
Figure 8 Variations of the different gains with frequency for
Si�MOSFET

device incorporating the channel-length modulation effect,
and give better insight into the device frequency behavior at
HF and for a direct extraction of RF model parameters.
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( )ABSTRACT: A genetic algorithm GA has been de�eloped for design-
ing single-shaped reflector antennas for the synthesis of shaped contour
beams. The graphical processing technique is used in order to obtain the
antenna radiation patterns �ery efficiently. Results comparing with the
classical conjugate gradient are included to pro�ide �alidation. � 2000
John Wiley & Sons, Inc. Microwave Opt Technol Lett 27: 358�361,
2000.
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1. INTRODUCTION

In many applications, antennas whose radiation patterns fit
the shape of a desired coverage region are needed. Shaped
contour beams can be obtained using an array-fed parabolic
reflector, a direct radiation planar array, or shaped single

� �reflector antennas 3�4 .
In this paper, we present a new method for designing

single-shaped reflector antennas in order to configure the
far-field radiation pattern to the desired shape. This method

Ž . � �incorporates a genetic algorithm GA 5 as the optimization
technique. Only recently have GAs been applied in electro-

� �magnetic problems 6 . As GAs are iterative techniques,
many radiation patterns must be computed. Consequently,

Žthey are computed by the very efficient GRECO g raphical
.electromagnetic computing program, which uses the graphi-

� �cal processing technique 1�2 .
On the other hand, in order to reduce the number of

degrees of freedom, to have local control of the shape of the
surface, and to ensure surface continuity, reflector antennas

Ž .have been modeled by parametric surfaces NURBs .

Contract grant sponsor: Spanish Comision Interministerial de Ciencia y´
Ž .Tecnologıa CICYT´

Contract grant number: Project TIC 98-1037
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Finally, in order to analyze the behavior of such a tech-
nique, results using a GA are compared with those using the
classical conjugate gradient.

2. REFLECTOR ANTENNA DESIGN: GENETIC ALGORITHM

The design of shaped reflector antennas is not a direct
problem. Consequently, it is necessary to use optimization
techniques for obtaining the geometry that best fits the
required shaped contour beam. In this paper, we present a
genetic algorithm developed for this purpose. Simulations
using this algorithm have been compared with others using

Ž . Ž .the classical conjugate gradient method CG see Section 3 .
The genetic algorithm, as well as conjugate gradient, are

iterative methods. Consequently, many reflector surface con-
figurations will be defined and analyzed in the design process.
The GA presented in this paper uses, in fact, nonrational

Ž .B-spline NURBS parametric surfaces for the definition of
� �the reflector antennas 2 . Consequently, each surface shape

is locally controlled with some control points. The z-coordi-
Ž .nates parallel to the revolution axis of some selected control

points are identified as the genes, and the total set of genes
Ž .as a chromosome one element of the population , according

� �to the terminology used in 5 .
In our optimization process, some geometrical constraints

are considered.

� Every designed reflector has the same aperture size. The
contour of the surface shape cannot change.

� In order to guarantee surface and first derivative conti-
nuity, only changes on the z-coordinate of the selected
control points are allowed.

The basic GA developed may be described in the follow-
ing steps.

1. Generate an initial chromosome population of random
genes within the �ariable constraint range.

After identifying the earth region to be covered, a conve-
nient offset parabolic reflector is modeled with a CAD pro-
gram using parametric surfaces. Its surface shape is defined
with the control points. Some control points are selected, and
their z-coordinates configure the chromosome of this struc-
ture. Using a random algorithm, other antennas are obtained

Ž .by varying the z-coordinate parallel to the revolution axis of
those control points. The original antenna is selected as one
member of the population.

2. E�aluate the fitness of the population from the optimiza-
tion function F.

To ensure the coverage of an earth region, some points
are strategically selected inside this region. The objective
function is defined as

N1
Ž .F � F 1Ý iN i�1

with N the number of sample points on the studied region
and

2G � Gci di
F � , for G � Gi ci di� i

Ž .F � 0, for G 	 G 2i ci di

where G and G are the computed and the desired powerci di
gains in linear scale on the coverage region, respectively, and
� is a weighting factor.i

In case power minimization is required in some places,
null-powered points are also identified. At these points, the

Ž .objective function term F is just the contrary:i

2G � Gci di
F � , for G � Gi ci di� i

Ž .F � 0, for G 
 G . 3i ci di

The objective function is computed for each individual of
the population. The best elements are those with the smallest
values of the objective function. The GA procedure tries to
obtain the minimum of the objective function.

3. If F satisfies the design specification, then stop; otherwise,
go to step 4.

4. Generate a new population from the fittest members of the
� �old population by crosso�er followed by mutation 5 .

The worst members of the population are eliminated.
Then, in order to obtain a new population with the same
number of individuals, pairs of the best members are selected

Ž .to act as parents selection process . The parents undergo
crossover and mutation, thereby producing pairs of children.
Then, these offspring are placed in the new generation. The
selection, crossover, and mutation are repeated until enough
children have been created to fill the new generation. The
new generation is the same size as the first one, and com-
pletely replaces the last generation.

Crossover consists of the division of the chromosomes into
two halves and their combination. Meanwhile, mutation
changes the value of some genes in some chromosomes
randomly selected.

