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Abstract

In this paper, we introduce the concept of the cube satellite Chungnam National University Laser Unity Bus
(CLUB), which can provide an integrated infrastructure for various ground-space laser applications. With
the advent of the new space era, the rapid expansion of space utilization has begun to reveal the limitations
of conventional radio frequencies. As space missions diversify, lasers are gamering attention as a viable

alternative. Between ground and space, lasers are applied in various fields including satellite laser ranging
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(SLR), laser weapons, and laser communication. However, laser used between the ground and space are
significantly influenced by the Earth’s atmosphere. Conseguently, understanding the atmospheric effects
on laser propagation is crucial. In particular, atmospheric turbulence, which refracts and distorts laser
beams, intensifies closer to the Earth's surface, exerting a greater impact on the uplink than on the
downlink. While downlink verification is facilitated by ground detection, verifying the uplink poses
challenges due to the necessity of space—based detection. In response to these challenges, we propose
the idea of cube satellite as a means to enhance understanding and verification of laser propagation in the
uplink. Additionally, we present the results of conceptual design by analyzing requirements, focusing on
mission design of the CLUB cube satellite, following the stages of systems engineering for systematic

cube satellite development.

Ao} : A9 Ao, 97 Aol 8, FH 94, 247 94, dol4 B4
Keywords : ground-space laser, space laser application, cube satellite, nano satellite,
laser communication
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Fig. 1. Propagation features of uplink and downlink lasers. Atmospheric turbulence has a

greater impact on uplinks because it is stronger on the ground.
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Table 1. 7, and /() according to zenith angle under weak turbulence condition

Parameters Symbols [unit] Values
Zenith angle ¢ [ 0 30 60
Fried parameter o [em] 19.34 17.74 12.76
RMS displacement J@2)y [m] 234(1.21") 291(1.30") 6.63(1.717)

RMS, root-mean-square.
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Fig. 3. Concept of uplink beam position detection in CLUB cube satellite. (a) Concept of the
beam position measurement method using a quadrant detector and (b) configuration of the
photodetector for measuring the uplink beam position of the CLUB cube satellite utilizing the

concept of a quadrant detector. CLUB, Chungnam National University Laser Unity Bus.
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Fig. 4. Simulation of the accuracy of the uplink beam position calculation. (Left) Comparison
between the simulated results of beam center displacement (red star) and the calculated
beam center position of the CLUB (blue cross); and (right) depiction of the relative error rates
in the calculated results on the vector positions, x—axis and y-axis, respectively. CLUB,

Chungnam National University Laser Unity Bus.
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Fig. 6. Error rate in the calculation of beam center position based on the size of the
photodetector. The performance of beam center tracking is influenced by the size of the

photodetector, as it leads to variations in the sensor’s position.
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Fig. 7. Calculation of link budget to determine satellite altitude and LRA size for SLR mission
performance. (a) Variation of the average detected photon count at the Geochang SLR station
with LRA area and satellite altitude at a zenith angle of 0°. (b) Changes in average number of
photons according to the zenith angle of the 600 km satellite and the cross—sectional area of

the LRA. SLR, satellite laser ranging; LRA, laser retro-reflector array.
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Table 2. Specification of the selected cube satellite laser communication terminal

Key parameter Specification
LEO to ground;
Range
1,500 km

Channel data (Downlink) 100 Mbps

rate (Uplink) 1T Mbps
Mass 397¢g
Size 9x9.5x3.5cm?(0.3V)
Power
10 W (peak)

consumption

Commercial off-the-shelf laser Lifetime 3 years in LEO orbit

communication terminal for cube satellite +1° integrated fine

[Tesat-Spacecom] steering mirror capability
Field of regard
(requires S/C body

pointing)

LEO, low—earth orbit.

T2 AHpointing)d 4= S1ojoF gt ol= AAAo1 A A EA| ARl (attitude determination
& control subsystem)& AAIT T 8FX7 0 & Fof RPYHRI Flo]x] FAlS Azl

4. Zi}

flollA 2= CLUB FELIF9] AF4aA0l $8E 23 87AFRPES B4 o]
A Hlo] JFEA At B4S HSol] Helixde 2t Bl wiAE FHE7] 27771 2
cm 02 A&E|ojof 5t SIR AF-E 5] ol A== LRAE 2717 A=
AT o] Gyt A FEG SHES Fxa dgA Aoz Qs Hdf ¥hg
5 cm®] LRAE HAE 4= 9loH, 83t LRA 442 FEAHY A BAIARS AASE o]
T F580= 2Fot AAett TSt HojA BAl ARE H5H| sl $-2li= TESATA
oA E 8 FEL LCTE AR dfgolH, o] 2 AgAusFo g Qlsto] A4
St uiE g Bt Agate] QtE T} Ao 94 20 A7 FUEE 2AsfoF gt o]
9F Zro] ¥ CLUB FHHAS SFARFEL Table 3014 FejHct. o= CLUB FHE4
39] AFYS ATt QTARINES Whgsialon], FELH9] -8l Rt ABAAHE
of g 8FARRS WHGEA] Aok-S Rt E3 ofd ATARIES EYE CLUB
HO49] 27] 3D CAD 2ES A& Fig. 8olA1= Al&E CLUB FE9142] 3D CAD
eyt FELo] €A REES S HojErh

