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Abstract: The basic task of an airborne weather radar is to detect the position and intensity of
meteorological targets ahead of the plane. The intensity of the meteorological targets can be re-
presented by the physical quantity called reflectivity factor, which is often estimated from the
weather radar equation. When observing the middle- or long-range meteorological targets at
low altitude from a high-altitude radar platform, due to the incomplete beam filling, the meas-
urement result of the reflectivity factor is much less than the actual value. This effect seriously
lowers down the accuracy of determining the hazard level of the target. This paper firstly intro-
duces a beam filling coefficient into the weather radar equation and then presents its estimation
method based on the real-time radar operating parameters. The variation of the filling coeffi-
cient is fully analyzed under different radar system parameters. Finally, the validity of the pro-
posed method is verified by processing the raw-data of the simulated meteorological targets.
Simulation results show an effective improvement of the accuracy of the reflectivity factor.
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Fig.1 Working geometry of airborne weather radar
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Fig. 2 Radar detection to the range of R
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Table 1 Simulation parameters in test 1
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Fig. 3 Filling coefficient versus detection range R with

different elevation angle
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Fig. 4 Filling coefficient versus detection range R with

different beamwidth
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Table 3 Simulation parameters in test 3
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Fig. 5 Filling coefficient versus detection range R with

different target height
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Table 4 Simulation parameters of the radar system and tar-
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Fig. 6 Received power versus detection range

0 100 600 700

A3 I 45 & 1 B AR B 19 24U 1E /i 7 =
AR = P 38 A 5 30 AT DA 350 1 T A I
SPREF Z RN, ARG R 7Ca) . AT LLER
Hh o B Y SRR R RN SRR B R R
TR 5~15 dB By 22 . MRAEIE 3 T
0.5/ 7t 7€ R AP P By R 2246 5C &, J3E 100 ~
190 km {38 o8 78 ZE 72 32 H /N 31 KL 3 3 3 Be il
B8 1) T [0 B A6 B ) S S R R R 25 L
BB/, [EFE 300~390 km F1 450~540 km
Fo FE AR E 24 0 o R FN /IS 3 P B R N s 1
IR [ A5 5 T A BB R S I 3 TR 15 2 02 Hh /) B
KRB o e a] DUHE W . 56 28 2R B0B/) o iy 87 36 [l
3R HAAR B O R RN IR E R,
(3.5), LI RET B A6 1Y 75 3k R R W 7
WERRGMEWN N —2. 445 L—E 3 TF)
AR 0.5 M T ZE R B FE I B R A5k % & L F H 8

(5) AR T KN g5 5 7(b), W] LA
HME B 5] 7T % R UG Al 0 RO R TR
/NS BRI AE B R 25 B N

55
50
S 4
o
i
3 40
&
X
35
30
0 100 200 300 400 500 600 700
THIEHMEER R/ km
(a) AEERERH
(a) Without considering the filling coefficient
55
50 W
5 , M
Mo
K
¥ 40
&
1%
35
30 : - : . - .
0 100 200 300 400 500 600 700
HIERMFER R/ km
(b) BRAERYE
(b) Considering the filling coefficient
BT SRR A S R R
Fig. 7 Comparison of the estimation results of the re-
flectivity factor
5 3 g T 25 B AT g R B R U AR T

I 25 R B P (E S LR IR 22 .l L. 5] A 58 2
FRUE AR EEES 100~450 km ZALTE N, S
RERFH IR ZEE/NT 2 dB, ok R P .

x5 REEXRFRTERNHERAARRELRK
Table 5 Comparison of the mean value and the RMSE of the

reflectivity factor
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