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Abstract—Radar cross section (RCS) reduction of canonical
(planar, cylindrical, and spherical) conducting targets is the
focus of this paper. In particular, a novel procedure is presented
for synthesizing radar absorbing materials (RAM) for RCS
reduction in a wide-band frequency range. The modal solutions
of Maxwell’s equations for the multilayered planar, cylindrical,
and spherical canonical structures is integrated into a genetic
algorithm (GA) optimization technique to obtain the best optimal
composite coating. It is shown that by using an optimal RAM, the
RCS of these canonical structures can be significantly reduced.
Characteristics of bistatic RCS of coated cylindrical and spherical
structures are also studied and compared with the conducting
structures without coating. It is shown that no optimal coating
can be found to reduce the RCS in the deep shadow region. An
in-depth study has been performed to evaluate the potential usage
of the optimal planar coating as applied to the curved surfaces. It
is observed that the optimal planar coating can noticeably reduce
the RCS of the spherical structure. This observation was essential
in introducing a novel efficient GA with hybrid planar/curved
surface implementation using as part of its initial generation
the best population obtained for the planar RAM design. These
results suggest that the optimal RAM for a surface with arbitrary
curvature may be efficiently determined by applying the GA with
hybrid planar/curved surface population initialization.

Index Terms—Canonical structures, electromagnetic scattering
by absorbing media, genetic algorithms (GAs), radar absorbing
materials (RAM), radar cross section (RCS), radar scattering.

I. INTRODUCTION

RADAR cross section (RCS) reduction of a target using
multilayered radar absorbing materials (RAM) has been

an important consideration in radar systems [1], [4]. In com-
plex structures, for example a fighter plane, one can identify
canonical features composed of planar, cylindrical, and spher-
ical surfaces as shown in Fig. 1. In designing RAM, it becomes
important to obtain an optimized RAM for reducing the RCS
of these canonical structures. It is also of interest to investigate
the usefulness of the optimal planar RAM for RCS reduction in
curved structures. These issues are addressed in this paper by
utilizing the power of mode matching technique integrated with
a novel utilization of an efficiently implemented GA optimizer
[5]. Fig. 1 provides the key features of this implementation.

Modal solutions of Maxwell’s equations for the multilayered
coated canonical targets, as depicted in Fig. 1, are used as the
main computational engine for the accurate and efficient com-
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putations of scattered fields. In the spirit of the theme of this spe-
cial issue being dedicated to the memory of Prof. Wait, consider-
able attention is given to Prof. Wait’s pioneering contributions.
The list of references demonstrates the nature of his contributive
efforts in the area of multilayered canonical structures [6]–[29].
Next, the genetic algorithm (GA) optimization technique is ap-
plied to obtain the optimal RAM for reducing RCS of coated
structures. This is an excellent example in demonstrating how
the classical analytical solutions can be advantageously used
with modern optimization techniques for the determination of
an optimal design.

The design of optimal coating for reducing the reflection co-
efficient of planar structures was investigated by Michielssenet
al. [2]. The present paper extends their methodology to reduce
the RCS of curved surfaces, including cylindrical and spher-
ical structures, and it attempts to provide useful design guide-
lines and physical observations. Since, in general, properties of
the RAM depend on the frequency for wide-band absorption,
a proper composite selection of these materials is necessary.
The GA is an effective optimizer to obtain the best combina-
tion of the RAM among available database of materials. The GA
is successfully applied to the synthesis of wide-band absorbing
coating in a specified frequency range. It is observed that by
a proper selection of materials and their thickness, the target’s
RCS is reduced significantly. The bistatic RCS of coated con-
ducting cylindrical and spherical structures are also determined.
It is observed that even though the optimal RAM was designed
for reducing the monostatic RCS, the bistatic RCS are also re-
duced significantly in the lit region. It is further shown that in
the deep shadow region the RCS cannot be reduced no matter
how effectively the optimization process is applied. This is, of
course, a very important observation. Additionally, the effec-
tiveness of the optimal planar coating for RCS reduction in a
structure with arbitrary curvature is demonstrated. This obser-
vation was essential in introducing a novel efficient GA imple-
mentation using as part of its initial generation the best popula-
tion obtained for the planar RAM design.

