
International Journal of Research Studies in Electrical and Electronics Engineering(IJRSEEE) 

Volume 4, Issue 2, 2018, PP 20-24 

ISSN 2454-9436 (Online) 

DOI: http://dx.doi.org/10.20431/2454-9436.0402003 

www.arcjournals.org 

 

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE)  Page | 20 

Estimation of Radar Cross Sectional Area of Target using 

Simulation Algorithm 

Tarig Ibrahim Osman Ahmed1*, Moutaman Mirghani2 

1Assistant Professor, Alrayyan College, Saudi Arabia.   

2Associate Professor, Institute of Space Research and Aerospace, Sudan . 

 

   

 
1. INTRODUCTION  

Radar cross section (RCS) is the measure of a target's ability to reflect radar signals in the direction of 
the radar receiver, i.e. it is a measure of the ratio of backscatter power per unit solid angle in the 
direction of the radar (from the target) to the power density that is intercepted by the target [1]. 

The RCS of a target can be viewed as a comparison of the strength of the reflected signal from a target 
to the reflected signal from a perfectly smooth sphere of cross sectional area of 1 m2 as shown in 
Figure 1: 

 
Figure1. Concept of Radar Cross Section 

Abstract: This paper presents an Estimation of Radar Cross Sectional Area  of Target using Simulation 

Algorithm. Most radar systems use RCS as a means of discrimination. Therefore, accurate prediction of 

target RCS is critical in order to design and develop robust discrimination algorithms. Additionally, 

measuring and identifying the scattering centers (sources) for a given target aid in developing RCS reduction 

techniques. Another reason of lesser importance is that RCS calculations require broad and extensive 

technical knowledge, thus many scientists and scholars find the subject challenging and intellectually 

motivating. Two categories of RCS prediction methods are available: 

 Exact prediction methods. 

 Approximate prediction methods. 

Exact methods of RCS prediction are very complex even for simple shape objects. This is because they 

require solving either differential or integral equations that describe the scattered waves from an object 

under the proper set of boundary conditions. Such boundary conditions are governed by Maxwell’s 

equations. Even when exact solutions are achievable, they are often difficult to interpret and to program 

using digital computers. Due to the difficulties associated with the exact RCS prediction, approximate 

methods become the viable alternative. The majority of the approximate methods are valid in the  optical 

region, and each has its own strengths and limitations. Most approximate methods can predict RCS within 

few decibels of the truth. In general, such a variation is quite acceptable by radar engineers and designers. 

Approximate methods are usually the main source for predicting RCS of complex and extended targets such 

as aircrafts, ships, and missiles. When experimental results are available, they can be used to validate and 

verify the approximations. Some of the most commonly used approximate method s are Geometrical Optics 

(GO), Physical Optics (PO), Geometrical Theory of Diffraction (GTD), Physical Theory of Diffraction 

(PTD), and Method of Equivalent Currents (MEC) so in this paper we try to Estimate a Radar Cross 

Sectional Area of Target using Simulation Algorithm. 
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RCS, denoted by the Greek letter σ and measured in m², is defined as: 

pi

ps
 4 ….                                                                                                                                     (1) 

Pi: = power density, or intensity, of a plane wave striking the target. 

Ps: = power per unit solid angle reflected by the target. 

RCS has a wide spread ranging from 10-5 for small insects to 106 for large ships. Hence, RCS is often 

stated in the logarithmic decibel scale: 
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RCS is a function of  

 Position of transmitter/receiver relative to target. 

 Target geometry and material composition. 

 Angular orientation of target relative to transmitter/receiver. 

 Frequency or wavelength. 

 Antenna polarization. 

The conceptual definition of RCS includes the fact that not all of the radiated energy falls on the 

target. A target’s RCS (F) is most easily visualized as the product of three factors: 

σ = Projected cross section x Reflectivity x Directivity. 

RCS (σ) is used above for an equation representing power reradiated from the target.  

Reflectivity: The percent of intercepted power reradiated (scattered) by the target. 

Directivity: The ratio of the power scattered back in the radar's direction to the power that would 

have been backscattered had the scattering been uniform in all directions. 

Figures 2 and 3 show that RCS does not equal geometric area. For a sphere, the RCS, σ = п r2, where r 

is the radius of the sphere. 

The RCS of a sphere is independent of frequency if operating at sufficiently high frequencies where 
λ<<Range, and λ << radius (r). Experimentally, radar return reflected from a target is compared to the 

Radar return reflected from a sphere which has a frontal or projected area of one square meter.  

