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Design of Ground Station System for CubeSat STEP Cube Lab.

Younghyeon Jeon', Bonggeon Chae', Hyeonmo Jeong', Seongyong Jeon® and Hyunung oh"'

ABSTRACT
CubeSats classified as pico-class satellite require a ground station to track the satellite,
transmit a command, and receive an on-orbit data such as SOH (State-of-Health) and mission
data according to the operation plan. For this, ground station system has to be properly
designed to perform a communication te—with the satellite with enough up- and down-link
budgets. In this study, a conceptual design of the ground station has been performed for the
CubeSat named as STEP Cube Lab. (Cube Laboratory for Space Technology Experimental
Project). The paper includes a ground station hardware interface design, link budget analysis
and a ground station software realization. In addition, the operation plan of the ground station

has been established considering the STEP Cube Lab. mission requirements.

Key Words : CubeSat, Ground Station, Interface, Link Budget

.M = At =R dTddonw 13 $FAES 4w

3= F1B. A STEP Cube Lab.(Cube Laboratory for
Space Technology Experimental Project)S 7% 3ol
gt B FBRAMHL 20156 YAIE EZ3xE ZA|F,

A3 e] Zb2b 450km, 650kmel™, AR 90°)1 =

SE4YeE THEE FEAEL 1U10cmx 10cm<10cm)
210l KA Y R A L33%kg ofsle] WA aTEnS
2 e A, Fuade FoEd ALslael wal
AIgke] g Aulgom Aol HFed FHo
= e EREe A deds @ wax mho O £9E oRelth STEP Cube Lab.ol B4 34
o 4 A S e o]sold s Sl QuHASl FuSTRE olshll UHF w1 tjjas of

: ) ks WolTEdl WAS olfeh, FAREZel R

do o K o

)

Buck Converter”} Atglte| wg} 42 RES H3sto =z
120124 119 149 A5 ~ 20129 12€ 209 AlALgksE }yﬂ H]O]Ei %—-’F”‘J% #@5}1‘4—[2] _’j_E]j?_ CSP(Cubesat
; %*ﬁj%} Eﬁjﬂ%%ﬂ f’{%fﬂ%%%i{ Space Protocol) T2EZ W3 MSK(Minimum  Shift
S48 9, AT FFF T , . )
T A3, FAYEtw gweFxsty Keying) ¥-E5x2H2 02 HolHE 441 sHA "k

[e)
A A2}, E-mail: ohul29@chosun.ac.kr

—



35 dgE-MHsAH-Z&

¥ F=FoA= STEP Cube Lab.o] 4FTdS 3k A
g Alz=glo] A g oolof whel HAE A =0
o] QI #lo]x MAjel theh HF, LEar A=
of FES A% M 9 Aol disf vlessich. A=
Al 9o} STEP Cube Lab.2] 541

e

g ??‘%ﬂ"ﬂﬂﬂl 1 Edw g4 ‘ﬂ&] A *—% ?333}01
dlole] el tigt vkl Srot 7Feehe dssisich A
= ArEdele] A9 gEA(Linux) Ede] - (Ubuntw) 2
@ AE 7o R AAVRPES siglon, 91de] A% ¢-& 4

AT Agel wet golel Vs eTEls EdlE AP

e 2 ASE stk

)

N

2. STEP Cube Lab. X|&l= A[AH]

2.1 X[ak= AAH e
A= AdelA s FAE] BHE H delEE &

Gk oS 2

3t} STEP Cube Lab.o] #A=re B

2 dlofE FAls flate] 9ol ax
S Tﬁﬂé}cﬂzﬁl Z/d gkl XW% AW—"” A

FE 3oitk 4, & e A sF=slolef A E o]
2 sto] O]Oﬂ & B5M%=E Fig. 1ol vERAICE A%
T A|AEY] BR Z Fludoj= 22k RFS(Rotator Control
System), RCS(Radio Frequency System), AMS(Antenna