The main features of this paper in designing the optimal RAM
coating are summarized in the following:

• integrating theGA optimizer with themodal solutionsof
Maxwell’s equations for the canonical structures;

• developing anefficient GAfor obtaining the optimal RAM
for curved surfacesbased on the utilization of the optimal
planar coating as the initial population;

• presentingoptimized RAMcoating for significant RCS re-
duction;

• investigatingBistatic RCS reductionand addressing the
important issue of thedeep shadowregion;
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Fig. 1. Flowchart of the GA integrated with the modal solution of Maxwell’s equations for obtaining optimal RAM. Note the possibility of using GA planar/curved
surface implementation for initializing the population. Coated planar, cylindrical, and spherical targets with their appropriate coordinate systems are also shown.

• providinguseful insightsfor proper interpretations of the
optimal results.

In the following section, the GA optimization technique in-
tegrated with the modal solutions of Maxwell’s equations for
canonical structures is summarized. Section III investigates a
wide-band absorbing coating for the planar structures. In Sec-
tion IV, monostatic and bistatic RCS, and the deep shadow re-
gion of coated cylindrical and spherical structures are studied
and characterized. In Section V, RCS reduction of curved sur-
faces using an efficient implementation of GA technique is high-
lighted. Finally, Section VI provides some concluding remarks.

II. I NTEGRATION OF THEGENETIC ALGORITHM AND MODAL

SOLUTIONS

A. GA Implementation

The GAs are iterative optimization procedures that typically
start with a randomly selected population of solution domain
and gradually evolve toward better solution through the appli-

cation of genetic operators that are selection, crossover, and
mutation [5]. GAs are global optimizers and could be an effi-
cient technique for optimizing the new electromagnetic prob-
lems having discontinuous and constrained parameters, discrete
solution domain, and a large number of dimensions with many
local optima [30].

In the context of obtaining -layered wide-band absorbing
coating for reducing RCS of a conducting structure, the objec-
tive or fitness function is defined by

Min RCS RCS (1)

where and represent the material choice and thickness of
the th layer, respectively. Application of (1) as a fitness func-
tion for GA is an attempt to maximize the minimum difference
between the RCS (in decibels) of the original target and the
RAM coated one in the desired frequency band. In this study, a
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TABLE I
RELATIVE PERMITTIVITIES AND PERMEABILITIES OF THE 16 MATERIALS IN THE DATABASE [2]

small database containing 16 different materials with permittiv-
ities and permeabilities , as shown in Table I, is con-
sidered [2]. The design goal is to determine an optimal-lay-
ered coating in order to maximize the minimum RCS reduction
in a prescribed range of frequencies .

In order to apply the GA method to a multilayered coated con-
ducting structure (planar, cylindrical, and spherical structure),
material and thickness ofth layer are represented in the finite
sequences of binary bits as

(2)

The entire structure is subsequently represented by the sequence
. The database includes 16 different avail-

able materials that can be represented by four binary bits or
. In addition, for designing the thickness of each

layer with three-digit resolution, each layer is represented by
ten binary bits with . In the process of the GA im-
plementation, a population with size , crossover
with , and mutation with are used
[30]–[32]. Additionally, the tournament selection and elitism
are employed in the process of creating the new generation.

Tracking the performance of the best sequence in the popula-
tion, as well as the average performance of all sequences checks
the convergence of the algorithm. If no improvement in both
quantities in a large number of generations occurs, the proce-
dure is assumed to have converged. The optimization procedure
is shown in Fig. 1.

For certain applications, the coating should not only absorb
the incident wave in a wide range of frequency, but should also
be as light as possible. Therefore, in the cases studied in this
paper, five-layer coating ( ) with thickness (cm)

is used. The GA is successfully applied to the synthesis
of a wide-band coating in the typical frequency range

(GHz) by sampling the cost function at ten different
frequency points .

