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Array Antenna
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Abstract—The design of an optimized planar dipole array
(OPDA) antenna is presented using particle swarm optimization
(PSO), a well-known global optimization method. The planar
dipole array (PDA) elements’ lengths and widths and the spacing
between them were the optimization parameters, and the antenna
input’s VSWR and gain were optimization goals. In the optimiza-
tion procedure, the fitness functions were evaluated by FEKO,
which is commercial momentum-based software. A significant size
reduction was achieved by exerting constraints on the optimization
parameters. At the same time, the antenna characteristics, such as
gain, bandwidth, and cross-polarization ratio, were not sacrificed
in the compact-optimized antenna.

Index Terms—Optimization methods, planar log-periodic dipole
array antennas, size reduction.

I. INTRODUCTION

L OG-PERIODIC dipole array (LPDA) antennas are exten-
sively used in different applications due to their broad-

band characteristics, high gain, and low cross-polarization ratio.
The LPDA consists of a number of dipole elements. Their per-
formance depends on the choice of the proper elements’ lengths
and the proper spacing between them. Several studies were de-
voted to the wire-type LPDA at Illinois University during the
1960s [1], until finally, Carrel presented a method for its design
in [2]. The advantages of planar antenna such as low weight,
ease of manufacture, and integration with widely used planar
microwave circuitry have led to the implementation of planar
LPDA (PLPDA) antennas. Thus, different methods have been
used for implementing PLPDA antennas [3]–[6] and, recently,
several attempts have been made to reduce their sizes [7]–[11].

One way to make PLDPA dimensions smaller is to use me-
ander dipoles [10]. This method, presented by Gheethan, de-
creases the PLPDA dimensions in both directions of the antenna
boom length and dipoles’ length. However, it decreases antenna
gain [10] and increases the cross-polarized field components be-
cause of the dipoles’ bends and the currents that are vertical to
dipoles’ axes [11].

Another technique to reduce the size of a PLDPA is to use
Koch-dipoles, first introduced by Anagnostou [9]. By applying
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this method, the dipoles’ length decreases, but the length of the
antenna boom does not. However, it leads to lower gain and
front-to-back ratio and also limits the antenna bandwidth. In
addition, folding dipoles increases the currents that are vertical
to the dipoles’ axes and, consequently, increases the cross-po-
larized component of the field. In this method, fractalization
also causes higher detrimental effects on the gain, front-to-back
ratio, bandwidth, and cross polarization [9].

Another method to decrease the width of a PLPDA antenna
in the direction of dipoles’ length is to use a fractal tree, which
was offered by Qui [7] and improved by Baixiao [8]. Decreasing
antenna size was achieved at the expense of reducing antenna
gain [7], [8]. The cross polarization and front-to-back ratio are
not reported, but the detrimental effects are likely due to current
elements, vertical to dipole trees.

In this letter, the size of a planar dipole array (PDA) antenna
is reduced without sacrificing gain, bandwidth, and cross-po-
larization ratio by applying a global optimizing method to its
structure. Achieving the desired values of gain and bandwidth
are the optimization goals. Moreover, the size reduction is suc-
cessfully achieved by limiting the optimization parameters in
the procedure.

In the conventional method of designing PLPDAs based on
the wire-type LPDA design [2], variables are the lengths of the
first and last dipoles defined by the upper and lower frequencies
of the desired band, respectively [5], and also the parameters
and are chosen using the diagram shown in [2]. The lengths
of other dipoles and the spacing between them are given in [2]
and [5].

However, in this letter, the lengths and widths of all dipoles
and the spacing between them are chosen as the optimizing
parameter in order to reach a compact-optimized PDA struc-
ture. Because of the huge number of variables, the dimensions
of the optimization-space will be increased, which makes it
very time-consuming. In this letter, particle swarm optimiza-
tion (PSO) [12], an easily implementable and effective global
optimization method, is used to optimize the PDA antenna. In
Section II, the difficulties of the optimization problem are ex-
plained, and then proper solutions are suggested. In Section III,
this optimization method is implemented in an -band PDA,
and the results are presented in a size-reduced antenna with
good performance. The compact-optimized PDA is manu-
factured, and a good agreement is demonstrated between the
measured and simulated results.

