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Martian soil. The motivation is to provide an analysis of the electrical properties,
complex permittivity and permeability of a soil within the frequency range (10 —
1000)MHz that can be expected on the surface of Mars. These values will

provide useful information concerning the performance of a ground-penetrating
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INTRODUCTION

The problem discussed here, is the consequence of the
results investigated in [1, 2] worked out for lossy
medium. Probing of Subsurface Cavities is a great deal
of interest in the possible application of
electromagnetics (EM) commonly known as ground-
probing radar. The radar cross section, 0, is
computed for an object in a lossy full halfspace.
However, when the radar cross section is calculated
from a scattered field by a PEC object in lossy
medium, the losses must be carefully investigated
from the definition of the cross section. When
reflected signals are received, the range to a target can
be calculated by determining the interval of the radar

signala€™s travel; the half time of total interval gives

radar (GPR) on Mars. The results are presented over the frequency range of
interest and numerical results are compared with the free space.

the distance of the target while the radar signal
propagates from the transmitter and returns to the
receiver after reflection from the target. It can be used
in civilian applications (Airport surveillance, Marine
navigation, Weather Radar, Altimetry, Aircraft
Landing, Security alarms, Speed measurement and
Geographic mapping), Military applications (Air and
marine navigation, Detection and tracking of aircraft,
missiles, and super crafts, Fire control for missiles and
artillery, and Reconnaissance), and Scientific
application (Astronomy, Mapping and imaging,
Precision distance measurement and Remote sensing
of the environment) etc. A target is located by the
radar only when the radara€™s receiver gets adequate

energy back from the target [3]. The information of
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RCS characteristics of some simple targets is very
essential in RCS measurement and analysis of
complex targets. Complex targets such as missiles,
ships, aircrafts etc., can be described as collections of
relatively simple shapes like spheres, flat plates,
cylinders, cones and corner reflectors. The RCS
depends upon the material, size, relative size to
wavelength, shape of target, and the incident angle at
which beam hits a particular portion of the target.
This problem has been solved [4] by the Physical
Optics (PO) method that calculates the surface
current induced on an arbitrary body by the incident
radiation. On the portions of the object that are
directly illuminated by the incident field, the induced
current is simply proportional to the incident
magnetic field intensity. On the shadowed portion of
the target, the current is set to zero. The current is
then used in the radiation integrals to compute the
scattered field far from the target. This method is a
high frequency approximation that provides the best
results for electrically large targets as well as in the
specular direction [6, 7, 8, 9]. Physical optics is derived
from MaxwellaA€™s equations [5]. Radar Cross-
Section has been written as the ratio of radiated power
density intercepted by a target to the power per unit
solid angle backscattered to the receiving antenna by
the target. Its performance depends on shape, size,
material composition, frequency, aspect angle, surface
area and other factors that vary widely between
different types of target. The ability of the radar to
detect and analyze the shape, range, effective capture

area and size of an object is the chief attributes of the

Radar Cross Section (RCS) [4].

The moisture content of the earth material is the
single most important factor affecting EM absorption
loss. An increase in moisture content of the soil or
other earth material greatly increases both the
electrical conductivity and the dielectric constant of
the earth. The dielectric constant normally used for
ground-penetrating radar frequencies is generally in

the range of 3 to 30. Radar imaging and detection of

targets buried in soil has wide applications in the
different areas. First, it is necessary to understand how
the soil responds to EM wave and how targets buried
within the soil scatter it. We examine the response of
the soil to a short pulse, and illustrate the roll of the
complex dielectric permittivity of the soil in
determining radar range resolution. This leads to a
concept of an optimum frequency and bandwidth for
imaging in a particular soil. The radar cross section
RCS of several canonical objects in lossy media is
investigated and and GPR method is used by several
authors [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,7,26,217,28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 1, 41, 42, 43, 44, 45, 46, 47, 48],
who have worked out electromagnetic problems
concerned with lossy medium by using approximate
values of conductivity and dielectric constants of
various materials. In this problem, we are going to
investigate RCS of a rectangular plate by the
characterisitcs of Martian Soil. This has been solved
by the Physical Optics (PO) method as in the
published work [1, 2]. Here, we will follow two soil
models, one for the permittivity of the Martian Soil
and the other one is the permeability of the Martian
Soil within the frequency range (10 — 1000) MHz.