Based on our experience in obtaining the optimal RAM for
the cylindrical and spherical structures, about 100 generations
containing 100 individuals are necessary. Additionally, the RCS
for each individual has to be computed at ten different frequency
points. A GA implementation with a particular selection of ini-
tial population has proven to provide rapid convergence. In this
implementation, the best population for the planar coating ini-
tializes the GA process for the optimal RAM design of curved
structures. Section V will highlight some of the unique features
of this implementation.
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Fig. 2. Relative permittivity and permeability of materials #7 and #16, from Table I, as a function of frequency.

B. Modal Solutions of Maxwell’s Equations for Canonical
Structures

In this section, the underlying electromagnetic formulations
for the scattered fields of the canonical structures are briefly
summarized. Fig. 1 depicts the -layered coated conducting
planar, cylindrical, and spherical structures, illuminated by a
normally incident plane wave. The choice of the normal inci-
dence was primarily made in order to provide a common base
for comparing the results of various target shapes. The monos-
tatic RCS of these canonical structures are evaluated at normal
incidence. The total electric field in the presence of the coated
structure is written as

(3)

where and are the incident and scattered field, respec-
tively. The scattered field for these canonical structures is
obtained using the modal solutions of the Maxwell’s equations.
Based on the geometry, the modal solution is represented as a
plane wave, cylindrical wave, or spherical wave functions. Next,
by applying the boundary conditions and utilizing an accurate
computer code, the electromagnetic fields for these canonical
structures are obtained.

It is noted that one of the properties of the radar absorbing
materials is that their relative permittivity and permeabilty are a
complex-valued function of frequency. The presence of this type
of materials, often with a large imaginary part, forces one to pay
increased attention in the evaluation of the Bessel and Hankel
functions for the cylindrical and spherical structures. Note that
over the frequency range of interest, the diameter of the cylin-
drical and spherical structures varies between about .
For instance, in some of the RAM coatings, the Bessel functions
with a large argument value around 1100 have to be computed.

In addition, we analyze a multilayered structure that makes the
computational technique more complex. The computer program
is a double precision code, which uses an efficient Bessel and
Hankel functions computation [33], [34] for accurate determi-
nation of the scattered fields. The program internally checks the
convergence of the electromagnetic fields and selects the re-
quired number of summation terms. Its accuracy has been tested
against numerous available published data [1], [35].

III. W IDE-BAND ABSORBING COATING FOR PLANAR

STRUCTURES

In this section the GA optimization technique is integrated
with the modal solutions in order to obtain the best combinations
of the RAM coating for planar structures, in a wide!band of
frequency. The reflection coefficient is determined as

(4)

In this study, the reflection coefficient is minimized only for
normal incidence. As mentioned earlier, the available RAM is
summarized in Table I; although these materials are fictitious,
they provide a good representative sample of a wide class of
available RAM. The characteristics of these materials can be
categorized in the following ways [2].

1) Lossless and frequency-independent dielectric materials
(#1–2).

2) Lossy magnetic (#3–5) and lossy dielectric (#6–8) mate-
rials. These materials are frequency-dependent within
GHz as defined in Table I.

3) Lossy magnetic with a relaxation type characteristic ma-
terials (#9–16). These materials are also frequency-de-
pendent with in gigahertz, as represented in Table I.
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Fig. 3. Reflection coefficient of the RAM coated conducting planar structure . (Note that� = 0: dB for the PEC.)

TABLE II
OPTIMUM RAM FOR THECONDUCTING PLANE. (a)0:2 � f (GHz) � 2

(b) 0:2 � f (GHz) � 10

(a)

(b)

As an example, the relative permittivity and permeability of ma-
terials #7 and #16 are plotted in Fig. 2. As seen, these materials
have different characteristics as a function of frequency. Appli-
cation of GA method allows one to obtain the best selection of
the available RAM (Table I) in the desired range of frequency.

