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Airborne Monopulse Radar Echo Signal Generation from Surface Clutter
Including Weather Clutter Effect
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Abstract

An airborne radar echo signal includes signals returned from clutter and a target; thus, simulating the signal from the clutter may
be crucial for predicting and analyzing accurate radar performance. Because it can be extremely difficult and expensive to obtain real
measured signal data for various scenarios, an accurate signal generation method is required. Existing weather clutter and ground clutter
simulators for an X-band airborne radar are combined to simulate the echo signal when two clutters exist simultaneously. The weather
clutter effect becomes more significant with increasing frequencies, such as in the X-band. The proposed simulator can generate time-do-
main signals by considering the random characteristics of the clutter signal and the Doppler effect caused by the movement of aircraft
and clutter. In addition, a simple scheme is proposed for generating signals from artificial structures. Finally, the finite bandwidth of
the transmitted chirp signal is calculated to improve the accuracy of the generated signal.

Key words: Radar Echo Signal, X-Band, Weather Clutter, Ground Clutter

o] =& 2020 3 AHEE] AU Wwol 38 A5(U-20-015).

35} A] 28l (Hanwha Systems)

#Ql3tt) gt 243 83 (Department of Electronic Engineering, Inha University)

- Manuscript received May 16, 2022 ; Revised June 14, 2022 ; Accepted July 29, 2022. (ID No. 20220516-046)
+ Corresponding Author: [l-Suek Koh (e-mail: ikoh@inha.ac.kr)

626 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



iy

ol ﬂ17l v°ﬂ Bl
(volume clutter)
e wHes

{i &CI >,

9
T
R
E

Al

r>, oot
fol fol ofd
pol &
N
- Ho =
o2
o

o
K

N

S
-

o> ofo
ol

ol

r

717 EHl @

2 A, o)9] F3}E

&7 ols, 1% %%t

Aue)e.e) ot ut

FE
2 QBTN o)y

xé‘

ol
o)

ﬂi_,g}l_{

O

1o ogh

rE S g
S~

O{_,

|

r>,

N ox

ol
L rir

.

re _124,
e ke > &
NN

ol N R fole XN R

iy
e
oft 44

o
r>

do ol

l‘-.-4 =
RU

ox

oX,

¢

ox i H |o [‘E

oo ol
2
o> ¥
o2t
)
i
3o
> % K
-
FFI
o o

_llﬂ'l Fll‘

aL

”4-4 =,
] lolﬁt "]T:_FEﬂO] 2
g8k Al 2
730l Ztoﬂxﬂ 94 A=
té(dlgltal elevation model: DEM)¢]]
.7_,1_-/] '6}-—7] _,_'GPO]] ]?go]
A, Eo] 2
Ak A
o REo7F Fosith
£ A dolt
FAE 59 Age
4 i(physwal optics)3} 7+
Atk 18y 57} v
7IA eske dolth S&dAe #olthe
7F A, o] @l ¢IA Rl(range bin)oll &9
7F EAgT I BEE FRE0] Fog A u

N

{0
rir
ol

2 of it B o B oS XN & x
l‘ll'\ilg‘,:o*

t

mtm
~N
r U
o
Kv)

Mo Rl
ot b

Of

_TL ] o
° =
o
L .

ae, 1o

7}

b

_()‘L

H_
1-‘\1 ;o_-_,

(

—r’—'

}mrtorﬁw
4y & e W

=5

o

[e]

L

E]Z] [S1 )

=

A
il

[N
v}

ru[m
dlm
oX,

F:E&MO—@

1

oft

}

=°] &

i
i
>

A g
ox fo 2
5

2L
ol
-

e

o T folr o
19 rlo

>

oz,
>
;

—

mlo

At A

i
H

w
e

(2 X o rlo o > ofm N N
2
1-0‘1 O>’

>~
>
+FH£

e
=

glojth FthA A=

xg A

)7k F 2.8k,

A o] Eoloh AT

o
fo,
= ©

S TG
¥
R

Mo o
e &k
ol
M

A3

b oX

Est
oH

II. A=20[E LA

21 71 AlE2l0lE]

X~
o:

