, followed by a second performance test launch in January 2025. The second launch,
scheduled off the coast of Jeju Island, aims to reach an altitude of approximately 150 km with a payload of
30 kg, conducting various experiments in the suborbital region. Particularly in mid-latitude regions, the
ionosphere sporadically exhibits increased electron densities in the sporadic E layers and magnetic
fluctuations caused by the equatorial electrojet. To measure these phenomena, the sounding rocket
version of ionospheric anomaly monitoring by magnetometer and plasma-probe (IAMMAP), currently
under development at the KAIST Satellite Research Center, will be onboard. This study focuses on
enhancing our understanding of the mid-latitude ionosphere and designing observable missions for the

forthcoming performance tests.

4o : M, ARFEEA, AxeY EF, Ak AVAE, nlA4A
Keywords : ionosphere, sounding rocket, sporadic e layer, equatorial electrojet, mission design

1. M2

[ S

2] H(ionosphere}> A7) F/dH)7] dHHo] o] 23kt FHOo= Wk 50 km o1
AR SR 9 EEE TR W2 9ol xSk it At AL F= 10dA]
Bl FAMIQ] XA AQ)A, 18] At 9F9] 95(cosmic ray)oll 2Js APE T o] 235
SH AAES AP oA ES2utE A4S 5] Ar|Fow S ARt
Wol EAfst7] fiiZoll S4H719He] F2Ae-2 FAIY o Qlrh 3 5314 S22
THESE )7 ASH R A= XX S5, AU 5 AHHO| APE AjHo] JF
S VR ER AF5ZA AHE FXIoHA FoHl]. AEH-2 GPS(global positioning system)2:
A} B4 T Hftt 718 &80l & 3= HIA7] wiEel thdRt 80 ofgt ¥
E o|sfistaL siAlsh= Aol Fasttth

HEAQ] A TS WHORE o] kEd|(ionosonde)7t Tt FREE HSIAIA 7HHEA
Auts Mo o= WEsto] e o] Zotees At} JAFISE S0 =N,
ol 23l Fo] ARt MAF U AHE Y5Ih E3h A2HS FHSke GNSS(global
navigation satellite system) HI+E 0]-8&5F X[H|(occultation) L A€ o] A(scintillation)
70| 9lom, HF, VHF, UHF S8 ARgok= 7Hd Algt Hlo|t(coherent scatter
radary= ©E5Y B9E E8olo] =22 AAE, §4 EdYy} 22 @2 #S5T &
ojct. whHof| H|7Hd AL FlolE(incoherent scatter radar)= 0] WUx, &% FE &4
54 W79 B4 Zete] Mo Aol it thefet JEE AlSeitHzl detHEo
2= FUHolA E= AlETE7I A0l f-delolH et Ax7tHetE AAsto] skar JlomH,
F7IE ZHAAE olste] 4T 7] 2 AYd A4S sk U3l 241 B
= A3 AR AYAY AFHEE TSsHAY, EALS ol&ste] A% 57 (in-sitw) Tl

%
fuj

i

OolHE FEoh= o] At £3|, NASAY AR&d ZA(sounding rocket) T2 132 oL
Aso] vl AHstal et 5= EoA A 3T 5= = At EHES A
I3tk

QA9 A A 2AT D) ALY 2AL BEeHE TEAA BEA Jsiel B
AZbol AR 100 km olge] 9587+ AU 5 sPIsH] o] 442 Hold 5ol



J. Space Technol. Appl. 4(2), 153-168 (2024)

7¥sstth. 914 Aol MUYSHA] doba] 17ke] BAEY /452 P E (telemetry,
™) 9 =0l BashA| Fouz i vlgo] Agsith 300 km PITHe] 11keofAl= th7]
FEog Qs AFAH Al FAI7E ofF7] wiEel ARE Z#°] 100-200 km =9
FEH7E TS FUT TS Wolet & 4+ Utk HEX[oloj2 A o] A (o]t
HYR)of A= SFEAHA 71 5AIE S AR ARRE EAS 7dsto], 20249 ARE] W AT
kAL o Ao itk o] 1990\ XHHH $H=d Tl ZAl(korea sounding rocket,
KSR) AlZ|ZE AlSshe o7t slow, AE g oA a3 4= = o27HA] A9

71818 AT 4 9lg Ao At WaFH10~ g olsh U AY Aol 7Hsste
g A 45 BN 0183 % Uk
B LHojA 20254 1€ o]T uhajo ol Hglx] AkeT 2710] 23} ASA3o] tiet 2

FAAE stalx ]'5_‘:1' sHE Al w5 9 AeHAA Aol KAIST Q15918 A4l
A 7Sl Qe IAMMAP(Gonospheric anomaly monitoring by magnetometer and
plasma-probe) §AA9] #H2]X] AR ZA(perigee sounding rocket, PSR) ¥ o] o]-&E
of|7g ol

2. A28 23

HAE 20189 HHE SFUAA| AfECR, 20229 3¥€ol| AT 24 Blue
Whale(BW)-0.12] Al 517 LALS JE5HHA, YA 27] B9 7S EsIelt) oJojA],
AR 7Fs e WA 71e gHsh | fIs BW-0.31 AR9] 1, 275 2 BW-0.49] 7
- X Folok. o]& 7|Hte R FFAQl Bl BW-12 A AT TAL Bl-&} =2 A4
o] $48= 7L 7EE Zoltt. oF 200 kg HAAIE HYS7HER 5T & 3L, olF
A oF 2089 49 TAARZ B8 A 9 28] 7iA 59 TRt A7 A E ]

BW-19] 34| 3= 73} Eﬂi&(toughened resin) 7148k9] EtAAS Pﬂ- Zgirglozg
A&E], AL 9 WehdS 250A A% a8 FPAFT ES 19 A 9719 3

Ed HEHI fg Ao g Eo] w2 FFHIE FAsHH, WE dAE A9 dXES

ARgsto] AR AR QIg AR Al 7RsdE St 21 AR 7P R E AEisto]

[\)

o BESE B0 35 sl T Asie Susa ples daskan Tl
15% eI A5kl 7| REI FA/10he Aed 34 A1) Al et uls) 9t

9

TS AR Utk F7HEeR, SiA el telE UlE ERFE 5] 7hse A
(jack-up) TAMTEHEE LARE 913 BEX]AD) “Cetacea-1"S 7AXsto] s HAGS Z]'Xﬂ

N, BR3E glo] HAF 912 9 Ao fA8E &Y 4 Uk
FT YR WALE Y5l BW-10 28 ol Sl 71&EC) Tl "rHolt

olZ fJ5fl BW-0.45 ol-8ol= ST A 455 71gst5irt. 2023L=1 129, 12029 &
Aa A FE 3R EWloHFig. 1(@)] @A A w4 FMO] AlZte] uige] Ao ch
o], 20249 AJHt7] W AALARE AA 20259 197 22F Al dlAl Utk 12 AlE
HRARS] B3 M= 85 kmolH, AR S8 270 ke(@AA 100 kgolet. ti=Fa 1 vlgy A
hE oF 677 HER PFE, Hobd7A9] A= 21 kmelth. 23 A AIolA = Ho]l
29| S webA FH4: 100 kmoflA o 220 kme] H3# 1% HAo] 7ssitHFig.
10)). FAAIS] & FAQL 30 keE T, ARl HIBAIES 107 B2 vasd

https://www.jstna.org | 155



156 | https://doi.org/10.52912/jsta.4.2.153

(a) _ (b)

—ia 4 P Asp oIME| ojUEC g —iF e 0B Yy e mass[kg]
¥ N —= 220kg
1 P . " 210kg
: m— 200kg
—-- 190kg
—= 180kg -
—.- 170kg

Altitude(km]

d2i[au)

60 80 100 120 140 [ 100 200 300 400 500 600
T Flight Timelsec)
ZHs|

°
S
8
&

Fig. 1. Combustion experiment and flight altitude analysis of BW-0.4 (a) Results of 120~
second combustion experiment conducted at Perigee Aerospace in December 2023, (b)

Maximum flight altitude by payload mass.