The optimal planar coatings for reducing the reflection coef-
ficient of the conducting planar structure, illuminated at normal
incidence, are shown in Table II. In this case, two optimization
frequency ranges, namely, 0.2–2 GHz at ten points and 0.2–10
GHz at 20 points are studied. Reflection coefficient of the coated
structure is shown in Fig. 3 and it reveals a good agreement
with the published data by Michielssenet al. [2]. As observed,
the RAM coating decreases the reflection coefficient about 32

dB for the first optimization range. For optimization range of
0.2–10 GHz, the reflection coefficient is almost flat and it is re-
duced by about 18 dB.

One may wonder what happens if the GA optimizer is allowed
to use only a single material during the optimization process.
The effect of using a single layer coating in reducing the reflec-
tion coefficient of the planar structure in the frequency range
0.2–2 GHz is presented in Fig. 3. The thickness of the coating
is allowed to change between (cm) in the GA
procedure. The optimal RAM is the material #4 with thickness

cm. It shows that based on these materials, using
one coating only reduces the reflection coefficient about 15 dB
in the optimization frequency range.

The most difficult part in reducing the reflection coefficient of
the planar structure occurs at very low frequency. In this range
of frequency, the finite conductivity in most of the available ma-
terials makes the coating act like a perfect conductor and the
energy cannot enter the coating to be absorbed [36]. At high
frequencies around 10 GHz, the relative permittivity and per-
meability of the materials are decreased and they cannot con-
trol the reflection coefficient of the structure effectively. Using
a more effective available database, and increasing number of
layers and their thickness can further reduce the reflection co-
efficient.

IV. RCS REDUCTION FORCYLINDRICAL AND SPHERICAL

STRUCTURES

A. Monostatic RCS Reduction

In this section, the GA is applied to synthesize a wide-band
absorbing RAM in the frequency range of 0.2–2 GHz, for mono-
static RCS reduction of conducting cylindrical and spherical
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Fig. 4. RCS of the conducting cylinder, without and with coating. (Diameter of the cylinder varies between1 � � 10 � in the optimized frequency range of
0.2–2 GHz.) RCS based on GO formula is also shown.

structures. In the cases studied here, the optimal RAM is de-
termined for representative conducting structures with 148 cm
diameter (electric size is changed from about in the
optimization range GHz).

For a cylindrical structure, the RCS for mode is ob-
tained using the definition of two-dimensional (2-D) RCS as

(5)

RCS for case is similarly determined. The corresponding
coatings and their thickness are presented in Table III(a). In
the optimization procedure one could use TMor TE modes
separately; however, from practical consideration, the optimum
coating is determined for both polarizations simultaneously.
Fig. 4 displays the RCS of the conducting cylinder, without
and with coating for both and modes. It is observed
that the optimal absorbing materials reduce the RCS of the
conducting cylinder by about 27 dB in the optimization fre-
quency range. In the resonance region, the optimal coating
works very well as an absorber; and as one extends the solution
to the Rayleigh region, it is found that this effect is reduced.
At the low frequencies, most of the materials act as a perfect
conductor, and the coating cannot absorb the energy of the
incident wave as well as in the resonance region. Additionally,
at the higher frequency range, the relative permittivity and
permeability of the materials are reduced and the RCS cannot
be reduced effectively.

Fig. 4 also shows the RCS of the coated cylindrical structure
based on the geometrical optics (GO) formula as [37]

(6)

TABLE III
OPTIMUM RAM FOR THE148CM DIAMETER CONDUCTING CYLINDER.

(0:2 � f (GHz) � 2) (a) MONOSTATIC(� = 180 ) (b) BISTATIC (� = 0 )

(a)

(b)

where is the reflection coefficient of the planar struc-
ture coated with the optimal cylindrical coating [Table III(a)],
and is the outer radius of the coated cylindrical struc-
ture. Good agreement between the modal solution and GO ap-
proximation is observed.

For the spherical target the RCS is obtained as

(7)

The optimal RAM coating for reducing the RCS of the con-
ducting sphere in the optimization frequency range of 0.2–2
GHz is shown in Table IV(a). The RCS has been plotted in



1600 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 48, NO. 10, OCTOBER 2000

Fig. 5. RCS of the conducting sphere, without and with coating. (Diameter of the sphere varies between1 �� 10 � in the optimized frequency range of 0.2–2
GHz.) RCS based on GO formula is also shown.

