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Target scattering or reflection is used by radar 
systems to identify and detect targets. The larger 
the echo that was returned to the radar receiver, 
the superior the signal-to-noise ratio and the grea
ter the likelihood of detection. The radar cross-sec-
tion  (RCS) determines the quantity of energy 
reflected from a target in radar systems. This work 
shows new modeling for radar targets with grow-
ing stages of fidelity. We introduce the RCS con-
cept for straightforward point targets and extend 
this into additional complex states of targets with 
several scattering midpoints. In addition, we dis-
cuss the modeling of fluctuations in RCS with time 
and briefly consider the case of the polarized signal. 
Because the receiver and transmitter are co-loca
ted, the effort focuses on narrowband mono-static 
radar techniques. The RCS value changes between 
scans. We simulate the replicated power of a sent 
signal over 10,000 scanning over unit incident sig-
nals, assuming that the signal illuminates the tar-
get just once each dwell. The target is modeled by 
four scatterers that are placed at four square ver-
tices. All scatterers are cylindrical-point targets on  
a 0.5-meter square XY plane without losing gene
rality. The acquired results demonstrated how to 
generate target echoes while accounting for statis-
tical fluctuations. From the relation between RCS 
and elevation angle variations for cylindrical tar-
gets, the obtained result demonstrated that the 
first two outputs are the same and confirmed that 
there is no reliance on azimuth angle. The compa
rison between wideband and narrowband RCS pat-
terns demonstrated that the RCS profiles of the tar-
get-matched shallower nulls for azimuth direction 
are in the range of (40–50) degrees at zero eleva-
tion for 4 scatterers’ extended targets
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1. Introduction

The radar emits an electromagnetic wave and the mi-
crowave region of the electromagnetic spectrum. The little 
arrows coming off the target represent the electromagnetic 
radiation scatters off of all the different scattering centers. 
A radar cross-section (RCS) is simply an effective electrical 
area that the target sees, by which the energy that hits that 
electrical area is scattered back to the radar. To provide 
background and some definitions of the RCS, Fig. 1 shows  
a simple representation of a radar operation.

Therefore, it is important to obtain the dimensions of 
that area and calculate the amount of the reflected energy. 
Moreover, RCS is the area intercepting the amount of energy, 
which, if radiated isotropically, produces the same received 
energy in the radar [1–3].

 
Fig. 1. A simple representation of a radar operation

One of the crucial factors in the target detection pro-
cess is the radar cross-section [4]. It is used to describe the 
strength of the scattered radar power coming from a target. 
Low RCS must be maintained in stealth designs for aircraft  
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and seacraft. The detectability decreases when the RCS in-
creases, and vice versa. In traditional aircraft, a larger aircraft 
has a greater RCS value. RCS is influenced by a number of 
factors, including the target’s size, polarization, frequency, 
and aspect angle. RCS is primarily used by radar systems as 
a discrimination technique. Its forecast is crucial as a result. 
RCS can be decreased by measuring and locating the scatter-
ing centers for a certain target [5].

The characteristics of the RCS of ideal traffic contribu-
tors will significantly affect how well the real environment 
is recreated for an automotive millimeter-wave radar road 
scenario simulation. It is an ordinary practice to assess RCS in 
an anechoic chamber during the road set-up simulation test of 
superior driving support systems by utilizing vector network 
analyzers to create RCS models of typical traffic participants. 
However, using only one point to correspond to the RCS 
characteristics of typical traffic contributors is challenging 
because of the presence of multi-scattering midpoints of com-
posite targets, which results in mistakes when compared to 
the real targets [6]. The position and brightness of the scatter-
ing centers of a radar target are described in RCS images, but 
the underlying scattering mechanisms are not disclosed [7]. 
As soon as it becomes accessible, this information may be of 
great assistance in designing radar targets. Volume decorrela-
tion is now a controversial topic in synthetic aperture radar 
interferometers. It results from the height distribution of the 
backscattering cross-section in an imaged scene and has a sig-
nificant impact on interferometric coherence images, such as 
when there are trees or structures present. 

The appeal of this reduction comes from the possibility 
that resolving volume decorrelation and pinpointing the 
precise location of the scattering midpoints within resolution 
cells will enable us to estimate the height of the experiential 
spread scatterers. Both the development of digital eleva-
tion models and the assessment of biomass depend on the 
determination of the volume scattering contribution. The 
mechanisms that cause volume decorrelation, however, may 
be revealed by the phenomenon itself  [8–10].