Monitoring System), PCZ AHeoJsle] AlF EFE sl¢ich
RFESt QHEUE sidwakem Agksly] fléte] ZHoHE
TEShs PHES X, RCSE 43} kel &)
Ak oo} A FAH], AMSE ZE|OJE7F Ao

o] wA) BISI9Ie B gule T AP &
zESol Aol AN S 1 1% 9 3

2E0}9} HlolE wAlL 9]3t
ol = FR3Ich

QY ¥ vheya e

Ground Station
System

I T 1 1 -
(o= ) Cres ) (s ) o
RCS: Rotator Control System
RFS: Radio Frequency System

AMS: Antenna Monitoring System

Fig. 1 Ground Station System Block Diagram
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Table 1 RFS H/Ws of Ground Station o= Comxial Cable Dawnlirile Bplink
Item Configuration Specification o [Antenna ] [ Antenng ]

e Model: 436CP42UG(M2)

wﬂ*‘ e Frequency: 430-438MHz

Antenna ‘r::“w e Gain: 18.9dB

“J“ * Polarization: Circular

e Beam with: 5°

e Model: IC-9100(ICOM)

* Frequency:

* Power: 2-100W(VHF)
2-75W(UHF)

* Model: TNC_4(Gomspace)

¢ Modulation: MSK

e Protocol: CSP

e Model:

Order Production(HEM)
¢ Frequency: 100MHz-2.5GHz
e Amplification: 13dBi

Transceiver

TNC

LNA

e Model:

Order Production(Telewave)
¢ Frequency: 400-475MHz
e Loss: 1.8dB

Filter

e Model:
D-1010-ATVN(Mirage)
¢ Frequency: 430-450MHz
¢ Input:3-15W
e Output:
Min of 100W with 10W in

HPA
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Fig. 2 Ground Station H/Ws I/F Block Diagram
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Fg. 3 SWR & RF Power Measurement Test Set-up

== Coaxial Cable
== Power Cable

Table 2 SWR & RF Power Measurement Test Results
Cable

Results
RF Power=70W
SWR=1.1(75W)
RF Power=70W
SWR=1.1(75W)

Requirements
RF Power=75W
SWR=1.5(75W)
RF Power=75W
SWR=1.5(75W)

Uplink Cable

Downlink Cable
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Table 3 Uplink Link Budget Analysis Results

Item Sym. Unit Value
Frequency f MHz 437.485
Tx Power P dBW 17
Tx Line Loss Ly dB -3
Tx Ant. Peak Gain Gyt dBi 18.9
Tx Ant. Pointing Loss Ly dB -3
Equiv. Isotropic Radiated EIRP dBW 29.9
Propagation Path Length S km 1815.7
Free Space Loss Ls dB -150.
Atmospheric Loss L, dB -0.2
Polarization Loss Lpor dB -0.3
Rx Ant. Peak Gain Grp dBi 2
System Noise Temp T K 616.6
Data Rate R bps 1200
Bit Energy/Noise Ratio Ew/No dB 48.1
Bit Error Rate BER - 10°
Ew/No
Req'd Bit Energy/Noise Ratio dB 9.6
(req)
Implementation Loss - dB -5
Margin - dB 33.5

Table 4 Downlink Link Budget Analysis Results
Item Sym Unit Value
Frequency f MHz 437.485
Tx Power P dBW -0.44
Tx Line Loss Ly dB -1
Tx Ant. Peak Gain Gpe dBi 2
Tx Ant. Pointing Loss Ly dB -1
Equiv. Isotropic Radiated EIRP dBW -0.44
Propagation Path Length S km 1815.7
Free Space Loss Ls dB -150.5
Atmospheric Loss L, dB -0.2
Polarization Loss Lpor dB -0.3
Rx Ant. Peak Gain Grp dBi 18.9
System Noise Temp 7. K 574
Data Rate R bps 9600
Bit Energy/Noise Ratio Ey/Ny dB 27.65
Bit Error Rate BER - 107
. . . Ey/No
Req'd Bit Energy/Noise Ratio dB 9.6
(req)
Implementation Loss - dB -5
Margin dB .05
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Fig. 4 HRD Software

Table 5 Data Classification

Link Data Data Information
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Fig. 5 Example of ETE Ping Test Result on Ubuntu
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