TABLE IV
OPTIMUM RAM FOR THE 148 CM DIAMETER CONDUCTING SPHERE.

(0:2 � f (GHz) � 2) (a) MONOSTATIC(� = 180 ) (b) BISTATIC (� = 0 )

(a)

(b)

Fig. 5. As observed, the optimum coating reduces the RCS of
the conducting sphere by about 31 dB in the optimization fre-
quency range. In the resonance region, the optimal coating is a
very good absorber and as one extends into the Rayleigh region
due to the finite conductivity nature of the materials considered
in this study, the RCS of the structure cannot be reduced as well
as in the resonance region. In addition, at the higher frequencies,
as mentioned earlier, the RCS cannot be controlled effectively.

Fig. 5 also shows the RCS computation based on the geomet-
rical optics formula as [37]

(8)

Fig. 6. Current distributions on the cylindrical structure for TMand TE
modes, compared with the spherical structure. Note the surface current flow
on the cylindrical structure for TEmode has closer similarity to the nature of
the current flow on the spherical structure.

where is the reflection coefficient from the planar struc-
ture using the optimized spherical coating [Table IV(a)], and

is the outer radius of the coated spherical structure. It
is observed that the computational results for the frequencies
above 0.3 GHz closely resemble the results obtained using the
GO formula.

As noted from Fig. 5, the RCS for the spherical structure is
more similar to the RCS of the cylindrical structure for
mode (Fig. 4). The reason is that for case the surface cur-
rent, as shown in Fig. 6, is in thedirection, and it shows sim-
ilarity to the current direction on the spherical geometry. How-
ever, in case the current is in thedirection (Fig. 6) and
does not resemble any current distribution on the spherical sur-
face.
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(a) (b) (c)

(d) (e)

Fig. 7. Bistatic RCS of the conducting cylinder (TE case), without and with coating [Table III(a)]. (Diameter of the cylinder varies between1 �� 10 � in the
optimized frequency range of 0.2–2 GHz.) (a)� = 180 (monostatic). (b)� = 135 . (c)� = 90 . (d)� = 45 . (e)� = 0 (forward scattering).

Fig. 8. Bistatic RCS of the conducting cylinder (TE case) in the deep shadow region (� = 0 ), without and with coating [Table III(b)]. (Diameter of the
cylinder varies between1 � � 10 � in the optimized frequency range of 0.2–2 GHz.)
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(a) (b) (c)

(d) (e)

Fig. 9. Bistatic RCS of the conducting sphere (E-plane), without and with coating [Table IV(a)]. (Diameter of the sphere varies between1 � � 10 � in the
optimized frequency range of 0.2–2 GHz.) (a)� = 180 (monostatic). (b)� = 135 . (c)� = 90 . (d)� = 45 . (e)� = 0 (forward scattering). In order to show
the range of RCS variations, the dynamic range in these plots varies from�60 to 70 dB in contrast to the cylindrical case with an 80-dB dynamic range (Fig. 7).

B. Bistatic RCS Reduction and the Deep Shadow Region

As mentioned earlier, the optimal coating is obtained for re-
ducing the monostatic RCS. The effect of the coating on RCS
of the conducting cylinder in other directions is presented in
Fig. 7. In this figure, the bistatic RCS of the cylindrical struc-
ture with and without coating, for case, in different direc-
tions (monostatic), , , , and (forward
scattering) are shown. As observed, the bistatic RCS in the lit
region as well as the monostatic RCS is strongly reduced. Ad-
ditionally, it also follows the GO formula (6) in the lit region.
Although the optimal coating is achieved for reducing the mono-
static RCS due the existence of lossy materials, this coating also
reduces the RCS in other directions expect in the deep shadow
region. This can be explained by recognizing the fact that in the
deep shadow region the scattered field is usually 180out of
phase with the incident field and so there should be a high level
of scattered field, no matter which type of composite coating
is used. Note that at low frequencies, as mentioned earlier, the
coating is almost the same as a perfect conductor and it only in-
creases the size of the cylinder.

