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ABSTRACT

This paper presents a novel target detection and iden-
tifying approach using polarimetric radar cross-section
and matrix correlation coefficient. We have adopted
a polarimetric radar cross-section matrix correlation
strategy (PRMC) algorithm using a matrix correlation
approach based on the polarimetric radar cross-section.
It is projected as an inverse scattering problem under
the electromagnetic scattering model using polarimet-
ric Physical Optics approximation. The experimental
measurements using canonical targets carried out under
semi controlled conditions verify the performance of
the developed procedures. Finally, the identification
strategies’ effectiveness is demonstrated in free-space
conditions and a scene with a brick and autoclaved
aerated concrete wall.

Keywords: Polarimetric Radar Cross-Section, Matrix
Correlation Coefficient, Physical Optics Approximation

1. INTRODUCTION
Through the Wall Radar Imaging (TWRI) has earned

widespread attention in recent years. The TWRI
technique can detect objects behind obstructions based
on transmitting and receiving electromagnetic waves,
encouraging it to be applied in various applications,
such as rescue, surveillance, and observation procedures.
However, the applicability of physical-based methods
accurately provides the adaptable modelling of electro-
magnetic scattering from the canonical targets, [1].

1.1 Related Work
Numerous techniques are developed and used in

TWRI procedures [2], such as the invention of elec-
tromagnetic wave propagation modeling, as shown by
[3]-[4], the reducing methodology of the wall reflection
effect, as presented by [5]-[6], the inverse scattering
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Fig. 1: Local coordinate system for PO calculation.

approach, as demonstrated in [7]-[8], and multiarray ob-
servation, as shown by [9]-[11], including the application
based on amplitude-only using synthetic aperture radar
configuration, as presented by [12]-[13]. Depending on
the experimental design and implementation, the indi-
vidual approach has diverse strengths and weaknesses.

From various techniques mentioned above, it can
be considered that physical properties, including the
amplitude of the scattered electromagnetic wave, are an
essential characteristic that can be used to develop mea-
surement and processing strategies to detect canonical
objects behind an obstruction.

1.2 Motivation and Contributions

Most research focuses on analysing the presence of
objects behind walls or obstacles. In this research, we
have considered the reflection properties of electromag-
netic waves, which vary with the direction of incidence
and polarisation of the waves. This paper presents a new
polarimetric radar cross-section and matrix correlation
strategy (PRMC) to detect and identify the canonical
target shape through the wall without known target
parameters. The novelty and advantage contributions of
our work are listed as follows:

1) We combined polarimetric radar cross-section of
canonical targets based on the Physical Optic approxi-
mation (PO) simulation and the actual received power
measurement in bistatic radar configuration.
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2) According to the proposed strategy, we designed
the experiment set to be consistent with the simulation of
electromagnetic wave reflection using developed mathe-
matical models.

3) We have organized the reflection values into a
matrix format with different polarizations, which can
represent reflecting properties that vary according to the
position and direction of the electromagnetic wave.

This paper is organized as follows. First, Section
2 presents the proposed system model and problem
formulation approach. Then, Section 3 describes the
experimental setup and the test cases considered. Next,
Section 4 provides the simulation and experimental
results using the proposed method. Finally, Section 5
contains the conclusions.

2. PROBLEM FORMULATION AND PRMC AP-
PROACH

2.1 Scattering Mechanism

Electromagnetic wave propagation can be described
using mathematical equations. According to [14], the
scattering mechanism in the far-field can be represented
as a transformation between incident electric fields ⃖⃖⃗𝐸𝑖

and scattered electric fields ⃖⃖⃗𝐸𝑠 as

⃖⃖⃗𝐸𝑠 = 𝑒−𝑗𝑘𝑅

𝑅 [⃖⃖⃗𝑆𝑝𝑞] ⃖⃖⃗𝐸𝑖 (1)

or

⃖⃖⃗𝐸𝑠 = [
𝐸𝑠

ℎ
𝐸𝑠

𝑣 ] = 𝑒−𝑗𝑘𝑅

𝑅 [
𝑆ℎℎ 𝑆ℎ𝑣
𝑆𝑣ℎ 𝑆𝑣𝑣 ] [

𝐸𝑖
ℎ

𝐸𝑖
𝑣 ] , (2)

where 𝑆𝑝𝑞 are the complex scattering amplitude compo-
nent of the scattering matrix [⃖⃖⃗𝑆𝑝𝑞], in which the index
𝑝 and 𝑞 stand for the incident and scattered polarization,
respectively. The index ℎ and 𝑣 denote the horizontal and
vertical polarization basis of the wave.

