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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
Soyuz2.1a from 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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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.
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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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Bus System Payload
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Fig. 2. Overview of hardware and avionics consisting of the Korea Microgravity Science

Laboratory (KMSL) cubesat.
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. ion & Kill Switch off First Received Signal- + No OBC Rebooting History up to Stopped Working
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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. 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
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- 3014| | |14 3016
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16 2 READY ‘éﬁ SH2 FINISH
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Fig. 9. Combustion experiment results received from Microgravity Science Laboratory (KMSL)

cubesat.
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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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