3.1.1 Sporadic E layer

A2 Wt dof webde Holsh, fitkeof weh 11 ¥ste] ko] tfstA vEhd
o} gRbEo g 1wof wiEt D, E, FEo R EREH, F9o] watis FEE Fl, 2322 U
HA BERo7|e gt SA=olAe Aed] EFolA 1t o= At 9ert G451 &
7Fol= A3y -E(sporadic-E, Es) @Ao] &S} Esa2 2F 90-120 km 11 %=0] IX]5HH
FAE 9F 12 km, 98 Zol= —.—él 8 kmoll gop FiEoH et 2-38) =oH4L @
A7 Brslxl B eRloRe, & §449 854 ol(Fe’, Mg) D37t 8 WF] &
d AdE(wind shear) 22 <15, EsTZ é LA 5 oAl dEA UAH5,6]. ol EsS
< ol B o] TAsk= A2 Hedl A2olls 8 S840 AdE E5olAe =
& o] BAA P44 AAIsH ] wizolth o] 1 A7 wiAUSA whet gk o]
AE 953E Es3Y PAEC] BHHoR 80%°l SHoh= WA, ALZHo= oF 45% WE
< B5AF R Ho|i QJrH7]. o] F2 20-200 MHz] o|2& Fusr9] MR |oE HhALs)
7] wize], Aup SAlOIM A2E e A7IAY HhAShE 59 9= FH, AdolA e
HE BUHYSH: As Woidth Fig. 2= A% A7olA A EsTo] S48 A ¥5
IS HolEh

w229 22} FSAIEL 20259 1940 ogsta glom, B3 1% 150 kmE 7
FE Aol 71E AFE S5, 2 TR A7 9= AeEole EsT EANIE

rﬁ‘
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Fig. 2. Measurements of ionosphere. (a,b) Profiles of electron density in ionosphere using by artificial periodic irregularities (API
technique) [8], (c) Es layer electron density profile (solid line) observed from sporadic E experiment over Kyushu (SEEK) 1|

rocket and computed vertical plasma density scales (dots) expressed in kilometers [9].

7F oF 45% =2 WSk Qla1, Ao FE 7P gol 243t "Hrke BAREDIE les
2 EsTY #5S A=Y o oty wdE)h E9], AlF A AuE gRlstd ol oA
Ho} 039] EsFo @AHET =2 AL ERIT &= gloH, ol YARIZEE 111642 A7
Stk Ho ghash dejde] Zende A Ao JiEHnt B3 Es3e A ¥Ql &
SPR AR =S54 ol 29 JF FdiEtetr] flsl, 199 AREelAt](Quadrans
MurallS) oMoz =xo0g v} Z7kS A= Ao] = P54l =t} 2024¥S 7E

o= & uf, 1Y 4¥0] §/4999 dHo|EE, 19 19FE 1Y 87 E AL o= A%

SHe o] $49.9] FFL W EsS BHS AT 7R54o] 71 ek

3.1.2 Equatorial electro—jet

AgjoMs S83% AT AR 45 8o s Hx H7IA|E(equatorial
electro-jet, EE)2t1L Ed)= AZoA 5&H0E T2 Fil 713 A7/t yepdth gt
A o= EEJ= F7HA Aol sl &4t =t, A Whe R A9 A (dawn side)

ol LA A (dusk side)= HAY== 55 W Afolrt. o= AHAGY o] 4l
Aol7t FEAGOo R olFolHA LA, o= UvkEos A ¥ A HojA] st
5% Aipedersen current, J,)°lt}. o] Hoj& HAFEREE oA LAEE= & Afhall
current, J) “&0] ESAA =1, ZEHORE = o] F o] BF & Wger 527
wizo]] 2 A 9] HrRtofi= ARt EE7F A S A Eck 1 A7l Rl oz
ot EjeF BAF 9 X2p7] 24T 22 9219] FFE whot Al-] whet HEAdE UEc

BB = A71Ae] g Hae wet o8 FEE AAY] JroA HAshH= Zlo] Urt
Holw, H=|H EZolA &3k EEf= U w2 1%8l FE7IX] A9 ¥WsksE opr[gh
o}, o|33t FA AP I e EdU(rregularity) S oA AuEAlo] EAIE WY
Al 4= Qlot AY 75 B9l EEJ= A5 Avks A5 AEClAM 4 nT FE9
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A7 A71E 2 A& d#A URHI0L oA HealA st Eollet &0l 1
nT "|9te] et 2= A7t F a5it

EEJ= A=AolA =2 AT 11 ko] wet S9= A YoM E IS 7hsgt 4
o|t}. Kikuchi et al.2 XA}7] &t 717k 52t DP2(disturbance polar of the second type)
event’l 251, PPER(prompt penetration electric field)2tal 8= dA4°| EEJE 7%
9 A5 4= okl AGRE v QIoH11]L 2L A AR &F 717 Bt ST A
A7) gE0] wiske} EEJ7E AL s A LS E motEH, ol SRk AolA = EE]
o] Mot A o ® IEE & S-S ARRITE E8 ARP7| FFo] WAsfof etk 21
o] A, FA 25 BIF719] AT HYET 7R HE 7|ZHHY AAT] EFo] A5
gstar glou g S| AE AFAL S WSS FEol ot ol2et A 5
A9 23 J5AY] X 1=(150 km)}E 16l o, Wol AR7E AetEE S40]
AOE R 10-1447} BE] S0l 289t AL ARE HiolH, BsEat o7 #=317] fsial
11-14A17F AR A AIZFe R TE9rt. Fig. 32 IRl HEZ o83 2024 1€¥ 49 F
29 AejHe] M Y E Hol 9lom, Table 19 AAE IAMMAPS] AlFL & 50|
7Fsslt. TSt A A(AIMAG, adaptive in-phase magnetometer) “5{(Table 1) EEJ] &
goll SRt A7 Wgks W5 4 S A0 R wrEr,

1600

10°{ —— Density

—— Temperature | 1400

105 - 1200

1000

10° - 800

Density[cm 3]
Temperature[K]

- 600

10° 4
L 400

200

60 80 100 120 140 160 180 200
Altitude[km]

Fig. 3. This is a density and temperature of ionosphere using the IRl 2020 at noon on January
4, 2024, when the maximum of Quadrantid meteor shower. The black vertical dashed-line

indicates the maximum altitude of perigee sounding rocket.

Table 1. IAMMAP specification

Units Parameters Capability
Density (cm™3) 10* — 10°
Langmuir probe
Temperature (K) 600 — 3,000
(AIPIM)
Resolution (ms) 20
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Table 1. (Continued)

Units Parameters Capability
Frequency (MHz) 0.1-10
Impedance probe
Density (cm™3) 10* — 10°
(AIPIM)
Resolution (ms) 1
Measuring range (nT) 460,000
Magnetometer Resolution 1 nT @ 10 Hz

(AIMAG) Noise 300 pT/VHz @ 1 Hz

Temperature coefficient 0.1%/°C

IAMMAP, ionospheric anomaly monitoring by magnetometer and plasma-probe; AIPIM , advanced

impedance probe for ionospheric monitoring: AIMAG, adaptive in—phase magnetometer.