The PO technique can be used to simulate the electric
field intensity caused by the reflection of a canonical
target’s surface. According to [15]-[17], the relationship
between the current distribution on the scattering surface
⃖⃗𝐽𝑠, the incident magnetic field ⃖⃖⃗𝐻 𝑖, and the unit vector
perpendicular to the scatter surface ̂𝑛 is

⃖⃗𝐽𝑠 = 2 ̂𝑛 × ⃖⃖⃗𝐻 𝑖, (3)

including the electromagnetic field’s orientation used in
polarimetric radar cross-section simulation based on PO
approximation. The incident angle is perpendicular to
the target’s surface from this geometry. However, the
scattered angle will change depending on the position of
the receiver antenna. The connection between magnetic
and electric fields in electromagnetic wave propagation
makes it practicable to estimate the value of ⃖⃗𝐽𝑠 on the
object surface by characterizing the incident electric field
vector.

The scattered field in the far field region can be esti-
mated by using the magnetic flux density ⃖⃖⃗𝐵, the vector
potential ⃖⃖⃗𝐴 ,with ⃖⃖⃗𝐵 = ∇ × ⃖⃖⃗A. By employing the char-
acterization of vector notation with 𝑟 = (𝑥𝑥̂ + 𝑦 ̂𝑦 + 𝑧 ̂𝑧)
for observation point, ⃖⃖⃗𝑟′ = (𝑥′𝑥̂ + 𝑦′ ̂𝑦 + 𝑧′ ̂𝑧

) for source
point, 𝜓 as the angel between vector 𝑟 and ⃖⃖⃗𝑟′ and the
approximation 𝑅 = 𝑟 − 𝑟′cos𝜓 , we get:

⃖⃖⃗𝐴 (𝑥, 𝑦, 𝑧) = 𝜇
4𝜋 ∬

⃖⃗𝐽𝑠 (𝑥′, 𝑦′, 𝑧′)
𝑒−𝑗𝑘𝑅

𝑅 𝑑𝑠′ (4)

≈ 𝜇𝑒−𝑗𝑘𝑟

4𝜋𝑟
⃖⃖⃗𝑁

with

⃖⃖⃗𝑁 = ∬
⃖⃗𝐽𝑠 (𝑥′, 𝑦′, 𝑧′) 𝑒𝑗𝑘𝑟′cos𝜓 𝑑𝑠′ (5)

The scattered electric field ⃖⃖⃗𝑬𝒔
in the far field region

can be estimated by using the vector-potential ⃖⃖⃗𝑨 and the
angular frequency 𝝎, as shown by [18] as:

⃖⃖⃗𝐸𝑠 = −𝑗𝜔 ⃖⃖⃗𝐴 (6)

To a good approximation in the spherical coordinate
system ̂𝒓, 𝜽̂, 𝝓̂, the components of the scattered electric
field can be assumed as follows:

𝐸𝑠
𝑟 ≈ 0 (7)

𝐸𝑠
𝜃 ≈ −𝑗𝑘𝑒−𝑗𝑘𝑟

4𝜋𝑟 𝜂𝑁𝜃 (8)

𝐸𝑠
𝜙 ≈ −𝑗𝑘𝑒−𝑗𝑘𝑟

4𝜋𝑟 𝜂𝑁𝜙 (9)

,where 𝜼 is the impedance of free space. By using the
coordinate transformation, the parameters 𝑵𝜽 and 𝑵𝝓
in the spherical coordinate system can be described from
the parameters 𝑱𝒙, 𝑱 𝒚 and 𝑱 𝒛 in the Cartesian coordinate
system as:

𝑁𝜃 = ∬ (𝐽𝑥cos𝜃s cos𝜙s + 𝐽𝑦cos𝜃s sin𝜙s (10)

