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ABSTRACT

SNUGLITE-II is a standard 3U CubeSat that was launched on June 21, 2022, at 16:00 Korea
Standard Time (KST) as a payload on the Nuri (KSLV-II) rocket. It was subsequently ejected from the
picosatellite orbital deployer(P-POD) of the Performance Verification Satellite (PVSAT) at around 16:23
on July 3rd. The first communication with the CubeSat was successfully established when it responded
to a command from the ground station at approximately 03:24 the next day. This paper presents the
operational results of the SNUGLITE-II CubeSat, which were obtained during a 10-day period from July
3rd to July 12th. The data used for analysis were collected through the ground station located in
Building 302 of Seoul National University, as well as from ground stations operated by SatNogs, a
network of amateur radio enthusiasts. Additionally, satellite status information recorded by the ground
station command was collected and classified chronologically. The collected data consists of beacon data
transmitted by the SNUGLITE-II CubeSat at 10-second intervals in the UHF band. It encompasses
various information, including satellite uplink commands, GPS navigation data, power levels, attitude
control, sensor measurements, temperature readings, and identification flags. By analyzing the collected
data, the operational conditions of the SNUGLITE-II CubeSat were evaluated. The performance of the
domestically developed GPS receiver for the CubeSat was verified, and the technical operation results of
the self-developed attitude determination and control system were confirmed.
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Fig. 1. Operation Concept of SNUGLITE-II
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Table 1. Operation Plan of Each Mode

Mode (Period) Main Operation Method

- Flight software initialization

- VHF/UHF antenna deployment
(60 seconds after ejection)

- Beacon transmission (every 20
seconds)

- Detumbling control and
convergence check

- Solar panel deployment
(automatic operation or ground
station command after angular
velocity converged)

Initial mode
(~5days)

- Activate the GPS receiver
- Beacon transmission (every 10

Standby mode seconds)
(1 week ~ end | - Waiting for ground command
of operation) - Satellite commissioning and

condition check
- Nadir pointing control

- Collect GPS measurements

- Collect camera image

- Collect magnetometer,
gyroscope, and sun sensor
measurements

- Nadir pointing control

Mission mode
(1 month ~ end
of operation)

Communication . .
- Transmission of mission data

mode (S-Band, UHF)
(command . .

. - Ground station tracking control
switching)
Safe mode - Beacon transmission (every 20
(command seconds)
switching) - Angular velocity decay control
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and Data Handling, CDH), 718 (Electrical Power System,
EPS), AAIZAA = AlojAlAE](Attitude Determination and
Control System, ADCS), E4l(Communication, COM), T+
ZA| (Structure, STR) 233 &7 (Payload) &2 1&
T5s5t7] 9I%t CDH ¥ ADCS9
H|3Y AZEQol= Linux $7ollA FreeRTOS 2FA1Al
7|8t 2 L= Q)

)=

o3

Antenna

GPS Antenna
x3

Coarse Sun Sensor

(Y+)

GPS Antenna
(Y+)

&85 BE 7ol A71A QIEFolAE Fig 40l UsE
otk FEAG H& QEdHolAR 7Y dE] 0]
£ i2c YA AxAoAN EXAFsit EaFEa 3le .
S-Ban
14'[3], %E‘?"] }\6] COTS(Commertial, Off—The—Shelf) y dAnltenr;a
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2702 i2¢ A WAool FEEUH i2¢ FA> OBC Fig. 3. SNUGLITE-Il Flight Model(Panel UnDeployed)
Table 2. Part Lists
Subsystem Parts Name \ Model Manufacture
Interface Board (2EA) Self-development (SNU)
CDH OBC (2EA) NanoMind A3200
OBC MotherBoard NanoDock DMC-3
Solar Panel (16EA) P110 Solar Panel
Gomspace
EPS EPS Board NanoPower P31u
Battery Module NanoPower BP4
Interstage Panel (5EA) NanoUtil Interstage GSSB
ADCS Magnetorquer (3EA) CubeTorquer Small
- CubeSpace
Reaction Wheel (3EA) CubeWheel Small
VHF/UHF Transceiver
ISISPACE
COM VHF/UHF Antenna
S-Band Transmitter HiSPIiCO Transmitter
pp— IQ Spacecom
S-Band Antenna HiSPiCO Antenna
3U Structure ISISPACE
STR Camera Structure i |
Solar Panel Deployment Structure (2EA) se —dzlslj))pment
L1/L2C Triple GPS Receiver for CubeSat
Payload GPS Antenna (3EA) MAT-1.25GPSL1L2A Matterwaves
Camera Gopro Hero 8 Gopro
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7+ A, EPS, ¥HAEd, B4 2E, 2=AMA dZin
MEMS(Micro Electro Mechanical System) XAjoll ZF
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of AH dAZHth % FA(SD-Card, FRAM) ¥
S-Band %4171 SPI(Serial Peripheral Interface) =
AE E&sto] AEY S8 EAY £ U=E UHT
oja7t FAEYem GPIO(General Purpose Input and
Output) 7+ 374 E-&%th