3.2 #4= EMAN 81 £

JAMMAPL 20254 38 SFRARAI(KSLV-1DA Ay 228 2S94 3%
(CAS500-3)9] EAAl & siuolth. IAMMAPS] 5 o2 AT AojlA k=
ElA(equatorial ionization anomaly) ¥ EEJo|t, & @4} Alo]9] BExst A4 52-8-S 1o}
= Zlo] Hiro|tH12]. IAMMAPOl= E2t2nt S4E& 91 o] T2 H(langmuir probe,
LP) ¥ YdoeA T FB(impedance probe, [P)7} Z3He AIPIMOE A&, AIMAGER=
1Y EHAA]C|E AFA NEZF 2kETH13). A AUF 2 ¥ (engineering qualification
model, EQM) 7ido] k=g AgolH, ol 7|2 = JAMMAP-PSR HZo] /i ofgo]
o} Fig. 4+= Hl2jA] AR2d 229 §A1E IAMMAPY] =S o1l 9t} 71& 91488

IAMMAP-PSR Configuration T
= == == = Secondary Power
E-BOX
CMDyTLM
- = = = Science Data
2 IAMMAP fese
< Fluxgate AIMAG |« =i = — - s
% Magnetometer Controller ! & - —
b P M
1 [
1 [
1 I
$-BOX 1 [
LP o — -1 ! Perigee
Langmuir Electronics I | = = =} = =+ Sounding
s Probe Board [ _:_ EEa Rocket
5 . !
< Impedance P R . ! I
Probe Electronics J'
Board |[iT "~~~

Fig. 4. lonospheric anomaly monitoring by magnetometer and plasma-probe perigee
sounding rocket (IAMMAP-PSR) electronics configuration. AIMAG, adaptive in-phase
magnetometer; AIPIM, advanced impedance probe for ionospheric monitoring; LVPS, low

voltage power supply: LP, langmuir probe; IP, impedance probe.
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3.2.1 AIPIM(advanced impedance probe for ionospheric monitoring)
3.2.1.1 Langmuir probe

LP= Langmuir & Mott-Smitho] 2Jsf g, S2t=nt dgollA 71 ZhdstaA 7
ek Tto|tH14]. V-2 2F0] A5 "AEo[15], 1 fFBAo] AFSHEA B2 ARRE &
2 A5 el FAE7] AR oFe] EH F TR Ho|| K9S AY(sweep)otH
SRS A5 sHAYAREC] #HOE E=T, oldf 'TAske Aol et AR
7F sk olF FAste] Eetante] B4 ST 4 Qlth Fig 59 Zo] ¥RbAQl -
V(current-voltage) =+419] Sl S A+ @ o]29] E31d Y, H|PA| A (spacecraft
potential) 5& FEY = UL, ZF Fof| tit 54 WHF24E olgslto] Eetznte] dret
L5 G551 "otk IAMMAPS] 79 Guard ring + Disk-type?] FEiE A&sio], A71%
9 2 WSt oM, Ao HFSHL = 5 SRRt AHE o|gsto] T2 HO)
RHAS ZYstTHIo!N

Plate Voltage: 300V & Grid Voltage: 90V Frequency 10 Hz

- PV = 2500V
—— PV =3000V
IS5t —e— PV =3500V

Current [A]
Plate Current{maA)
u
=]

Te = 2606.35K
N, =46715.83cm ™

-3
0736 15 20 28 30 35 40 45 50 ° 30 0 50 50 70 80 20
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Fal Fi Falling R .
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Fig. 5. Analysis of plasma experiment using langmuir probe. (a) I-V curve obtained via LP,
(b) linearity between grid voltage & plate current with plate voltage at a 10 Hz sweep

frequency, (c) electron number density, (d) plasma temperature.
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IAMMAPS] LPoA%= MCU(micro controller unit) W52 DA(digital to analog) AHE S
AR85= DMAC(direct memory access controller)?} Z& 13 7153 9l WG(waveform
generatory °-§sto] A A A4S AHsHA "t o] F 7HA] W42 MUX(multiplexer)
£ B AdS AEsHA H, ol mrHE B Eetxut ARE SAY 5 U=E I=

£ 99k

3.2.1.2 Impedance probe

LPE ©=02 ARGS9 SEsfoF & R 7HA] Aljle] EAst=H], 2A A5 EH] 2
At 4 EHE FA7F Qo o] F 7] #Ale ERtare] UEet 257 fiE= [V
TS oL, olof wet ARE ESge Aled f1R/dol U718l WA, 9] Al
R ARRS W] o= IPE Al 350 Rt A EAE SASke Zl0] IAMMAPS] 2
AHolet & 4 AUt

IP= Fig. 63} o] Fukeg Agjoto] E2t=2ute] JudAE Affshal 47 &4 Fuke
(upper hybrid frequency, fyur)E & & U= 51, 0] fud Uk Ao HAE &
3 Eetzut WiRSE FE61A "ot AH ARE S5k o] ofy 7] wigo] HlnE @
At 12 FANA AARETHE o] EASHAIRE, QtEu Ee120t 42X (sheath)2] &
DA HY7F fuup2t BAA G 27g0] WQSITHOF 1-10 MHz). EQM A¥ATE vhe
02 15 cm® Hix=E HHUE #-8sto] H2d Etznt 40 AT = e E]lst
ATH191.

3.2.2 AIMAG(adaptive in—phase magnetometer)

EYAAIP|E AgAl= 19360l A2 WHR 2w [20], 1958 AFEYA [0 FAE &
HolMe FRIHoE ARREZ] AIRITH21]. AejH Eet=ukE oldffetal Atsh= Hlo
A7) HlolBe 2Rl 840 ARk, 4= nT9| ot A7 Wsks #&sfof stuz, 41s

12.5 4
1 — e =22 MA =11 MA

w— e =21 MA . = 8 MA
w— fpare =17 MA = Ipiare = 6 MA
— et =14 MA

10.0 4

— e = 3 MA

Diff Voltage(mV)

WA
T

..........

Frequency(MHz)

Fig. 6. Impedance probe (IP) sweeps through frequencies to locate the upper hybrid
frequency (fyur). It identifies fyur by comparing the output to the background and selecting

the frequency where the voltage reduction is observed.
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Al Fe HolFal Sl

AIMAGOA%= adaptive in-phasegh= 2% #3lo] WAo| 9l 3|2 tjzQlo] A=)
o A2 19k o] slat ¥ A159] o] ofBA Wttt $Y Hin-phase)E &
2|5t PR 0 A2 SR8 2 9JrH13]. Eat WA (calibration) ¥ HAstE 13
52 1 nTO| IAYER FEHL, ol = A oF 150 pT/VHzE SA3t] 87 A1eE
w5l o AUH A1 HEE HES 5= Q)L Ao g yziErt B QEoAE ALY

3 29| FFg sl 1HEZF FAE AEelHFig. 7(0)].
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Fig. 7. Shape of IAMMAP and mounting on sounding rocket. (a) S-Box, AIPIM & Sensors,
(b) E-Box, AIMAG & low voltage power supply (LVPS), (c) structure of ionospheric
anomaly monitoring by magnetometer and plasma-probe (IAMMAP) on sounding
rocket. AIPIM, advanced impedance probe for ionospheric monitoring; AIMAG, adaptive

in—phase magnetometer.
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4. HOE| &S L Xz

2 QiLofaf= gL LA k9] BAlof RS-422 Al2]Y BAl R £ ARgSH o o]t
RS-4222 &2 & WD A 415 #H4lE 5o A=A Sl dlolE #dol 7Fssith ot
2hA] QL o]=7h w2 3Rl QlF ol WARA|S] wol H-gHch 2 ARoAE= RS-
422 T2EZS o]&sto] FRAL} HAAZE 2F AA=, HH(tele-command, TOZ} 4
B H(state of health, SOH}E $541 & 4= Q= Ad 21 4 Xt} 500 kbps®] £ 2 &
= ARE AT & e 1< dojE Ado] Al Zolth GAAY] HolHES HAAS
PCU(payload control unit)s A & 6709] S-band HEHUE 53l AAfog HEE, X]
Ao H2lxe] 24 Qg B3 TLM 524171014 wot DB Aeo] B23s1A Hct. A
|27} A3 DBOl Heke WHE EAI8HA9E TmolP(telemetry over IP) 7162 53]
TLM 241719 Hlo|EE& TCP/IP Z2EZZ AR A via e & e s &
T 5= Qltt. Fig. 82 HAAI HAAZE A== B4 AEES HolErt