− 𝐽𝑧sin𝜃s ) 𝑒𝑗𝑘𝑟′cos𝜓 𝑑𝑠′

𝑁𝜙 = ∬ (−𝐽 𝑥sin𝜙s + 𝐽𝑦cos𝜙s ) • 𝑒𝑗𝑘𝑟′cos𝜓 𝑑𝑠′

(11)
,where the angle identification 𝜽𝒊, 𝜽𝒔, 𝝓𝒊 and 𝝓𝒔 are
illustrated in Fig. 1, by using the Cartesian coordinate
system 𝒙̂, 𝒚̂ and 𝒛̂ axis on the scattering surface.
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2.2 Polarimetric Radar Cross-Section
The direction of wave propagation and the orientation

of the electric field directly influence the reflection of
that electromagnetic wave back to the receiving antenna.
The authors in [19] and [20] present the concepts and
equations which can be used to simulate the polarized
radar cross-section denoted 𝝈𝒑𝒒 as:

𝜎𝑝𝑞 = lim
𝑅→∞

4𝜋𝑅2 | ⃖⃖⃗𝐸𝑠
𝑞 (𝜃𝑠, 𝜙𝑠)|

2

| ⃖⃖⃗𝐸𝑖
𝑝 (𝜃𝑖, 𝜙𝑖)|

2 (12)

Based on the transformation of the electric field com-
ponents from the spherical coordinate system denoted
(𝑬𝒓, 𝑬𝜽, 𝑬𝝓) into the electrical field component in the
Cartesian coordinate system indicated (𝑬𝒙, 𝑬𝒚, 𝑬𝒛) as:

𝐸𝑠
𝑥 = 𝐸𝑠

𝑟 sin𝜃s cos𝜙s + 𝐸𝑠
𝜃cos𝜃s cos𝜙s − 𝐸𝑠

𝜙sin𝜙s (13)

𝐸𝑠
𝑦 = 𝐸𝑠

𝑟 sin 𝜃𝑠 sin 𝜙𝑠 + 𝐸𝑠
𝜃 sin 𝜙𝑠 + 𝐸𝑠

𝜙 cos 𝜙𝑠 (14)

𝐸𝑠
𝑧 = 𝐸𝑠

𝑟 cos𝜃s − 𝐸𝑠
𝜃sin𝜃s (15)

By employing a horn antenna, the electromagnetic
relations in horizontal and vertical polarization could
be estimated and simulated, as depicted in Fig. 2. We
consider that the 𝒙 component and the 𝒚 component of
the scattered electric fields can be used for the horizontal
and the vertical received mode, respectively, so that we
can specify the polarized radar cross section as follows:

𝜎ℎℎ = 4𝜋𝑟2 | ⃖⃖⃗𝐸𝑠
ℎ (𝜃𝑠, 𝜙𝑠)|

2

| ⃖⃖⃗𝐸𝑖
ℎ (𝜃𝑖, 𝜙𝑖)|

2 = 4𝜋𝑟2 | ⃖⃖⃗𝐸𝑠
𝑥 (𝜃𝑠, 𝜙𝑠)|

2

| ⃖⃖⃗𝐸𝑖
ℎ (𝜃𝑖, 𝜙𝑖)|

2 (16)

𝜎𝑣𝑣 = 4𝜋𝑟2 | ⃖⃖⃗𝐸𝑠
𝑣 (𝜃𝑠, 𝜙𝑠)|

2

| ⃖⃖⃗𝐸𝑖
𝑣 (𝜃𝑖, 𝜙𝑖)|

2 = 4𝜋𝑟2 | ⃖⃖⃗𝐸𝑠
𝑦 (𝜃𝑠, 𝜙𝑠)|

2

| ⃖⃖⃗𝐸𝑖
ℎ (𝜃𝑖, 𝜙𝑖)|

2 (17)

2.3 The Proposed PRMC Method
The central concept is to experiment with amathemat-

ical model built from an electrical and magnetically field
component model compared to the value obtained from
the actual measurement. The model’s accuracy is based
on the correlation of the datasets arranged as a matrix.
It corresponds to the physical model and computation of
the received power, as described by [21], we can write the
ratio of received power 𝑃𝑟 to transmitted power 𝑃𝑡 in the
form of a radar range equation based on measurement as.