II. PROCEDURE FOR DESIGNING AN OPTIMIZED PLANAR

DIPOLE ARRAY

General optimization of a problem can be achieved by im-
plementing each of the global optimization techniques such as
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Fig. 1. Considered PDA antenna structure with its parameters contributing to
the optimization.

genetic algorithm (GA), PSO, etc. Here, the PSO method was
applied because of its easy implementation and effectiveness.
Each technique needs to define an optimization space and a fit-
ness function, both of which have significant effects on the op-
timization results. Therefore, their definitions in this letter are
explained as follows.

A. Optimization Space

Different ways for planar implementation of the LPDA an-
tenna were used in [3]–[6]. Although optimization can be imple-
mented on each of them, in this letter, the differential feeding [6]
and conventional feeding were considered. Generally in differ-
ential feeding, a rectangular patch will be placed on the input
of the antenna and improve antenna matching [6] and also the
SMA connector placed on the input patch.

A typical graph of the considered PDA structure along with
its parameters is shown in Fig. 1. The optimization parameters
are the dipoles’ lengths and widths, the space between them, and
the parameters of feeding patch.

The bounding value of the shortest dipole length was defined
as , where is the permittivity of the substrate and
is the free-space wavelength relating to the highest frequency
of the desired antenna bandwidth. Each following dipole length
should be greater than the precedent. The bounding value of the
shortest width of the dipole was defined as the value needed for
the desired characteristic impedance [5]. Since the impedance is
determined by the length-to-width ratio, each following dipole
width also should be greater than the precedent. The shortest
dipole spacing is shown in Fig. 1, the bounding value of which
was determined as [2], where is dipole’s element length
and is computed from the diagram in [2]. Thus, each of the
following dipole spacings should be greater than the precedent.
According to the description, optimization parameters are de-
fined as follows:

(1)

(2)

(3)

where , is the index of shortest dipole
element, and , , and are the length, width, and spacing
of other dipoles. , , and are the added values to
each of the previous shorter dipoles. All of these variables— ,

, , , , and —are optimization variables.
For controlling the total size of the PDA after optimization,
some limitations should be considered on the upper bounds of
optimization variables.

Finally, the bounding of the feed-line width was defined as
the desired value needed for the impedance of 50 . The pa-

Fig. 2. Fitness function calculation.

Fig. 3. FEKO and MATLAB correlate with each other.

rameters relating to the input feed patch were also considered
as the optimization variables.

B. Fitness Function Definition

First, the concept of antenna fitness will be explained. Be-
tween two antennas with suitable VSWR, the one with a better
VSWR but lower gain is not preferred. Therefore, the antenna
fitness will conditionally be defined. In this manner, the antenna
VSWR, which is indicative of the antenna bandwidth, should be
a specified value in the whole of the desired bandwidth. Then,
between the cases that are meeting this requirement, the one that
has the best gain is preferred. The fitness-function definition of
this letter is demonstrated in Fig. 2. In this figure, ,
having a positive real value, is a criterion for matching the an-
tenna in the th frequency sample, i.e., the less , the
less antenna VSWR in the th frequency sample. The fitness
function is defined as the sum of the in all fre-
quency samples. To increase the gain of well-matched antennas
and decrease the fitness function, a weighted ( is the weighting
factor) least antenna gain in all frequency samples will be sub-
tracted from the sum of if is less than
the specified value of for every frequency sample. Because
of this fitness definition, the optimization goal decreases the fit-
ness function.

Inside the PSO code that is written in MATLAB, any particle
is an antenna candidate, which is written in a text file and run
by FEKO. Additionally, the output of simulation in FEKO is a
text file that is read by MATLAB. These software can correlate
with each other (Fig. 3).

Because the fitness function is calculated repeatedly, the time
of antenna analysis should be decreased. A feature of FEKO
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TABLE I
PARAMETER OF PDA AFTER OPTIMIZATION

Fig. 4. Printed circuit board (PCB) of compact-optimized PDA. (a) Conven-
tional feeding. (b) Differential feeding.

software is its use of the green function for the multilayer di-
electrics in order to increase the analyzing speed. Also, the pop-
ulation fitness was calculated in parallel.

