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Study on radar energy coverage under different meteorological conditions
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Abstract: Based on the actual terrain and meteorological conditions, a method of extracting high-
precision elevation data on an arbitrary terrain path from a three-dimensional digital earth is achieved
by interpolation, and combining with atmospheric refractive index model and parabolic equation model,
the propagation loss of electromagnetic waves in any terrain profile is calculated. The energy coverage
of a monostatic radar at a certain altitude of space is computed. The simulation results show that the
method proposed in this paper can deal with effects on radar energy coverage caused by both
meteorological and georaphical factors, and better exemplifies the propagation effects of
electromagnetic waves while comparing with human visual range. It provides a reliable technical
approach for predicting radar energy coverage in complex meteorological and geographic environments
effectively.
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Fig.7 Radar energy distribution at 100 m altitude
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Fig.8 Radar energy distribution at 500 m altitude at 5° elevation
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Fig.15 Imaginary part of effective dielectric constant in fog

P15 25 KA L KU AR

14 000
10
12 000
10 000
E
E 8 000 %
E T
Z 6000 &
4000
2000
(; 2000 4000 6000 8000 10000 12000 14 000
distance/m
Fig.16 Energy distribution at 200 m altitude in foggy day
P 16 25K 200 m #5 JE BE B4 Al
1000

height/m

400
300
200

900
800
700
600
500

loss/dB

=50
100
-100

2000 4000 6000 8 000 10000 12 000
distance/m

Fig.18 Field strength at 60° scanning angle in foggy
&1 18 25K 60°F 4 ff1 375

Yy, Herb A5 A [a] (4 BROE A0 BRIE 089 DR /NS [] B9 R o T 2 DR A B e R A

IR YT B — o R AL R AR o 2 2 K B S R KA B A R, A R B, S a5
Kn-ﬁ#ﬁ/\%ﬂPEﬁ%iE’JSSFT%tP X T R A LR RO R T SCRR [16] T B 7 T



3 2 FWE: FRASEKEZHTELREBRSCEAR 283

i=xy.z

Dm‘dx
b= > |t [ NDWD)-
Dmm

€0

dD | u, u (6)

o= L;a(D) o

Ko NNEH A AE DN — BRI E AR s, u, N — X A ML T IO w, T R T s AR

e YR ETE) e P L, S TR R 1Y 6 K

g0+ L;(e,—¢)
SEHRFIRE S, AR ILIE 19 5 & 20,

338.1

338.0

w
o8]
o
N3

real part (&, —1)<10°
|98 w
(98] o
~ ~
3 o}

337.6

1
0o 2 4 6 8 10 12 14 16 18 20

3315 L L 1 1

fIGHz
Fig.19 Real part of the effective dielectric constant in rain
&l 19 T RAFRAN L B S

B RN EICAZPEHATAEEREES, 1L
K21, 5ERMLE, @ T RABEEEGZL, i
T4y SRR S T 20%, AE 80°~90° 7 4 £ JC Ll ik i 4% [X.
WAERRE S WS T, K2 BXER. B, WAL
I 60° i B 42 | 6 000 m b 1% 4% S5 X} e, i a3
BRI A4S, TE 25 K BE W FE H 200 m A BE R &N
20 mm/h W1 B0 R, WK REG KA e 3 A R R U/
20 dB 247, FERW/N10dB A, 3R R FIE#
SR 119 2 (L Bl A PR A A8 R ek /s o A B e T
5, 7E% KAE ULEE A 200 m AR R iR 20 mm/h (415 1
T, R FUAG R AH b 37 R AR/ 20 dB, 55 K8/
10 dB ity , FHEGREIE & 093, 3R RSO T 8
IR AR Sy s A — 3K
23 EFNELREESTCHE