𝑃𝑟,𝑝𝑞
𝑃𝑡,𝑝𝑞

= 𝜎𝑝𝑞 •
𝐺𝑡,𝑝𝑞𝐺𝑟,𝑝𝑞𝜆2

(4𝜋)3𝑟2
1𝑟2

2
(18)

Fig. 2: Electric and magnetic fields components.

or

𝜎𝑝𝑞 =
𝑃𝑟,𝑝𝑞
𝑃𝑡,𝑝𝑞

•
(4𝜋)3𝑟2

1𝑟2
2

𝐺𝑡,𝑝𝑞𝐺𝑟,𝑝𝑞𝜆2 (19)

,where 𝐺𝑡 is the gain of transmitting antenna, 𝐺𝑟 is the
gain of receiving antenna, $\lambda$ is the wavelength,
𝑟1 and 𝑟2 are the distance along the propagation path, and
𝑅 is the observation distance from target.

In this paper, we have invented a new strategic
technique to extract the reflectivity of each canonical
target, which can be used as benchmarks for identifying
each target specification and shape. The developed
PRMC method is based on the polarimetric properties of
the incident and reflected electromagnetic wave relative
to the body and orientation of each canonical target.
The development of the algorithm concept is based on
the simulation and the measurement of the radar cross-
section values. First, by choosing the location of the
transmitting antenna, the position of the specific target,
and the location of the receiving antenna to determine
the orientation of the magnetic field that incident on
the surface, including the direction of the magnetic
field reflected from the object’s surface to the receiver
antenna. In the next step, the simulation program
can perform the processing to resolve the radar cross-
section values at each polarization state of each canonical
target. Finally, the resulting values may be displayed as a
number in matrix form or represented by a colour shade.
We then take the values obtained from the measurements
and arrange them in matrix form as:

⎡
⎢
⎢
⎢
⎣

𝜎ℎℎ,𝑅𝑥1
𝜎𝑣𝑣,𝑅𝑥1
𝜎ℎℎ,𝑅𝑥2
𝜎𝑣𝑣,𝑅𝑥2

⎤
⎥
⎥
⎥
⎦

(20)

to compare with the simulation values. There are several
strategies for comparing the results of simulations and
measurements depending on the presentation format,
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Table 1: Simulation and Measurement Parameters.

such as the numeric display and colour gamut. In
this paper, we have chosen the correlation coefficients
to estimate the potency of the relationship between
the relative indications of the two matrix sets. The
correlation coefficient is a statistical index used to
measure the linear correlation between two vectors. It
is a variable that is widely used in the analysis of
research results such as in [22] and [23]. The correlation
coefficient is defined as the covariance quotient (cov)
and standard deviation (std) of two vectors. Suppose
there are simulated polarimetric radar cross-section
𝑥 = [𝜎ℎℎ,𝑅𝑥1, 𝜎𝑣𝑣,𝑅𝑥1, 𝜎ℎℎ,𝑅𝑥2, 𝜎𝑣𝑣,𝑅𝑥2] and measured
samples 𝑦 = [𝜎ℎℎ,𝑅𝑥1, 𝜎𝑣𝑣,𝑅𝑥1, 𝜎ℎℎ,𝑅𝑥2, 𝜎𝑣𝑣,𝑅𝑥2], and the
sample dimensions are the same; then, the correlation
coefficient 𝜌𝑥𝑦 between 𝑥 and 𝑦 can be expressed as:

𝜌𝑥𝑦 = con (x, y)
std (x) std (y) (21)

where std stands for standard deviation of the variable.

3. EXPERIMENTAL DESCRIPTION
The experiment was conducted in an open area to re-

duce the reflected wave from the surrounding. Therefore,
directional horn antennas with small beamwidth ensure
that only the precise signal reflected from the canonical
target material was being estimated.

Fig. 3 illustrates the simulation and measurement ge-
ometry utilized in this paper. The transmission antenna
(Tx) is fixed opposite to the canonical object under test.
The receiver antenna (Rx) is positioned on a virtual plane
parallel to the wall. Fig. 3(a) displays the transmitting
antenna’s location relative to the receiving antenna’s site,
where 𝑟1 stands for the slot in the horizontal axis and 𝑟2
and 𝑟3 present the span in the vertical axis relative to the
transmission antenna. As shown in Fig. 3(b), the space
between the antenna plane, the wall, and the canonical
targets are 𝑑1 and 𝑑2, respectively. The simulation and
measurement values used in this paper are 𝑟1 = 0.5 m, 𝑟2
= 0.2 m, 𝑟3 = 0.1 m, 𝑑1 = 0.5 m, 𝑑2 = 0.5 m and 𝑑3 = 1 m,
as shown in Tabel 1.