SLECE DESCRERE
o, B Ro|AE
g, 7 2EE B

2 —Erzem

AN
)
2
o %
o AL‘

=
et
(o

ﬁd
T
S

>

e Ht*Oﬂ prEe

T T —

N

parameter =

M oox it Mt i

m?{—'f rlO ol HP—JA

ﬂiﬂ 7, %
F2elE o) wgad 9

Jar)
o T;
o MU Ly

o% ot

o O rlo X i ox T o
o
fu

T

B

ST
gy

HEA 2 9 Z (half power beamwidth) U]
#3942 A< AEde $39 0
Jetth A sidE W 22 ‘it’\é
__i[l_oﬂ/q o] .H/\ }\]_g_#. }\g A 6]-1:], 7]—

A

N5 A7)y 2 (1)F 2ol A

W rEo= o

-

[
U
to mjo d

o i
Lo o
1o ¢
F-.~ _).4‘
ot
o
[o

Z o |y 2
ri o

|
e
lo

—|—’

%Et.

A=

| K| \/P,Zy; dV

8)\32 M

oA71M, G, A, B, dVvet K= 77 <Y AR, F3
_T_:q._/‘; g].;d ;q&_ z%al ;q—_O_ u]—v/:gq 1?‘;4 lﬂl %g]
fral&oltt. g3 ZHVL T J:]TL]'(HQ}V Iﬁﬂ)oﬂ o gt
z-parameter®| 2, B> #H|o|The} 2 Wk F3 Abo] €] A
glojt}. 7] A & 71} SEE Wi Ao dutdol
of ME A5 /A AS Fejste 25 A7) 9
P2 AZE A5 WAL & 814 Y(range

627



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 8, August. 2022.

s 1
FEUHS 22 e I 7 A 3 339
=Zy a3 zaﬂf& Sk A EW Y L]
[e)

SEEEE QLY
AEEEVEESTE! 0
7}z4 %5}1;}[3],[15],[16] 2= g %31 F,1 o 3;}15 23 _‘7_
uF Ateh(backscattering) E9S 2&5W vH T 4 Utk
USGS(United States Geological Survey)oll A #|3-31= DEM
HlolEE AEHO] 3030 mo] AP R £,
59 (xyz2) FHE7L FALT doltt & v
HZS A x| o) WE Qo] E12
FHIL o]EZ o|Fojxl EH A9 HA
F A e 2 A ?zu} AR A2
%\q,[ L5[16]

hl
7 #AH

rir of?‘r’,

> (o 1
o
>

o ol s
O )
@ o
> >
o

1>

ol

& 49 27l 2y

e
W
ofn
it
=
o
i
o
m

N
oy
=51
rg
iy
™
ful
>,
o
)
o
ful
]
ool
P‘L
2
_OH
_;
L

& Al
oA
o i
AAe &£ 13 2
of AAri GE 2
ZV} Fold Ad

=4H ZE%

71 2EEHE 2-1Zq
o ThE z-parameters 33}
2] A5 7 DEM

e

o

i)

It

=

1)

3
_IEE,F_E
2 4
o2

ol

N

My 1> -

H ﬂ.]?_,(' ol =) Mg,
4 %
=
pass o
_E
JZi
Flo M

)

o N
{a

7 L—E— AH(material number)E <33}

o &=
F%:’ dlo _—Ilql'_:l‘
Eyy o
Mo
q 2
- ey
2
R
A
M4 e
e T
A m_m
Rl :ji mﬂ,
=L orle My

ro _{m
rlo 4o
oS,
10
lo
A
175}
EA
Jn to Lo
2 m_'ol_ﬂ
ol Oﬂ r
o
i

on, =
o

o

o)

-3

2

fuj

i

nﬂ
B
a2

628

1. A4 54
Table 1. Material characteristics.

Material number €, 1,
1 (Green) 78.4 1
2 (Yellow) 12.31—/3.55 1
RCS
—1 23 dB
-2 25 dB
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Fig. 3. Patch for building structure.
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Table 3. Building structure specification.

Building 1 Building 2
Height 50 m 70 m
x ahead from flight 1.5 km 3 km
y coord. 10 m 10 m
Material number -1 —2
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