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Abstract

In the proposed paper, we analyzed the attenuation by atmospheric factors in the frequency bands for Radar.

Radio frequencies using radar systems is susceptible to attenuation by atmospheric factors. The proposed paper

analyze the attenuation by atmospheric factors in L, S, C and X bands. Among the attenuation of signals by

atmospheric factors, the attenuation by water vapor and oxygen, which is atmospheric attenuation compared to the
detection range, is at least 0.416 dB in the L band and 2.6 dB in the X band. The attenuation by rainfall is at
least 0.06 dB in the L band and 20.2 dB in the X band. Finally, the attenuation by atmospheric factors is at least
0.416 dB in the L band and 22.8 dB in the X band. In conclusion, it is judged that the attenuation of atmospheric
and rainfall is minimal in the L, S, and C bands, and that the influence of attenuation is large in the X band.

Key Words : Attenuation by Atmospheric Gases(t]7] 7+4]), Attenuation by Rainfall’-$- 734]), Attenuation Estimation
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10log P, =10log P, +10log G, +10log G, 4)
+10logG, —2L,

o714 L= dold Aol g AfaiiEdoln,
L, = 9245 + 20logf o;, + 20logR,,©] #& zZteth

Table 1914 L= Ae], F5h5o] we} vz,

Table 1. Free space loss!®

ARI2EA L, =2
L, =32.45+2010gf 1, +2010gR,,,
A8 km
L, =92.45+20logf o, +20l0g R,
L, =37.8+2010&f 1. + 20108 Ry
A4 NM
L, =97.8+20l0gf ;. 20108 Ry,
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*If power is actually measured in region A or B, it is stated
in either power density (mW/cm2) o field intensity (V/m)
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Fig. 1. Visualization of two-way radar equation'®

Table 2. Free space loss of two—way radar

o | HAIHZIR Qe AR 37 L, [dB]
B |R:40km|R:60km |R:80km|R: 100 km
Lol | 2610 268.0 273.0 276.8
sdied | 273.0 280.1 285.1 289.0
cdel | 280.1 287.1 202.1 296.0
Xt | 289.0 296.0 301.0 304.9

Table 2= Fig. 19] F3=
2] Roll W& FUF AreitE
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Fig. 2. Korea air and missile defense

Table 3. Atmosphere of earth

X 7| | 2= [km] F2 53
iRl - A A FE
~20 ’
(Troposphere) - 3%

el - 9FET EA
~50
(Stratosphere) %o WE x A
F0 |- e
(Mesosphere) S 3R E &% 37
=Kl oo |- REEEA
(Thermosphere) | S 1% mE Ly Ak
7148 - AE
o7 ~10,000 |~ T TE L
(Exosphere) IR WE R As
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719k 1,013 hPa, €% 15 °C, 57 2% 75 gm
oA Fu g FFr] @ Ak o 4
(dBkmyE F4 & Atk WA FF7ldd o5 74
Ay Tl w2 (el g8 A5 F e
m f& T W= 350 GHzZkA o]t

Ay=1[0.0540.0021p + 36 @)

(f—22.2)2485
10.6

(f—183.3)%+9
8.9

(f—325.4)%+26.3

1f% « 0x10~* [dB/km)]

A71A ez FEV] FE, VA ORE 15 gm'o|il, f
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m]fz x 1072 [dB/km]
F37F 57 GHz o3l w4 (9)9 At
A, =[379%x1077F+ 0-265 )

(f—63)24+1.59
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A5 A MRl 9F ol8ste] 4 102 o] 7

a

F ST )74 R gA Aot
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Table 4. Atmospheric attenuation

Fog | 37 4,0 SER|
el | oigt Z44[dB/km] | 2lst Z+2|[dB/km]
L e 0.0002 0.005

S o4 0.0009 0.006

C o4 0.002 0.006

X e 0.006 0.007
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Fig. 3. Prediction of atmospheric attenuation!*
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Fig. 4. ITU-R rain regions, korea and world™®

Table 5. Atmospheric attenuation by detection range

WA ol 93 72 dF3ly] YeiAe ol
ESP Ei%l712] Roll w2l ofgt Ngle] HZE RS oW st Fasith
AL
et 170 2 A R HZgEE B gl ol $897 Bahs AeE
" |R:40km|R:60km|R:80km|R: 100 km 9 EEAIREe] wEEeln, o7]M = 0.01 %= 7HA
L\;HQ_]i 0.416 0.624 0.832 1.04 S 93\]:]’ B]ﬂ"g‘E 0.01 %—Eé EI_ZO]—‘&]-E:]UJ Rec. ITU-R P.
Sl EaE giskyate] 7yo. 7= mnv/hr
s | 0552 0.828 1.01 1.38 837-1¢f) AL rﬂ %“1 RECENG 42
- 7} ¥ ™, Table 6 H]7F&% 1 ~ 0.001 %= HAG] u}
culed | 0640 0.960 1.28 1.60 = WF 7o Aes Ueo.
X4 1.04 1.56 2.08 2.60
Table 6. Non-availability vs average rain'®’
222 &% a4 ue Hl7tEE Yo 2 s
27 aclel 23 golu Az oA 71 & 2g x| [%] [mm/hr]
FFS FE A Aol 93 aglot), 53] X453 L0 5
o ZAe-wch oz e JE 5971 ol 0'1 =
N5 o o e AFS Frh A4Sl o 7 K A9 :
A A= iy geke 9] wEds By Az 0.01 4
T S mmbr) 02 7HEEe ARk, Aol o 0.001 100
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Table 72 Rec. ITU-R P. 838-1¢]] HiL
o] A H

