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Abstract

Genetic algorithm (GA) is a popular optimization technique used in the design of performance improved microstrip
patch antennas (MPAS). The fitness function plays a vital role in the successful application of GA in MPAs. This paper
investigates the performance of several fitness functions for achieving bandwidth improved MPAs.
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1. Introduction

Among the performance improvement techniques, genetic algorithm (GA), which is a powerful optimization technique,
has shown to be useful in a wide area of electromagnetics [1-4]. GA has been used to enhance the performance of
microstrip patch antennas (MPAS) by optimizing the bandwidth, resonating frequency, directivity, gain, size etc. which
results in non-conventional patch geometries. When there are several current paths on the patch, MPAs show multiband
[5-11] performance. When such multiple resonant bands are close enough to overlap, MPAs show broadband [10-17]
performance. Longer meandering current paths on the patch lead to miniature [18-20] performance. Furthermore, in-
phase currents result in high-directivity [21-22] MPAs. Moreover, GAO has been used to design MPAs with broadside
radiation [23].

In order to improve the performance of MPAs, one or more of several parameters such as patch geometry, feed position
and substrate thickness & permittivity can be tuned using GA. The appropriate formulation of the fitness function is
very important in the success of optimization procedure. It serves as the link between the physical problem being
optimized and GA. Therefore, it impacts the speed of simulation, convergence rate and ability to find the optimized
design, etc. If the calculation of fitness is complex and time consuming, then the simulation speed reduces. In addition,
defining of a poor fitness function does not facilitate fast convergence towards the optimized design. Sometimes, the
fitness function may find a good design instead of the optimized design. Therefore, it is necessary to define the fitness
function carefully, in order to converge towards the optimized design.

Different fitness functions have been used by researchers to design MPAs. In some designs [1] the goal was to
minimize the maximum S11 magnitude at several frequencies. Summation of reflection coefficient values over a range
of frequencies is another fitness function presented in the literature [24]. In some designs [9], [13], reflection coefficient
values were summed, while considering the values less than -10 dB as -10 dB. The same method was used in [25] by
considering values less than -15 dB as -15 dB. Summation of reflection coefficient values, weighted by a half-sinusoidal
function is proposed in [26]. In [11], percentage of reflected power averaged over several frequencies in the bandwidth
has been assigned as the fitness. In addition to the reflection coefficient values, electric field strength normal to the
patch [27], input impedances [28] and errors due to wave reflection/ transmission at the input ports [5] were also
included in the fitness functions. In the present paper, several fitness functions are compared and a new one is
introduced in order to obtain a broadband MPA.
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The paper is divided as follows. Section 2 explains the antenna configuration and GA optimization procedure. Section 3
illustrates four fitness functions available in the literature and introduces a novel fitness function. Five MPAs are
optimized by using these fitness functions and their bandwidth performances are compared. Section 3 describes an
overlapping method of cells, which simplifies the fabrication process. Finally conclusions are given.

2. Antenna configuration and GA optimization

An experiment is conducted to investigate a suitable fitness function to design broadband MPAs. Five fitness functions,
which were maximized in the search for the optimum solution, are used in GA to optimize the performance of the MPA.
The patch is etched on a substrate of Neltec NX9320 (IM) (tm), which has a relative permittivity of 3.2, a loss tangent
of 0.0025 and a height of 6 mm. The length and the width of the patch are 17.5 mm and 26 mm respectively which have
been chosen so that a simple rectangular MPA resonates at 4000 MHz in the fundamental mode. The substrate size is 40
x 45 mm? on a ground plane with the same dimensions. A 50 Q coaxial cable is used to feed the antenna with the
diameter of the inner conductor of the probe feed being 0.7 mm.

The conventional rectangular MPA is narrowband operating from 3840 MHz to 4200 MHz. Therefore, its fractional
bandwidth (S1;<-10 dB) is 9% (figure 1).
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Fig. 1: Rectangular MPA. (A) Antenna Configuration Showing the 48 Cells Used for the GA. (B) Sy Plot.

It is fragmented into 48 cells to search the best solution of conducting cells. The first 48 bits of the chromosome are
used to define the patch geometry, by assigning conducting or non-conducting properties to each cell. As there are only
two possible values, binary coding is used. Next five genes of the chromosome are used to define the feed position
(Table 1).

Table 1: Format of the Chromosome for Genetic Patch

Patch geometry Feed position

O.eeninnn. 47 48............ 52

The GA architecture employs 20 chromosomes per generation. Binary tournament selection method is used to select
pairs of chromosomes. The crossover operation is performed with probability of 100%. The probability of mutation is
1.5 %. GA operations are applied until the best fitness converges.

3. Results

3.1. First fitness function

The first fitness function considers the reflection coefficient in dB only at 4000 MHz (equation 1). It is organized to
make a maximization problem, as the reflection coefficient values are negative.

F=-p(fj), 1
where p(f ) is the reflection coefficient at frequency f; .

The optimized MPA has a fractional bandwidth of 10%, which is slightly larger than that of a rectangular MPA (Figure
2a). This fitness function is suitable to design an MPA with very low reflection coefficients at the resonant frequency,
but it does not support to design broadband MPAs.
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3.2. Second fitness function

The second fitness function considers the summation of reflection coefficient values in dB around the resonant
frequency [1], [24], which is 4000 MHz (equation 2). In this case also, reflection coefficients are multiplied by -1 to
make a maximization problem as follows:

f2
F=- % p(f), @)
fj=Ff1

where frequency range is from f1 tofo, containing N number of samples.

