
603

A New Algorithm for Scattering Calculation of
Absorber Coated Objects

A. R. Mallahzadehl 2, J. Rashed-Mohassel3, M. Soleimani', A. Zeidaabadi Nezhad4
'Iran University of Science and Technology, Tehran, Iran, mallahzadehgiust.ac.ir

2Iran Telecommunication Research Center, Tehran, Iran, 3University of Tehran, Iran
4Isfahan University of Technology, Isfahan, Iran

Abstract- In certain applications, for various reasons, it is
necessary to reduce the RCS of targets such as aircrafts, missiles,
and satellites. Distributed loading is one of the means of reducing
the RCS of targets. In this paper a new algorithm for scattering
and RCS computation of distributed loaded objects has been
presented. In order to compute scattered field from these objects
we have used the parabolic equation method. Solving parabolic
equation with the marching method needs limited computer
storage even for scattering calculations of large targets.
Distributed loaded object's boundary has been modeled by
Leontovich boundary conditions. Various types of object's
boundaries, for modeling complex objects, have been considered
and necessary equations have been derived. In order to show the
validity of numerical results, the analytic solution for scattered
field and RCS of distributed loaded cylinder has been obtained.
Next, numerical results for RCS of cylinder have been compared
with analytic solution. Finally scattered field and RCS of a
distributed loaded missile are calculated.

I. INTRODUCTION

Distributed loading is one of important techniques which has
been used in RCS reduction. In this technique the target is
coated with a lossy material, known as the radar absorbing
material. Radar absorbing materials have found prominent
applications in a variety of practical situations; for example,
RCS reduction in vehicles, design of anechoic chambers and
low side-lobe level antennas. The lossy material absorbs, in the
form of heat, a considerable amount of incident energy and
thereby reduces the RCS.
Various techniques have been used for analysis of scattering

from absorber coated objects [1-5]. One such method which
has been recently used for scattering computation from objects
is the parabolic equation method [6-8]. The parabolic equation
method gives accurate results in calculation of scattering from
objects with dimensions ranging from one to tens of
wavelengths. Solving parabolic equation with the marching
method needs limited computer storage even for scattering
calculations of large targets. In order to compute scattered field
from absorber coated objects we have used parabolic equation.
In this analysis, we consider absorber coated boundary as
Leontovich boundary conditions.

II. ABSORBER COATED OBJECT MODELING

Parabolic equation yields two equations for computing the
forward and backward propagating waves in the following
form [6-8]
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Solution to (1-a) corresponds to the forward propagating
waves while that of (1-b) concerns backward propagating
waves.
Using the first order Taylor series of (2) we have

Q 1+ ( 2a2 +n -1)
Substituting (3) in (1-a) for free space yields

(3)

02u+ 2ik = 0 (4-a)
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and using similar method for backward propagation we have
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Both equations are in the standard parabolic equation form.
The limitation of the standard parabolic equation is due to its
undesirable behavior at large propagation angles. Consider the
Leontovich boundary condition for an absorber coated object
boundary [9]

(5)

Where Z (p) is the impedance of the object at point p. The
impedance Z is defined as

z = X
EC

(6)

Where ,u is the permeability andE, is the complex
permittivity of the object given by

nxE(p)=Z( n n^xH(p
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(7) a -ike ikx u, (x,z)+e ikx U (,Z ) +be-ikx (X,Z) e-ikxU

Where E and o- are the associated permittivity and
conductivity respectively. Furthermore,

Z 1 (8)
whei 1k cr

where
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Substituting equations (12-a) and (12-b) for x derivatives we
obtain
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Using equation (8) and Maxwell's curl equation
reduced to

n xE(p) 1k n1 x[(VxE(p))1
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For horizontal polarization, the electric field E only has non-
zero component Ey and therefore equation (10) reduced to
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and nx , nz are components of normal vector ni along x and
z respectively. We assume that the incident wave illuminates
the object from left and only consider backward scattered field.
Hence we can write equations (4-a) and (4-b) as
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In order to derive the parabolic equation form of (1 1), first we
decompose it as incident and scattered fields

a &Z(x,')2 +2ibk ( ) (2ak 2ik)us (x,z)

2ikx &2u' (X,z)- 2ibke 2ix Oui (X,)Z+ (2ak2 + 2ik)e 2ikxUi (X ,Z)

(16)

Noting that equation (16) should be solved on the object
boundary.

III. DISCRETIZATION METHOD

For scattered field computation we proceed as follows:
1. Incident field is computed in all points of integration

domain using equation (12-a) and is stored in the
computer memory.

2. Scattered field is computed using equation (12-b) on
the outside of the object and equation (16) on the
object boundary.