2. Materials and methods
First, we give an introduction to scattering width

(RCS) of PEC rectangular plate in lossy medium.
Secondly, we calculate the scattering width of PEC
rectangular plate embedded in Martian Soil. The

radar cross section,dye, is defined as

Jolim® @2 §S|2

(1)

Oy = lim 4mR? ——
R—c0 |Eie|1m(K.a)||

The RCS of PEC rectangular plate for the following
two models of soil is investigated. These models for
radar cross section will find considerable utility in
estimating target brightness. The scattered field used

in the definition of the radar cross section,gy,¢, will be

based on uniform plane-wave scattering from a PEC
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plate. Now Consider the formulation of the problem
in which scattering from a three dimensional PEC
rectangular flate plate embedded in lossy medium that
is illuminited by a uniform plane wave. The problem
has been solved by following method given in Balani
[3]. The incident plane wave is assumed to have TE*
polarization and lies on the ¥ — Z plane. The incident

electric and magnetic field can be represented as
E! = nHy(§cosb; + 2sin@;)e ¥ sindi=zcosdi) (7
and
Hi = £Hy e~ sind;—zcos6) )
where

y=p-ia

in which real part f is interpreted as the phase
constant, and the imaginary part « is the attenuation

constant. where

1/2
’ N 18
a = w,/€ylo %[ 1+ (weio)2 — 1]

1/2
,er ’ 180
ﬁ = (1)1/60‘[10 ?[ 1 + ((JJETEO)Z + 1]

here ¢ is the conductivity of soil, €; is the permittivity

of free space and €, is the relative permittivity of soil.

In this paper we use a simple Debye-Pellat relaxation
equation as a model for the frequency dependency of
the permittivity and permeability of the soil simulant.
The models are written in terms of the complex

permittivity and permeability as

’ 7 €s—€xo
€ —JE =€ —_—
J o+ 1+jwt,e 4)

Hs—Hoo (5)
1+jwty

po—jp" = e +

where €, = €' —je" and u,, = ' — ju"

Table 1
Soil parameters and least error values
Soil Parameters Description values
€00 Permittivity at Infinity 3.12
I Static Permittivity (d.c.) 3.57
T Permittivity Relaxation Time 0.041 ns
oo Permeability at Infinity 1.01
U Static Permeability 1.2
Ty Permeability Relaxation Time 0.2 ns
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The total scattered fields [1, 2, 7] are given as

S — —jwA — i —— _1
E® = —iwA lw#EV(V.A) -VXxF (6)

HS =2V xA— —iwF — i —V(V.F) @
u wyue

where A and F are the magnetic and electric vector
potentials, respectively and can be determined by

using the following formulae

ikr
A=Lf [ [ ]y, 2)—dv ®)
and
ikr
F = éf f fv M(x',y', 2" erv’ )

in which J and M are the electric and magnetic
current densities respectivel. Here, the radial
component of electric and magnetic fields become

negligible.

E, =0 (10)

Eg = —iw(Ag +nFy) (11)
Ey = —iw(Ay —nFp) (12)
H, =0 (13)
Ho = =2 (Ap —nFo) (14)

Hy =
—%‘)(Ae +nFp) (15)

in which the vector potential components have also

simplified as

#e—iyr

Ag

Ny (16)

anr

1
: Martian Soil
|
|
|

Figure 1: Uniform plane wave incident on perfectly conducting, rectangular flat plate embedded in Matian Soil.

#e—iyr

Ay = pp— Ny, (17)
_ ee~irr
Fo==—Lg (18)

Ee—lYT

4nr
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where Ng, Ny, Lg, and Ly can be determined from
(1, 7]

Here, the magnetic current densityy M is zero,
such that Lg = Ly = 0.

