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Transmission characteristics of W-band millimeter wave in the clear atmosphere
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Abstract; In order to investigate the attenuation effect of clear atmosphere on millimeter wave signals, the gases
contributing the most to millimeter wave absorption in the atmosphere were analyzed based on HITRAN 2008
database of atmospheric molecular absorption spectroscopy parameters. A fine calculation model of the absorption of
molecular spectral lines in the far wing was obtained by utilizing the Gross dynamic line. Based on this model, the
physical property parameters and absorption spectrum of 6 primary absorbing gases including H,0, O,, and O, were
calculated using the Line by Line method. Then, attenuation effects of atmosphere on millimeter wave were analyzed
in both homogeneous and inhomogeneous path, respectively. Results calculated by the Line-by-Line method agreed
well with the results calculated by the Liebe model method. In addition, compared with 94 GHz test system
measurement data, the relative deviation was 3.7%. H,0 and O, strongly attenuated the millimeter wave signal in
the 75— 110 GHz millimeter wave band, accounting for more than 95% of the total gas attenuation. When the
millimeter wave signal was transmitted horizontally at about 20 km, the attenuated effect of O, on the signal should
be considered, and the attenuated effect of CH,, CO, N, O was negligible. The research results can provide
reference for the engineering application of millimeter wave radar parameter design.
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Fig.1  Characteristic parameters of molecular absorption spectral line
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Tab.1  Absorption spectral line distribution
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Tab.2  Density of the main absorption gases in 0-100 km o/m?
15 B /km p (H,0) p (0,) p (03) p (N,0) p (CO) p (CHy)
0 5.9 2.83x10? 5.4x107° 5.95x107* 1.78x107* 1.15x1073
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Fig.2 Distributiondiagram of absorption spectral line
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Fig.3  Absorption curves

ML 3 s T DL AR A IR A R B
FE RS 5 B 43 A 35 DD AR G %85 B R MR T 3R 2
K, /N R BB AR R . KRR — R
=R — AR T e R R B AR 34 D i b T
0 km 5 B, B4R W ISCR B KA I AE 20 km /2
A A A B X SR 7K 7B TR i B 4L
RO, HASPAR i, 75 110 GHz 153 1.6 dB/km.
A BRI R B RME R 0.22 dB/km, WU 2
LR7E 100 GHz H B —N M4, 5L AW 2 043l
£ 93.9 .96.3 GHz i BLPI A~ W I 2 ¥ KAH.
4 5.5%107 dB/km. — %L & FE 75.3.100.5 GHz
I A~ S0, T L R B KA 61077 dB/km.
o GO T EX TSR N NS = N ]
5% 107 dB/km. FH B ) W2 0 R By B HE 774
88.2.105.6 GHz 1 ¥ 3 M4, Wi R 5 im KA N
107 dB/km K25 M 1 W WA R Btk A 7 SR R0, B AT A5
2 E AR R AL 4 8 0~20 km RRIKRSE
FEM S R ER A B M s oT LU Tl &
AR RSN NI N Es oy < E ) N3 ('8

F RO FE R BRI/, 24 E T2 10 km,
MR FED 107 dB/km, B2 K P A 5 78 3 b
TR 3 R e il 21

2.0
Z1s
&
210
K 0.5
\;_(
=)
20
, T 120
10 , ) 100
et S 0 800
7 70 J’W“}%"G

4 BRI RESHE
Fig.4 Distribution diagram of total absorption coefficient
2.2 fREFMHE
2.2.1 PSRRI
R R OR A (2) BRIAT 3R [l %
AR B R, 49 50 R i AR D i B i



59 1

T, A WBCE RS A R R - 47 -

MR R G S AL — B TR 5
WAL B S AR EE R 288 K, FE5E A 1.013 x
10° Pa fE4ITEES 43 9 1.5 .10 km (935 1 F A4k
Mgk, ATLUE 38 ok 58 Bl A% I 2 T mi s/ ).

0.7F 1 km
0.6[
0.5
w040
03
8 ool

0.1l 5 km
70 75 80 85 90 95 100 105 110 115
i/ Hz
E5 BRI mEE
Fig.5 Transmission curves
2.2.2 AEHSIRAMRE
SR AL R R R R SRR
FERIERRENSBOR B2 A, BRI RS 2
BZ MR 1976 L FEARER R, Bl 6 NEMmAL,
T B B AR B g sk 3R AR AR A I, B AR O R
1.013x 10° Pa, & i #4241 km, & 5 5 5 4
T,(273 K) \T,(288 K) . T,(300 K). Al LIFE 1, 4%
SIS R B — 2, TR i A R K

0.710}
0.705}
0.700}
if
M 0.695r ]
3 {
% 0.690F  f —
. %
0.685f f T

0.6801

0.675

70 75 80 8 90 95 100 105 110 115

B IGHz,
6 EMERTHHLE
Fig.6 Transmission curves
7 MR BEANAE | He 5 AR 5 355 0 R 0 AR AL 1
O S IR 288 K, R 4: 7 P, (1.013x
10° Pa) . P, (8.9x10* Pa) . P, (7.9x10* Pa). nJ LI
B B AR R B R 35 0 k).
LA 5 6 Wt R, AT — D HEWT T AR I
Hiu T A R B R 28 R A 2 K A 5 1 T Dk 2
PRI Ay s R AT B ey HURR 5K
R R W PR R M= B oy
2 AR — 2 KA R, 43 3R A R R
[ERRRERAEL RGBS 28 3R 115

AR AL A B RE R AN
KA R 0~100 km, % ZEFEEH 1 km, KSR
1976 FEbR R AR TGS R AN A 8 B,
M EE T LUE 45 J2 0935 1 5 B = 5 1 38 m
A, 10 km 25 BB LRk 5] 0.99.

—— P,
0.76] — P,
Py

0.75 /‘\
0.74
ﬁ% 0.73
J=0.72] s
‘ﬁg K,
0.71
} /\

0.70]
0.69

0.68
70 75 80 85 90 95 100 105 110 115
P %/GHz

7 BEEERTNHLE

Fig.7 Transmission curves

o AR GI
B8 HOREETELLHLE

Fig.8 Transmission curves in inhomogeneous path
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Fig.9 Comparison of the calculated results of transmission
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