To further evaluate the possibilityofRCS reduction in the deep
shadow region, an optimization was performed to specifically
reduce the bistatic RCS of the conducting cylinder in the deep
shadow direction ( ). Table III(b) shows the optimal mate-
rials for this trial. The bistatic RCS in the deep shadow region is
plottedinFig.8andit reveals thateventhisoptimalcoatingcannot
reduce theRCS in thedeepshadowregion.For case,similar
observationsfor thebistaticRCSareobtained.

Bistatic RCS of the conducting sphere, coated with the op-
timal RAM for reducing the monostatic RCS [Table IV(a)] is
investigated in Fig. 9. The bistatic RCS is plotted in-plane
for different elevation angles (monostatic), , ,

, and (forward scattering). Due to the existence of lossy
materials, the bistatic RCS in the lit region as well as the monos-
tatic RCS is reduced considerably. However, similar to the cylin-
drical structure, in the deep shadow region the scattered field is
180 out of phase with the incident wave and there is a high
level of scattered field, as shown in Fig. 9(e). Table IV(b) and
Fig. 10 show the optimal RAM and bistatic RCS of the spher-
ical structure in the deep shadow region ( ), and as men-
tioned, the optimal coating only increase the size of the sphere
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Fig. 10. Bistatic RCS of the conducting sphere (E-plane) in the deep shadow region (� = 0 ), without and with coating [Table IV(b)]. (Diameter of the sphere
varies between1 � � 10� in the optimized frequency range of 0.2–2 GHz.)

and cannot reduce the bistatic RCS in the deep shadow region.
The bistatic RCS in the -plane has almost the same behavior as
the -plane. Note that, as expected, in the lit region the bistatic
RCS follows the same GO formula as in (8).

V. GA TECHNIQUE WITH HYBRID PLANAR/CURVED SURFACE

IMPLEMENTATION

This section focuses on designing an optimal RAM coating
for the curved surfaces using the GA technique via a hybrid
planar/curved surface population initialization. In general, ob-
taining the optimal coating for the curved surfaces compared
to the planar structures is more complex and much more time
consuming. Clearly seeking an efficient optimization procedure
for curved surfaces is desirable. For instance, the computer run
time in obtaining the reflection coefficient of the coated planar
structure on an HPC-180 workstation is about 0.0006 s, while
the RCS of the coated spherical structure is obtained in about
0.252 s. This shows that there is a huge computational time dif-
ference in synthesizing the wide-band absorbing materials for
spherical structure compared to the planar structure. This sec-
tion investigates the question of the effectiveness of using the
best population for the planar RAM as the initial population in
the GA technique in designing an optimal RAM for curved sur-
faces.

Fig. 11 shows the RCS of a conducting sphere coated with
the optimal planar coating [Table II(a)] and compares it with
the RCS of a sphere coated with the optimum spherical coating
[Table IV(a)]. It is observed that the optimized coating corre-
sponding to the planar structure creates an almost the same char-
acteristic as with the optimal spherical coating and reduces the
RCS of the spherical structure considerably. Note that the op-
timal planar coating on the HPC-180 workstation is achieved in

about 1 min, while it takes approximately 7 hr to obtain the op-
timal spherical coating on this workstation. This computational
time is for evaluating the RCS for 100 generations (initial pop-
ulation was randomly selected), included 100 individuals per
generation, at ten different frequency points (i.e., 10RCS com-
putations). The convergence curve for this optimization process
is shown in Fig. 12. It is observed that it takes nearly 40 genera-
tions before the convergence curve approaches the final result.

Next, the GA optimizer is initiated using as its initial popu-
lation the best population obtained from the optimal design of
the planar structure to design the optimal spherical coating as
represented in Table V. The convergence curve for this imple-
mentation is also shown in Fig. 12. It is clearly observed that the
optimization process requires significantly less number of gen-
erations to approach the final design. As expected due to the in-
herent robustness of the GA optimizer, no matter what the initial
population the final optimal result is almost independent of the
initial population. However, starting with a better initial popu-
lation one can expedite the convergence rate noticeably. Fig. 11
compares RCS of RAM coated sphere using various schemes as
discussed above.

