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ABSTRACT

It is necessary to apply an exact data and a precise prediction model for a rain attenuation to design the link
margin for a data link using Ku-band with the serious effect by rain. In this paper, we investigate the regional
rainfall-rate distribution of Korea proposed in TTAK.KO-06.0122/R1 and compare it with the distribution
provided by Rec. ITU-R PN.837-1 and Crane. And, the rain rate climate regions similar with the rainfall-rate
distribution of Korea in Rec. ITU-R PN.837-1 and Crane model are selected. Finally, using Rec. ITU-R P.618-8
and Crane rain attenuation prediction model, we derive and analyze the rain attenuation for Ku-band frequency
according to the time percentage of an average year and the distance of wireless communication link between

unmanned aerial vehicle (UAV) and ground data terminal (GDT).
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Parameter Definition

Rainfall Intensity for the time

E %18l 10GHz o]k 255} v =0l g3 Foon percentage of 0.01%, mm/h

= 7 T A RS W A H GDT height above mean sea level,
AT FES A, webd Kuthel s o] : kam

L3lo] Br} XA o) Al BAl 835 A H, Mean annual rain height above

3]_7] -?f]’éﬂ/\i"& ) [13]01]/1‘] Xﬂ/‘]% Z]ojlﬁé oy mean sea level, km
B9} o]n 7‘5]% BES E%’Eﬂo*lzl—% Algsle] 7} 0C Isotherm Height, km
© 72 BAlslolo} dhc). Elevation angle, degree
RCRRUETRN PEESY [3]01]/(% A A gz g A Effective earth radius, km
8 =t -S4l Aol Wa) [13]e04] A 7
A EE B3] 9] 2 [10jl4e] Ao e
Zpesh vlmsta, Selelel AT 9w 2xs)

Operating frequency, GHz
Slant path length, km

SHES ARSI PV

Horizontal projection length, km
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Table 2. Rain heights for the time percentages of an
average year and latitudes.

Mean annual rain height above
Latitude(¢, *) mean sea level(H)

0.001% 1%
30 5.35 3.94
32 5.28 3.76
34 5.19 3.55
36 5.10 331
38 5.00 3.05
40 4.89 2.74
42 4.77 2.45
44 4.64 2.16
46 4.50 1.89
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Table 3. Rainfall intensity accumulated for one minute in
the main domestic cities.
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Table 5. Operating height for the given antenna output
power and GDT height.
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Table 4. Rainfall intensity for the regions with Rainfall
intensity similar to those of Seoul and Daegu in [9] and
[10].

Region| ITU-R P.837.1” Crane Mode]™”
Time M-zone N-zone | D3-region | E-region
Per. R(mm/h) | R(mm/h) | R(mm/h) | R(mm/h)

1 4 5 4.6 7

0.5 - - 8.2 12.6

0.3 11 15 11.8 18.4

0.2 - - 15.2 24.1

0.1 22 35 22.4 36.2

0.05 - - 31.6 50.4

0.03 40 65 39.9 62.4

0.02 - - 47.0 72.2

0.01 63 95 61.6 91.5
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Incheon | 75.73 | 42.17 | 2827 | 9.51 6.06 100m 6,570m 14,422m
Daegu | 64.47 | 3135 | 21.72 | 87 5.86 500m 5,169m 13,021m
Daejeon | 81.98 | 41.68 | 28.65 | 13.42 | 6.25 1000m 4,319m 12,171m
Kwangju | 82.66 | 46.65 | 3097 | 9.85 | 6.22
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| |
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Fig. 2. Rain attenuation obtained by Rec. ITU-R
P.618.8" and Crane model™ in Seoul.
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Rec. P.618-8, Operating frequency=15GHz, Availability=99%
25 T T T

L L
==©-= UAV Altitude 5km; M-zone :
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&
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Fig. 3. Rain attenuation obtained by Rec. ITU-R
P.618.8" according to the communication link distance on
M-zone and N-zone.
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25 T T T T

1 1
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Fig. 4. Rain attenuation obtained by Crane model”
according to the communication link distance on D3-region
and E-region.

1254

slod Wsk= 7o) ofet ¢l wet A= 3, w3k D
7} 22.5KmEr} 2 79ellE 2] (18) o]gsle] &
A174g poll sl 48 22 A A7 p 3
p <pyE AL3l] s =3P wel,
Crane 7357+ o5 RS o]galo] Tt 719714
7} Rec. ITU-R P.618-8-2 o]-g-3}o] 13t 7F-9-7 4]
o} tha 2 EEE, 29 39 45 F3le] 18 2
o viehdl A1&x] 2] 7397k = [12]°14]% N-zone
7} [10]°14]= E-region¥} A9 FUgE & = 9lrh

I 53} 6oll= B4 = A2]E 200kmE, F-<l
327] S EE 13km=E A3k 7F mdel] thgk
A 7Egel| whe 7397k E Hehisich 11 537 60l
A B olRel], F REl B A7kgo] el pE
737 AeA R 5718k, Crane 745734 el
= ndlS o]gsle] it 739747} Rec. ITU-R

HellM tha ZA =S & 5 ik oled A
ZHE Crane 7974 oS 2dlS o] g3le] =&
77345 Ku WY Flakg7] dole =04 g
= vzl AA| Al 243 74, Rec. ITU-R P.618-8%
ol g3l =& ZherlE Agshe Afuo 2
73S FEe Fowa] A gle B4 #a
o] AL 7hsEHA o], Alwl ed oA 2

=
2 AHEE =L 5 odeE & otk

™

Rec. ITU-R P.618-8, Distance=300km, Altitude=13km, Operating Frequency=15GHz
50 T T T T T T T T

F T e e A e

==L

sib--r--+--l- -l L2

ot L L Ll

e e e B B e

Rain Attenuation(dB)

WF \-N - -t - -t - —d4—— A4 —— == — |- — — - — —

J% 5. Rec. ITU-R P.618.8"72 3t of A|7kge] w2
M-zone@} N-zone2| 739744
Fig. 5. Rain attenuation obtained by Rec. ITU-R
P.618.8" according to the time percentage of an average
year on M-zone and N-zone.
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