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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.
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2. KMSL(Korea Microgravity Science Laboratory)
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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 ST A4 E A4 Aol B9 A4 QHEsA gaed e B4 me
2 A 4 mEL A4 Qg 94, viEe S, 94 AR dolel 4, A4S
¥ o7lg 5Pk moolth, 9 mEe B4 WL mE Y mooly WY 4 9
2 A% st 94 S8 RS Py wER SAEE, IR HEL A4 g
o] olsiAet HgbElt % BEL nlo]aREY BoIXY ot AT Sgshs Hol
ZE Aot qlh AR9] 49, AU 8 27h0) AL AL, Z7te] FEeiAls
A4 ool o) EdMoR RS SuwT oY £ @ oY 242 Wik, avE
A 35 A 44719} Fvlelo] o] FFE] ARS Saeict ofF E HolEE A%
3 4 mEe AgEd 4% 84 49e 2uHE Btk 99 mEe) HIE A
8510 B FUWT. olF BE YRS Avl shiekr Fsn A4 T Py mew
AghETh B4 oL T A4S 7o) B4 Ssks meol, )4l Q%ﬁi ot
goleie} 914 Aol Blo]E(housekeeping data}g X402 41k ohgd F4l Lo
A WIEIE] SoC7h 7.8 VW) o1439) Aol HoleHE: SRS AASSIE, £,
olE] 41 Aol ulE 4157} BEStET B4l RE 2 A] 24 of3 vE 157} 4
S, ulAetoR okl mES fel] SoC7} 7.6 V(50%) DRt R Wolxe Figle
2 QLT S oluf, A AHEeH M, BAACIE AD)S Ao BE AAH0] A
A FRS FUL A 9L g SR Tk B, vl ALEgolo]A] AlAw
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55| 9 Ak APAEN A|AH AYargo] Bolotes AAEYoH, 9 &89 43E
= =071 ¢ 7Hdstar st AlA" AAC] S Folth S8 AL AR
Table 29} Zth #oA & &= %o KMSL 9149 42 o/lge HHE A1, 7}
st AFE {8l 2719 ek AdF HAAE "AeTh Y1499 271 3-unit FEAHLE
7}=2, AIE, o7k Z+2F 100 x 100 x 340.5 mmolH, & A2 oF 3.6 kgolt}. A+ A=
= HY 371 A= wEth 949 7o i = dro X3RS 876HA 271 wiizof 2
deg/s ol5}te] ZHEE S GABIEE F A|§F ZE T A|o(detumbling control)He: =343t}
/3 Aol & HlolE] A {8l 4 HA+= 2T very high frequency, VHF) & At
231, dHl2 31 329 F$ Sx3Hultra high frequency, UHF) ti9S AREslo]
olelE Fard=th

371 A2EE Hd517] 918l Fig. 29F 22 352 ol-8sto] 914 st 149
ABAIAE ZF L2 A|(structure), SAIA(communication system, CS) 18|32 AHA|(elec-
trical power system, EPS}= U5 A5 &EZ =°17] i vl olgo] Q= o9 Al
st A FE2AE Endurosatit®] 3-unit FRAE ARESICH, SAAE
ISISpaceiit®] UHF/VHF &4l ®&3% A3 tels ARSsit. vhAge s deA=
30 Wh HiElgjet A Hgh 9 332 9t AgA Hes 4=, Clydeit2] A& A
&5k3ith o2 KMSLY] £ 5 iRl =] A& A5 FIsh sidA] side] 3%

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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Solar Panels - DSW EnduroSat

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)
AELAY 28 A4

3.1

Ho

g 34

KMSL 91/ 2021 39 2290 7PAE A% Hio]F+=2 LA A[o|A] Soyuz2.1a TAL
A2 AP HuEdon, YEZ /g A=<l SatNOGS(Satellite Networked Open
Ground Station)g &9 oAEYo} Fal=oflA] Mz & H|E A E 4 Y BExof Ad5ot
U}, olF 23 T ARE 23A] 4427 Ab=ollA SAlE gEgel ofst o1 AH BEE

FAlsto] 3 wAlof s3It o AR Ay o] wet f1dS AR 85kt
o Al7]o] o HE=9] Yoy OBC R H|F AZLE0]9] A glo] =gt Jei= 4
AHE-YRHE-FAIRE 7t Bt Hols JF3H 08 {ASI: E3L & +4 23
Higo 2 sjolA ARk REL AR 95 04 BAHeR Astle AL ERIT 5
UFTHFig. 3). SHAEE, 20219 59 21 o]9FE FAlo] ==Y, 24 shd= 2l &
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Launch Deployment Separation Mode = Normal & Mission Mode
. ion & Kill Switch off First Received Signal- + No OBC Rebooting History up to Stopped Working

March 22 2021 vre + No Safe Mode History up to Stopped Working

+ Antenna Deploy First Contact: * Stable State of Charge (SoC)
March 23 2021 14:44 UTC * Angular Velocity: much less than 2 deg/s

* Healthy Bea ignal
/ * Functional Uplink & Downlink Transmissions

~ o 0 .