Fig. 4 illustrates the experimental setup and the
canonical targets for this investigation. The Keysight
signal analyser N9913A module was adapted to generate
a continuous signal at the frequency of 1.3 GHz (L-
Band), as shown in Fig. 4(a). The RF output is fed
via a 1.5 m cable (model: MHD142 RADIALL) to the
transmitter (Tx) antenna climbed on a tripod, as shown

in Fig. 4(c). The pyramidal horn antennas with a gain
of 12 dBi are developed for this employment. They are
defined for use with the frequency range from 1.12 GHz
to 1.7 GHz based on the standard rectangular waveguide
WR-650 configuration and are employed for transmitting
and receiving objectives. A similar antenna mounted on
a tripod is employed as the receiver (Rx) antenna. It
is coupled to RF Input of the Keysight signal analyser
N9913A module through a 1.5 m cable, as depicted in Fig.
4(d) and (b), respectively. This experiment investigated
three canonical targets: the flat plate (FP) [25 x 25
cm], the vertical dihedral (DV) [25 x 25 cm], and the
horizontal trihedral (DH) [25 x 25 cm], as depicted in
Fig. 4(e), (f) and (g), respectively. It is divided into three
measurements: without obstacles (no wall), brick, and
autoclaved aerated concrete walls, as depicted in Fig. 4(h)
and (i), respectively.

According to the geometry in Fig. 3, we have defined
the incident wave in case of horizontal polarization for
the flat plate (FP) as:

⃖⃖⃗𝐸𝑖
ℎ = 𝐸𝑜𝑥̂𝑒−𝑗𝛽𝑧′

(22)

⃖⃖⃗𝐻 𝑖
ℎ = 𝐸𝑜

𝜂 (− ̂𝑦) 𝑒−𝑗𝛽𝑧′
(23)

and in case of vertical polarization for the flat plate (FP)
as:

⃖⃖⃗𝐸𝑖
𝑣 = 𝐸𝑜 ̂𝑦𝑒−𝑗𝛽𝑧′

(24)

⃖⃖⃗𝐻 𝑖
𝑣 = 𝐸𝑜

𝜂 𝑥̂𝑒−𝑗𝛽𝑧′
(25)

Due to the geometry of dihedral, we have defined the
incident wave in case of horizontal polarization for the
vertical dihedral (DV) as:

⃖⃖⃗𝐸𝑖
ℎ = 𝐸𝑜 (𝑥̂cos𝜃i + ̂zsin𝜃i ) 𝑒−𝑗𝛽(𝑥′sin𝜃i −𝑧′cos𝜃i ) (26)

⃖⃖⃗𝐻 𝑖
ℎ = 𝐸𝑜

𝜂 (− ̂𝑦) 𝑒−𝑗𝛽(𝑥′sin𝜃i −𝑧′cos𝜃i ) (27)

and in case of vertical polarization for the vertical
dihedral (DV) as:

⃖⃖⃗𝐸𝑖
𝑣 = 𝐸𝑜 ̂𝑦 𝑒−𝑗𝛽(𝑥′sin𝜃i −𝑧′cos𝜃i ) (28)

⃖⃖⃗𝐻 𝑖
ℎ = 𝐸𝑜

𝜂 (𝑥̂cos𝜃i + ̂zsin𝜃i ) 𝑒−𝑗𝛽(𝑥′sin𝜃i −𝑧′cos𝜃i ) (29)

And, we have defined the incident wave in case of
horizontal polarization for the horizontal dihedral (DH)
as:

⃖⃖⃗𝐸𝑖
ℎ = 𝐸𝑜𝑥̂ 𝑒−𝑗𝛽(−𝑦′sin𝜃i −𝑧′cos𝜃i ) (30)
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Fig. 3: Measurement setup.

Fig. 4: Measurement setup and canonical targets.

⃖⃖⃗𝐻 𝑖
ℎ = 𝐸𝑜

𝜂 (− ̂𝑦cos𝜃i + ̂zsin𝜃i ) 𝑒−𝑗𝛽(−𝑦′sin𝜃i −𝑧′cos𝜃i )

(31)

and in case of vertical polarization for the horizontal
dihedral (DH) as:

⃖⃖⃗𝐸𝑖
ℎ = 𝐸𝑜 ( ̂𝑦cos𝜃i − ̂zsin𝜃i ) 𝑒−𝑗𝛽(−𝑦′sin𝜃i −𝑧′cos𝜃i ) (32)
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Table 2: Simulation and Measurement Results in dB.