Fig. 80|A ®ojF= 3D CAD EdlojA= CLUB FEALS 3 U 272 7PHshaL 455
B 213 B A (payload)E A g UHA] ABAARISE QAR = el
oF A== REES FAste] CLUB FEAGS] 27| A4 BdS 4513t HE&H|
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Table 3. Requirements for mission performance according to the conceptual design of the

CLUB cube satellite

Level 1 User requirement definition
ID Title Requirements

The satellite shall be designed as 3 U [TBD]

URDO0001 Size
cube satellite
The satellite shall be operated on low earth

URD0002 Orbit
orbit (LEO) at 400-600 km [TBD] of altitudes
The satellite shall carry at least the following
payloads

URDO0003 Payloads - Four photodetectors

- Laser retro-reflector array

- Laser communication terminal (LCT)

The four photodetectors shall be able to
Uplink propagation
URD0004 measure the center position of the beam
measurement
within the relative error rate of 1% [TBD]

The reflected laser from the satellite shall
URDO0005 SLR link budget have an average number of photons of at
least 1E + 5 [TBD] or more

Laser communication field  Laser shall enter a LCT at least 1° [TBD] from
URDO0006
of view (FOV) the center axis

CLUB, Chungnam National University Laser Unity Bus; TBD, to be determined: SLR,

satellite laser ranging.

UHF/S-band ‘ Solar Cell | | Sun Sensor I ‘ UHF Antenna |
Transceiver

GNSS Receiver
Battery
EPS Board

On-Board Computer
(OBC;

Magnetorquer

e

ADCS Board

tor Corner Cube

Reflector

Laser Comm. S-band
Terminal Antenna

{ Reaction Wheel \ Module

C&DHS
(Command & Data Handling Subsystem)

COMs
(COMmunication Subsystem)

’ (Electrical Power Subsystem) | | (Attitude Determination & Control Subsystem) | | Payload ‘

Fig. 8. Initial CLUB cube satellite 3D CAD model equipped with payloads required for mission
execution and subsystems fundamentally necessary for cube satellite operations. GNSS,

global navigation satellite system; CLUB, Chungnam National University Laser Unity Bus.

58 | https://doi.org/10.52912/jsta.4.1.48



J. Space Technol. Appl. 4(1), 48-61 (2023)

oJE|Ag] MBEAIARCRZ 2HT HAFE(on-board computer)E ol ZF A EAIAH 719
AES =Xk, A0 CLUB FEL/4H9] dF 5 sl B4 19 $4 ]% Aotz <
S Rt A ABAARE HE HAAEA AgS 5] 35S 5 AUe HiE e},
olE AL HFHA|, 11 S 5 &H 0 R Fufjs) & YA HE(EPS boardE T3
o}, AAAA ABAARS 27| EF(magnetorquen)@t BiFAIA (sun sensor), 1#]al
GNSS(global navigation satellite system) FJHE Alote] ZpAME AAslal, ¥H21-84
(reaction wheelrZ &3l FEA/JS Aofdith. o]9] IpgoA 72 AlHE= ZpA|A|o]
AlS] QAR giEo] ¥ 47| 9] 37t 845 1T upR9 g CLUB FE29]
4 oA Al EUE SAIAl ABEAIARE PRI SIFPARE S-HiE, AR
& UHF(ultra high frequency) 9= AR&Sto] FELIJ0IA BHS ASsHAY, FEA

oA +HE HolHE AFeE Atk AT jitt o]et FAof Flo]A F4l= &3f ol
HE S5Alste] kg4l glof] B4le] Zolg AHH oz gRIg 4= Qirk

Oll

£ =RoE -7 dold olFelAol e ANt o R o|gs] 98 dolA i
ofsiel A5 SsH AR ofoltiolE AR, olet FAlel] A9 o]A of
ZelAol e 9537 POﬂH B0 ol & Yt ANES WEL AL BE Tt
o2 Biz FuSIHC] YRS WAST PR U /Fsae FEsh, aubel gus
B P RTAGES A B nolA A8 a7ARIES CLUB FE9M49 9%
5L o PANSS FHoE APEon], ABAAGS ol A LGS
EEEREE

0|9} Z& CLUB FES140] A% AT} /a4 A3te 7jukos o] Bag a4s
2 AN WHAA U2 o), ol alulaA SIS B S S a9
X wAjet LGNS BAslel wEE WA AR5 BANEN4S WA TelsheA oda
5o P hesh 2 Blolul, 2w Bote] 714 e) madlac) vt A Helg
B9 FUIHL LSRGk TS 9219 CLUB FHIHES B9 ool A5
dlolA skl ojshg Hi, SFBLI0IA] chapet dold 587149 AMgo] Zbsdt Qlae}
2 7EFOH 2o Fuglo] ool A9 dol4 A8 2 LS T 4
2 Hoz Jeict,

ALl =2

B AFE= ARV HESAR)0] AfYod AT AEe] XU ol £E G
UTtHNRF-2022R1A2C1092602).
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