March 22 2021 uBmAnnur

enc sion I is Finished
* Science Mission 1 Partial Data Received

VHF Uplink UHF Downlink Science Mission I

(Flame Igni S ixtinction in Space)

Science Mission
( Survivability of Tardigrade in Space)

CU (Gwangju) @D

Ground Station .

Fig. 3. Summary of Korea Microgravity Science Laboratory (KMSL) operations results.
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oz g9 8= F=EIIAH:

3.2 HIZ {5 +F Zit H
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g0 Bl Als A4 Wes RReA 4] 25 9 EAS Y o AMgED], U
Aoz z 7HA0z AS(ERIH)E A KMSL #1449 4% 102 7H4e= Hlt keE=
SAlstlon, HIE A% HE= Table 33 Ath oA & 4= Q1%0] HIE AlZof G2l H
olEl= I SARI, RE AdH, £8 Sl QU A Alx Slg= B AJE, WY 5\31‘5%101
H8 o]& A7k TRX uptime ¥ offset, 1831 YA A= 50| ot

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. 5. First received beacon signal released from the Korea Microgravity Science Laboratory
(KMSL) cubesat [5]. (a) record of beacon signals received on SatNOGS, (b) beacon signal
demodulated by KMSL beacon decoder.
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Fig. 7. On board computer (OBC) up—time synchronization process through telecommands.
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Fig. 8. Combustion experiment status data received from Microgravity Science Laboratory

(KMSL) cubesat. (a) received pressure sensor data, (b) received temperature data.
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Target: Fl v  Packet: HK_TLM_PKT v Target: Fl v Packet: HK_TLM_PKT v
Description: Fire Ignite Housekeeping Packet Description: Fire Ignite Housekeeping Packet
Item Value |1 Item Value
) T_TIM 1626077525.780900 | | : KET_TIN 1626077486.831110
2 *PACKET_TIMEFORMATTEC 2021/04/12 17:12:05.780 | 2 *PACKET_TIMEFORMATTED 2021/05/17 17:11:26.831
3 1626077525.780900 3 1626077486.831110
4 ORMATTEC 2021/04/12 17:12:05.780 | 4 *RECEIVED_TIMEFORMATTED 2021/05/17 17:11:26.831
5 3| |s 2
6 A 0x0987 | | | 6 TREAMIC 0x0987
5 ses3| | |7 12507
8 GTH 7| s CSDS_LENGTH 17
9 CCSDS_SECONDS 1295240388 9 CSDS_SECONDS 1305988538
10 CCSDS_SUBSECS 21037 | 10 CCSDS_SUBSECS 64198
TEMPERATURE 697| | |11 TEMPERATURE 5.33
12 TEMPERATURE2 721| | |12 TEMPERATURE 6.01
13 PRESSURE 3300( | [13 2703
- 3014| | |14 3016
15 READY| L|. SH FINISH
16 2 READY ‘éﬁ SH2 FINISH
17 of| |17 RR T 0
i 11| |[+e CMD_COUNT 0
CmdCounter

Fig. 9. Combustion experiment results received from Microgravity Science Laboratory (KMSL)

cubesat.
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2021-04-22 23:17:23 :
-) = el =
KMSL 437265MHz  BPSK9600 S0 5 Sohone W MG FredyDamkalis 1663 - DKOSB-UHF-Omni

2021-04-22  23:17:02
KMSL 437.265 MHz BPSK 9600 2021-04-22 232918 (LD Fredy Damkalis 40 - CGBSAT-UHF

2021-04-22  21:49:08
P o) r - =
990903 KMSL 437265 MHz  BPSK9600 5. i o5 5ioas o B sp7thr 2012 - SPTTHR-UHF

Fig. 10. Microgravity Science Laboratory (KMSL) cubesat beacon signal recording from April
22nd to 23rd, 2021 [6].
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Fig. 11. Microgravity Science Laboratory (KMSL) cubesat beacon signal recorded on May 3,
21 [6].
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Fig. 12. Frequency of single event effect (SEE) occurrence in South Atlantic anomaly (SAA)
region [9].
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Fig. 13. Orbital position of Microgravity Science Laboratory (KMSL) cubesat on May 21, 2021 [10].
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