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[Abstract]

In geostationary satellite communications, which are widely used for broadcasting and communication, there is a path loss where
the signal power on the path is largely reduced. It is important to consider rain attenuation when calculating link budget because the
Ka band frequency is vulnerable to rain attenuation. In this study, rainfall trends were analyzed by using rainfall data from the year
2000 in four regions of Korea (Seoul, Incheon, Busan, Jeju) and the rainfall attenuation was calculated. This was used to analyse the
satellite link budget and receiving performance for the down-link of the korea satellite COMS. In this study, the calculated G/T for the
rainfall intensity of 0.5% per year using the rainfall data for 18 years increased by approximately 8.5 dBK ' compared to the ITU's
zone-K rain model, and decreased by approximately 1 dBK~' compared to the precipitation data for 13 years from the TTA(Korea
Telecommunications Technology Association). The results of this study can be used for the design of G/T in domestic-installed
satellite ground station.

Key word : Satellite communication, Path loss, Ka band, Rainfall attenuation.

https://doi.org/10.12673/jant.2019.23.2.151 Received 6 March 2019; Revised 5 April 2019
o ) . Accepted (Publication) 23 April 2019 (30 April 2019)
Thlts isan Ofp-:-;tr;1 Ac%ess te_lrtcheC distributed Autrsqtc;;rtt_he
erms of the Creative Commons ribution * ¢
L. Non-CommercialLicense(http://creativecommon Corresponding Authorkyung Heon Koo

s.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial .

use, distribution, and reproduction in any medium, provided the Tel: +82-32-835-4766

original work is properly cited. E-mail: khkoo@inu.ac.kr

Copyright (©) 2019 The Korea Navigation Institute 151 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



J. Adv. Navig. Technol. 23(2): 151-157, Apr. 2019

.M B
9124 41 2Hgo] 1S Feigel wek 914 BA9) Fa40]

73731 P 7)ol A &2 07 APE] A vk 914 B4
2o A& thest 8l o8l A2 &4 (path loss)©] vi§- =
A sz Q3 A5 wEsy] 8 94 B4 AlAE
Al A ek "3 WAl AR w9 Fa8h 2 =i
Aok 914 137} T 314 Ka =0 sgeic) 4
A% 218 Al2=gle] $217]9F 21713 Al A RoA A%
o] Ago] Fhrdhes A= £4o] dojui=t), Ka W= =2
789 3ol - F kst wheba] el A AR
AA A =re) ZA5- A W w3l AR Sa dh=o) 73
tlo]El & ARg-ste] 749 744 B A re] 8 G/T (QFEl o]
S/ AARSEE)E et of stk

71E 73S 232 AT RE AR EA 7] EH S| (TTA)NA
20009 =B 2012 =744 9] 735 AR E AREste] - 1t
2 & ARk o Ht dwe] 749 Wk EgslA] efol 5
7} A7 otk A A7 S AATUYA A A|AT 8 75
Relof| A g2 ofAlo} K-AY (zone-K)ol| EFH=]o] 21
zone-K o] -2 =S E3skal gl7]ell (AR 9 713 A
ool b E3h $he] 9 547 Apolrt k. wEbA
TTA 9 ITUS] 79 2k5 9 < A7 Hetsto] =uje] 7
- 5298 aefstolo Aghelk 914 H3 WAl Al 5 ek
[1]. ¥ A4 20003 % o] 5 18\d7Fe] Z-5- Hlo|H & 7
A% 9 7S 7 E ARKslaL o] & o]-838te] Ka W= 3E
ot 1 T " Aol tigh 9148 WA W3l B A 8 Al
355 A8t gt

2~ =
A=

. Zsg o 42 2=

29 190 20003 3-E] 20173714 1837F AL,
AT 5 8 a7 X Fe] Hi A A5HE A
d, 20101 2 2012132 2+ e wiv], vk 9 Sl