Using the physical optic approximation, the
current density J induced on the surface of the plate

by the incident plane wave denoted by

Js =2ZX%
H'|z=0,y=ys = 2§Hoe 'S0 (20

By simplifying the mathematical expresssions, we find

H .
Ej Ejn]z/—n:(aYcosQS)e‘Wr

where

Y =

[e—g(wﬂ'ﬁo _ e%(arﬂ'ﬁr)]
ﬁ, _jal

a' = a(sinfsingg — sind;)
and
B’ = B(sinbgsingg — sinb;)

. The plane of incident electromagnetic field for this
problem defined as ¢p; = 37”, 0<6; < % To get the
monostatic backscattered field from the plate means
that ¢ = ¢p; = 3771 and 65 = 0;, hence Ej = 0, thus

only the total scattered field equals to Ej and the
scattering width (RCS) can be written as

g, =

RCS (dBsm)

1
.
=

=501

ue
a? —2d|I 2 2 -
—[yre 2dmWI|"cos?6;  ifes # 0
azbz 2 .
- 7 ifog =0
L
— F=10{MHz) ‘“\\
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Figure 2: This shows the scattering width of plate for frequency f = 10MHz
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Figure 3: This shows the scattering width of plate
for frequency f = 50MHz.
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Figure 4: This shows the scattering width of plate
shows the variation in RCS for f = 80MHz
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Figure 5: This shows the scattering width of plate
shows the variation in RCS for f = 100MHz
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Figure 6: This shows the scattering width of plate
shows the variation in RCS for f =500MHz
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Figure 7: This shows the scattering width of plate
shows the variation in RCS for f = 800MHz
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Figure 7: This shows the scattering width of plate
shows the variation in RCS for f = 1000MHz

https://sesjournal.com

| Akbar & Ahmed, 2024 |

Page 651


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 2, Issue 5, 2024

30
20
10
0 AL
=10 N

L5 Wl
-20 .
=30 .'V{I;III r ' ‘

T |

RCS (dBsm)

— E=1{GHz)

=90 =75 =60 =45 =30 =15 0

15 30 45 60 75 90

Observation Angle == & (degrees)

Figure 9: This shows the scattering width of plate shows the variation in RCS for f = 10000MHz

3. Data Analysis and Results
The radar cross section is computed for 515 X 54,

rectangular flat plate embedded in four different types
of lossy soil models as defined in Table 1, where A, is
free space wavelength. The maximum of the scattered
field from the flat plate embedded in the lossy media
becomes larger as the frequecy increases. A complete
description of the model for the soil electric and
magnetic constants are contained in [39], while the

dielectric soil models can be briefly described here as

I} . €s—€x0
€ —je" = €+ ooT (21)
[,l’ _j.u” = llo, + Hs—Hoo (22)

1+jwty
where €, = €' —je'" and u, = u' — ju"’, such that
€= €,6 (23)

and

1= prlo (24)

. The characteristic impedance can be expressed as

Uy
Z= |—Z
’er 0

, where Z; =50 ohm and the conductivity o is
1
assumed to be 2 where €, and y, are the complex

permittivity and permeability of the soil simulant [39],
Using the

evaluated scattering width by taking the numeric

respectively. Mathematica, we have
values of propagation constant and attenuation
constant as well as €, and p,- from the given table [39].
The' Scattering width of PEC rectangular plate
embedded in the Martian Soil versus observation
angle have been visualized for different frequencies
corresponding to relevant o, €, and u,.. Figure (a)
shows a variation in RCS for f = 10MHz, (b) shows
a variation in RCS for f = 50MHz, (c) shows a
scattering width of plate for frequency f = 80MHz,
(d) shows a variation in RCS for f = 100MHz, (e)
shows a variation in RCS for f = 500MHz, (f) shows
a variation in RCS for f = 700MHz, (g) shows a
variation in RCS for f = 800MHz, (h) shows a
variation in RCS for f = 900MHz, and (i) shows a
variation in RCS for f = 1GHz, and (j) shows a
variation in RCS for f = 1GHz and comparison with
free space. Behavior of the RCS of the rectangular
plate embedded in Martian Soil predicts that as we
increase frequency from (10 —1000) MHz, the
amplitude of the RCS increases versus the observation

angle. Finally we have compared the results of the
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RCS of the rectangular plate embedded in the lossy
medium with the rectangular plate place in free space.
The results show the validity of the given plots in the

article.

3. CONCLUSION

The ability of the Radar system is to detect and analyze
the shape, range, effective capture area and size of an
object depends on the Radar Cross Section (RCS),
thus, it became pertinent at the design phase of the
Radar system to employ computer simulation software
through which the analysis of the complex
permittivity and permeability of a martian soil for
RCS of PEC Rectangular Plate from 10 MHz to 1
GHpz, predicts that the amplitude of the RCS increases

as frequency increases.
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