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Abstract

As the need for low-cost, high—efficiency cubesats develops in the new space age, commercial paradigms
are shifting in the private sector. This paper examines the challenges of launching and operating both
domestic and foreign cubesats, and proposes practical solutions to ensure the robustness and reliability of
the satellites from a practical perspective. In particular, the paper deals with checkpoints that are easy to
miss, focusing on key events that can occur from the satellite deployment process through normal mode
to mission mode in the operation scenario. Although the contents presented in this paper may not be
technically applicable to all cubesat systems due to the different nature of each satellite bus system, they

will be of some help during satellite assembly, integration and testing.
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Fig. 1. CubeSat development entity and mission achievement success rate [7].
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Table 1. Status of domestic cube satellite launch and operation
Development
Satellite name Size Satellite operational results
organization
- Beacon signal reception
Link 2U KAIST - Two—way communication successful
- Received some mission data
Korea Aerospace
KAUSAT-5 3U No signal
Univ.
CANYVAL-X  2U+1U Yonsei Univ. No signal
KHUSAT-3 3U Kyung Hee Univ. - Beacon signal reception
Chungnam
CNUSAIL-1 3U No signal
National Univ.
STEP Cube
1 Chosun Univ. - Beacon signal reception
Lab.
Seoul National - Beacon signal reception
SNUSAT-2 3U
Univ. - Received some mission data
Seoul National
SNUGLITE 2U - Beacon signal reception
Univ.
Korea Aerospace
VisionCube 2U No signal
Univ.
- Beacon signal reception
KMSL 3u Chosun Univ. - Two—way communication successful
- Received some mission data
CubeSat
2U+1U Yonsei Univ. No signal
Yonsei
STEP Cube
oU Chosun Univ.
Lab Il

— Beacon signal reception
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Table 1. (Continued)

_ _ Development _ _
Satellite name Size o Satellite operational results
organization

- Beacon signal reception

Randev 3U KAIST
- Two—way communication successful
Seoul National - Beacon signal reception
SNUGLITE I 3U
Univ. - Two—way communication successful
- Beacon signal reception
MIMAN 3U Yonsei Univ.

- Two—way communication successful

—bathtub curve
intersection infant mortality & randam failure
intersection random failure & wear-out 2

failure rate

time

Fig. 2. Cube satellite mission failure rate during orbital operation [8].
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engineering model.

3. 2L FEIY 2 Ml BE Y SH HAE 712 5
ZFory

Table 191 8 2493 Athe] 2710 WAke FE940] 49 A4l e v
ABE S48 28] et Aol 991 etshy] St vlEo] 44l ekod 9
AelE sersh 2 AA7E oS- AstEol] tRe] 91 Alsge] 25 Alvf Uole sjetet
71 A BRI, Bl SA1e A eekE HlEe] T Qe 9199 Al At At
9l A9 919 BAEES Aol A Telst] oleie S ik webA S Al2se]
27] A SANHRE g0l AHel el MBS SAEkE 27] A 2% A B
ofsli 7k MBALY] Fls TET YR ofEeAolHe] BT HAES |9 Fastc of
27 BIE 541 8L ofBA TSRl et £ 2710 91 ke setstn Ao
A AR Azto] gkl 4 it

360 | https://doi.org/10.52912/jsta.2023.3.4.355



J. Space Technol. Appl. 3(4), 3565-372 (2023)

3.1 7E/Y =7| 28 HAMKE BA)

gl HEH T AREEO] HIE A2E AF=OE FESHL Aol AEHoE o
Tl AFPh= A& 271 2900 AoiA & oulE Adeh £ AR ASE FEAA
9] A AQX7} AAH o & BalEo] EPS(electrical power subsystem)”’t 2o OBC(on-
board computer)?} B4 HT OHEUR AY FTFo] 453 F OBCY HE ZrojA
RTOS(real-time operating system) #'go] Aoz ZrEo] H|g ATLEY o7} HAMA
o7 ARESIth A2 Uittt B4 BIF AZEQo|7} AE5t] AlRRE F <F 10 ©]
Wl Y A7 o] FREIL vlE A S SAlSh=T o7171A]9] 2ol 29 7] HIE
AT 4 AgF o R E T 7]‘—0}71] ok wEhA, 91459 AdAIEA o] ABEAAY TepdE
37] ol Hofst= AR 75 AHNBEA ARG 59 &Y ol AF Alvg o] o
2} H|g) AT EQo]9} @0}01 HHE HIAES 35 He Zlo] e Sa5