TR A o] gt a, b Fholth

Table 7. Coefficients for specific attenuation!®’

A 7} Fa

Fol a, bat

o ay ay by by
L tY | 0.000154 | 0.000138 |  0.912 0.880
S W | 0.00065 | 0.00059 1.121 1.075
C W | 0.00175 | 0.00155 1.308 1.265
X e | 0.0101 | 0.00887 1.276 1.264

Table 79] Fil¢} &xo

o] g3Fe] Table 83 Zo] Hit 79 7= wol 93
Aed Fos el Wat s AskE 4 oo

8 o) e AE SRR ol B9
o2 Hes)gt)h A 12)= PASCR 3] <
ol oJgk zHafoltl. Fig. 5% %

Ralnlayer ‘ 3‘ “

by )

Fig. 5. Rain attenuation path

Ap=aW’ x Rxr |dB| (12)
— 1 — —0.015 W,y
r= 1+ &/R) , K, =35R (Wyor < 100mm/hr)

A7)M A, 74S- 7HaJolal, Table 63 o] H]7FE
T 1.0 ~ 0001 %Y W H 9 FE WE 20 ~
100 mm/hre] #S zret)h r & fE3 AR 24 AT

A5 23 ZSAHUHRYEH #

9 B glejr o] gxA g ot

Table 9. Rain attenuation by detection range

Table 8. Polarization attenuation by average rain
Fapy | BE AT | swowm | 25 o
o [mm/hr] [dB/km] [dB/km]
L 4 0.0003 0.0002
S Y 0.0014 0.0012
C U4 2 0.004 0.003
X 4 0.024 0.021
L o4 0.0014 0.0012
S e i 0.010 0.008
C v 0.04 0.003
X 4 0.24 0.20
L e 0.004 0.003
S Y 0.04 0.03
C U4 2 0.23 0.17
X 4 1.19 0.99
L o4 0.010 0.007
S e 0.11 0.08
C Wy 100 0.72 0.52
X 4 3.60 2.99

Table 89141 21 lole] T vl Wk Bt

3 Bt

C tgelx= W37t 2o

662 / = Abel) =

s A,
X

=818] %] A27A A63(2024A 129)

mm4| =XAH2I Rol e 22 24| A4, [dB]
tH |R:40km |R:60km |R:80km |R: 100 km
Ltiel | 0.06 0.09 0.12 0.15
st | 043 0.64 0.86 1.07
cigd| 191 2.87 3.83 4.79
X9 | 811 12.1 16.23 202

HI 7R 0.01 %, Bv % 4% 42 mmhr B &
A7) 40 ~ 100 km= 7}8390& W Table 99} o]
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Ap= A0.0101P7(C2+Q10gmp>[d51 (13)

o7]A P BIZFEE, fi= Fupo|nh
0.12+ 0.4[log,,(1/10)*®], f > 10GHz
0.12, f < 10GHz
¢, = (0.07%)(0.12" %)

C, = 0.855C, +0.546 (1 — )

C, =0.139C, +0.043(1 - C,)

G =

Rain attenuation prediction
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Fig. 6. Rain attenuation vs time percentage
H7HE 2 P7F 0.1 %Y W 739 4] A, 7.6 dBO]

P7} 0.001 %Y wl 79 73] A, 41 dBE 33 dB
AE o7} WA &, A9Fe] 54T o H
JMHEEE A 45 A2 8 23] ZHEY
ol wpgf Aol ¢ & Jge v & § 9k

73 a]lell o7k golr F3t

o
N

B aRlel 93k w7
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A= A 03 A (12)9 A A 149 2
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o M
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o,
ﬁmﬂl

EX|72| R chH| 24 22lof| 2|st
T A% 24 A [dB]
cHed
R:40km |R:60km|R:80km|R: 100 km
Ll 0416 ~ | 0.624 ~ | 0.832 ~ 1.04 ~
0476 0.714 0.952 1.19
S gl 0.552 ~ | 0.828 ~ | 1.01 ~ 1.38 ~
0982 1.468 1.87 245
c o 0.64 ~ 0.96 ~ 1.28 ~ 1.60 ~
B 2.55 3.83 5.11 6.39
X gl 1.04 ~ 1.56 ~ 2.08 ~ 2.60 ~
B 9.15 13.66 18.31 22.8

A A7) E2 A2 Ree. ITU-R P. 676, P. 837, P.
838 & P. 530004 A|Fal= AFA ELS dolg =z 3}
8o w2 FaE 7 At JFdS A
st Az} golgdA AMSEE 7} T Als 744
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Table 11. Total attenuation

X2 Ry AR B7AA o 8
Fo4 2ol of#t A5 22| 7, [dB]
ched
R:40km |R:60km [R:80km|R: 100 km
Lol 261.416 268.624 273.832 277.04
B 261.476 268.714 273.952 277.99
st 273.552 | 280.928 286.110 290.380
| 273982 | 281.568 286.970 291.450
coel 280.74 288.06 293.38 297.60
B 282.65 290.93 297.21 302.39
X el 290.04 297.56 303.08 307.50
20815 309.66 319.31 327.70

Table 29 AHFEFEAT w s 49wt 84
Qold 93t 7= u#dd dolge Asel =X
AR A7 Lol A% 8 % X T
70 % o)A 7radls Ao d=Hy, golye X9
A1 efzlol & 7} gitk

s, C tijel A 7] 3
oM 7ol gapel 2 7
(o)
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