IAMMAP2 S-Band(115,200 bps)E &3 TM/TCE S wrow, ¥ 53 U AJef HE
£ $54T  AEE AAEGH. A R AR, 2% 5 AHAEEE 23lek= SOH
L 162 F7(12 37182 24 AR SAEH, 22t 46, 60, 54 bytes(LP, IP, AIMAG)S] 3t
7H9] szl o g€t ST(science telemetry)= HAA7F 53T HlolE & YRS $Als}
o Aejd S22 A7) di=FARl AEE & 4 QA Hok LPE 421ttt 64 bytes?]
570 w3E SAleH, & 136719] ©5 dlolH ERIEE 71Kt [P BS54 dHlo[eE 5%t
Ao e & 125709 TEHLS 420t} 64 bytes) 571 Hjzlo2 SAG} AIMAGE 4
Zultt 62 bytes®] 678 H{ZLE SAloHH, ZH sjzlnbct 2709] FGM X, Y, Z%9] ElojelE A&
gty shuke] HiZlof] 12719 #&Ho] 2= EE, F 72709 BEHEE 4 5 Utk

A& BAZRIS B3} ST ARuko 2= Eat=ulo] nqHsls HeslA 4517] ojhth

ol iEslV] Ashre A& R HOlHE FiL W& & 9)= SD(science data) A'do] 2

IAMMAP
PAYLOAD

‘B

PAYLOAD
CONTROL UNIT

PAYLOAD CONTROLLER
TELEMETRY
UNIT

AN

DIVIDER

Fig. 8. Configuration of the communication link between launch vehicle and payload.

GPS, global positioning system; TLM, telemetry; SSR, solid state relay; FCU, flight control

unit; IAMMAP, ionospheric anomaly monitoring by magnetometer and plasma—-probe.
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83et. LP9] SDE= AllA 9] A9 Ik 27 2 bytes¥] 3 HIER W5 2507]9] ERIER
%L*éﬂtﬁ 2719} ADCOIA sampling rate(2,500 Hz)oll w2t 123 2 10749} sfzlo] 4343

= ek shel B7 271(1,018 bytesys iﬂ% st HIPAIZE oF 101 &< 6.1 MB2] H]
OIEiE A742H(10.18 KB/s). IP= AlAOIA B=H %S 2 bytes®] 5007H2] ZAER
gt szlo] =M, 1200 2o 57]9] HZlE AAdstal oF 10& B<F 3.05 MBS Hlo[HE
AAH5.09 KB/s). AIMAG= 4719] ADC7} 40 Hz= E2F57] whizel, 1.525%0t 7]
7} 994 bytes?] HZ 3715 WHE 4 Uch. 1087 FAEE $ W 271 ¢ 1.17MB 4
olH, AR g4 SR It oF 391 KBY] Hlo[HlE o83 5= 3l Zlo& Helch

AA| Al HlolEE gAY ADCE B3l HEkE 16&%Hex) FElo|2=, ol5 AlA
oA Z2HH opdE ] Zto g BAFE WQv} 9t TREJC AT EZo|(front-end SW)
€ &3l S-bandolA B S4l E AARE HUHT 7S 7% vt 9loH, & dFo=
28 ofidoltt. E3H EGSE SWE 53 41E ADCREE Z42+9] 3 AlAfe] ofg =1 3t
O AFom Hgsie] AYF £ glow, LPe} IPE ol8%t =t 24 =t EIt
python& °-8ste] 7& AJefolct.

oY BAL BESH Tk B 4sh] fEd] S22 dele S5 golst
3 Hlgo] A@shcks o] Uk Ed ZAE FelolA] Hed BES HIE ol
A% 71318 AFstel A L A A5 FFINE o188 % ek £ Ao

L eAe) ALy 2R BEte] % AP AU BT W} AR WA
ck. o QFY) B T 150 kmold, ol Es3at EEJO] A2 9 718 Bo) 7}
5% A0 oItk 53], B3l B2 BES Bol7] 9istol R4 T /K9l 19
1958 82 Aol WAl FZLoR APsily, Aeld THo| 71 WIS v AR
11:00%8] 14:00 Alo]S WAL ARkoE 243tk o2 918) B [AMMAPS £}
AT Ao VS BHOE ApLEIoLt B AT o) FI= AGIHE F£5] e
B2 BEY 5 Y A0 BT 35 WA odl dnoly ST Hojee H
o= TR MM 4714 A5 Aol KAIST A3 gAATLE A 5394 3
5.0) Qe BAA) A5-e Aol Selska, @A) i E91 TAMMAP FM] A 7j4o]

E A4 A& EHEAIES SHEATAHNRE)S] AAA7/IEAFA(NRF-2021-M1A3A
4A06086639)F FAHo]A 2l P4 AFIA(NRF-2021-M1A3C2078744)9] A9 ot &=
Y= A Ato| o]of] TA=HYTE,
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JHE OIZUN HOIK SHS I3t 2 AIAH
[e:]

Development of Operation System for Satellite Laser Ranging
on Geochang Station
Ki-Pyoung Sung’, Hyung-Chul Lim, Man-Soo Choi, Sung-Yeol Yu

Korea Astronomy and Space Science Institute, Daejeon 34055, Korea

SRS OITOM MY Y ZAX, 2 A, @3 =X S 3t oI U 27PN @F O|Ng 4

517 | U5 HE SLR(satellite laser ranging) AARIS IHLSIAUCE AARS THd5HE 2 AMEAAH
S ol 2F AARR O MEAARS HOfoll #F 12|52 7HICZ 5 H A5 #5 &
£ HIZ5IH, X[&0IM ASLENKIC] HEIE AMShs ALEQIHZM HERT 7[HHe] Muet 2210
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A2 2 EX| TE QIS STARLETTEO] CHet 20|X &2 Sall S8t 2= HI0|EIE X610
ILRS(international laser ranging service) =A|7 |[TLO|A] BHELSH & X

HlW FAOIUCY

Abstract

Korea Astronomy and Space Science Institute (KASI) developed the Geochang satellite laser ranging (SLR)
system for the scientific research on the space geodesy as well as for the national space missions including
precise orbit determination and space surveillance. The operation system was developed based on the
server—client communication structure, which controls the SLR subsystems, provides manual and
automatic observation modes based on the observation algorithm, generates the range data between
satellites and SLR stations, and carry out the post—processing to remove noises. In this study, we analyzed
the requirements of operation system, and presented the development environments, the software
structure and the observation algorithm, for the server—client communications. We also obtained laser
ranging data for the ground target and the space geodetic satellite, and then analyzed the ranging precision
between the Geochang SLR station and the International Laser Ranging Service (ILRS) network stations,

in order to verify the operation system.

Aol: Q1F91d oA 4 AL’ AR thEd WS4, SLR(satellite laser ranging) &%
AT E o]
Keywords: satellite laser ranging system, Geochang Multiple Function Observatory,
satellite laser ranging (SLR) operation software
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1. M2

[ =

AT HolA FZ(satellite laser ranging, SLR) AL A7 AEE £35]5k1 A= <l
93 5 @loIA B (laser retro-reflector array, LRA)O] A2HE Q159142 He= 1|
2] &% A= FX CPFconsolidated prediction format) T+ TLE(two line element)S
ol-gsto] AFolA AF7HAY A=E AEHE(em) +E0& st Sste Ala
gojtt. Aol A Sxetut HA oA TAF AR IE-91/e] 2 LRAZHFE] HhALE
o] EZok #o|A9] =2k A7RS S75te] HIPAH ime of flight, TORE AWt o5
HIO 2 2ol A RIZ7IA] 9] A—E Ak&sh= Aot

AF9 A= HolEE Alsshe AlAE S SLR AIAERE AEske= 7P At A
7 HlolElE ILRS =A7]ol Algste] A AAR wjazstar flom, o= A5 Fd
A= 2%, 5 SA, AT ALk, 7|12 =25t & ARt AT dlolH 2 &85 Qlok EIL
SIR AJAERE A Axo] U= AT TS A58 B I A5 AlLH(global
navigation satellite system)2] $x]2} A= AS U Bz ARSEHCH2].