W LBk, HE ORI T Ab 4 23.44°~24.04°, K&
120.35°~120.98° 4 [X I8 , 1% X 38 1L 5 #5 5% & (84 {7 4 m) WL
& 23,

PRI AR 65 km(H (4 £2), RAE S EL 700 4>, HH A
A7 F B 23 bR A 20605, R0 XA DL R ks a8, BRI
R BEDE XN . KRR ERSR, RANER,
KL 500 MHz, K27 10 B hy i i K&k, Ao, ik
MeTE R 50, AKOEMAl, Wk KRR 250 50 dB, K GTTIE N
50 kW, UK R R -30 dBmW o BB 1k 2R 1 7E Hb [ o0 VR
1700 m iyl b, JHAEFIAGEE A . & 24 ol ik aE 8 5
E ML 454, 1538)ZHX 1 700 m &k AE & E HACRE . F
25, NPEEHLIX 2 oh P R, R SRR, R E N
WX, ERACRKE, ZHHIEHEY.

distance/m

o J8 T THRAS B TR (P R 20 mm/h) 524 FL RO

TQ =

0.8
0.7
0.6 -~
0.5
0.4
0.3
0.2
0.1

T T

part g x10°¢
i
\
\

imaginary

P e s S
S

0 2 4 6 8§ 10 12 14 16 18 20
fIGHz

Fig.20 Imaginary part of the effectivedielectric constant in rain
20 TIRAFR v H AR

visual range
14 000

—_
(=]

12 000 [EEk
10 000 FENEE

8000

field/dB

6 000

4000

2000

S = YW R Y e O

|
2000 4000 6000 8000 10000 12000 14 000
distance/m

0

Fig.21 Energy distribution at a height of 200 m on a rainy day
21 FIK 200 m f=5 ¥ A ik 43 A

1§un
— fog
0 rain

field strength/dB
]
=
Lo
T

-250

1 1 1 |
0 500 1000 1500 2000 2500
height/m

Fig.22 Field strength in different weathers
Pl 22 NIRRT 5



284 AFEMESRFERFR %20 &

visual range

distance/(10*m)
o ]
T

-8 -6 -4 =2 0 2 4 6 8
distance/(10*m)

Fig.23 Satellite projection of regional 3
23 X = TR

Fig.24 Energy coverage of 1 700 m radar
FE124 1 700 m 75 5 fig e 8 3 A5

ARSCAE B =4 BCF Bk, 45 T R R A A T A B b O R R A
P05 vk, N Bl R 4 R vk TNk A R B TORE A %) M TR B S
Rio Y7 R 0T FRAE TR 35 U 0 A S A BE AN, T o b 3R S B R
W, FESREN, EMVEMNER T, SR FAMMMAR, Fik
W H NHR A3 B B K 29 500~2 000 m, 75 A A 15 Y B K 4 3%~12%. i
FHEIRWHR S Z RKIEMWEm, RICRABRAIT IR, (HTH
R AE AR KA T AR KRBT EREIE, BT T W5 KART
IR WAL R 0 e A TR R AU S E N IR R R, PR T
ARG AEE T HEREN ST AR EREE, Bgh2tn Ga
RGBT TR IR VAL R R o e i ORIk B i Y R AN ' -

o . . N o ) . Fig.25 Energy fitting diagram of terrain radar
BBATIENE T 20 R RESEUE, SCREmER, A 125 HOIK T A B LA
PO A 2 SO 3t B BR BGRB8 T — el 0L B R
Tk
S E 3k

(1] AL BRG TR T 55 . KRR 22 S i 3 4 5 R AR R (D], KBk 22827 5 e 115 B %74 2016,14(2):175-179. (SHENG
Nan,LIAO Cheng,ZHANG Qinghong,et al. Parabolic equation model of atmospheric attenuation of terahertz waves[J]. Journal of
Terahertz Science and Electronic Information Technology, 2016,14(2):175-179.)

[2] @3 EEH AR . &AL A0 T BB R R B )], 15 838 1%, 2017(10):15-18. (JIN Huiqin, WANG Zhenglei,
SONG Binbin. Prediction of radio wave propagation characteristics under complex terrain conditions[]J]. Information and
Communications, 2017(10):15-18.)

[31 RS ¥k il . LB PR EE h b 52 e T 7 iAVE VS FEI SR [)]. R G0 L2441, 2007,19(7):1500-1503. (CHEN Peng,
WU Lingda,YANG Chao. Performance range of radar under the influence of terrain in virtual battlefield environment[]]. Journal
of System Simulation, 2007,19(7):1500-1503.)