2 5[dB] ol4o® HASIPoH, F2& 2% WAL
A=A izl o i Hdgo] FA AH|A
Aot s BpZQl AAE st

AMZAY F AoJAAEL 3% 55 AoE 435,
HAls A AF AME FYsta, FARE=AME
Ag= FAE T £ =S AAFHUL ojd, AA|
A7 9 AojA|AEHle] BE A%52 3D RMSE 3[°]olth
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Table 40l =A]E Hie}

- BoJAlo ;ﬂ- Al AEl A%hdr}_% .
SNUGLITE-I  #2.%1°9<] S - Table 4. Summary of Operating Records
Table 301 =AIE Bt 2ok Q¥ 7|ze 1¥L BEE
MAEgen, &% 3U 4, 2A% 31lkelolth the Date (UTC+9) | Event
Y=L UHF B9 53 HlZo] $AHu, YT dol 16:25 |~ Hecied “rom PPOD of PVAT
t S-Band U2 F3) A4TOR 3% AFHEE A W r———
- 21 0 = = = - Received analog signal a
otk ojElgx oo g3t 2 no
7:]]?,\,\1:}. = O?“ VHFOEH = =0 I S5 BT second intervals from Seoul
Futpe ofptRo] tds ARESIleH, IARU(Inter— 16:29 | National University ground
national Amateur Radio Union)o] A|Zlol whe} Faba station (data demodulation
WEgAs 8EE BE ooy 74g AU failed)
MEetaol] AR A= wAlE A3 F2 vzl - An amateur radio operator
'22.07/03 (SatNOGS) in the United States
Table 3. System Overview 17:36 (Wisconsin) successfully
demodulated beacon data
Mission Lifetime < 1 year - VHF/UHF Antenna deployment
D ) Undeployed | 100x100x340mm failure confirmed
imension _ :
Deployed 100x414x340mm Completeq detumbling control
17:55 |~ GPS receiver normal operation
Mass 3.15kg ' and time synchronization
Up |9600bps (VHF) successful
32;2 9600bps (UHF) - VHF/UHF Antenna deployment
Down 1Mbps (S-Band) 03:24 by ground station command
Up | 145.9MHz (VHF) I(:I;rsst twot-vgay comrguntic?tion)
22.07/04 | 04:09 reset by ground station
Freq. Down | 436-49MHz (UHF) command
Link 2.405GHz (S-Band) - Normal reception of satellite
16:10 | operation records by ground
Up |31.8dB (VHF) station command
Margin Down | 6-:0d8 (UHF) - Success in ground station
8.6dB (S-Band) . . automation operation
22.07/06 | 03:15 | . ¢ Il
Modulation GMSK (VHF/UHF) - Norma. reception of satellite
DQPSK (S-Band) operation records
- , - Normal operation (Satellite
Generation 5.1Wh
Power 22.07/07 commissioning and health
(Average of ) - - check)
1 cycle orbit) | Consumption | 3.2Wh 2207/ - Playback beacon data reception
. Inclination o8 220712 | 16:00 | First co.nfirr.nation of
Orbit - communication loss
Altitude 700km -
22.07/22 _ - Announcement of an official
Attitude Control 3° (3D RMSE) ) communication loss
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Payload4 Main OBC ADCS s Actuators
o Camers ] | [ Module (D Moddle 1o o0 [\ erorguer
SPIO
AVR32 AVR32 R :
: > Reaction Wheel x3
: storage CDH Core Core S
SD Card Flash Memory Flash Memory | fe=t= Payload1-3
VHF/UHF Module RTC/FRAM RTC/FRAM ‘2 ;‘; :‘ Dual Freq.
QP ——— C =
Control Board Temp. Sensor x2 Temp. Sensor x2 | |uagrz GgiaRe':Cr:'é‘fe'
S-Band Transmitter| | }---.. -| Magnetometer Magnetometer |-foairs GE)iaRelfr:i;er
Control Board = |-----1- Gyroscope .1 Gyroscope oot -+ ”|_GPS Receiver
Interstage Panel x5
™ <
4 Antenna EPS