Therefore, research on the development to model radar 
cross-sections for targets with different scattering centers, 
including point targets, measured targets’ profiles, and ex-
tended targets models, and to explain target echoes for sta-
tistical volatility is relevant.

2. Literature review and problem statement

Radar systems have been invented in numerous sectors, 
including land, marine, and even air, and their applications 
have grown throughout time. In [11], a strategy for suppress-
ing height ambiguity based on bi-frequency and averaging 
multi-frequency interference was suggested. Although the 
study investigated the discrimination of scattering proces
ses using polar imaging RCS and suggested a polarization 
technique to find and describe three separate scattering 
mechanisms regardless of scattered direction, the paper 
didn’t analyze multiple scatterers’ RCS of extended targets. 
This was discussed in [7], but because there is no knowledge 
about the underlying scattering processes, the approximation 
accuracy is restricted. The work [12] employed the synthetic 
aperture radar (SAR) approach to decrease clutter in the 
search by measuring the RCS. First, two two-dimensional 
radar pictures of the target were acquired by scanning the 
antenna twice linearly at different heights. The radar picture 

data were then used to derive the amplitude and phase of 
the scattering centers. Although the RCS of the target was 
constructed in this manner after filtering to eliminate clutter 
and increase RCS data accuracy, the scattering intensity was 
not sufficiently matched to the target. The determination of 
the contribution of size distribution is a limiting element in 
both the development of the digital elevation model and the 
assessment of biomass. However, this work didn’t compare 
wideband and narrowband RCS patterns at zero elevation  
for 4 scatterers’ extended targets. The behavior of the vo
lumetric decorating connection owing to random sizes and 
fixed dispersed aims were distinguished in [8]. However, the 
study couldn’t apply target fluctuation RCS histogram of 
target reflected signal.

In [13], an airborne synthetic aperture radar (SAR) was 
simulated to confirm the findings of a prior phenomenolo
gical study of the polarimetric vessel dispersal capacities of 
categorization algorithms that give satisfactory performance 
in congested settings. However, this paper didn’t visualize 
the impact of elevation angle on the RCS pattern for a cylin-
drical target. The reference [5], on the other hand, deals with 
the investigation of the features of the radar cross-section 
in the stealth design of aircraft, where the remote control 
system (RCS) was dependent on numerous elements such as 
side angle, frequency, polarization, and target size. The RCS 
of triangular plate, spherical, cylindrical, and elliptical objects 
with dimension angle, frequency, and object dimensions were 
computed numerically. However, in order to determine RCS 
variance, they used a few items of regular shape. Although the 
RCS of triangular plate, spherical, cylindrical, and elliptical 
objects with dimension angle, frequency, and object dimen-
sions were computed numerically, the study couldn’t compare 
wideband and narrowband RCS patterns at zero elevation for 
4 scatterers’ extended targets. The work [6] investigated RCS 
estimate and synthesis of ideal traffic contributors, where  
a vector system analyzer was employed to construct RCS net-
works for ideal traffic contributors. When RCS systems are 
employed directly in the simulation test, the accuracy is low 
because of the significant oscillation of the targets. To increase 
the accuracy of the target simulation, the RCS synthesis and 
estimate approach for model traffic participants was presented.  
However, this research also didn’t discuss the different scat-
tering centers, including point targets, measured targets’ 
profiles, and extended targets models.

Therefore, all this allows us to argue that it is appropriate 
to conduct a study devoted to producing target echoes while 
accounting for statistical volatility and formulate extended 
targets, point targets, and measured targets’ profiles.

3. The aim and objectives of the study

The aim of the study is to develop modeling of radar 
cross-sections for targets with different scattering centers, 
including point targets, measured targets’ profiles, and ex-
tended targets models, and to explain how to produce target 
echoes while accounting for statistical volatility. This will 
make it possible to identify and detect targets in wideband 
and narrowband RCS patterns of the target reflected signal.

To achieve this aim, the following objectives are accom-
plished:

– to visualize the impact of elevation angle on the RCS 
pattern for a cylindrical target;

– to analyze multiple scatterers’ RCS of extended targets;
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– to compare wideband and narrowband RCS patterns at 
zero elevation for 4 scatterers’ extended targets;

– to apply target fluctuation RCS histogram of target 
reflected signal.

4. Materials and methods

4. 1. Object and hypothesis of the study
This work presents an implementation of a radar cross- 

section model for targets with different scattering centers. 
It explains RCS for straightforward point targets before 
extending it to additional challenging situations, including  
a target of many scattering midpoints. Additionally, the work 
describes the RCS’s variations over time and partially ad-
dresses the polarized signal issues. Target detection and iden-
tification are done by a radar system using target scattering 
or reflection. The radar receiver receives a larger returning 
echo the more strongly a target reflects, increasing the signal-
to-noise ratio (SNR) and the likelihood of detection. 