Initially, reflection coefficient values at two frequencies (f1=3750 MHz and fo =4250 MHz) have been considered
with N =2. This fitness function leads to a discontinuous frequency band of operation as shown in Figure 2b. This is
due to the large gap between the two frequencies considered. Therefore, N =11 has been considered, where the fitness
function consists of reflection coefficient values, at every 100 MHz between fq=3500 MHz and f, =4500 MHz The

optimized design has a fractional bandwidth of 16% which is considerably large (Figure 2b). Results show that this
fitness function also results in narrow band designs with lower reflection coefficient values, instead of broadband
designs.

3.3. Third fitness function

The third fitness function consists of reflection coefficient values in dB taken at 100 MHz intervals over the range of
1000 MHz from f1=3500 MHz to f, =4500 MHz with N =11. In order to avoid the solutions of narrow bandwidth

with very low reflection coefficient values and to increase the bandwidth as much as possible, reflection coefficient
values less than -10 dB are considered as -10 dB [9],[13]. Therefore, the fitness function is defined as

f2
F=- X L(fj) 3
fj=Ff1

Where

fi fi >-10dB
L(fi)= P(l:)()deB p( i )dB _ @)

- p(fi)ds <-10dB

The optimized design has a bandwidth of 28% operating in the frequency range from 3510 MHz to 4630 MHz (Figure
2¢).

3.4. Fourth fitness function

The fourth fitness function consists of reflection coefficient values in dB obtained at 100 MHz frequency steps in the
frequency range from f4=3500 MHz to f, =4500 MHz, weighted by a half sinusoidal function [26] (equation 5).
fa _
F=- ¥ plfj)sin™ 734
fi2f 1.2
The optimized design has a bandwidth of 21% operating in the frequency range from 3470 MHz to 4270 MHz (Figure
2d).

®)

3.5. Fifth fitness function

Another fitness function is defined to avoid the solutions of narrow bandwidth with very low reflection coefficient
values and to increase the bandwidth as much as possible. In this case also, the fitness function is defined by summing
the magnitudes of the reflection coefficient p taken at 100 MHz intervals over the range of 1000 MHz, by forcing
reflection coefficients between -10 dB and -15 DB. Therefore, the fitness function is defined as

p(fi) p(fj)=-10dB
L(fi)= —15dB —-15dB < p(fj) <-10dB
-30dB - p(fj) -30dB < p(fj) <-15dB

0 p(fi)<-30dB

(6)
The optimized design has a bandwidth of 33 % operating in the frequency range from 3630 MHz to 5080 MHz
(Figure3).
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Fig. 2: Sy; Plots of the Optimized Designs for Different Fitness Functions. (A) For the First Fitness Function. (B) For the Second Fitness Function.
(C) For the Third Fitness Function. (D) For the Forth Fitness Function.
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Fig. 3: Optimized Design for the Fifth Fitness Function. (A) Patch Geometry. (B) Si1 Plot.

The results are summarized in Table 2. According to the results, the best fitness function to design broadband MPAs is
the fifth fitness function. It can be modified as

fo fq
F=—| Y LEj)+ X LE])+o 7
fj=f1 fi=f3

wherefq tof,, fg to f4 and so on are the required frequency bands to design multiband MPAs which operate in two
or more frequency bands.
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Table 2: Fitness Function vs. Bandwidth Performance of Optimized MPAs

-10 dB impedance

Fitness function bandwidth (%)

F=-p(fi) 10
fo
F=- X po(fi) 16
fi=f1
f2 P(fidgs A(fi)dp =-10dB
F=— Y L(fi) L@F;)=1""" !
fi2fy fi) L) {—10dB o(fi)dp <-10dB 28
f2 z(f —34
Fem £ ppsin™ 2 21
fi =f1 L
i) p(fi)=-10dB
~15dB ~15dB < p(f ) <—10dB
L(fi)=
i) -30dB — p(fj)  —30dB < p(f;)<—-15dB 33
0 p(fj)<-30dB

4. Practical considerations

The traditional method of using on/off building blocks to make cells contact each other by infinitesimal points may pose
a connection problem, when manufacturing the MPA, due to the tolerances of chemical etching [9, 26]. To avoid having
cells contacting each other by infinitesimal points, an overlapping based on a shifting of cells along the vertical axis is
proposed in combination with the best fitness function. This technique simplifies the fabrication of MPAs obtained
through GA optimization.

The optimized design obtained by using the best fitness function with overlapping cells is shown in Figure 4. In
addition to advantages in fabrication process, this design improves the bandwidth too. The optimized design has a
bandwidth of 35 % operating in the frequency range from 3490 MHz to 4950 MHz.
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Fig. 4: Optimized Design with Overlapping Cells. (A) Patch Geometry. (B) Sy; Plot.
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5. Conclusions

Five different fitness functions have been considered for obtaining bandwidth optimized MPAs. The last of the five
fitness functions proposed in the paper obtains a fractional bandwidth of 35%. This has been achieved by tuning only
the patch geometry and feed position in the optimization. The bandwidth could be further improved by including other
parameters such as substrate properties as well.
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