These observations may suggest that the optimal coating for
an arbitrary shaped structure may be obtained by first analyzing
the multilayered planar structure and determining the best pop-
ulation for minimizing its reflection coefficient. Next, this pop-
ulation should be used as the initial population for the GA opti-
mizer applied to the curved surfaces to allow for rapid determi-
nation of the optimal coating for the curved structures.

VI. CONCLUSION

In this paper, a novel procedure for synthesizing RAM in
a wide-band frequency range for reducing RCS of curved tar-
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Fig. 11. Comparison of the RCS of the conducting sphere coated with the optimal spherical coating [Table IV(a)], optimal planar coating [Table II(a)], and
optimal spherical coating using GA hybrid planar/curved surface implementation (Table V). (Diameter of the sphere varies between1 �� 10 � in the optimized
frequency range of 0.2–2 GHz.)

Fig. 12. Convergence curve of the GA hybrid planar/curved surface implementation compared to the GA method for RCS reduction of the conducting sphere.
(Diameter of the sphere varies between1 � � 10 � in the optimized frequency range of 0.2–2 GHz.)

gets is presented. Multilayered planar, cylindrical, and spherical
canonical structures are analyzed using the modal solutions of
Maxwell’s equations. Subsequently, the GA optimization tech-
nique is integrated with the modal solutions to obtain the op-
timal absorbing materials for RCS reduction. Since the GA pro-

duces the global solution without requiring much information
about the solution domain, it has been found to be a very effec-
tive method for obtaining the optimal coating. An in-depth study
was performed to evaluate the potential usage of the optimal
planar coating as applied to the curved surfaces. It is observed
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TABLE V
OPTIMUM RAM DESIGNED BY GA HYBRID PLANAR/CURVED SURFACE

IMPLEMENTATION FOR THE 148 CM DIAMETER CONDUCTING SPHERE.
(MONOSTATIC CASE) (0:2 � f (GHz) � 2)

that the optimal planar coating can noticeably reduce RCS of
curved structures. This observation was essential in introducing
a novel efficient GA implementation using as part of its initial
generation the best population obtained for the planar RAM de-
sign. These results suggest that the optimal RAM for a surface
with an arbitrary curvature may be determined by applying the
GA technique.

It is shown that for the structures studied in this paper by a
proper composition of absorbing materials, the monostatic RCS
of the planar, cylindrical, and spherical conducting structures
is reduced about 27 dB in the optimization frequency range of
0.2–2 GHz. In the resonance region, the coating absorbs the
energy of the incident wave strongly; however, as one extends
to the Rayleigh region the finite conductivity of some of the
RAM makes the coating act like a perfect conductor and the
RCS cannot be reduced as effectively as in the resonance region.
Around the geometrical optics region, the relative permittivity
and permeability of the materials are decreased and the coating
cannot control the RCS of the structure effectively.

The bistatic RCS reduction of the coated conducting cylin-
drical and spherical structures has also been investigated. It has
been observed that, although the optimal coating was achieved
for reducing the monostatic RCS, due to the existence of loss, it
has also reduced the bistatic RCS in the lit region. In the deep
shadow region no matter which type of coating is used the scat-
tered field is almost 180out of phase with the incident wave.
Therefore, the optimal RAM only increases the size of the struc-
ture and cannot reduce the bistatic RCS.

In addition, the effectiveness of the optimal planar coating
in designing the optimal RAM for the curved surfaces is inves-
tigated. It has been shown that the optimal planar coating has
almost the same effect as the optimal spherical coating in re-
ducing the monostatic RCS of spherical structures. Addition-
ally, the best population for the planar coating is integrated as
the initial population for an efficient GA technique to obtain the
optimal coating for the spherical structure. It has been shown
that this implementation of GA has a very fast convergence rate.
This suggests that for the sake of the computational time reduc-
tion, the optimal RAM for curved surfaces can be obtained using
the GA technique with the hybrid planar/curved strategy.
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