The radar cross-section (RCS), represented by σ, in radar 
systems determines how much energy is reflected off a target, 
which is identified, in terms of the distance to the radar (R), 
the field strength of the target signal incident (Ei), and the 
field strength of the target reflected signal (Es) by:

σ π=
→∞

lim .
R

s

i

R
E

E
4 2

2

2

Targets typically disperse power in every direction. The 
RCS depends on the frequency of the signal, the angle of scat-
tering, and the angle of incidence [14]. RCS is influenced by 
the materials used and the target’s shape in its construction.  
RCS frequently uses dBsm or square meters as a unit of measure-
ment. This work focuses on narrowband mono-static radar sys-
tems with co-located receivers and emitters. The incident angle 
alone determines the RCS, and the scattered angles and the inci-
dent are equal, which is called the backscattered case. The signal 
bandwidth for narrowband radar is low in relation to the work-
ing frequency and is consequently thought of as a constant value.

4. 2. Point target radar cross-section
An isotropic scatterer serves as the most basic target mo

del [15, 16]. A metallic sphere with a uniform density serves 
as an illustration of an isotropic scatterer. The incidence 
angle has no bearing on the reflected energy in this instance. 
An additional complicated point target, which is located far 
away from the radar, can frequently be approximated by an 
isotropic scatterer at the first order. For instance, an isotropic 
scatterer of 1 m2 RCS can be used to imitate a pedestrian. 
Suppose that the operating frequency and propagation speed 
of the radar system are (Fc = 3e+8, c = 3e+8).

For input incident signal (x = 1), the scattered signal is 
calculated using the MATLAB function «pedestrian(x)», 
which is obtained equal to 3.5449. The relation of the reflec
ted incident signal, represented by the dimensionless gain (G) 
and operating frequency wavelength (l), is given by:

y G x= ∗ ,  where G =
4

2

πσ
l

.

There aren’t many target shapes for which analytic 
RCS patterns may be determined. The RCS pattern can be 
precisely predicted for more complex forms and materials 
using computational electromagnetic techniques like finite 

element analysis (FEM) or methods of moments (MoM). 
The work [17] provides a more thorough overview of these 
methods. It is possible to input the results of these computa-
tions into the newly constructed object.

4. 3. Complex targets radar cross-section
It is no longer possible to regard reflections to be uniform 

in all directions for targets with more complicated geome-
tries [18]. The aspect or incident angles affect the RCS dif-
ferently. Like antenna radiation patterns, aspect-dependent 
RCS patterns can be modeled or measured.

The RCS values are represented in terms of elevation and 
azimuth angles in the local coordinate system of the target as 
the result of such models or measurements. As a function of 
elevation and azimuth angles, the scenario primarily calcu-
lates the RCS profile of a target with a cylindrical shape of 
10 meters in height and a radius of 1 meter, which is not de-
pendent on azimuth since the cylinder is z-axis symmetrical. 
Only elevation angle has an impact on RCS readings.

4. 4. Multiple Scatterers radar cross-section of Exten
ded Targets

Despite the fact that computational electromagnetic 
techniques can produce precise RCS estimation, it frequently 
needs a large quantity of calculation and isn’t appropriate  
in real-time models. Modeling a complicated target as a col-
lection of basic scatterers is an alternate method for describ-
ing complex targets. The RCS profiles of the simple scat
terer (σp) can then be used to determine the RCS pattern of 
the complicated target (σ) as in [1], as described here:

σ σ θ= ∑ p
i

p

e p

2

,

where θp is the corresponding phase for the scatterer of  
order pth. An antenna array performs very similarly to 
a  multi-scatterer target. The procedure for modeling a target 
with four scatterers is shown in Fig. 2.

 
Fig. 2. Modeling of a target with four scatterers

At each of a square’s four vertices there are the scatterers. 
As determined in the previous section, every scatterer was  
a point target of cylindrical shape. The square is positioned 
in the XY plane to maintain generality. The square has sides 
that are 0.5 meters long.

4. 5. Multiple scatterers wideband radar cross-section 
of Extended Targets

The standard definition of a wideband radar system is one 
with a bandwidth greater than 5 % of the central frequency.  
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Wideband systems provide better target detec-
tion in addition to enhanced range resolution. 
Loading in fades in an RCS profile of a target 
is one method wideband systems enhance de-
tection performance. The extended target with 
four-cylinder scatterers from the earlier section 
can be used to illustrate this. It is assumed that 
azimuthal sweep across the target = –90:90.