=HolMe Fe e/ d 25(STSAT-2)9t th=2 48914 52(KOMPSAT-5)7F LRAE 7
2ksto] A9t HleE w3lstal 3leH, 20209 249l= S & 2 IS5 fRt AAAEE
H4 2BZ(GEO-KOMPSAT-2B)7} 847§9] CCR(corner cube retroreflecton)= -J%
LRAZ} 72| o] "ARE| It 3L 2035W7HA] LRAS 2%t =3 A HAIA"(Korea
Positioning System, KPS) 8717} 7 & AL AlE] Fofl Qi

A Aol AP A3 dAme dF L A= FAE Yl 2 ARSE7] o
2ol A714Q AFE 5] floliMe A Be7t ook IS A=Y 7.7,
7%k, ®Alo] Algtol| wiebA HFOHA H= Tt s 4 Wieel F714eR Ak 47
2 AAE FAIBH ] 91RE 7152 eashof itk T187] flsiAe WA 1S9 Bt
A5 mofsh= Ao] wi- Fa5it, SIR AIAERE: G5l 22 A HolE e nle|A&2w) 7

(microwave measurementZ &9 B> A2 glo|gof H]s| JUs}t7] w0 SLR TZHA

oA T HiolEE B4 7% B9 A4H o2 Agoly vlela 2t ZgHct oL g
st 9 #= A& (precise orbit determination}& AFET &= Qo] AT 2B 8 9=

< FAa3keF 4 H3 4l

A AAF R ILRSOl 559 SLR ¥ o 1391492 20249 59 7|20 = 1277001,
LAGEOS, STARLETTEY} 22 4] -8 2139142 Zgslo] Aok GLONASS, &2
QZSS(quasi-zenith satellite system), F¥ A%< GALILEO, %=2] BEIDOU, COMPASS
5 GEO(geostationary orbit) 1&5-94dE0] thr E3E o] it 20244 5€ 7% 202597
A ILRSOl| A0 45 913t 55 9 50H A2 77001, 203287H4] AE F
o &= AT 167]0]chH5]. ESL SIR FZAE oju] A AAFOR 44719] HA=A47}
U= B0kl SLR AARY] 28 & HIA 0= F7lekal Q= S=Alolch

ILRS =A7]70] 555 = SLR A28 F 2712, AlE SLR A8 A% SLR AlA
gojct. Al SLR AIAFIS] A9 20149 Al %9S B9l AHEd = HloEHE ILRS =4
7|50l Algstdal, A Aol wet A5 BE5A(validated station)= 5A= ATHOE]. A
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% SLR A|AEE @A AIE 5 Fofl 1o, Al BSolA S249 HlolelE ILRS =A7]
QH= AL Hxa Z|5Y Zof 9ic}

:ILOﬂ Zﬂ-‘—o]—o% 2025]’:17]]-;(] % 1’%‘—%\& %LE‘C

1% SLR A"l 913t ABAIAES 322 R E, Flo|A] AR, ot AL, HA; Al
A, F AAE, 2 AaFeR FYE . OF B =EolMe 29 Alad dis o
Eoh 29 ALEZ JIFH FlolA wSol agt AHEAARS Aofsial tlojEE

So] WEH F 1 ANES B D] WIS, BES o A5 A7 A2 de]
B8 58 Ael, A%, Aok Aadolch

B RO 99 Alag aPARIE A 8, AmEge] a0 A9 ol B
2 A 7)1&s9h, PO R A SIR 28 2B B A5 A
ILRSOA HiZT A A SIR B Al FUES v|ng 258 AAsr,

2. NAE 27AH

2000t o]¥=& SLR 7]&9] A4+ —ir—’\ﬂ% +QuE 2, AT 5% AEE . Asst

71, Eye Safety oA /‘}QO]‘:} T2 S04 AR 4 AL} HdE(return
rate}& 7AsH] 98 B2 A= H FTHTI. FZoll= olzRt AFtet tiEo] AlAH
= PHE EHS 9% Asst 7] 7H } A&k WEA7E S7MIL Qi B A
=9, A= 53 T2 SIR 239 712411 76 EF A58 Fof Qlnt. ol2fet A
3} 7152 0|85t Auk= AR 9 AlFEA ‘53:(]— oy AR Y= v)g HA =2 &
+9| PGS AP ffsiAoltt. IF B2 SIR #S4oMe I +E02 AsskE
Yok S B3l e Aok QU A& S0 1990 ol NASA MOBLAS ¥
Sae 97 AE3HE B9 g 475014 1828 £o] SJHE-= dAsIAN % &
2732 O S7HEUTE]. Bl Asst Ao AT 2ol 292 zimmerwald, £
Mt. stromlo TEAOAE =2 $£9] A5 9 A|AH|(full automated operation system)
£ 9ot oH, FHIToE =Y SOS-W(satellite observing system-wettzell), ©]=
NASA SGSLR(space geodesy satellite laser ranging), #1A|o} EX]7Htochka)?t 2o A5 &
F A2EE skl A8she AlRI7E S7EsEAL UEHO, 101,

A% SIR *9Q A2EE FH5ks sE=do] QIEHo]s, AXE0] §Al, HoJe Azt
A2, glolg HAARE RUHY & B2 ZEAA AR Qe A|AH] BolE Fadlsio] MY
D 5 e FAIE AR RS Hs] HIERA 715k o 4T AE A Ao
T/otRAtt. TS, SIR 719 A7 FAlO] w2k 29A] o5 ABAIAEE Aofstal ¥
Aol wet A 0" 2Poks E WS B 2GR Alof glo] A% AlA AgHe}
AMBAAH L] S HYE P W5 daEEo] wet Ao s Fshe Ay IS B
TS A Ysfof gtk AAs B BEE flsiis ABAARS] AH AHE, 45 A4 JRE
AAZE skl S darE|Ee] vEdEofoF sk, ThefRl o] AR WA Al A=l wet
7] E= BAE 4= AlA"o] 9Fh

https://www.jstna.org | 171



HE ASHY 20N FHE fIT 2F AMAH N

3. e

3.1 StEAI0f 7HY &t
2H19] StEfol=s & SH9 ths 24 AFE FEHE ] Uk B4 HFE
o] A2 AAHl 719 FIFo] Hof fA|ESTE Gololal #ARLRE IRt YEQA Edfy
(trafficrr &Y 4= Qo] Fo19] #32 U= 4= Uk 4 29 AFE= ABAAE, &
Al 7H2}, GPS(global positioning system) 5 TRt AE SIESo] F-5-& 19t JIEH]
2 AlB} gargjEo] 23 T ATE oS XY Fig. 12 29 Al&"
9] st=gojot AL E o] F/d tholol e YEH, ZF HtElo] HAXH AHe}t AH 5}
Edojte] Ad FHE YERL Slth 23 Al4H] AREE & J’ ¥ AFE, A
A, golA/A1Z ZHFE, A|E Ao} 5E, SLR/AO HFEZ AZE 0] A} of
C9jof QlEHo] Ao wet LR, 11 F As TS Ko EEEE AHE 7 vhAR
He FASITE & AlAHR SAESL Y BAS A FE BAl(serial commu-
nication), CAN(controller area network) 541 Y& | L5A|7t thFE o]t Hl(ethernet)
E./\] HT—/U___E ?-/Hﬂﬂ %1];]— 0]‘— O]ﬂﬂ]-o(}:/g HT—/U_J t]o]ﬂ "c')‘-"]' E‘/\]_,] /\]ﬂ/ﬂ I:]-Z'\_ o
29 FAIH A7t 7kt v A7 7152 flsiAelnh of=gt HhAl o & IS 7t HFtEl=
IR0 =8 FAE HIFOE 7 A2k Hloly WS d Ao FHol| & Ut

