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Abstract — The electromagnetic scattering analysis
of geometrically complex structure has played an
important role in electromagnetic field theory and
practicable applications. The fast and rigorous
methods to solve such problem are in great
demand. In this work, the Wave Concept Iterative
Process (WCIP) combined with a coordinate
transformation has been extended to the scattering
problems of electromagnetic conducting square
cylinder,  conducting  super-ellipsoid  and
conducting super-ellipsoid coated with thin
dielectric materials. Numerical results illustrate the
efficiency of our approach. The radar cross section
(RCS) is then reached and compared with the
literature.

Index Terms — Electromagnetic scattering, radar
cross section, coordinate transformation, super-
ellipsoid, wave concept iterative process (WCIP).

I. INTRODUCTION

The problems of electromagnetic wave
scattering by objects of arbitrary shape placed in
free space is very important in many applications,
namely, antennas design, remote control and
especially in defence applications.

The growing interest in better understanding
the electromagnetic scattering of conducting
objects and coated conducting objects has been
reported in many investigations. As a
consequence, many different techniques have been
used to resolve these electromagnetic problems,
such as the Moment Method (MOM) [1], the
Finite Element Method (FEM) [2] and Pattern

Equation Method (PEM) [3]. Here another
technique is adopted called Wave Concept
Iterative Process (WCIP) which takes advantage of
the other methods. This method was firstly
presented in [4-5], applied to analyse microwave
circuits [6-7] and was later successfully applied to
a number of diffraction and scattering problems
[8-10].The concept of waves has been developed
for the evaluation of the electromagnetic scattering
by conductor objects and coated conductor
cylinders [7-9].

In this paper, the formulation of the scattering
problems of arbitrarily shaped cylinders is
developed. The first step, called coordinate
transformation consists of dividing the scattering
surface in the small cells. Theses cells can be
placed in a fictitious circular cylinder constituted
by different materials. In the second step, to study
electromagnetic scattering in the cylindrical
coordinate system a WCIP is then applied.

To validate the new iterative formulation, the
Radar Cross Section (RCS) for a square perfect
electric conductor, metallic super-ellipsoid and a
super-ellipsoid coated with dielectric materials are
calculated. In the last case, the thickness of the
dielectric is supposed very weak, so that iterations
are considered identical to those obtained by the
consideration of laminated flat coats (layers) [9].

The principle of the WCIP is the expression of
boundary and closing conditions in term of waves,
(incident A and reflected B), a system of
equations relate the incident and reflect waves is
deduced from these conditions. This system is
resolved by an iterative process. The resolution is
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stopped when a good precision reached on the
required value [6-8].

II. FORMULATION
A. Coordinate transformation

Let us consider an arbitrary shaped object
bonded by surface S, Fig. 1. The structure is
meshed into elementary cells, and these cells can be
placed on a fictitious circular cylinder. In this case,
the Cartesian coordinate system becomes
inefficient; which is why the cylindrical coordinate
formulation is used. To pass to the cylindrical
coordinate a common normal at all cells, Fig. 1, is
found. The study of electromagnetic interaction
between two cells is equivalent to the modelling of
the wave scattering on one or more coaxial
fictitious circular cylinders, which have a common
axis (Oz). This common centre is constructed
geometrically by the intersection between the right
bisectors of the two cells [9].

These cylinders are composed of two materials:
metallic parts defined on the scattering surface and
an isolator part (dielectric parts). In order to
calculate the electromagnetic scattering by the
metallic parts, it is necessary to define the
cylindrical basis function ﬂfﬂ)}nEIN and the
impedance of the n™ mode (Z,) [l1]. These

parameters depend on the radium (r;,) of the
cylinders and the position of the metallic cells. So,

the incident waves Aon the metallic cells are

reflected. The reflected waves B are reflected by
the free space and generate the next incident waves

via a reflection operator I" [11].

Fig. 1. Meshed
transformation.

surface and coordinate
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B. The wave formulation

The incident A and reflected B waves are
defined by a linear combination of electric field and
magnetic one [4-5-8]
1

2z,
1 - -
(E-Z,J), 1b
T (1b)
with, Z_is an arbitrary impedance. In the following,
we shall consider the free space impedance as:

z,= % —120n Q. 2)
80

And the current J , deduced from the tangential

>
I

(E+Z,0) (1a)

B

magnetic field H, is used:
J=Hxii, (3

where 1 denoted the normal vector to the surface S
defined in each cells.