WA 71&Tt Hiel o] 91 A olF 7MY WA $3E= AYS A A9 et
EPS9] Hg7tolt}. vt oz I A= Fig. 500 AAE v} o] 7|AH o= 5ot
= 4359 Ad 29A = BAoNE open AHIE FASEL YA AE F close AHIE
Fol=1l vie2| =R E EPSet OBCx &8 tE ABAAROE HUS Fd5HA ot 9

EPS

— BCR — r— POM = — PDM —
DC-DC
. = 3.3 Voltage 3.3 Voltage
Fane Seneing Converter ——s  Switch
Solar DC-DC
Panel = 5 Voltage 5 Voltage
— Converter Switch
Solar
Panel
M 8 g%t::tr: o 8.3 Voltage
v Switch

Commang ™~
Command n

Communication i

Board

Kill Switch Kill Switch
Button Guide Button

Fig. 5. Interface between kill switch and EPS [9]. EPS, electrical power subsystem.

https://www.jstna.org | 361



Al AT FHN0l HE U 28 nE

d A Al 71A1A Ao AEcke A AR Aoy Ay B HEE A Tl
7FE QIR A Aufjel AFAE s AAH FF o]F WARKS] 4] AA7MA| AE o
AR ERIsjof Bttt Z ALX|9] Eejo} Pl 91449 4L HAE F ols oAM=
HA =R 3 AN A A FASH] s AL’ 5 olFofl= EPS
o] B2 AR H AXE AH AZsto] HEASt A7l A7t HiFRelH whEbA
FM(flight modeD)d] &3 29} olFoll= 24 A929] 7|AH Afolut B &5 o FE vt
CA] Zelstal dF Alue]Q g dxjo] wet vl AnEo] Aol Ao Aotk
A ¥HE HIAEES Fof| gRlstoiof gt

AutAo] YT AL 2 Aol A= EPSOl| Ao] 217k & OBCol| OS(operating system)
7h 2T, B8 AnEo7} Al A5 QU A o%‘% AgstA "ot Sy A
7N R e dFe] 34 3= S8 HEEooF st ml¢ Sa% A UoE Etetal A
A= ANE HAES) & & Qe 71371 o9 ARk o). FE. H’“ A& i REo] QL
A7 A2 FEUE T3l Sl eololE 7HEste] #e WS ARSSHL Q7] whE
o] RHEAQl HIAEY} wje- A|ekHo|t). E35] ¢ty EM Edo] glo] FM HHEvt 44<
ZHflof sh= A5 QY ffo]o]9] F&-E sfiASH] Sl AREE= T E AP 418 A5t
2 Qs ¥HE HIAEZF AA7F Al e]7] wiZo]l 2-33] F 88k o] YRttt ut
A ARl HIAENIC & 55 ASoF stEE B A Eofo] QU A7) ofEE
AolAE 71 o AFoHA TS SOEHOF gt} E3] COTS(commercial off-the-shelf)
AFe] F5ol wet 2-4719] <t Xﬁ] A7Nsl7] 1A i Qv Rk BES
Hujjof sli= ARk Qlou=E, H]ﬁg E Qo] AollA BHe] 3o] Ao FHE=
A gelsta, Ag] AiE HZo & $AIT ¢ I=E SAAC A5T 4= U0H 949 =