29 A2

SR Qjge @

Dome | Telescope Computer Operator PC (Observatory and Remote Control Centre) Laser / Timing Computer
TR Box and
| Rotary Stages
Dome —
System Luter Iedtocy
Management Device Browser Log Viewer Server : 20200 Server:
Dome Interface
Server : 20100 Coude Camera
Gimbal ——
i Power Amplifier TuRx
Telescope VCP StarCal ‘anm! ::; Server | 20201 Server : 20204
Telescope | OTA e
Optical Tube Seuia 011 - I e
Assembly
Mission Planning M Ranging Delay Generator
. _ Sysiem ponyovesny Server : 20202 Server : 20205 Timing System,
- . Aircraft Detection + Delay Generator,
Alrcraft Detection | | Server : 20102 Dateclors
Camera
192169909 SLR Application | | A Application Conda G
Client Client Se 20206
| Power Amplifier
192.168.0.2 192.168.0.7 192.168.0.3
192.168.0.11
Adaptive Optics Computer
Site Contrel Computer 192168.01 SLR / AG Computer s
GPs ] ] Deformable
192.166.0.8 Mirror
Schedule Post-Processing Data Distribution Obsenvalory o ==
Server : 20060 Sarver : 20070 Server : 20080 Server : 20090 SLR Application Adaptive Optics
Weather | Server | 20091 Sarver - 20300 Wavairont
Station — ;;::r"
192.168.0.4
uPs Time Mets Radar A5 Ak
Aircral Server : 20020 Server : 20030 Server : 20040 Server : 20050 il
Survelllance
Radar
System Servers including (Windows)
Dispatcher : 20000
Caonfiguration : 20001
Logging : 20002
Authentication ; 20003 Camera is Camers.
Resource Management : 20004 Server : 20301
External Matification : 20005
System Manager : 20006
Hibmal Ersicfons 20010 192168.06 192.468.0.5

Fig. 1. Configuration diagram of hardware and software in operation system. UPS , uninterruptible power supply; SLR, satellite

laser ranging; GPS, global positioning system; OTA, optical tube assembly, Mets, meteorological data; VCP, virtual control panel
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3.2 2ZE0 WY &F

A% SIR 29 AT E ol AR ALY 55 FEOSSS(Electro Optics Systems Space
Systems)Ae] B MEE NPt A 02 JE AHBEAAHL] stEofo] thgh A
of, 19} #HAH QIEHo]A F AR 7H] Aol A2 AHet A4 FalEfEo] tisiA=
AAFE AFo] ofd olBHY FHIE 4T 7He] FEo] MRFE M = CH+
Z2 g oje} HlFd ARH (visual studio)s AE-SH] kA2 (compiler)7t 2.8k
TE N e 55

ATEo] /i o Fxg, TEEER], IEAA X HlolE X7, AARIF,
UAE 5 oSt 7 el Stk A 29 AlA"le] AZEols 35 T 8 %
84S 185t CBD(component based development) B &2 Agisto] 7it=ict.
CBD HH&E2 =44%l 752 sl AXYE 7|qto g AAlsto] §-84, T, 74
B gol, AAAE =21 HHE I /EE fIATEol= oF 40719 HEUER
T30 Aol 7hert Hagte] TSR] FHESHIAL, Fo] wet HARUEES AZsiA
ARG = IES SIQlth A 9 AlAEOM = AZUES AHE Aolsilth. A=, Al
A R 2531 BRRE FRE TR AZEOIE 7F 7|5E A= AAlst] A 1t
EFHZ 0 Z Jgo] 7hssto] AnEQ] /T ARE TSI AHE o] 87t AIAE Rl &

oJsHA EABHA.

=

A

4, 2OEQ0 = A 2= Hu8|FE Ex}

AnEQ o] 2 HEolli= A5} MK (layered pattern), B27 ¥ (broker pattern), =
g FAEE H€(model view controller pattern), THo]Z HE ¥ (pipe and filter pattern)

S5 72} "S5 JAEoEN dIE =olal FTE ASHAY YEe fA K
Hog AGHY AX 2F AZLEFole v FAHE ABAAET sHEo]
ALE Ffotast A 2 STelUE WE(server & client pattern) T2 A &
P AZEFOIE o|FL QU= T AHZEIP 74 9 ZE HTe} 2 YEQT FHE
55 etherneto] AZAHE thE AHo] Ho|HE AlFstAY Al 4= Utk &, Pt A
He Ho[HE Algshks A B HolHE Algis SIAEY} Hol tE AHete] H
oJEIE &1 & AUt olFA ethernet T2 &3l tFE AWl gLsk7] HshiAle Hlo]

£ SHOtAL Sk AW AEE AR ml2] ol Qlojof jitt &9 AlAHEIA o]t
YEQT AH|AE AlFsH= A¥7} dispatchero|th. Dispatchers 29 A|AH9l RE AF
Efo]| Ax|=ojof sh, Wik = (background) T2AIA WA 0T FAE 0] P BE A
H7} o] 7FsStet. Dispatcherd ¥ HE AH7F -85k §4 3-8 AHIAE F4] Al
2(core services)e} SFL, ABAIAHS] Ho[HE o]gslo] TS Y& A sk AH
£ 4 AH(core servers)etal gtk 4 AH| A= 2 FFE ] AAE AHE A Yok
AH|AZ dispatcher, machine manager”} 9th. Machine manager= A8 3552 A|o]s}
3!, 29 FHFEof WOL(wake on lan) magic packetS o|-8sto] 92 = H-E X|Aglct
Al AHE= SLR application AH2} observatory AHZ o]F0]A] Qlal, HA Au|Ae} S
Al Aeo] gt A2 4.1-4.4904 713t

[©)
1o e
1
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AR &P 2TEQooA= AH Ei= STR|AE}S] FAZ 95 Fig. 29+ Z-2 EA7t
Q) ol AHME 7H] Wi FA12 DMI(device meta language)2 7|HHO.2 s, 4
A SAlE &9 o]FoiXIt Fig. 20 W WiF 541 dak= thZ3 £k @ Hol"HE 845t
T} 3R= AHE dispatcherol Al E2o]dES] YEY A HEE 2431th @ Dispatchers=
authentication AHE B3l A AT &2l & @ Configuration AHZHE STo|AHE
UEQA FEE A=ttt @ o] FH= Q3 A=A MIHh 6 ol& Bl oE AHl=
SEO|AES] AES 275k ® T1of gt SHol 2 @ W= AGITh ® FFHo=
PR Yol gt 9o R FAlS nHREEglth o] HXk= shhe] EfiAA(transaction)
= 9ulsh, & AIAE W AHE 7 SAOINE ARGET stEgojote] T4 FHAE
Emo]A Hhalo] whe} geprich

A% SIR 5 E|E2 o1 &, IS5 @A, HolEAE] gAE AA HF AEES
ILRS =A|7]7tol| AlFgtct. Fig. 32 A% SR 2% AAHC] AXES0] of7E| X (archi-
tecture)2 &G AL THA Q] ALt AHE Zto]l HEE= tlold 9 #E IS
YERH L it} o714, 3] 4] AHE onfshy mieble dli] AHE ALt AHE
YeRHaL lck A Al HAR SPA e EH(utlity)E orlsh, =42 23
ZAE st E=Fo|AE GUI(graphic user interface) T2 T13o|c},

ojlfgt AZEQo] opF|HIAE v R ool AFH At To| 3HAE B9l AT
TS FEEE YT A WA 28] AR © TREE A5E AW 598 5

o] A2 QAFAdS thAeE ILRS <A dlolg AlE CDDIS(crustal dynamics data
information system) B+ EDC(EUROLAS data center)°]l FTP(file transfer protoco)Z %
&slo] n)g] AXlEo] Z/RE Q1E89 FE HH CPF B TLES o83 1294 914
£ &3 ofuff AREE CPF 9l& A3 20 nsec Y o= 90% =0l 100 nsec

Communication Between the Server/Client

@) Connection Response

+ Djspatcheg__

(1) Connection Request

(@ Client Authenti atiorﬁuthent'\catiorj//
Request / Response Conﬂgu?gﬁc)m

(3 server Configuration
Request / Response

Machine Manager
(All Servers Monitor all the time)

Application Application
Server ———8) Connection Request———* Server
MET Server {6) Publication———————— MET Server
Log Server @ c d LogServer

omman

Etc. Etc.

