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Investigation of Transmission and Reception Antenna Trends
of Low-Earth Orbit Satellites Transmitting High-Resolution Image Data

%I-

rlo

~ .

o o

o

. Ol
=

0
H0
0zt
rat

=~ * S *kk *k% K kkk * k% ol
CUED AWET . NSHS . HYF . GEH . £5Y

Eunjung Kang - Sangwoon Youn * Changhyeon Im * Junmo Yang* - JungHoon Kim*** -
WookHyeon Shin*** « YoungJu Park*** - Yong Bae Park*** - Hosung Choo

2 o
B =M e IR &% G4 deolHE Adste A4, A= 9 Elve] A 2AME St HAl Ve
S sholdith o WolE 44 94 2 AT FEUE 2L, Felve HRALENY 55 Hgshe
Areks 7}

3 Aste] Ao AU L8 &3 E}E-ﬂé%ﬁﬂ 55 A HolHE $AstA, A7FEE A=A Bt
= of FAE w, gl A dlolE $4] 7k o R-E E<lsty] A dole e WA AL
o} wlole] AEA27E 550 kmell A A o) 2,200 km7HA] 74w, 914 Hlo]H A1 FElVF7F helix JEQ A5, H 4
2 A FAHYE —68.1 dBm, —55.9 dBmo|th. B tlo[H FAl RFEIU7L patch arrayQ] 739, A& R Ao FAHY
& 247k —84.1 dBm, —71.9 dBm%S EelsAth

Abstract

In this study, we investigate the latest trends in satellites, ground stations, and antennas that transmit high-capacity image data at
a high-resolution. Various data transmission/reception satellites and ground station antennas are investigated, and radio-wave transmission
scenarios applicable to the Korean Multi-purpose Satellite 5 (KOMPSAT-5) are determined. The datalink budget is then calculated as
the signals are transmitted by the KOMPSAT-5 and received by a Singapore ground station using a parabolic-type antenna. When the
data transmission distance is increased from 550 km to a maximum of 2,200 km, the minimum and maximum received powers using
a helix transmit antenna are —68.1 dBm and —55.9 dBm, respectively. By contrast, when the satellite transmit antenna is a patch
array, the minimum and maximum received powers are —84.1 dBm and —71.9 dBm, respectively.
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Fig. 1. Photograph of the KOMPSAT-5.
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Fig. 2. Photograph of the Gaofen-3.
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Fig. 3. Photograph of H2A202 rocket with the IGS radar 5.
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Fig. 4. Photograph of the Kondor-E.
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Fig. 5. Photograph of the Capella X-SAR.
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Table 1. Information of low-earth orbit (LEO) satellites by countries.
Korea China Japan Republic of South Africa USA
Name KOMPSAT-5 Gaofen-3 IGS Radar 5 Kondor-E Capella X-SAR
Altitude (km) 550 758 490 500 485~525
Inclination angle (°) 97.6 98.41 9723 74.75 90
Data rate (Mbps) 310 1,280 - 960 1,200
Life time (years) 7 8 5 7 3
Weight (kg) 1,400 2,950 - 1,150 140
SAR (GHz) 9.66 54 - 3.13 9.4~9.9
Polarization Quad Quad - Dual Single
SAR resolution (m) 1 1 0.5 1 0.3
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Table 2. Transmission antennas for LEO satellite datalink.
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Antenna type Reference Dimension Polarization Operating frequency (GHz) | Gain (dBic)
(18] 87.9 mm LHCP & RHCP 7.7~8.5 15.9
Corrugated hormn [19] LHCP & RHCP 7.9~8.5 16.8
[20] 132.1 mm LHCP & RHCP 8.0~84 17.3
[21] 82 mmx98 mm RHCP 8.0~84 16
Patch array [22] 110 mmx110 mm RHCP 7.2~9 17
[23] 400 mmx400 mm LHCP & RHCP 7.9~84 26
[24] 242.6 mm LHCP & RHCP 8.025~8.4 7.1
Choke-ring horn [25] 320 mm LHCP & RHCP 8.025~8.4 6
[26] 270 mm LHCP & RHCP 8.025~8.4 6.08
Helix [27] 90 mm LHCP & RHCP 7.8, 8.0~84 5.8
(28] 12.3 mm RHCP 8.0~845 8.7
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I8 6. 29HE ARF AL
Fig. 6. Photograph of the Svalbard ground station.
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a8 8. L2t AYE AR
Fig. 8. Photograph of the Alaska ground station.
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Table 3. Ground station antenna operation specifications.
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Name Size (m) |Receiving frequency (MHz)| EIRP (dBW) Polarization Gain (dBic) | HPBW (deg) G/T (dB/K)
2,200~2,400 RHCP, LHCP 45.8 0.85 22
ASI 13 8,025~8,500 646 RHCP, LHCP 56.8 0.23 372
AS2 10 N/A N/A N/A N/A N/A N/A
2,200~2,400 RHCP, LHCP 45.8 0.85 229
AS3 tl 8,025~8,500 657 RHCP, LHCP 56.8 0.23 36.2
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Table 3. Ground station antenna operation specifications.