We’ll then look at the RCS profile with a 
wideband model using a similar middle frequency.  
This system’s bandwidth will be positioned at 
10 % with respect to the middle frequency and 
will be more than 5 % of the middle frequency. 
bw = 0.10*fc and fs = 2*bw follow from this.

As was done before for the extended target 
with narrowband, a wideband RCS model is 
developed. Radar engineers frequently receive 
RCS models that have been created offline us-
ing simulation software or range measurements 
to employ in the model systems. It is implicit in 
this case that the RCS modeling supplied was 
sampling on 1 MHz periods from the radar’s 
center frequency side. Therefore, the model fre-
quencies = (–80e+6:1e+6:80e+6)+fc.

The target RCS value is assumed to be constant over time 
in all the above discussions. In a real case, the RCS value fluc-
tuates over time since both the target and the radar system 
are in motion. The target in this scenario changes over time. 
Peter Swerling created four numerical algorithms, known as 
Swerling one throughout Swerling four. They are commonly 
used in experiments to simulate variable targets.

All the proposed model simulations of the radar cross-sec-
tion for targets with different scattering centers have been 
implemented using MATLAB.

5. Results of the radar cross-sections for targets  
with different scattering centers

5. 1. Impact of elevation angle radar cross-section pat-
terns for a cylindrical target

The RCS profiles of a cylindrical target showing the im-
pact of elevation angle are given in Fig. 3, while the relation 
between RCS and elevation angle variations for a cylindrical 
target is shown in Fig. 4.

 
Fig. 3. The elevation cut’s pattern resembles

The target reflection is created after importing the RCS 
aspect-dependent profiles to a code object. It is assumed that 
the target reflects three identical signals on three distinct 
aspect angles. The primary two angles are with different azi
muth angles but the same elevation angle. In comparison to 
the first two, the last has a distinct elevation angle. Therefore, 
three signals with unity values are represented by the vector 
x = [1 1 1], while the directions matrix is [0 30 30; 0 0 30]. The 
obtained result is [88.8577 88.8577 1.3161], which demon-
strates that the first two outputs are the same and confirms 
that there is no azimuth angle dependence.

5. 2. Multiple Scatterers radar cross-section of Exten
ded Targets

The scatterers’ positions are defined by the matrix 
[–0.5 –0.5 0.5 0.5; 0.5 –0.5 0.5 –0.5; 0 0 0 0]. The incident 
angle of every element scatterer was similar if the target 
is in the transmitter’s far field. The overall RCS pattern 
can then be calculated using the equation in the cor-
responding section in Methodology. The visualization of 
the RCS profiles of 4 scatterers for an extended target is  
shown in Fig. 5.

 
Fig. 5. Radar cross-section profiles of 4 scatterers 	

for an extended target

 
Fig. 4. The relation between radar cross-section and elevation angle 	

variations for a cylindrical target
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These profiles can then be utilized in the previously created 
radar Target object to calculate the reflected power of the target 
signals. The obtained values are [355.4305 236.7634 0.000]. 
This result confirms that the signal reflected power relies on 
both angles of elevation and azimuth directions.

5. 3. Extended Targets Multiple radar cross-section for 
Wideband Scatterers

The extended target with four-cylinder scatterers from the 
earlier section can be used to illustrate this. It is assumed that 
the azimuthal sweep across the target = –90:90. Fig. 6 displays 
the modeled narrowband RCS swept across several target 
characteristics. Deep fades between 40 and 50 degrees are 
produced by the coherent combination of returns from various 
cylinders in the extended target model. The target may not be 
picked up via the sensor of the radar as a result of these fades.

The different distribution centers’ contributions are formed 
similarly to earlier. It is significant to observe that, for this con-
figuration, this estimate presupposes that each of the scattering 
centers of targets falls inside a similar variety bin resolution.

Now, utilizing the recently calculated RCS patterns, the 
RCS target wideband model is produced. After the wideband 
RCS has been modeled, the narrowband system can be com-
pared as depicted in Fig. 7.

 

Fig. 6. The modeled narrowband radar cross-section swept 
across several extended target characteristics with 4 scatterers

 
Fig. 7. Comparison between wideband and narrowband radar 

cross-section patterns at zero elevation of 4 scatterers 
extended target characteristics

These fades are filled in by the wideband waveform 
because, while several frequencies may encounter nulls for  
a particular feature, the bandwidth’s vast bulk didn’t at that 
azimuth angle.

