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Abstract: In military and common applications, radar assumes 

an exceptionally noteworthy job in exploring the vehicle, 

recognizing for flying machines, ships and so on. Radar cross 

section is a measure of a target's ability to reflect radar signals in 

the direction of the receiver. It is obvious that RCS depends on the 

shape of the reflecting objects. In this paper, a brief overview of 

various radars used in surveillance applications and radar cross 

section (RCS) measurement techniques are presented. The 

objective of this paper is to illustrate methods for obtaining the 

Radar Cross Section (RCS) of a typical Unmanned Aerial Vehicle 

(UAV) for various frequencies in radar bands. UAV technologies 

have advanced tremendously and are being   developed 

successfully. These features lead UAV to patrol even in civil 

airspace for civilian applications. These objects operate with small 

radar cross-section and/or on low altitude which imposes security 

threat. Keeping this view the RCS of a UAV which are flying in 

civilian airspace has to be determined drastically for security 

purposes. Several shapes are considered for the estimation of 

RCS. The results on the variations of RCS for the above objects as 

a function of frequency, aspect angle are presented. The 

POFACETS plays a crucial role and provides the user an 

easy–to–use GUI that allows the input of all necessary parameters, 

while preventing erroneous data input and other user errors. In 

this paper the RCS of sphere, ellipsoid and UAV are determined. 

Index Terms: Radar, RCS, UAV, POFACETS, Ellipsoid. 

I. INTRODUCTION 

The estimation of RCS has been the field of center in the 

ongoing years for different purposes. The exploration of 

Radar Cross Section (RCS) of straightforward and complex 

articles is unquestionably critical to distinguish targets, for 

example, flying machine, rockets[1],ships and other complex 

items like UAV’s to improve their radar permeability in  
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 Different recurrence ranges. An unmanned airborne vehicle 

(UAV), otherwise called an automaton, is an airship without 

a human pilot ready. Its flight is controlled either 

self-sufficiently by PCs in the vehicle or under the remote 

control of a pilot on the ground or in another vehicle.UAVs 

are not compelled by human restrictions and necessities, they 

make it conceivable to assemble data in hazardous conditions 

without hazard to flight groups and they can be considerably 

more financially savvy than kept an eye on flying machine 

tasks. RCS estimations expect to decide the equal successful 

region of the objective when it is encroached by a radar wave. 

In this paper, POFACETS is utilized to gauge RCS. This 

entitles the customer to demonstrate every 3D item with clear 

segment form, show the model geometry,[2] enable the 

customer to examine and allow the customer to enter the key 

parameters for the estimation of the radar cross section of the 

model. This paper exhibits the diverse forecast techniques 

utilized for discovering RCS of targets. Simultaneously RCS 

of straightforward shapes focuses on, the method for figuring 

RCS of complex objective shapes by intelligibly joins the 

cross segments of the basic shapes that make that target. Here 

the Physical Optics guess technique [3] and the numerical 

information used for updating this approach in the 

POFACETS program. Beginning from the integrals of 

radiation for an autonomous article, the dissipated field 

equations are determined for the instance of a triangular 

feature. The estimate of physical optics is used to give a value 

to surface flows and to figure the dissipated field using the 

Taylor system. Simultaneously, all apparatuses and recipes 

utilized in the figuring’s are characterized and clarified. At 

long last, the calculation model is extended to actualize the 

count of the dissipated field from an accumulation of aspects 

( a subjective-objective model). 

II. ESTIMATION METHODS OF RCS 

Before showing the diverse RCS computation techniques, it 

is imperative to comprehend the noteworthiness of RCS 

expectation. Most radar frameworks use RCS as a method for 

separation. Consequently, a precise expectation of objective 

RCS is basic to plan and create vigorous segregation 

calculations. Two classes of RCS forecast strategies are 

accessible: definite and rough. Precise strategies for RCS 

forecast are unpredictable notwithstanding for 

straightforward shape objects [4]. Because of the troubles 

related to the careful RCS forecast, rough strategies become a 

suitable option.  
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Most of the surmised strategies are substantial in the optical 

district, and each has its very own qualities and impediments. 

Most rough techniques can foresee RCS inside a couple of 

dBs of reality. Inexact techniques are generally the primary 

hotspot for anticipating RCS of mind-boggling and expanded 

targets, for example, flying machines, boats, and rockets. The 

Method of Moment, the Finite Difference, Microwave Optics 

[12] and Physical Optics [5] are the most frequent numerical 

RCS strategies for any subjective three-dimensional goal. 