The Wave Concept Iterative Process is based on
the expression of boundary condition, in the case of
the scattering by an obstacle, the relationship

between A and B is expressed as:

B=TA 4
A=RB %)
where I designates the scattering operator

associated to the geometry of the target [10] and R
1s a reflected coefficient defined on the surface;

F=Sr) Loy

- Z +Z,

(6)

ﬂfﬂ)}nem is a complete modal basis function,

expressed as a solution of the Helmholtz equation
in the cylindrical coordinates illustrated by the
following equation:

2 2
LI % L S S
popl Op p- 00 0z

The separation variable method is used and the
solution of this equation is given by:

fnm> =a,, B, (k,ppe"e . ®)

nm- n
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In this work, the independence on z coordinate
is taken, so the expression of the basis function is
reduced:

1 nd
fn> = me . (9)

Z, is the impedance of the n™ target mode [11]
and Z, is the parameter introduced in equation (2).

C. The iterative process
The primary electromagnetic fields (E O,ﬁo) are

introduced in the spatial domain, the relation ship
between the incident and reflected is expressed by
the previous equations (4) and (5). These equations
are defined in two different domains. The Fourier
Transform (TF) and its inverse (TF™") insure the
links between these domains [12].

Spatial Spectral
domain domain
S (TF)
(E,.H, A A

=
(TF)

Fig. 2. The iterative scheme.

D. The wave formulation of a dielectric coated

layer

By taking into account of the scattering
problems of an obstacle coated by a thin dielectric
layer, an arbitrary shaped conducting object bonded
by surface S, coated with a dielectric covering with
external surface S; , Fig. 3.

The dielectric covering S; are homogenous
with electrical permittivity ¢ and magnetic
permeability p. Their expressions are ¢ =¢.¢, and

w=pp,, where € and p are respectively the

relative permittivity and permeability one.

To describe the WCIP and to reach the
unknown electric and magnetic fields the interface
condition in term of waves at (S;, S,) are reviewed
and the boundary condition on the environment of
the scattering target are written.

Figure 4 shows the multiple transmissions,
reflection process for the electromagnetic waves.
The theory of the WCIP to analyse electromagnetic
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Fig. 3. Dielectric layer coating metallic object.

Free space

Fig. 4. Dielectric layer coating metallic object.

scattering problems by a treated metallic object is
developed previously works [8-9]. Referring to this
theory the iterative process explained in different
media can be expressed as:

(BIJ(P)_(R ij 0 BIJ(P”J{R RYA,
B,) (T R0 T exp2ikh)\B, T TAB,
(10)

A® respectively B? are the incident and the
reflected waves respectively at the p™ iteration
P=1,23......... ) with R and R’ (respectively T
and T’) the reflection (respectively the
transmission) coefficient defined as [13-14].
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where Z; and Z, are the intrinsic impedances of the
free space and the dielectric layer, I',=-1 is the
reflection coefficient on the metallic surface, exp(-
2jk,h) is the attenuation term in the dielectric layer
which is thickens h and I is the reflection
operator expressed on equation (6) and defined by
Harrington [11].

ITII. APPLICATIONS AND RESULTS

A. Metallic square cylinder

In order to test the efficiency of the coordinate
transformation and the ability of the wave concept
with an arbitrary shape, a perfect conductor cylinder
with a square section is analysed. The structure is
shown in Fig. 5, using TM wave. The dimensions
of the square are a=2)\ and the frequency is
/=1GHz; this geometrical parameters are chosen to
be the same as in reference [14].

Fig. 5. Conducting square section.

The WCIP leads to the scattering tangential
electric field value and the current density at the
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surface in the side of the out space. The Radar
Cross Section is calculated using the far-field
transformation, defined by equation (15) [14]:

2
s

RCS=£i_m ZTEp‘Ei‘2 , (15)

where p is the distance from the target to
observation point, E* and E' are the scattering and
the incident electric fields respectively. To evaluate
the scattering operator of the square geometry, the
coordinate transformation has been firstly used.
Second, the surface current density using the
iterative process in the cylindrical coordinates
system is then calculated. Finally, the radar cross
section, and the numerical results are shown in the
following figure.

sqrt(RCS/x)

Fig. 6. The normalized RCS of a square geometry.

The results given by WCIP are closely with
those found in a Multi Resolution Time Domain
MRTD method [14], except in a few points between
210° and 260°. This difference can be explained by
the use of some approximation used by the MRTD
method and the coordinate transformation applied
in the present theory.

