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Surface Clutter RCS Analysis for Ground-Based Radar
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Abstract

A radar receives reflected signals from various objects to detect a target. Undesired object, called clutter, as well as the target
generates reflected signals. The clutter radar cross section(RCS) is dependent on many factors, which are the antenna pattern, distance
between the radar and the target, and the height of the target and the radar. Herein, surface clutter RCS for ground-based radar is
analyzed, and the effect of the surface clutter RCS on the received signal is investigated.

Key words: Clutter, Radar Cross Section(RCS), Radar Equation, Signal to Interference Ratio(SIR)

I.ME A doltte] BATHE A% o gEHET As o
ZeE vl ¥ Edny & 5 vk

A Abd @AM AdrdsE e TV A% SeHE F40] AT E WAtsle] EIUR TAts= A
THOE Ao YR Z dofehs HATH FA T I 2ol Ao g whatsle Aqds §7] hol #olthel
HAGA = 24NN A= 250 e o] Ay} of A FAlE s £4 B A e SHE A ASE
YA 2 40] watehs A A thef o] Aatgt odluAE 317] 918 Radar Cross Section(RCS)< ©]-6-3tth.
Ze ajolnt o] AN EA o] Wiksh= AT 2 =aolXe #7 RCSSH A #H Z2H RCSO 01?3
A ool = gl &7l o We 2 s #4 ¥t Aodga 2w SH WA A5 E
Yot B AUAE F2H 22 e 4l golth WS ol gete] -3tk B35 Qe i HHEJ[”

Taf e ofd 7HA7E lEE, o] el sty & 1 I w49 g AP s W, A of SHY AHuE
Blojth thwe A, Elvel FAHE S E T A ste] ole] S M AH7IRE otk gAY
Az dge 7 f40 o3 A dgEy An u < 58 Enh

o] AFE FRANIEY AAASHATANE T FANGAT FRARATL A7) AQLE ATHUL
AEU ey 485213 83 (Department of Information & Communication Engineering, Sejong University)
+ Manuscript received September 28, 2017 ; Revised November 22, 2017 ; Accepted May 15, 2018. (ID No. 20170928-103)
+ Corresponding Author: Joon-Ho Lee (e-mail: joonhlee@sejong.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 433



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 6, Jun. 2018.

II. AEH7|E gojctof +4== 2HE RCS

AA79E Hojtho A AL gl W WAL f, A
Hol H|H A= HA(footprint)> |3 ZH(grazing angle)3}
QL 3 dB W&o ofef A4 ¥k

I8 19lA Ao v AAE e A4 E
. RE HAAR, 0505 B B F, cv AE
=5 YehlH, 22 Z 79 AR 7 g ol 3 T
HAS ZHEH WE 4,82 T o, 2 o 2o

A, = RGSdB%sec(z/{q) )

Z8E RCS o,& FHEH AT o9 WA 4,9
HIALERE A oH ). ZelE A 4(backscatter coeffi-
cient) o= A EH Wl Fo] wle} SAA EAJo] vk o
Fdo] QAN H =80 M= constant gamma model®S-
ARSI o Flolukel A Ao 9] Az (slant range) R
w2} Mah= A 2t g, ol lste] JelEth 4= 4 (3)
7ol At wkAlE(voltage reflectivity) 17,2 Al4HE o,

o’ = vsini, )

y=5l? (3)

Z8H RCS o, 24 @) 2t

J8 1. AW S8 HA A9
Fig. 1. Ground clutter area definition.
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Fig. 2. Geometry for ground-based radar clutter(side view
and top view).
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Fig. 3. CNR versus range between antenna using the sinc’
beam pattern and clutter.
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ssian beam pattern and clutter.
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Table 1. Parameters for radar detection environment.

Descrption Value Units
Clutter back scatterer coefficient =20 dB
Antenna 3 dB elevation beamwidth 2 degrees
Antenna 3 dB azimuth beamwidth 1 degrees
Antenna sidelobe level =20 dB
Range(slant range) 2 to 50 km
Radar height 3 meters
Target height 100 meters
Radar peak power 75 kW
Radar operating frequency 5.6 GHz
Bandwidth 1 MHz
Effective noise temperature 290 Kelvins
Noise figure 6 dB
Radar losses 10 dB
SNR = M (1]
(4r)*R'kT,FL (15)
X 29 3% 39 g EEY wE Folte RHE F
2l SNR2| A Zk(detection threshold) 13 dBE 7H4 3ttt

H 2. 22945 dolt WAy detvg

Table 2. Radar equation with pulse compression.

Description Value Units
Clutter back scatterer coefficient —-15 dB
Antenna 3 dB elevation beamwidth 11 degrees
Antenna 3 dB azimuth beamwidth 1.33 degrees
Antenna sidelobe level =20 dB
Range(slant range) 25 to 100 km
Radar height 5 meters
Radar peak power 114.6 kW
Antenna gain 34.5139 dB
Radar operating frequency 3 GHz
Bandwidth 1.5 MHz
Effective noise temperature 290 Kelvins
Noise figure 6 dB
Radar losses 8 dB
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Table 3. Target-specific parameters.

Description Value Units
Missile height 2 km
Missile RCS 0.5 m’
Aircraft height 10 km
Aircraft RCS 4 n’
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using the Gaussian beam pattern and clutter for

the target is a missile.
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Fig. 6. SNR, CNR and SIR versus range between antenna
using the Gaussian beam pattern and clutter for the
target is a aircraft.
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Fig. 7. SNR, CNR and SIR versus range between antenna
using the Gaussian beam pattern and clutter for
surface medium of sandy-soil.
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Fig. 8. SNR, CNR and SIR versus range between antenna
using the Gaussian beam pattern and clutter for
surface medium of water.
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Table 4. Surface medium-specific permittivity.

Description Value Units
Sandy-soil 2.55 C/m?
Loamy-soil 244 C/m?
Clay-soil 227 C/m?
Water 76.7 C/m?
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