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Abstract

This study proposes a method for generating simulated ground clutter signals over randomly rough surfaces in an electronic warfare
(EW) environment. In EW scenarios, the receiver captures threat signals that include ground-clutter components, making it crucial to
simulate signals that resemble real ground clutter accurately. Previous methods for generating clutter signals have often been limited
to specific conditions or relied on empirical data, making generalization difficult. In this study, we applied the Kirchhoff approximation
to estimate the clutter-scattering coefficients for arbitrary terrains and proposed a simulation method that generates ground clutter signals
received by an electronic warfare receiver. To validate the accuracy of the simulation, we compared the correlation coefficients between
the simulated and measured signals by focusing on the simulations with only line-of-sight (LoS) signals and those with both LoS and
clutter components. In addition, the rise times were compared. The results showed an increase in correlation coefficients by 1~4 %
depending on receiver height and a significant reduction in rising time errors, demonstrating the effectiveness of the proposed method.
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ctronic warfare threat environment.

g mYYsls Py F 71295 248 g A9 2
208 Feshs WS A4, e 2 A9
240 2R AR FAV] PROE FAHE NEE
st A4 98 @404 AW FeE AP
P $A/19 £ AES B a

21 XY S2E 24 Tae A
T2t 23

A4 98 3704 987 e derE 9y
A9 Y B4 e} g, B, 9
o4, 2] 3 el 91A7F ek A S 9
2 sl zE dHy 54 e e,
A3, 127 Y SR ATk AW 2E B 5
MERE AR AY 2 S AW WA, 9A7 o

LU S B

r_>.i

o> >
rﬂi }Ol' Pol‘ 29

E&rL

97



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 1, January. 2025.

WA S0l g 984S Fe BA AL AR
DAY A% Wy ], A5 ST, B8 2
B 05 5o gulEE 2En A4 B4
AW ZeE RYYS T 2719 £4 AF 2
ol Bo# SnlEE ® 19 Helagn

99 AEANN AAA $A712 WAlshe 4714
Axks7) SISkl ZElols WEE AN 9
A5 QA7) 8RR A7) o 24

T
1o,
-
£
=
ofrl

Azl G orEl R 7P s, 2ol

S 4 ()% 2ol 28T & ek

2
=
s
S
2

U-1v-1 jor
al$,0)=YY exp T(udmcosqﬁsinﬁ ]
u=0v=0 —Q—vdnSiINﬁSine) (1)

0:17]}\_] U; V’ /i’ dma dn, ¢a 6‘*1:‘ Z‘1]—7]_
[e}

%
beLtel @ 1% A 14 B, 9 A, 4 A,

e
a7, 2742 sva.

AW ZedH 34 g F AW F9EH 942 9
3 05 44719 Yol AU 235 993 A4
#207) Wol Auel 2HEE G99 BRTOE 9D
% Slek. ol Amel] ZBEE el Wol Ay, A Q)
o 2ol AL AT

Apgy = 2xzhtan( 4 ”2)(tan(t91wk+d76d)

—tan(ﬁm—%)) @

E 1. AR4 370149 A9 28 299 3P
A7)0 4445 Rl SakelE A4
Table 1. Parameters for simulating received signals of
receivers, including ground clutter modeling in
an electronic warfare environment.
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Table 2. Simulation parameters for clutter and transmitter/
receiver.

Parameter Value

Threat signal coordinate (m) (—27,33,10)

Frequency (GHz) 14

Puls repetition period (xs) 18.82 (8,000 sample)

Duty cycle (%) 2.5 (200 sample)

(30,—32,5), (30,—32,10),

EW coordinate (m) (30,-32,15)

ADC/DAC sample (Gsps) 34

3D Point Cloud

o o ©

Height (m)

30 -20

X-axis (m)

O 3. Z98 AEgolds 98 LIDARE 2708 A3
Fig. 3. Terrain scanned with LIDAR for clutter simulation.
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) Simulation ) ) o Simulation rising time
Real reference Real signal . Simulation rising )
Receiver height | . L L reference signal . . (Los + Clutter signal)
signal rising time| rising time L time (LoS signal) L
(m) rising time (Parentheses are rising times
(ns) (ns) (ns) :
after error correction) (ns)
5 40.00 4.70 21.17 (36.51)
10 18.5 44.70 4.70 21.17 (36.51)
15 47.05 7.05 25.88 (41.22)
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