III. IMPLEMENTING OPTIMIZED PLANAR DIPOLE ARRAY AND

THE RESULTS

An antenna in the -band is designed with the reduced size
and 9 dBi gain in order to show the advantages of the proce-
dure explained in Section II. Following the conventional method
of designing an LPDA antenna for 9 dBi gain led to a scale
factor and spacing factor values of 0.9 and 0.18, re-
spectively [2]. In this method, 10 dipoles are required for a
2–4-GHz bandwidth. The final dimensions of an antenna can
be controlled by limiting the value of the upper bounds of the
optimization variables. It is worth mentioning that very small
values can cause inaccessibility to the optimization objectives.

The RT/duroid 5880 board with 3.175 mm thickness,
, and was used. After implementing the opti-

mization, the parameters defining the elements’ structure were
obtained (Table I). The , , , and achieved 9.0,
13, 3.25, and 5.6 mm, respectively.

The position of the antenna toward the coordinate axes is de-
picted in Fig. 4, where it is evident that the main beam was set

TABLE II
CALCULATION OF � AND � FOR COMPACT OPTIMIZED PDA

Fig. 5. Measurement �–� and FEKO result �- -� for E-plane and H-plane of
compact-optimized PDA. (a) H-plane, 2 GHz. (b) H-plane, 3 GHz. (c) H-plane,
4 GHz. (d) E-plane, 2 GHz. (e) E-plane, 3 GHz. (f) E-plane, 4 GHz.

toward the -direction. The total width of the optimized an-
tenna is 61 mm, and its total length is 142 mm. The area of the
trapezoid-like shape of our antenna is 5254 mm .

To compare the results obtained for optimized planar dipole
array (OPDA) using the PSO method with the ones obtained
by the classical method of designing PLPDA antennas, which
is based on designing wire-type LPDA [2], the coefficients of
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Fig. 6. Cross-polarization component for E-plane and H-plane of compact-op-
timized PDA. (a) H-plane, 2 GHz �–�, 3 GHz �- -�, 4 GHz �- � -�. (b) E-plane,
2 GHz �–�, 3 GHz �- -�, 4 GHz �- � -�.

Fig. 7. The measurement of VSWR of the compact-optimized PDA, differen-
tial feeding �–�, conventional feeding �- -�.

and can be calculated for the OPDA using the parameters
summarized in Table I. These values are shown in Table II.

As can be seen in Table II, does not have a constant value
and decreases from 0.185 to 0.035, which means that the value
of is smaller for the smaller branches (larger ). When is
calculated based on the spacing ratios, these values will be vari-
able and decrease from 0.944 to 0.429. In the classical design,
the obtained amount of is 0.9. Thus, smaller branches have
more compressed spacing in comparison to the conventional de-
sign (with the constant value of and ). These explanations
specify the way the dimensions of this OPDA antenna decrease.
The results of simulation and measurement of the OPDA are de-
picted in Figs. 5–7.

For showing the advantages of the mentioned technique, the
OPDA was compared to the references ones [10], [11], which
were designed by conventional methods. Their dimensions were
decreased in both the length and width of PLPDA using the me-
ander dipole technique. The dimension of the OPDA was the

same as the dimension of the antenna compacted by the meander
dipole. Furthermore, the VSWR bandwidth of the optimized an-
tenna continued up to 5.75 GHz, which was more than the band-
width of the antennas designed by the conventional and meander
dipole methods [10], [11]. The gain measured for the OPDA an-
tenna was between 8.5 and 10 dBi in 2–4 GHz, while the me-
ander dipole antenna provided the maximum gain of 7.5 dBi.
Beyond 4 GHz, the gain of the OPDA decreases rapidly and its
cross polarization increases.

IV. CONCLUSION

The optimization method of a PDA antenna for decreasing
its dimensions was discussed with the minimum detrimental
effects on the pattern and bandwidth of the antenna. An an-
tenna with the reduced size, high gain, and required bandwidth
was elaborated. An -band OPDA antenna was implemented in
order to show the advantage of this method. This antenna had
VSWR from 2 to 5.75 GHz. Its gain was 8.5–10 dBi, and a
value of cross-polarization ratio less than 20 dB was obtained
in the 2–4-GHz band.
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