Command Response

Fig. 2. Internal communication procedures between server and client.
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Weather Operator
- Sanvar ~Weathen- ~4——————Enable/Disable Interface
Aircraft IR FullSky Client
Observatory len
Camera Image ~——Enable Pause,Resume
Server
Server Server 5
| I I UPS server -—;:’;r Mission
1 =
mage Image l Close, ~ Planning
Aircraft FullSky T T Emergency Close Client
Radar Server Detection Monitor loud Cover Schedule
schedulem———
Server Server Switch On/OfF Server (©)
A Target: @ « Schedule
Position r [ Tas
Power @ l;etce:to «T—a-Sks
ifi oInting  <—-Track-g) R Application
1 Amplifier E— Appl ‘ 2 e ®
@ Server Server Schedule
ET | Target <& ]
T Bias SLR
lv @ * Task Application
Interlock @ Eower | ovel Detector Tr:ck 1 A Client
Interlock Laser Mirror 1
1 server | merock] gorer s . Open—————— Dome Server
erver Predictions
I Server
Position i
Bia A Star Coude
Mount Model Ef’“’“"l Calibration <image— Camera
lements
l l 1 Track — Utility Server
. Post Data
> Teiscepe Ranging L Raw Data Processing Distribution ————
Server Server @ Server 2
@ Server Server Orbit Data
Weathevg‘r Ranging orbitData  Orbital
Data Elements
Profits J
Utili
ty CDDIS,EDC ILRS

Fig. 3. Software architecture and observation procedure of operation system [3]. ILRS, international laser ranging service; UPS ,

Uninterruptible Power Supply; SLR, satellite laser ranging; IR, infrared ray.

HE ollAs 99% BE=E ZH=tH11] @ SelJE T2 T4 72+ AHE AT 4
S Higo g 2 JHE It FEoIE X2 732 Auele] 4|, FH| Aol ot
gt ZF A9] 52 JH(enable T disable)s 273t 52 HH O] enable A|AH~]
Ao E 29d FH7E H AEE ulsta, disable Ei= A4l AdH R FFT
FHZF ER] k2 S Tete o]t B& FEe o AHe] kS 71ZIth dlE &
B3}t FAHE Alolsk= telescope A7} disable AEiEH #lo|HE Alofsk= radar AH
£ enableF|A] Y=t} o] ALl telescope AH7} enable FoloF radar A¥®
enable 7FsSttt. 71 o= A5 9de F4o17] fIgt B3} o] EH| = ojof et
739 A BHe} 5718 0] 8= FlolE HA| FH|7F 7hssh] dlwolth 6, @ o
3 AHete] WAES 11Esto] AW 5 enable AHIEHH Al Qs B S AA
Z3} 52 JEE schedule AW AEEH}: ® 5 AMZEE A IH FE} 2 )A
(infrared ray, IR) 7Hie} JEZ Bl O & 15 o RE wosio] 343t 47} n|2E 25
stal Q)= w3 vl AM(mirror coven)g 7RI ®, @ TR CPRE HREO=
UTC(universal time coordinate) A7l W2 B91ZHazimuth)#t 1% ZHelevation) 22 o]

Folxl 2AES ARttt
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T A 35 dAE ® A4E AAEC OE At YR RS Est F9ES Alolst
£ telescope AHE Asto] AF9H9 X F43} FAl] QlE|EA(interlock) A&

SIS, Interlock &olgt ABAIARIS] @7 2Afof| ofgt AIAE] Ao, G4 EA=
lsh 2lofA] Wxlo] W ok oh= %S Tetth ol Eof vlE AAsHAY, B3t g4
=9 misalignment Ao] TA| == 727t ol siErh @ Interlock <o) ofHZhd g
oA 5 LZIAXIT ), @ ANF F2 Fof| Fa}t Fed4 1} 5718k Flo|E o ofsf H|FY
A7y BEE 7S, H@A AL 7] sl AR HIRA, A, 75 5ol HEEE dlolA]
T AF52 = interlock AHof o5 YAIF O R oA XS HEA ok 99 84Vt B
F AA=E golA= Ao IxlEt @, ® APl Ak Q15-9449] oS TOFRRE AA
#5545 TOFS] ZHresidual)E Atstal 1 235 #7443t

Al WA dlolg] A dAR @, ® T residual HIoJEE 0]-&3}0] th4] ZAF B7H
(polynomial fitting interpolation)¥t A8 Al (root mean square, RMS) HIg o2 =
o|2E AA% FF 4EE2 AT

4.1 Dispatcher

A% SIR H5= SRt AHl= getdor 2 AE ol Aol 8=AT 279
A3 IS =017] sl ‘:‘rE AFEZ AHY o, 371 AA7E G4 7hsttes
A=A ol2Rt SoflA AL AET Q= AXE UEYAE &3l 5Hor V&
Sh= AH|A7} dispatcherolt}. 2 AlHel ZEf0]1E 01%3]74]"]*“2 DML A #3&

ARG dispatchers B3l THE AlH9] A3 AE & &= 7ol ZF A= LﬂE"Ji
AE & 87} Qltk. WA, HlolE 74 "J(lntegﬂty}— FASkIL AH o] WM3HolE, 5
A7 BYSE AFso R FEEo] AF WS HEOAME golohA ARHT 7‘2511,
dispatcher= A== 4B 9] Y& ZHo 7 111(}6}51 AR} 1= ABe] YEYA
HEE Agoks Jds it

4.2 Machine Manager

o] AFHANA FHE o B4 A2EleR  dispatcher?t 5YsH machine
manager= X 7‘1101 AFEl A== i AH|Aoln o] ArjAE S FHFE(o] AF
3L = A AE} FAE AlofshH 5 R A #E REolA S AHERE o
F& Aol 7+ AH9] F&S Alofgltt. & S0 A A %X (uninterruptible
power supply, UPS)0ll o] YA &5 HE3F BA|71 A5k UPS AHolA ol& 7+
A5kal o] AR observatory AHE HAGECh I39H observatory AHE machine
managerolAl BE AHE SHA7 = B8 FIEHI = BE AHATE AFA
Hoh E UE Ve 22 #1547t ofd 94 #S40AN #5 Al ARSET Machine
manager+ 94 AFE]2] WOL magic packetS UDP(user datagram protocol) 541 ¥4
11101% 3 °‘11‘r 01743 LRHHQl A HEQAA = AEYl(sub-net) broadcasts

%
ﬁ

JhL

IE I (port forward)7} 7]»—0}1:]— wEhA, 13_]—0_} x%xq_g o5} /\] o] “6‘1:’_]' _ﬁr w49



J. Space Technol. Appl. 4(2), 169-183 (2024)

o] E7=H ¥4 HFE AL machine manager®] WOL 752 o83 ZE 29 AF
HE 2 5 Qo] ¥4 sHg0A R85 ARSE

4.3 SLR Application AH

Mo
of

A|2]lof| 4] SLR application A1H= 338 FE7E Alojsl= telescope A1H], #o]A
Alofsl= laser AH, &2 Aolok= dome AJH, #lo|HE A|olsk= radar A1H, IR B4
0|83} BIPA|S HA|SH= aircraft detection AH, A7t 24715 Aloldk= timing ATH
SIR #&3} YRSHA BIE AHE Alojsh= W4l AHo|&} QIE-91 Q=R E o] HiAE
N, 918 4, 2ME Y T As TS B9 B1F AXE 5k AHolth &
S HEoA= HolA, & TEET T2 9 841 & ABEAAHCRHEE Q1Y I
of|7} HAYSHR| Y= QFASE 90| QHLh A = oA SIR application AH7F
G}l el AggH Aejetd ofdo AFT TS daE|E Exjo| et AFoE 28H