[4] LIU Wei. Block—centered finite difference methods on rectangular composite grids with refinement in space for parabolic
equation[J]. International Journal of Computer Mathematics, 2020,97(3):564-584.

[5] FEMEA KSR, EAA AR Google Mk o F K4 i R[], 107 g /K A1) 5 R K LT, 2012(8):105-106. (TANG Shengjun,
ZHANG Lidong, WANG Shaojie. On the extraction of Google Earth elevation data[J]. Henan Water Resources and South—to—
North Water Diversion, 2012(8):105-106.)

[6] DANILO Costarelli, MARCO Seracini, GIANLUCA Vinti. A comparison between the sampling Kantorovich algorithm for digital
image processing with some interpolation and quasi—interpolation methods[J]. Applied Mathematics and Computation, 2020,
374:125046.

[7] TSUNODA R T,TAKASHI Maruyama,TSUGAWA Takuya,et al. Off—great—circle paths in transequatorial propagation:1.discrete



53 RS ARSKEUHTEAERES AN 285

[10]

(1]

[12]

[13]

[14]

[16]

and diffuse types[J]. Journal of Geophysical Research:Space Physics, 2016,121(11):11157-11175.

T BHL KR B, B AR . B T Oy Rk 0 H AL R TN (D). DU RO AR (F AR R RR), 2016,36(3):12-17. (LU
Guizhen, ZHANG Rongshu, WANG Ruidong. Prediction of radio wave oropagation based on parabolic equation method[J].
Journal of Hangzhou Dianzi University(Natural Science), 2016 36(3)'12—17 )

. TN A T H AL R R 1 SR i AR D] /b [ Bl B R 2%, 2006. (HU Huibin. Research on algorithms for
predicting radio wave propagation characteristics in complex env1r0nments[ ]. Changsha,China:National University of Defense
Technology, 2006.)

ATZLEE 2200, BT A Bl O A AR B i M 1) — P 7 35 (0], I (5 R, 2019,52(3):524-528. (YU Hongbing,HU
Huibin, CHU Feihuang. A method for handling complex terrain by wide—angle parabolic equation model[J]. Communication
Teohnology, 2019,52(3):524-528.)

2 SO EIE BRI STy R A BT A RO HID]. SRR 274, 2005,20(4):90-94. (HU Huibin, CHAI
Shunllan,MAO Junjie. Application of wide—angle parabolic equations under impedance boundary conditions[J]. Chinese Journal
of Radio Science, 2005,20(4):90-94.)

MARKUS Lazar. Second gradient electrodynamics: green functions, wave propagation, regularization and self-force[J]. Wave
Motion, 2020,95:102531.

CHEN Peng, WU Lingda. 3D representation of radar coverage in complicated environment[J]. Simulation Modeling Practice and
Theory, 2008,16(9):1190-1199.

7B SRR AR B IRZE, 5 . 25 550 THz Y A% 1 1 S BT 5 (1], AL B2 2441, 2015,30(4):718-722. (LU Changsheng, WU
Zhensen,ZHAO Zhenwei, et al. Attenuation of THz wave propagation by clouds and fog[J]. Chinese Journal of Radio Science,
2015 30(4)'718—722 )

SRR B ST I 2 T 2 K 25 e K M ) 7 R BT S (1], FL T 244K, 2014,42(5):958-962. (SHENG Nan, LIAO
Cheng, ZHANG Qinghong, et al. Research on parabolic equation model for predicting millimeter wave fog decay[J]. Acta
Electronica Sinica, 2014,42(5):958-962.)

KHARADLY M M Z,CHOI A S. A simplified approach to the evaluation of EMW propagation characteristics in rain and melting
snow|[J]. IEEE Transactions on Antennas and Propagation, 1988,36(2):282-296.

EE®IT:

EE’

ZEWETR(1994-), B, INKEBEREHN, FERHLHFE B FA979-), &, WIEFEEm A, i, Bl
FEHFFETT 0] A B I 535 .email: 1846263944@qq.com. B2, FEWFG 5 Ik B AL A