UHF | Control Board
I —
I oz | =
| VHF [ Batte p——
b————————— | secondary
i2c addr
= S-Band Battery Heate

Power

Custom
Solar Panel x3

Std. Solar Panel x5

Sun Sensor

Solar Cell GPS
Antenna x3
Std. Solar Panel x8
Solar Cell Solar Cell

GPS Attitude Determination
and Control Module

Fig. 4. Overall System Electrical Interface
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Table 5. Full Beacon Standard of SNUGLITE-II CubeSat
Data Description Type
Last command Number of last telecommand 1 x unsigned char
Time “YY/MM/DD HH:MM:SS” in UTC (GMT) 6 x unsigned char
Time of week [mili-sec] 1 x long int
Positioning me"thoci (bitfigld) “1~3": receiver#1~3, “4”: TLE (two line 1 x unsigned char
GPS receiver element set), “5~7": receiver#1~3 WDT
“X, Y, Z" position in Earth-centered Earth-fixed (ECEF) [cm] 3 x signed int
“X, Y, Z" velocity in ECEF [cm/s] 3 x signed int
Battery status flag “0”: initial, “1": under-voltage, “2": safe-mode, .
“3": nominal, “4”: full charge 1 x unsigned char
Battery voltage [mV] 1 x unsigned short
Electrical power | Battery current [mA] 1 x unsigned short
system Power-supply-switch flags for each module 1 x unsigned char
Current consumption for each power-supply-switch [mA] 6 x unsigned short
Solar-panel input voltage: “X, Y, Z" [mV] 3 x unsigned short
Solar-panel input current: “X, Y, 2" [mA] 3 x unsigned short
Estimated attitude: “q0, g1, g2, g3" [-] 3 x float
Estimated gyro bias: “roll, pitch, yaw” [rad/s] 3 x float
Attitude Estimated angular rate: “roll, pitch, yaw" [rad/s] 3 x float
determination Gyroscope measurements: “roll, pitch, yaw” [rad/s] 3 x float
and control Sun sensor measurements: “X”, “Y", “Z" [-] 3 x signed short
system Magnetometer measurements: ‘X", “Y”, “Z" [mG] 3 x float
Attitude variance: “q0, q1, g2, q3” [-] 4 x float
Reaction wheel angular velocity: “X”, “Y", “Z" [RPM] 3 x signed short
Current operation mode “0”: init-mode, “1”: standby mode, “2-3":
mission mode, “4”: communication mode, “5": solar panel 1 x unsigned char
deployment mode, “6”: safe mode, “7": rest mode
Mode Cur.rent ADCS modg (bitfield) ”"1":"B—do.t convergence flag, “2-3": 1 x unsigned char
attitude determination mode, “4-9": attitude control mode and flags
Start time of current operation mode “YY/MM/DD HH:MM:SS” in UTC .
(GMT) 1 x unsigned long
Solar panels [C] 5 x signed char
Onboard computer [°C] 4 x signed char
Temperature - -
EPS module and Battery ['C] 6 x signed char
VHF/UHF communication module ['C] 2 x signed char
Flag ](cﬁlntlil)crj]) ;4 th:tcensrlztgilease status, “5": solar panel, “6": ping 1 x unsigned char
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Table 6. Specification of GPS Receiver

Voltage 3.3[Vv]
Power 0.45[W]
Temperature -40~+85["C]
Mass 165[g] (3EA)
Size PC/104 1/3 Standard (1EA)
92x88.9x60.0[mm]
Interface UART, PPS
Tracking Channel 32 (Max)

GPS L1/L2C signal tracking for
LEO CubeSat

Ephemeris and PPS output
In-orbit flight heritage

Features

Conformal coating (Parylene-C)

Hardware for Space | i1y cAN NSPx(C7521)
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Fig. 11. GPS Position and TLE Orbit
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