1

i
T

oft > ot o mu

e

7) o] o]al A9 ¢ 847} e MEAATe] BHoR QY Wik AT 4 9tk
og Sof Wt YU ool HSHe AAU0IS SIS e LG o3 A5 &
Zo] Qg A9 ot YuAe] Ao 8] A WP LA 5 ek webA, LA
HolHE B 4 U interlock AHleL WA B0 A et Wet WA, B 5 9 2
a7k EASH SR JRE AgHol 2 A Alo] @ Belshs 4TS St

4.4 Observatory A{H

Observatory AH= AIAE] AEE HUEH, Tk AHER, ABAIAE A2t G4
AEE HAIZIOE gRIste] IS of 15 k= AHo|th. Camera A1H, UPS A1H, radar
A METs A4, cloud sensor AH], full sky monitor A/HZFE Hlo|gE 4ot 1 &
= SIR application AHet F-F5HL FFANAl FEE AlFetet. wef A5 35 e
2Hg Zof 87} HEEW observatory AWM= FA] A5 AAIES FAlokL, Gt JuE B
S57] Y3l v ALt 52 gt HbAQl Hoj= SIR application AHE E3) Al
FARE TS Fofl WS 5 AdolMe Er9] 115 Alo] B8 9l =, §9E, At
2AEE AT o AUnk SHARE BS Foll WA 71 Ad=go] oyt =32l ¥Y
S35H2] 2L SIR application Aol 2J3)) A|ojH .

o

4.5 XSHE H o2y

2GR Hol glo] AE TS HEE 95t 2 AAHL Fu] B5et Q1Y g URE
A5l AAZE TZ 7Hs o dto] Fasltt o]sh Widols F2 U HRe A5 v
o] HIgA FEI} ol GHTE A% SIR &G AlAHOA s BS oS wdshy] 9 &
A HlolElE F 4719 AMAZRE 5t 25, &%, 4F, v, 7, o1&, 35 4
I T2 G RS SR METs AlA, A9 7HHel 94-S S0k ot A
7Hit, HlE AAoke 39 AlA, 152 Ak 5 AKME =] Utk &
2 APl A ool AH AlA9] AARKthreshold)e ol&sto] 5 7hs o RE T

of,
Y
[>

@,
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ettt 11 % sk A4 ZilEhe 29 AlLRlE B AR ofw]A] TR IRo)A AE] = o
T8 U5 HEoflARt AREH. s EH HIolEl= observatory AHE H|o[E7E AEE AL,
observatory ¥l 2t AIM2HE ZS3t HolHE HiRFoR A #5 ol E it
TkeF 739 AAZRE FAIEW observatory AME SA| I ez HgE o] &3} H|2
HE SA B B HE w7 Z|oEH A& 0= AlA golHE HYERs] 5
e gt 75 e 4 25, olgd, 35, ¥k, dhs 97l AEE Alsst
Al2ge] B Al FA] Aol FFE 71 5 AM Y] F8 FA2 75 o
BT = Qe WS 245 Aol I ol =l &8l #lelA
AAZE it EAH7] wizoll B 433l 75 AR (coverage)’t £ #H0] o]
7] dZeleH13].
7% SLR Al28]9] Ag #5-2 913t @A dlolE et A 5 A e HRBAE Al
Sk HA A Foluet 7Rt G B8 BIRA A4 Fold s ot e %

A

PUFS B7I510] BE G0 HPAS AISH SER BEHR, W} YYAo] A
She gl 19 2 5, WA AR AL delEiet 91X Agel 718kt B4 sk

= 7%°l= interlock AHA oA W2 YAEA] & AH 947} AAEH 2502
o] A7} FRIE} v|PA| 7HA] FHHER= aircraft camera AHOfA] IR oJujA & EESH &
aircraft detection A|HE &l H|QA| A| oFE TRt HPA| E= A2 50| FA|
F 75 dlolHe} HR7 AR interlock AHE E6 #lo]A7} Aloj €t

A TS HE A= 4804 AE 5 dEE AR 24 =R gt ot 5
T oS B9 AY 2GR ol RS T o AT AMs B HEoAE 29 Al
AHlof| A ARt IS sfiof 517] wilzoll B aflQ] A=l tiet @x7F Bk, ol= Fig. 4
of el Slch. Aps TS R4 BE| kL 71A= 7P A% AR I 84
F Hl 95, 5, S5 74, ol 9 5 ofFolt olE’t Y 847 Aol A&
7h AR AR 2Aehd vlE AW} 52 21 F8t HES 7] YRR Hd o
715HA] Et. QFAAe] ol f T= Z1Ael FHEE A7 AR Bl B3 vl AHE
91 I AARs B FHEnh 9] 94AF QIR = ST oi7] AHE I S 84

&

7F kol thA] eSS AR ALE EAR 8 TEE 85 SE2 29A
<

o] 7ido] Hasprlel Aeds $A AHt drt 85 $A] H FojA o] FHEEE
B2 HIA AR, vl A A, gt TdE B5 GA, g RN 1A o
w3} Flojd, sl 1, S4l ool met AR AedS o] ARl HsiAe
Fig. 401 “JAI3] UERHIL Slct.

lo

5. Algl &= Ho|f &z}

A% SLR AlA"E @A AlE 29 S0l doH, 7idE 3
tlo]ElE ILRS =A|7]to]l vz A AlA AFEAY D ZA]
Ele} BStAT. 11 olf= ILRS SA7|FolM Al s 712 AVJEA T LRAR ©F
oA =] A& ATAAl st single-shot RMSE AA3}7] wjiZolc}.
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Device are
operating

Weather
check

Close mirror cover| Close mirror cover,
Close dome Close dome

i i

Park positien
(Telescope/dome)

v r k.

Monitor emergency | Maonitor |
& Significant error UPs

Monitor
Interlock condition

‘ Monitor

Sun avoidance

HAircraft detection
Mirror cover closad
CT rotator net in position
Telescope not tracking
Dome misaligned

Chbservation stop

Close mirror cover
Close dome

! !

‘ System shutdown ‘

‘ Observation stop
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Good engineer

Receive
eather infg

Move telescope
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Fig. 4. Exception situation procedure for automatic operation [12]. UPS , uninterruptible

Interlock laser

Bad

Open dome
Open mirror cover|

Start applicable
devices

Observation

power supply.

A% SLR A|2H9] AFHEAL 5} U9 [VP(invariant virtual poin) 25-E 2F 37 m
A= "ozl ol 17§9] CCRE AAstaL Ho|#E o]-gsto] [VPEHE] CCR7HAY] A7
£ 4ot AlolE A, 4 AR 9 AAH AS AP E EATE AAH HAQ AA AR
T 5= Stk o] IS TSA0A JAFAG7IX S ATfE AAF o] AA" A A AIZE
o7 AREE, AAH 5 ARRE AREEC

Fig. 59} Fig. 6= A% SLR 29 A28 B I53F AEA E STARLETTE Q15914
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Station performance(GC) based on on-site processing statistics (April 1, 2023 through March 31, 2024)
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Fig. 7. GC performance based on on-site processing statistics (April 1, 2023 through March

31, 2024). GC, ground calibration; RMS, root mean square.
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Platform specification

Dimensions: 440 x 440 x 330 mm?3
Mass: ~50 kg (Charged)
Payload mass: <7kg

Thruster: lon hall

BUS voltage: 18.0~324V

Life time: ~3years

TT&C: UHF / S-band
Downlink: X-band

Orientation: Sun, intertial

20BdS OB MMM

With the increasing interest in exploring the Solar System and beyond, there is a growing need for innovative and adaptable
platforms that can support a wide range of exploration missions. In response to this demand, we present an ultra-compact
universal platform designed for Solar System and deep space exploration missions. Based on such investigation and future
planning KAIROSPACE Co., Ltd., decided to start a Deep Space invention Project (DSP) and the first stage is a development
of Space Trajectory Demonstrator satellite (STD). This platform offers a versatile and modular architecture that can accom-
modate various payloads and mission requirements, making it suitable for a diverse array of exploration objectives.

K A ’ R go s P A C E We are a space solution provider based in the Republic of Korea, specializing in small
_.,_-:;U‘ and ultra-small satellite systems.
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