Their interests and limitations will be discussed for each 

method. 

i. Method of Moments  (MOM),  

ii. Finite Difference Method,  

iii. Microwave optics ,  

iv. Physical Optics (PO)  

i. Method of Moments 

The most widely recognized strategy used to understand a 

fundamental condition is the Method of Moments (MM). The 

Method of Moments decreases the indispensable conditions 

to a lot of concurrent straight conditions that can be unraveled 

utilizing standard grid variable based math. Most Methods of 

Moments details require a discretization (division) [6] of the 

objective body and, in this manner, are good with limited 

component techniques utilized in auxiliary designing. 

ii.  Finite Difference Method 

The differential administrators under the terms of Maxwell 

are assumed by limited differential approaches in either 

moment or recurrence. The aim must be discretized, as must 

the Meth od of Moments. It ascertains the fields in a 

computational matrix around the objective, the count of the 

RCS of an objective with a trademark measurement of a few 

requests of the size of the wavelength would involve a 

significant measure of time to execute. 

iii.  Microwave Optics 

The word refers to the collection of beam systems which can 

be used solely or in the exhibition. The two most frequently 

used are GO (Geometrical Optics) and Diffraction Theory 

(GTD). This strategy considers diffracted beams, which 

begin from the dispersing of the occurrence wave at edges, 

corners, and vertices. 

iv. Physical Optics 

The physical optics method (PO) evaluates the surface 

current caused by the episode radiation on a subjective body. 

This is a elevated recurrence estimate that provides the 

highest results to powerfully large focal points as well as the 

special route. As the current at the shadow limit 

unforeseeably sets it to zero, the recorded field estimates are 

off base at the broad range and shadow locations. 

A. Statistical Properties of RCS 

It has been referenced over that the reverberation quality of 

targets changes a lot starting with one reverberation got then 

onto the next[ 11]. This vacillation is brought about by a few 

impacts:  

• Predominantly arbitrary impacts, for example, target  

         glimmer, multipath impacts, ecological impacts, as 

        brought about by environment and ocean state, 

• Systematic impacts identified with the dissipating 

qualities, for example, target quality varieties because 

 of viewpoint and brushing edge changes. Practically               

speaking these kinds of vacillation can barely be isolated 

from one another and, henceforth, are dealt with measurably 

in like manner. On the off chance that an RCS informational 

collection with an adequately huge number of estimations 

exists, its measurable properties can be resolved:  

• The RCS mean or middle worth and  

• The state of the likelihood thickness work (PDF),  

• The autocorrelation work (ACF). 

B. Factors Determining RCS  

Bigger RCS shows the most efficient recognition of an 

article. An article shows a limited radar vitality measurement 

[7]. Various elements decide how much electromagnetic 

vitality comes back to the source, for example,  

• Material from which the target is produced ;  

• Complete target size ; 

• Comparative lens size (related to the lighting radar 

wavelength); 

• Point of the episode (the limit at which the radar bar 

reaches a particular portion of the goal depending on the state 

of purpose and the radar source direction) ; 

• Point expressed (the top of the bar that is displayed leaves 

the hit piece and depends on the episode top)  

• Transmitted polarization and radiation in relation to target

 direction. 
Although the quality of the manufacturer and the separation 

are important to the objectives of identification, they are not 

factors that affect the RCS count, as the RCS is an objective 

reflection. 

A. Steps for RCS computation 

i. The customer chooses the parameters of RCS calculation 

such as recurrence, Taylor arrangement parameters, 

unpleasant surface parameters, frequency edge (for RCS 

bistatic case), sensory edges, field polarization occurrence 

and the name of the model. 

ii. The program looks at the quality of the model 

(characteristic directions, appearance and surface 

resistivity). 
iii. Start calculations shall be performed to obtain certain 

attributes of feature, including the territory for the aspect, 

the common vector and the pivot borders, using equations 

(4.23c), (4.23c) and (4.26). 

iv. Its brightness is examined using equation for each aspect 

(4.23b).  

v. If the feature is not illuminated, the diffuse and dissipated 

parts are set to zero and the program continues to look like 

this. The associated advances are made if the aspect is 

illuminated. 

vi. The episode field, the point of frequency (for the bistatic 

RCS case) and the perception edge are changed to the 

nearby organize arrangement of the feature, utilizing the 

change depicted in Equation (4.29).  