Jao. oregol Wekom, 20144 o] F= gv} 7k

RHa) A el Bt B AsL s 3 o 5 ek
5 2 v e 94 A7 B W 35S 60

o) 5o FHE Slolek ol /o] Alwehs 13

205 28 HlolElE ol 3] 1AREOE ke

o
15 mm/h 934 2] Hlo} o]& o2 o 83l H e
7h Mol mheb] ATHE ] A E S ASh
9 7 ke T AL AR AR B
TR W ol 83to] AT PYAY 5 glek & ol
Az TTAGA AA @ B57%e] 4ol ol 83jo] 25
A7) 10891 3552 6u151e] AH&-SHAEH31, (41,

1+

=]
Ay

https://doi.org/10.12673/jant.2019.23.2.151

152

Precipitation by annual rate in *00~"17
(average over 4 regions in Korea)
250

0108
2000

18325

m 16805

= 150943 150558
143735
1500 1w

2726 wuf

|
11903 NG5

5% 125803
5 14225

3
Y2

Precipitation

0
0 0 02 03 04 05 0 07 08 09 W M 12 13 W 5 W 1V

year
T8 1. '00~17 34 470 X ozh W U5
Fig. 1. Precipitation by annual rate in '00~'17 (average

over 4 regions in Korea).
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Table 1. Rainfall strength by annual rate (mm/h)
Korea for '00-'17.

Rate/year
0.01% 0.05% 0.10% 0.50%

Area

Seoul 85.84 44 .81 29.92 9.24
Incheon 71.35 38.82 25.54 8.28
Busan 82.71 41.38 28.34 9.76
Jeju 73.32 38.20 26.56 8.92
Average 78.31 40.80 27.59 9.05
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Table 2. Rainfall strength by annual rate of Seoul (mm/h).

Rate/year
0.01% 0.05% 0.10% 0.50%

Year

2013 63 36 24 6
2014 36 18 12 3
2015 36 18 12 3
2016 45 24 18 6
2017 63 33 21 6
Average 48.6 25.8 17.4 4.8

E 3. FX|Y dAzkgdE ZZT (mm/h)

Table 3. Rainfall strength by annual rate of Incheon (mm/h).

Rate /year
0.01% 0.05% 0.10% 0.50%

Year

2013 58.2 31.8 21 6
2014 36.6 21 13.8 4.8
2015 33.6 15.6 9.6 3
2016 46.2 19.8 13.2 4.8
2017 61.8 36.6 21.6 5.4
Average 47.28 24.96 15.84 4.8
E 4. BMXY dAzigE Z22ZT (mm/h)

Table 4. Rainfall strength by annual rate of Busan (mm/h).

Rate/year
0.01% 0.05% 0.10% 0.50%

Year

2013 45 27 18 6
2014 60 33 21 9
2015 27 21 15 6
2016 57 31.8 24 8.4
2017 90 38.4 24 4.2
Average 55.8 30.24 20.4 6.72

E 5. MFXY AdAzigd Z22ZT (mm/h)

Table 5. Rainfall strength by annual rate of Jeju (mm/h).

Rate/year
0.01% 0.05% 0.10% 0.50%

Year

2013 34.2 18 12 4.8

2014 54 27 18 7.2

2015 84.6 27.6 19.8 7.8

2016 50.4 22.8 16.2 6.6

2017 51.6 26.4 15 3.6

Average 54.96 24.36 16.2 6
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Comparison of rainfall strength by annual rate
of this study(INU), TTA and ITU
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Fig 2. Comparison of rainfall strength by annual rate of
this study(INU), TTA and ITU.
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Table 6. Rainfall attenuation using the rainfall intensity provided
by TTA (dB) ('00~'12).

Rate/year
0.01% 0.05% 0.10% 0.50%
Area
Seoul 35.42 24.15 18.7 11.26
Incheon 31.05 21.68 16.67 9.95
Busan 34.08 22.26 17.55 11.67
Jeju 28.87 22.01 17.58 10.37

E 7. 2 A9 Za2(dB) ('00~174)
Table 7. Rainfall attenuation in this study(dB) ('00~'17).