5. Go to Step 2.

3. GRAPHICAL PROCESSING TECHNIQUE

As we mentioned, in each design process, the radiation
pattern of many conformed reflector antennas must be com-

Žputed in order to evaluate the optimization function see step
. Ž2 in Section 2 . The GRECO graphical electromagnetic

.computation technique is a very efficient approach for ob-
taining the geometry information required for computing
physical-optics and equivalent edge-current integrals defined
on arbitrarily shaped surfaces and edges that are illuminated
by an incident field. This technique is based on the processing
of an image of the object displayed on the screen of a
workstation or a PC. A detailed description of this procedure

� �is presented in 2 . The optimization of the shaped contour
beam presented in this paper is based on the radiation
pattern computed with PO approximation. Only the reflec-
tion on the reflector antenna has been taken into account.
Nevertheless, the same GA could be applied with other
approximations, for example, those that compute second-

� �order effects in the radiation pattern computation 2 , such as
edge diffraction and�or feeding structure shadows.

4. RESULTS

In this paper, we present the design of a single conformed
reflector antenna for covering Japan from a geostationary
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Figure 1

satellite. Also, it is necessary to avoid radiation toward the
neighboring countries in order to prevent interference with
other signals. Furthermore, the gain on the ocean must be
reduced as much as possible, in order not to lose power
there. A Hewlett-Packard HP-735 workstation with a CRX-
48Z graphics accelerator has been used for the simulations.

Figure 1 shows the reference map, in which the selected
Ž .points in the coverage region Japan with the minimum

Ž .required level 42 dB appear in solid circles. Furthermore,
some open circles show the maximum required power level in

Žthe region where minimum power is desired Korea, Pacific
.Ocean, etc. .

Following the steps presented in Section 2, an initial
parabolic offset antenna was designed with a reflector diame-
ter of 2.3 m and focus at 1.23 m. Its geometrical configuration
is presented in Figure 2. It is necessary to use a large

Ž .reflector diameter of 2.3 m and focus at 1.23 m in order to
obtain high directivity, due to the shape of Japan. The feeder
radiation pattern is cos12.28 � , and the edge taper is �4.79
dB. Its contour beam shape over the coverage region is
shown in Figure 3. The evaluation of the cost function
obtained is 1680.67.

Then, 39 other antennas were obtained using a random
Ž .algorithm see step 1 in the previous section . This makes a

total population of 40 antennas because the original offset
antenna also becomes a member. Chromosomes were defined
with 20 control points. Figure 4 presents the contour beam of
the optimum antenna obtained with the best simulation.

Ž .After three iterations 97 surfaces , the GA process was
finished, and the cost function value of the optimum antenna
was 53.61.

Furthermore, another simulation using the CG algorithm
was carried out. This simulation was 15 times faster. Never-
theless, the function cost decreased only to 1140.48. The
coverage contour lines presented in Figure 5 demonstrate
that the final solution is very far from the optimum.

Figure 2

Figure 3

Figure 4

Finally, other simulations using a GA with a less restric-
tive ending and with the new geometry applying the CG have

Žbeen carried out. The results were similar to but always
.worse than those using a GA with a considerable reduction

of time.

5. CONCLUSIONS

The algorithm developed using GAs has been successfully
used in the design of single-shaped reflector antennas. The
major advantages of the method presented here are the
following.

� As we are using a GA, the probability of obtaining the
real optimum is much higher than that using classical
optimization methods.
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Figure 5

� Although the solutions obtained using a GA with less
restrictive ending and then a CG are not as good as a
GA with a quite restrictive ending, it represents a solu-
tion with a good compromise between time consumption
and accuracy.

� Graphical processing obtains a radiation pattern with a
physical-optics approximation very efficiently.

� Modeling reflector surfaces with NURBS reduces the
number of degrees of freedom to optimize and ensure
local control of the surface shape.

� The technique directly works with the surface shape
Ž .NURBS control points are the genes .

� Each reflector surface is designed using third-order
NURBS. Consequently, no discontinuities on the sur-
face and the first derivative appear.
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ABSTRACT: An adapti�e finite-element method for the analysis of
wa�eguiding structures based on the error at each inner edge of the mesh
is presented. The error indicator is based on the fulfillment of the
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1. INTRODUCTION

Ž .The finite-element method FEM is a versatile technique
� �which allows the analysis of arbitrary waveguides 1 . As a

numerical method, the main drawback of the FEM is its high
computational cost. Figure 1 shows the solution time in an
HP C-160 700 series when a direct eigensystem solver is used.
The computational cost of the problem increases approxi-
mately as n3, where n is the number of edges in the problem.

Several procedures for reducing this cost, such as using
iterative sparse matrix solvers, can be applied. In this context,
adaptive methods try to distribute the degrees of freedom of
the problem in such a way that an accurate solution can be
obtained, maintaining a low number of unknowns. Figure 2
shows the flow diagram of a general adaptive procedure
where, at each iterative step, the problem is solved, an
indication of the error for each element is obtained, and the
mesh is refined in those zones with a bigger error. This
approach has been applied successfully in recent years in
problems of civil engineering and fluid mechanics, and now it

Figure 1 Solving time in the FEM versus number of edges
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