• The Physical Optics Current is figured from the episode 

attractive field, utilizing Equations (4.39) and (4.32).  
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• The dissipated field is figured in nearby aspect 

directions utilizing the radiation vital, through Equations 

(4.43) and (4.39) to (4.44).  

• The diffuse part is processed utilizing Equation (4.60).  

• The dispersed field is changed back to worldwide 

directions, utilizing Equation (4.42).  

• The dissipated field parts from every feature are 

superimposed (vector included) to get the all-out 

dispersed field in the perception bearing. 

vii. The RCS are diffused and spread from the absolute 

areas. 

viii. For each level of perception, steps 4 to 5 are rehashed. 

ix. Selected RCS versus the point of perception graphic 

plots are displayed. 

III. POFACETS 

The FACETS code (Frequency Asymptotic Code for 

Electromagnetic Scattering) is a radar cross-area (RCS) 

forecast program for enormous complex targets. Recurrence 

asymptotic strategies [8], which are physical optics, 

geometrical optics and the physical hypothesis of diffraction. 

Aspects are enveloped with a framework procedure called the 

FACETS Electromagnetic Analysis System (FEMAS) that 

interprets the building portrayal of the objective geometry 

into a structure reasonable for the FACETS of 

electromagnetic examinations calculations. The technique for 

displaying by aspects permits effectively including the 

diffraction in edges by breaking down the wedges that 

structure nearby features. These wedges may compare to the 

edges of the genuine model, for example, the trailing edge of 

the wings on a plane or counterfeit edges because of the 

making of aspects of the genuine bent surface. POFACETS is 

a usage of the physical optics estimate for foreseeing the 

radar cross-area (RCS) [9][10] of complex items. The 

physical optics strategy approximates the flows on the 

outside of the item, for flows that would be on an Infinite 

digression plane, it effectively predicts the principal request 

appearance in enormous regions, while it mistakenly 

manages the surfaces of little range of ebb and flow and the 

diffraction in edges and vertices. This gives great outcomes 

radar focuses on huge measurements, in which the reflection 

on the outside of the fuselage is overwhelming. 

IV. RESULT AND DISCUSSION 

A.  RCS of Flat Plate (Wing of UAV) 

The first step in the design process involves the definition of 

the coordinates of the vertices. The standard MATLAB array 

editor is used to allow the user to enter coordinates for the 

desired number of vertices. Figure depicts the array editor 

contents for the coordinates of the vertices of a 10 m by 10 m 

plate model, located on the ( x, y) plane. Each row 

corresponds to a vertex of the plate for a total of 4 vertices, 

with each column containing the x, y and z coordinates of 

each plate.  

 1 2 3 

1 10 10 0 

2 0 10 0 

3 0 0 0 

4 10 0 0 

 
Fig 1. Model Monostatic RCS plot of wing of UAV 

Figure 1 depicts the manually designed model of a flat plate , 

consisting of 12 vertices and five facets. With a view point set 

at azimuthally -37.5 deg, and elevation angle at 30 deg.  

 
Fig 2. 3D RCS plot of Wing of UAV RED RCS: θ GREEN RCS 

:Φ 

Figure 2 depicts the 3d plot of a flat plate(wing of UAV), 

with a view point set at Azimuthally -37.5 degree and 

elevation angle at 30 deg, where  starting angle  theta is 0 and 

ending 360 with an increment angle of 3,phi starting angle 0; 

ending angle 0 with a phi cut of 1,having theta polarization 

and operating  Frequency is  10 GHz.  

Figure 3  depicts the linear  plot of a flat plate, RCS vs 

Monostatic angle  with a view point set at Azimuthally -37.5 

deg, and elevation angle at 30 deg, starting angle  theta is 0 

and ending 360 with an increment angle of 3,phi starting 

angle 0; ending angle 0 with a phi cut of 1. Having incident 

theta polarization operating in Frequency 10 GHz. 

 
Fig 3. RCS vs Monostatic angle 
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B. RCS of Fuselage of UAV 

 

Fig 4. 3D RCS plot of Fuselage of UAV RED RCS: θ 

GREEN RCS: Φ 

Figure 4 depicts the plot of a fuselage, with a view point 

set at Azimuthally -37.5 deg, and elevation angle at 30 

deg, starting angle  theta is 0 and ending 360 with an 

increment angle of 3,phi starting angle 0; ending angle 

0 with a phi cut of 1. Frequency 10 GHz. 