A square cylinder is a simple structure to study,
using the Waves Concept Iterative Process in case
of the electromagnetic scattering some difficulties
are founded; The WCIP is based on a definition of
the normal at all points of the diffraction surface,
and the normal is not defined at corners of the
square. That why a regular structure has not any
corner called a super-ellipsoid is carried out.
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B. Electromagnetic scattering of a super-
ellipsoid

In this section, the electromagnetic scattering
field by a metallic super-ellipsoid and a super-
ellipsoid coated with a dielectric layer are analysed.
However, for practical application, general
geometrical structures are covered by thin dielectric
materials in order to protect the antennas or to find
optimum radar cross section.

The super-ellipsoid surface is formed by

2n 2n
rotation of a curve (ij +(%) =1, n=8. The
a

structure is illustrated in the following figures.
Referring to the theory, when 2n >>1, the super-
ellipsoid can be approximated by a rectangle [15].
In this case, the previous coordinate transformation
and the iterative method are combined and applied
to analyse scattering by surface treated targets [9].
The scattering parameter calculated here is the
radar cross section illustrated by equation (15)
which is obtained by evaluating the scattered fields.
It is be noted that the length of the inner
conducting super-ellipsoid and the thickness of the
dielectric layer are expressed as a fraction of the
wave length for a wave number, ka=7.4, kb=12.6,
h, = 2 , h,= L and the relative permittivity of
100 100
the dielectric layer is ¢, = 4.

Fig. 7. Metallic super-ellipsoide.

In order to test the efficiency of present
combined theory, a process has been implemented
in Matlab. The numerical results reach the
convergence when the difference between two
consecutive iterations is about 107", In this case, the
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convergence of the WCIP is achieved about 25
iterations. The following figure shows the evolution
of the surface current density versus the iteration
number.

Diélectrique

Meétal

Fig. 8. Super-ellipsoid coated with dielectric
material.

abs(J)*10”

5 10 15 20 25
Iteration Number

Fig. 9. The normalized current density versus the
iteration number.

To illustrate the advantage of covered bodies
with dielectric materials, the evolution of Radar
Cross Section and the comparison between a
metallic super-ellipsoid and the super-ellipsoid
covered with dielectric materials are treated, Fig.
10.

It is clear that the effects of dielectric materials
is diminution of magnitude of the Radar Cross
Section, so diminution of current density
distribution generated on the scattering surface
which proves the efficiency of dielectric covering
conductor bodies.

To illustrate the efficiency of the present
iterative formulation, a simulated program is
developed, all the calculation up to the Radar Cross



Section. So, the scattering operator of the super-
ellipsoid coated with dielectric layer is evaluated.
Then, the surface current density and the tangential
electric fields are calculated using the iterative
process. Finally, the radar cross section is found.
The numerical results giving by the WCIP are
compared with reference [3], as showing in the
following Fig. 11.
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Fig. 10. The RCS of a metallic super-ellipsoid and
a super-ellipsoid coated with a dielectric materials.

80
70
60
50

40

sqrt(RCS)n/2n

30

20

A L A L
0 45 90 135 180 225 270 315 360
theta®

Fig. 11. The RCS of a metallic super-ellipsoid
coated with a dielectric materials.

Figure 11 represents the evolution of the radar
cross section of a super-ellipsoid coated by a
dielectric layer. As expected, the results given by
WCIP are in good agreement with those previously
published in reference [3], especially at peaks
located at 90° and 270° respectively, except that no
oscillations have been found in the present work on
both sides of these peaks as reported by Pattern
Equation Method PEM. To explain this
phenomenon, it is assumed that the attenuation term
in the dielectric layer as if it was in transmission
lines; that is to say the present approach neglect the
effect of curvature on the attenuation term. The
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present study proves that the WCIP takes the
advantage of simplicity; it consists of computing a
simple recurrent relationship. Furthermore, the
iterative method has only small memory
requirements. So, all these results have been
computed in a personnel computer.

V. CONCLUSION

The WCIP combined with geometry
transformation has been extended to the solution
of the electromagnetic wave scattering problems
by conducting bodies and other conducting bodies
coated with thin dielectric layer.

In this research, the coordinate transformation
and the presented iterative method are used to
calculate the Radar Cross Section of conductor
square cylinder, conductor super-ellipsoid and
super-ellipsoid coated with a dielectric material. A
good agreement in comparison to the MRTD
results for the metallic square example and the
PEM results for the covered super-ellipsoid are
found. The comparison of the scattering
characteristics of conductor super-ellipsoid and
super-ellipsoid coated with dielectric materials has
been done and proved the effect of the dielectric.

The numerical results obtained here show the
power of the giving theory. Other works are in
progress to extend the iterative method using the
geometry transformation to resolve more
complicated shapes of electromagnetic waves
scattering.
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