Name Size (m) |Receiving frequency (MHz) | EIRP (dBW) Polarization Gain (dBic) | HPBW (deg) | G/T (dB/K)
2,200~2,400 RHCP, LHCP 45 091 21
MG 10-m 10 7,700~ 8,500 63 RHCP, LHCP 56 0.26 32
2,200~2,400 RHCP, LHCP 41.8 1.16 194
TR2 73 7,500~8,500 3 RHCP, LHCP 54 0.32 32
2,200~2,400 RHCP, LHCP 45.1 0.8 22.1
sal 13 7,700~ 8,500 63.5 RHCP, LHCP 575 0.2 36.8
@ 13 2,200~2,400 59 RHCP, LHCP 45.1 0.84 23.8
7,500~8,500 RHCP, LHCP 57 0.23 357
SG3 3 2,200~2,400 67 RHCP, LHCP 46.9 0.71 23
7,500~8,500 RHCP, LHCP 59 0.19 37.8
AGO 9-m 9 2,200~2,300 75 RHCP, LHCP 44 1 23.6
AGO 12-m 12 2,200~2,300 N/A RHCP, LHCP 46.5 0.75 25.7
AGO 13-m 13 2,200~2,300 70 RHCP, LHCP 47 0.69 244
Sl 04 2,200~2,300 56 RHCP, LHCP 43.13 0.98 20.5
' 7,585~8,500 RHCP, LHCP 5542 0.24 334
WGl 13 2,200~2,400 646 RHCP, LHCP 45.8 0.85 23.6
11.3-m ' 8,000~8,500 ' RHCP, LHCP 56.8 0.23 345
LEO-T 47 2,200~2,300 59.2 RHCP, LHCP 39.4 1.83 17
WUIS 15 2,200~2,300 78 N/A N/A N/A 26.7
Wu2s 15 2,200~2,300 78 N/A N/A N/A 26.7
WSC
VHE-I NA 143.625 434 RHCP 18 20 N/A
WSC
VHE N/A 121.750 374 RHCP 12 20 N/A
2,200~2,300 RHCP, LHCP 50 0.5 29.6
Wsl 183 25,500 ~27,000 72 0r 81| RHcp, LHCP 705 0.04 46
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Table 4. Datalink budget parameter.

Item Values
Ground station Rx antenna gain (dBic) 5542
Rx feeder loss Lges (dB) 2
Satellite altitude (km) 550~2,200
Frequency (MHz) 8,000
Tx power (dBm) 33
. . Helix
Tx antenna gain (dBic)
Patch array
Helix 33
EIRP (dBm)
Patch array 37
Free space path loss (dB) Ly
Polarization loss Ly, (dB) 0.5
Antenna pointing 10ss Ly (dB) 0.2
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Fig. 9. Received power of the datalink budget.
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