 
Fig 5. 3D RCS plot of Fuselage of UAV RED RCS: θ 

GREEN RCS: Φ 

Figure 5 depicts the linear plot of a fuselage, imposing RCS 

on X axis and Monostatic angle on Y axis with a view point 

set at Azimuthally -37.5 deg, and elevation angle at 30 deg, 

starting angle theta is 0 and ending 360 with an increment 

angle of 3, phi starting angle 0; ending angle 0 with a phi cut 

of 1. Operating in Frequency 10 GHz. 

 

Fig 6. Linear plot of a Fuselage 

Figure 6 depicts the linear plot of a fuselage, imposing  RCS 

on X axis and Monostatic angle on Y axis with a view point 

set at Azimuthally -37.5 deg, and elevation angle at 30 deg, 

starting angle  theta is 0 and ending 360 with an increment 

angle of 3,phi starting angle 0; ending angle 0 with a phi cut 

of 1. Operating in Frequency 10 GHz. 

C.  RCS of Tail of UAV 

 
 

Fig 7. 3D RCS plot of Tail of UAV   

Figure 7 depicts the manually designed model of a tail of uav, 

consisting of 12 vertices and five facets. With a view point set 

at azimuthally -37.5 deg, and elevation angle at 30 deg.  

 

 
Fig 8. 3D RCS plot of Fuselage of UAV RED RCS: θ 

GREEN RCS: Φ 

The  above figure 8 depicts the 3D plot of a tail of the aircraft 

having a view point set at Azimuthally -37.5 deg, and 

elevation angle at 30 deg, starting angle  theta is 0 and ending 

360 with an increment angle of 3,phi starting angle 0; ending 

angle 0 with a phi cut of 1. Frequency 10 GHz. 
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Fig 9. Linear plot of the tail of the aircraft 

The above figure 9 depicts the linear plot of the tail of the 

aircraft where the graph is plotted for RCS against 

Monostatic angle with a view point set at Azimuthally -37.5 

deg, and elevation angle at 30 deg, starting angle theta is 0 

and ending 360 with an increment angle of 3,phi starting 

angle 0; ending angle 0 with a phi cut of 1.Operating in 

Frequency 10 GHz. Having incident theta polarization. 

V. CONCLUSION 

Different expectation techniques utilized for discovering 

RCS of targets are examined and actualized in this paper. 

This goal was accomplished with the assistance of a 

POFACETS which uses the Physical Optics RCS expectation 

technique to register the RCS of an airship. The RCS of a 

complex target such as  aircraft was achieved by combining 

small simple targets like  wings,  fuselage of aircraft which is 

modeled by combining a cylinder with a half ellipsoid. Next, 

a trapezoid was defined to serve as one of the wings of the 

UAV. After the trapezoid was modeled, it was appropriately 

moved and rotated as described in order to be placed in its 

final location. Following this process, the final model of the 

aircraft, comprised of a fuselage, two wings and two 

stabilizers is depicted.  RCS is determined using the method 

of POFACETS. Here the Physical Optics approximation 

method and the mathematical formulations are used in the 

POFACETS program to implement this method. Starting 

from the radiation integrals for an arbitrary object, the 

scattered field formulas are derived for the case of a 

triangular facet. The Physical Optics approximation is used to 

provide values for the surface currents on a facet and Taylor 

series are utilized to calculate the scattered field. The 

versatility of the program is enhanced by allowing the 

capability for RCS computation versus frequency and 

providing a broader range of options for RCS display. Indeed, 

these capabilities allow the use of the program not only for 

RCS prediction, but for RCS analysis as well. Also 

dependency of RCS on frequency and Aspect angle are 

analyzed for a conducting sphere at X, S, C and W bands. 

Future scope of the work 

The paper can be further enhanced by determining the RCS 

of any complex target which is small and mere visible to 

radar. This can be achieved by using Epsilon method. Typical 

applications for Epsilon include conventional RCS 

predictions, concept optimization of new platforms for 

stealth, improvement, and redesign of existing platforms, 

generation of models for physical simulation, and radar target 

imaging tests. 
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