5. 4. Target Fluctuation radar cross-section
The following table (Table 1) illustrates how the Swer-

ling model divides unpredictable targets of two time-varying 
behaviors and two probability distributions.

Table 1

The division of unpredictable targets into two time-varying 
behaviors and two probability distributions 	

by the Swerling model

Type of unpredictable targets Fast Fluctuating Slow Fluctuating

4th Degree Chi-square Swerling 4 Swerling 3

Exponential Swerling 2 Swerling 1

During a dwell, a target’s RCS with slow-fluctuating con-
tinues constant, yet it changes every scan. On the contrary, the 
target RCS with rapid variation shifts with each pulse through-
out the course of a dwell. The equation of Swerling 2 and 1 fol-
lows a pdf (exponential density function), which is written as:

p eσ
µσ

σ µσ( ) = −1 / .

These models can be used to simulate a target made up 
of a number of scatterers of similar strengths. For Swelling 4 
and 3, the equations follow a Chi-square pdf with 4th degree, 
which is written as:

p eσ
σ

µσ

σ µσ( ) = −4
2

2 / .

When the target has a dominant scattering component, 
these models are applicable. µσ indicates the RCS mean value  
and represents the RCS quantity for the identical targets 
within the non-fluctuating supposition, in both pdf definitions.  
The Swerling 1 statistical model is applied to generate the 
radar echo from the previously discussed cylindrical target.

The previously determined non-fluctuating RCS is used 
in the theoretical prediction. For the cylindrical target, Fig. 8 
shows the reflected signal power at normal incidence for  
a unit power input signal.

 
Fig. 8. Histogram of target reflected signal 	

of Swerling 1 pattern



Information and controlling system

59

The histogram indicates that the reflection in the Swer-
ling 1 is no longer constant. From scan to scan, the RCS 
value changes. We replicate the signal reflected energy for 
10,000 scanning for an incident signal with unity value in 
a simulation, supposing the target was lit by the signal one 
time each dwell.

6. Discussion of the results of the work implementation  
of the radar cross-sections model

For the purpose of simulating a radar system, this work 
provided a basic introduction to radar target modeling. It 
demonstrated the modeling of point targets, measured targets’ 
profiles, and extended targets. It also explained how to pro-
duce target echoes while accounting for statistical volatility.  
From the relation between RCS and elevation angle varia-
tions for a cylindrical target shown in Fig. 4, the obtained 
result was [88.8577 88.8577 1.3161]. This demonstrates that 
the first two outputs are the same and confirms that there is 
no azimuth angle dependence.

The nulls in the target’s RCS pattern between 40 and 
50 degrees azimuth are substantially shallower. When sig-
nals combine violently at a given azimuth and frequency, the 
narrowband pattern experiences deep nulls. This was shown 
in Fig. 7, which compares wideband and narrowband RCS 
patterns at zero elevation of 4 scatterers’ extended target 
characteristics. Plotting the histogram output from every 
scan serves to confirm that the distribution of the output is 
matched with the theoretical estimation. This was indicated 
in Fig. 8, where the histogram of the target reflected signal of 
the Swerling 1 pattern was visualized.

The RCS profiles of 4 scatterers for an extended target are 
shown in Fig. 5 and have been utilized in the previously created 
radar Target object to calculate the reflected power of the target 
signals. This result confirms that the signal reflected power  
relies on both angles of elevation and azimuth directions.

The presented work didn’t discuss the impact of polari
zation on target RCS. A single RCS number is no longer ade
quate to represent a target’s polarization signature. Instead,  

a scattering matrix is utilized to explain how the target in-
teracts with the polarization components of the incoming 
signal at each incident angle and frequency. Therefore, it is 
recommended to discuss such a case in future work.

7. Conclusions

1. Only elevation angle has an impact on RCS readings 
when visualizing RCS patterns for a cylindrical target. The 
obtained result confirms that there is no azimuth angle de-
pendence.

2. The analysis of 4 scatterers’ RCS for extended targets 
shows that the signal reflected power relies on both angles of 
elevation and azimuth directions.

3. The comparison between wideband and narrowband 
RCS patterns at zero elevation for 4 scatterers’ extended 
targets demonstrates that the RCS profiles of the target were 
with much shallower nulls for azimuth direction in the range 
of (40–50) degrees.

4. The application of the target fluctuation case demon-
strates that the RCS histogram of the target reflected signal 
of all scans agrees with the theoretical estimates. The histo-
gram of the target reflected signal of the Swerling 1 pattern 
converges to approximately zero on about 5 m2.
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