Rate/year
0.01% 0.05% 0.10% 0.50%
Area
Seoul 33.40 22.53 17.32 9.71
Incheon 29.98 20.56 15.56 8.75
Busan 33.11 21.70 16.92 10.73
Jeju 31.17 20.83 16.37 9.46




G _c
= L= Pyt Apt Ap—2286 13
TSYS ]V() v r f ( )

FA A28 E RS E T ot 2388 7154
st 2142 xdHch A71A 7,5 ey s, o,
QHElLe} LNA Alole] A EEA, o= <helube} LNA Alo]9]
AFHRZo] 93 AHEA, Thy & LNAEY o] 5] g2

5, Ty 32 a2 290°K o] o},

- b

Toys=Ty+ Tola,—1) +a, X Ty (14)

1o

i)

dlo
o g

p

=

s
-,

3378E e QbEv 2]l T, the
TR 71 0,2 ALY, Tpnts 35 7
Togeys 717k 2 5ol o8k o713 e e 18at

T, Bhe shee] Aol

il

Ty
T,= +Tpant T, (15)

a,

A3t A2 4 A, S AT Aolo] A A= £
Zrolw, okl 2] (1) 2}, Fi= F3hro]w], RS 9143} 2|7
5 Afe]o] Aglolct,

Ap=92.4+20log(F) +20log(R) (16)

Aot 13 9] A= 74 12827 o|H, 914 EIRP=
65 dBW, 47 X937} At 91497 Agl= 27t 38539 km,
38525 km, 38561 km, 38312 km ©]T}. 0] njgtoz ¢] 422
< &-gsto] ZF47f A ellx o] AATHEe] wE et 914
o] 8744 A (G ALt

¥ 82 ITUNA A3 zone-K 74974 EElo] o 541
35 Aol 3k 9= TTAA] A g 2000 H-H 2012d7}
2| 9] B9 EE o] g5to] AlLkg gholoh i =iToll A A4k
2000~2017139] 945l w2 85 4 A5aks Aktst
o 3 1090 87 41 A5 ATE Ao o= 3799} H]
WaSS W AA A O oF 1 dBK ! A AL FolE = Q)
th E 112 & =odlA] 75 A9 7S 12 GHz Ku H
AZTEE AR F9 57 116 ° T3} 6350 A-8A1A 3
G/T A3 gkelth. 919 9] A K= Kisatoll = AHE AHE-3H
2 52 A AE PRl 12].

E 8. ITU MA| zone—K ZZE 27 4 M5 ZIdBK ')
Table 8. Receiving performance results required for Zone—K
rainfall strength by ITU (dBK ).

Rate/year (dB/K) [ 0.01% 0.03% 0.10% 0.50%
zone-K 19.10 11.95 6.52 -1.48
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Table 9. Receiving performance results required for rainfall
strength of '00-"12 by TTA (dBK !).

Rate /year
0.01% 0.05% 0.10% 0.50%
Area

Seoul 32.90 21.63 16.17 8.74
Incheon 28.53 19.16 14.15 7.42
Busan 31.56 19.74 15.08 9.15

Jeju 28.87 19.44 15.00 7.80
Average 30.47 19.97 15.09 8.28
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Table 10. Receiving performance results required by rainfall
strength of "00-"17 by this study (dBK™!).

Rate /year
0.01% 0.05% 0.10% 0.50%
Area

Seoul 30.87 20.01 14.79 7.19
Incheon 27.45 18.083 13.04 6.22
Busan 30.59 19.18 14.41 8.21

Jeju 28.60 18.26 13.80 6.88
Average 29.37 18.87 14.01 7.125
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Table 11. Receiving performance results required by Ku band
satellite of ’00~"17 (dBK™1).

Rate /year
0.01% 0.05% 0.10% 0.50%
Area

Seoul 13.80 8.88 6.37 2.90
Incheon 12.02 7.68 5.22 2.03
Busan 13.61 8.46 6.15 3.48

Jeju 12.55 7.88 5.73 2.60
Average 13.00 8.23 5.87 2.75
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