Various schemes can be used to discretize equation (12-a) and
(12-b). Note that field within the object is unknown, therefore
we use Pade-(1, 0) scheme [10] for discretizing equations
(12-a) and (12-b). Positions of grid points regarding to
Pade-(1, 0) scheme are shown in figure 1.
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Figure 1. Positions of grid points regarding to Pade-(l, O) scheme
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From the initial parabolic equation assumption we have

E{ (x,z ) = u (x,z )ekx

E(x,z)=u(x,z)e-ikx

As for the discretization, we have
(13)
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for the incident field computation and
(14-a)
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(17)

Substituting equations (14-a) and (14-b) in equation (13) yields for the scattered field. Marching is performed from left to
right in equation (17) and from right to left in equation (18).
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In order to discretize equation (16) on the object boundary,
first we consider various object boundary types as shown in
figure 2.
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UIJ (a -3ikb Az + 2k Az 2 (ak +-i))e 2ikm Ax +
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(24)

We use central difference approximation of second order
derivatives with respect to z for discretization of equation (16)
on the boundary of type (c) in figure 1 as follows [ 1]

02u(x ,z )

Z 2 |p=(m Ax,j Az)

Using equation (25) in (16), we have

Figure 2. Various object boundary types.

For the backward scattered field computation we neglect type
(d), (e) and (f) because they are located in the shadow region.
In order to discretize equation (16) for type (a), we used
forward difference approximation of first and second order
derivatives with respect to z as follows [ 1]
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Note that in boundaries of type (c) nz is equal to zero. After
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computation of scattered field in all points of integration
(19) domain, RCS can be calculated as [8]
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Substituting equation (19) and (20) in equation (16) yields

US (a -3ikb Az + 2kAz 2 (ak i)) +
USm (-2a+4ikbAz)+USj[ 2(a-ikbAz) =(21)
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We can discretize equation (16) for type (b) of figure 1 using
backward difference approximation of first and second order
derivatives with respect to z as follows [ 1]

IV. ANALYTIC SOLUTION FOR ABSORBER COATED CYLINDER

In order to verify the numerical results, in this part, the
analytic solution for scattered field and RCS of an absorber
coated cylinder is derived. Let the plane wave illuminates the
cylinder from left as figure 3.
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Figure 3. Direction of incident plane wave for the absorber coated cylinder.

Polarization of incident wave is assumed along the z axis and
we have

EI Eeikx E0e-ik pcoso

Substituting equation (22) and (23) in equation (16) yields Incident wave can be expressed in terms of cylindrical waves

as [12]
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Ei =EoEi> Jn (kp)e'in(29)
n=-oo

The total field in presence of the cylinder is the sum of
incident and scattered fields, therefore, we have

Ez = E +Es (30)

Scattered field is a representative of outward propagating
waves, hence

+00

Ezs =E0 ii-na H(2)(kp)einso (31)
fl
0 0nn =-occ

According to equations (29), (30) and (31) we can write

+00

Ez = Eo i -n [Jn (k p) + anH (2) (k p)]e ino (32)
n =-oc

Equation (5) can be expressed in the cylindrical coordinates
for Ez on the object boundary as

(E Z DIEZ )a(Ez - )p=a 0
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V. EXAMPLE AND RESULTS

In order to show the validity of the algorithm, RCS of an
absorber coated cylinder with a radius of 3A is calculated for
various absorber parameters and the results are compared with
the analytic solution of the previous section. The incident wave
is a plane wave with horizontal polarization and a wavelength
equal to 1 meter (corresponding to 300 MHz). The results are
given in figures 4, 5 and 6. As it can be seen, there is a good
agreement between the analytical and numerical results. As
expected, a decreasing o- reduces RCS.
Next the scattered fields and RCS ofan absorber coated missile
are considered. We used a staircase model in order to calculate
the scattered field. The dimensions of the computational
domain are 2.75 by 10 meters in the x and z directions
respectively. The grid spacing in the x and z directions are
assumed 0.05A and 0.0 IA respectively. The incident wave
illuminates the missile from left with horizontal polarization
and a frequency of 300 MHz. The scattered field from the
missile with PEC boundary and absorber coated boundary are
shown in figures 7 and 8 respectively. As it can be observed,
absorber coating considerably reduces amplitude of the
scattered field from the missile. RCS results of missile are
presented in figure 9 for two cases. As is shown in figure 9,
absorber coating reduces RCS ofthe missile more than 15 dBs.

(33)

or equivalently

(Ez 1;
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Substituting equation (32) in (34) yields
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RCS is defined as

2

(o)= lim 2rTp ' (36)

With p - oc along a given direction and using asymptotic
relations for Bessel's functions, RCS of absorber coated
cylinder is obtained as

2\ EC) JJn (ka) 1ik J,j(ka)
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Figure 4. RCS ofthe absorber coated cylinder with radius
3A and = 0.01 s Im.
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Figure 6. RCS ofthe perfect conductor cylinder with radius 3A
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Figure 7. Scattered field from the missile with PEC boundary for 300 MHz.
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Figure 8. Scattered field from the missile with absorber coated boundary with
a = 0.01 for 300 MHz.
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Figure 9. RCS results for the missile in 300 MHz.

VI. CONCLUSION

Distributed loading (absorber coating) is one of the means of
reducing the RCS of targets. In this paper a new algorithm
based on parabolic equation method, for scattered field and
RCS computation of distributed loaded objects was presented.
The parabolic equation method gives accurate results in
calculation of scattering from objects with dimensions ranging
from one to tens of wavelengths. First RCS of absorber coated
cylinder for various absorber parameters was calculated. The
results were compared with the analytic solution obtained in
the paper. Good agreement between the analytic results and
numerical data was observed. Finally, the scattered field and
RCS of an absorber coated missile were calculated. As
expected, absorber coating considerably reduced the amplitude
of the scattered field and RCS of targets.
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