Table 3: PRMC-Matrix Correlation Coefficient.

Fig. 5: Simulation and measurement results.

⃖⃖⃗𝐻 𝑖
𝑣 = 𝐸𝑜

𝜂 𝑥̂ 𝑒−𝑗𝛽(−𝑦′sin𝜃i −𝑧′cos𝜃i ) (33)

4. RESULTS AND DISCUSSIONS

4.1 Simulation and Measurement Results

Table 2 shows the results obtained from the simula-
tions and the values obtained from the measurements in

dB. The first column is classified according to the specific
target type used as a model for processing and measuring
actual values. Then, measurements are taken for each
target type at two receiving positions (𝑅𝑥1, 𝑅𝑥2) using
two kinds of polarization (ℎℎ, 𝑣𝑣). In the 3rd column
(Sim.), the values are obtained by simulating the results
with the PRMC algorithmic equations. Finally, the 4th,
5th, and 6th columns are the values obtained from the
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measurements in no wall conditions (NW), using brick
walls (BR), and using autoclaved aerated concrete walls
(AC), respectively. Again, we can notice the distinctions
due to the position of the receiving antenna and the
factors affected by polarization.

Fig. 5 presents the bar graph according to the
numerical results in Table 2. In Fig. 5, we aim to compare
the PRMC simulation results concerning the measure-
ments. It is demonstrated that the predicted values are
compatible with the measured values. Therefore, the
distinctions and the correlation between each component
can be better illustrated. Fig. 5(a) and 5(e) offer the
simulation results of each target type. Themeasurements
in the free space condition are presented in Fig. 5(b)
and 5(f). Fig. 5(c) and 5(g) deliver the measurement
results using the brick wall. Fig. 5(d) and 5(h) depict the
autoclaved aerated concrete wall’s measurement results.

4.2 Correlation Coefficient Results
After the PRMC algorithm simulation results and the

measured values are obtained, the next step is to estimate
the relationship between data sets in the metric format
using correlation coefficient values. The correlation
coefficient procedures are used to discover how strong
an association is between data. The operations return
a value between -1 and 1, where: 1 indicates a strong
positive relationship, -1means a robust negative relation-
ship and a result of zero hints at no relationship between
two datasets. The following processes are calculated
separately for each specific target. First, the base data
set or reference data set is obtained from the PRCM
simulation, which is then compared with the measured
values to determine their correlation.

The results are shown in Table 3. It can be seen that
the correlation results obtained are relatively good to
an outstanding level both in unobstructed and with wall
measurements, mainly bymeasuring against a brick wall.
For example, by measuring flat plate, vertical dihedral,
and horizontal dihedral, we get a correlation value of
0.8991, 0.9940, and 0.9301, respectively. An empirical
result demonstrates the potential and efficiency of this
developed PRMC algorithm by using a few measure-
ments that can be used to determine the geometry or
overall shape of a specific target behind an obstacle.

5. CONCLUSIONS
We have ventured into detecting and identifying

canonical target shapes hidden by the obstacle. Such
a TWRI has excellent applicability in several diverse
contexts. To deal with such a problem, we have adopted
a PRMC algorithm using a matrix correlation approach
based on the polarimetric radar cross-section. We have
experimentally validated a PRMC algorithm using 3-
D scattering measurement scenarios in semi-controlled
conditions. The proposed process takes the values
obtained from the simulation results with a computer
program as a set or reference value for the values
obtained from the measurements, such as the size of

the receiver power and the relationship between the
antenna position and the shape of each object. Then,
measuring instruments and antennas are used tomeasure
the reflection of electromagnetic waves at each point
and each polarization. Calculated and measured values
are arranged in a matrix to find the value of the
relationshipwith each other. From the experiment, it was
found that the matrices would be highly similar. This
technique can inspect, measure, and check what shape
the objects behind the wall should have. Furthermore,
it has been demonstrated that the PRMC can detect and
identify the object’s shapes in the case of solid scattering
objects. In forthcoming expansions, we aspire to address
more complex settings with targets regular of practical
scenarios. In addition, we are interested in increasing
the number of receiving points in another geometry of
the antenna array for further complexity of the detecting
and identifying procedure.
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