7] 2ol =20] ° o ek

A= &9 2719 QLELFe] FEAQ] A/l HlEL &2 TM(telemetry)/TCltelecommand)
o] & - Al AEER EARt 3'4'3401 U AR ATA St wEhA Ak 27] 29 7171
= 541 8ol Qv A7l RS Idlels Ax 29 & B4 ol Ul motsh=
TS £ 5 otk EE 949 ﬂ”]*ﬂ” 717k& A4 9140l 44 o] YshH A4t
ol oA 8ol Rt HHE $5L & U=F HE U8 AulolEst: Ax
1ot} Fig. 62 43] At 3] ﬂ7}‘=’]°] AR KMSL FE9149] Bl HFT] o] 4|k
oty IAFoA & 4= = A3t o] 7] A% &% /\]Oﬂ A8 AR = EIY XWH T
wstr] sl vl S41 W-gol wiE e At 4 5 N
= AL AT £ qt}. E9] 949 A= A& _%7] = %74101]*1 -v‘xﬂﬂ %}’\g?l 76‘—?— T4l
H B QrElUElF MR A7 o, wiE Y AY Zk OBC Al =71, ZpA| Aof7]
T-5 oF 59 AEI}F ZeE o] Jlow 9] s motsty| ffsitt 1Al oA A
SF HIQ} Zo] QE A4 7Nt} H|g AT EQJoE ARGS9t H|olE 75 52 ©l
&oto] HIE $4 e A BEolU 94 AAE FT]H0E AUolET 4 JULE St
AL 9 8ol & T30l E 4 Uk

Oll

3.2 FHLH 28 =7| 7{0|MY(Commissioning)

Table 101 =0l = & 271 An|Ad DAPIA vIE 4lelv TM/TC $4l ©]
T A3 Beo] AYsHA] Rl figte] FaE o] o] gt Aol Hish & & &S]

362 | https://doi.org/10.52912/jsta.2023.3.4.355



J. Space Technol. Appl. 3(4), 3565-372 (2023)

K2 «vsL Beacon - X
Current Time : [ 2021-04-04 13:37:23 Read | Close |
HEX Data : | Add

+ OlH 2IAESE EI‘?"—'NAI?I UI"LIQ
FO4BAD5340C0 Y001 0000006558264

ol

Packet

Callsisn : KMSL
LEO Sequence mode : [ NWORAL
Execute count = [ 2
Deploy count : ’1—

Antenna Deploy :
status

:
.
2
=4

0
D534C0200020001 0000006558264D4 1 3604 C20"
D534C0200020001 0000006558264D1 FSEDAI 20700880
D534C0200020001 0000006558264DCF 6204 C20"
D534C0200020001 0000006558264D1 06404 C: 0770

34
34
34
34
34
34
96944 6388284E296944 63832846303F 04 ﬁ )534C0200020001 0000006558264D1C1ADAI
69
34
34
34
34
34
34

FS¥ First Execute : Pm
TRX Uptime : ,W

TRX Offset : [ S2i:it:as
Battery Voltage : [ B8.0219%

Operation Mode :

HES88883838858888888888883838838388888888888
>l
|

339393
3
2

|

S
RRR

<

<

0000006558264D00B80F |
0000006558264D40B90F |

K

WBBOSFMBIJDSMCMIOI EOUID’IA csasaossm UIFUL‘ZU'I[BMI 50
AAWBWMMD&MCMI‘JI (0000007ACE834DDEACT 000FOC207008C03150 v |
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Fig. 7. Tip off rate vs cube satellite size (left, 10) and tip—off rate vs kick spring stroke (right, 10).
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Fig. 10. The cosmic radiation environment around Earth [13].
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Table 2. Status of domestic cube satellite launch and operation [13]

Type Description
TID SIEA W XEHE TZ50] SXE ZUZM AT E-
(total ionizing dose) O3 =4 HRIt Stok= oA
SEU 0EQ| M| YA XHZRoke 0N HRE UMAZ|L Bit
(single event upser) upset0| YAGt= a4
SEL CHHIO|A WE 74 20| IS HEPVt REEN 7ss
(single event latch-up) &4k ol
DD U BIARMO] AXtQ| st SEGI0 AR HEHS| HAHS
(displacement damage) OF7|ot0] AXZARI0| LMoh= 4
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Fig. 11. SEU incidence in SAA region [14]. SEU, single event upser; SAA, South Atlantic

anomaly.
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Fig. 12. Watchdog timer run time [15].
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Fig. 13. Data bus interface frequently used in cube satellite [16].
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Fig. 14. Comparison of reliability of cube satellite serial communication method [16].
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