Using the spherical shape aids in field or laboratory measurements since orientation or positioning of 

the sphere will not affect radar reflection intensity measurements as a flat plate would. If calibrated, 
other sources (cylinder, flat plate, or corner reflector, etc.) could be used for comparative 

measurements. [2] 

 

Figure2. RCS versus Physical Geometry 
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Figure3. Backscatter from Shapes 

In Figure 4, RCS patterns are shown as objects are rotated about their vertical axes (the arrows 
indicate the direction of the radar reflections).  

The sphere is essentially the same in all directions. The flat plate has almost no RCS except when 
aligned directly toward the radar. [4] 

The corner reflector has an RCS almost as high as the flat plate but over a wider angle, i.e., over 
±60E. The return from a corner reflector is analogous to that of a flat plate always being perpendicular 
to your collocated transmitter and receiver. 

Targets such as ships and aircraft often have many effective corners. Corners are sometimes used as 
calibration targets or as decoys, i.e. corner reflectors. An aircraft target is very complex. It has a great 
many reflecting elements and shapes. The RCS of real aircraft must be measured. It varies 
significantly depending upon the direction of the illuminating radar. [6] 

 

Figure4. RCS Patterns 

2. RESULTS  

The developed method for point scatter modeling based on RCS measurements can be summarized in 
three steps: 

1. Target examination The RCS properties of the target are examined in order to determine which 
parts of the target that should be considered for modeling. By examining ISAR images of the target 
for certain aspects, e.g. every 15, regions showing dominant and persistent scattering can be localized. 
Since dominant scattering is decisive for the position of the radar target centre, and persistent 
scattering reduces the number of points needed for modeling the target’s radar cross section, it’s 
important that such areas of the target are found and considered for modeling. 
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2. Point scattered configuration A set of point scatters is created, where each scattered is defined by its 
position and aspect-dependent radar cross section. The coordinates are defined according to the bright, 
persistent scattering centers that have been located. The RCS assigned to each point scattered is 
estimated in Know bell as the radar cross section contained within an arbitrarily defined region of the 
radar target image. When determining the point scattered region, concern should be taken to the 
region’s geometry and the variation of RCS inside, for different aspects. A region containing two or 
more separated, dominant scattering locations should be divided into smaller regions. The size and 
shape of these regions depend on the locations of the scattering. Finer division of the scattering 
regions generally leads to better results as long as only clearly separated, dominant scattering areas are 
considered. A large target with scattering distributed over wide areas will naturally demand more 
point scatters than a small target, since distributed RCS needs to be modeled by multiple point 
scatters. 

3. Model validation the model is validated by calculating the radar target centre for different target 
aspects and comparing the location with the true position given by ISAR images of the target at the 
same viewing angles. 

3. CONCLUSION 

In This paper has presented a method for point scattered modeling where the proposed method has 
application to target-seeker simulations. The method has been proved to be best suited for radar 

targets with large radar cross section. Target scattering localized to bright and persistent scattering 

centers, is easily modeled by a small number of point scatters. If some parts of the target are 
dominating the total radar cross section, for all possible aspects, these regions alone can be considered 

for modeling. On the other hand, if the RCS is distributed or varying for different aspects, the 

complete target area needs to be modeled. Targets with very small radar cross section are on the other 
hand difficult to model by using the developed method, the Rund model fails to accurately describe 

the radar target centre for nose-on viewing angles where the radar cross section is so low that it’s hard 

to distinguish the actual target. It’s possible to improve the modeling of targets with small radar cross 

section in different ways. One way is to increase the transmitter power during the RCS measurements, 
this way the target is more easily detected. Next, background subtraction can be applied when 

generating ISAR images. If the RCS of the background is measured, it’s possible to subtract this 

information from the target image. A few notes can be made about the use of the method for the 
background purpose of creating radar target models for target-seeker simulations. First of all, the 

method has to be extended to include RCS measurements of full-size objects in three dimensions. 

Thus, turntable data of real aircraft need to be collected for different elevation angles. Further, raw-

data signals from conventional target seekers are necessary for improved model validation, regarding 
both target positioning and classification. To sum up, the evaluated method of radar target modeling 

offers an easy way to produce computationally efficient models of air targets. The big disadvantage of 

the method is the lack of automation and optimization when characterizing point scatters.  
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