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Abstract—This paper presents an automated design method-
ology for electromagnetic-based (EM-based) optimization of an
array antenna by applying bottom-up approach. Firstly, one
single antenna is optimized then bottom-up optimization (BUO)
method has been implemented by increasing the number of
single antennas, sequentially. The proposed method leads to
automatically find an optimal array by setting the distance
between single antennas. The optimization method is performed
in an automated environment with the help of an electronic design
automation (EDA) tool and a numerical analyzer. The results of
the final design have been compared by means of two EDA tools
such as ADS and HFSS. The optimized array antenna works in
the frequency band from 12.9 GHz to 14.3 GHz. It offers a linear
gain performance higher than 7.5 dB. The simulations in both
ADS and HFSS tools illustrate a good match in S-parameter and
gain simulation output results.

Index Terms—array antenna, automated design, bottom-up
optimization (BUQO), electromagnetic.

I. INTRODUCTION

Recently, wireless and communication systems have played
significant roles in humans’ life which have led to a growth
in the demand for using antennas [1], [2]. Thus, a need
for designing antennas in efficient and effective ways can
be felt [3]. In modern communication system antennas, high
gain and acceptable impedance bandwidth IBW) are required
since antennas with such characteristics are known to be key
components in these electronic systems. Usually, the employed
antennas rely on microstrip technology due to their advantages
such as low weight, reduced space, and easy fabrication [4].

Array antennas are important systems in telecommuni-
cation applications due to the high-gain performance and
well-matched capability for long distance communications
[5]. Designing an array antenna with the use of traditional
methods is not straightforward and needs additional efforts
due to the complexity of the structures. Recently, to tackle
these problems, some optimizations for solving the high-
dimensional issues have been studied and some effective
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methods to design more practical antennas by the means of
optimization ways have been reported in [3], [6]-[8]. Some
of the successfully applied nonlinear optimization methods
[9] for designing antennas include: fruit-fly method [5], par-
ticle swarm optimization [10], and functional surrogate-based
method [11].

In this study, we focus on optimizing an array antenna
automatically by applying bottom-up optimization (BUO)
method. The optimization process is performed in an auto-
mated environment with the combination of an Electronic
Design automation (EDA) tool and a numerical analyzer to
be independent from the designer’s experience [12]. Also,
BUO method is applied in this design as it is a hierarchical
multilevel approach leading to enhanced accuracy [13], [14].
The proposed optimization method provides the automated
platform by the co-operation between ADS and MATLAB
[15] and BUO is applied to determine the: i) number of
single antennas in the array shape, and ii) optimal distance be-
tween single antennas. The proposed automated BUO method
is electromagnetic-based (EM-based) and for validating the
accuracy of optimization method, the array antenna has been
simulated in HFSS environment as well.

Our work is organized as follows: Section II presents
the proposed EM-based optimization method. In Section III,
simulation results of the optimized array antenna are described
and in the final part of this paper a conclusion is presented.

II. PROPOSED AUTOMATED BUO METHOD FOR
DESIGNING HIGH-PERFORMANCE ARRAY ANTENNAS

In this section, detailed descriptions of the different steps
for designing and optimizing array antennas are explained.
The proposed methods use the BUO scheme for automatically
optimizing high performance array antennas starting with
designing a single antenna. The automation consists of creating
a co-operation between ADS and MATLAB [15].



Firstly, a single antenna in the ADS environment has been
deigned and optimized: the related netlist.log file includes
detailed information of the design. Then, this file has been
exported to be used by the numerical analyzer implemented in
MATLAB. After this step, MATLAB handles the optimization
process and ADS is working in the background providing the
related simulation results of each iteration in an output file
(named as spectra.raw). After designing the single antenna, it
is considered in an array configuration. Leading dimensions
are determined by applying the BUO method. This automated
algorithm is based on increasing the number of single antennas
sequentially to improve the gain performance and IBW. In
each level of the process, to modify the results, the number
of the elements is increased, having considered the obtained
results from the previous simulation, until the desired design
specifications are achieved. In this method which is based on
EM simulation, the optimal number of single antennas with the
optimal distance between them are obtained in an equispaced
configuration. This method leads to a successful and reduced
time-to-market optimization process for designing wideband
and high-gain array antennas. The following Algorithm 1,
describes in detail the proposed optimization process.

Algorithm 1 Automated design of array antennas with

bottom-up optimization algorithm
Design of a single antenna

Step-1: Design and optimize a single antenna in ADS.
Preparation of an automated environment

Step-2: Prepare co-simulation environment between ADS and
MATLAB.

Step-3: Extract netlist.log from a large signal S-parameter
simulation environment in ADS for a designed single antenna.
Implementation of the Bottom-Up optimization algorithm
Step-4: To the extracted netlist of Step-3, increase the number
of designed single antenna in Step-1 and iterate the distance
between two single antennas.

Step-5: Run prepared co-simulation environment of Step-
2 and consider the S-Parameter results generated in ’spec-
tra.raw’ file.

Step-6: If the desired design goal is achieved, it is the end of
process else go to Step-4.

III. PRACTICAL ARRAY ANTENNA DESIGN USING THE
PROPOSED OPTIMIZATION METHOD

This section provides the simulation results of the designed
and optimized single antenna and of an array antenna in terms
of S-parameter, gain, and radiation pattern. The operation
frequency band of interest is between 12.9 GHz and 14.3 GHz
and for validating the related outcomes achieved from ADS,
HFSS environment is used as well for comparing the results.

As the first step of the antenna design, the single antenna
has been adopted from [16]. However, it has been further
optimized in the ADS platform. The used substrate has the
specifications as: tan o = 0.0011, ¢, = 3, and the thickness is
1.52 mm. Figure [1| shows the designed single antenna and the
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Fig. 1: Computer-aided design (CAD) model of the single
antenna in ADS environment.

TABLE I: Dimensions of designed single antenna in Fig. 1

Width Xfllr‘r‘l‘; Length Xfl';‘l‘)’
Wi 9 L1 0.25
Wa 9 Lo 0.75
W3 1.25 L3 7
Wy 1.75 Ly 2
Ws 5.75 Ls 35
Ws 1.2 Lg 4.7
W 1.25 Ly 2
Wg 0.75 Ls 1
Wy 4 Lo 13.5
Wio 2.85 Lio 7
Wi 1.8 L1 7
Wis 0.8

detailed dimensions and geometry of the single antenna are
presented in Tab. 1. Figure [2| presents the gain performance
of the single antenna: it is less than 7.5 dB and with heavy
dependence on frequency. The achieved gain is not flat and
there is a noticeable decrease after 13 GHz. The radiation
patterns of the single antenna for ¢=0° and ¢=90° are depicted
in Fig. 3] and Fig. [} respectively.

For having a high flat gain performance for the single
antenna, we apply the proposed BUO method with EM simu-
lations in ADS environment. By using this method, the number
of optimal single antennas with the optimal distance between
two consecutive antennas is achieved. Figure [ shows the
optimized antenna which is the array format of the designed
single antenna in Fig. [T} In the light of BUO method, the
gain performance of the single antenna has been improved
and modified to be wideband and linear with respect to the
impedance bandwidth as shown in Fig. [6| and Fig. [7} Figure [¢]
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Fig. 2: Gain performance of the designed single antenna.
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Fig. 3: Radiation pattern of designed single antenna for ¢ = 0°
at f1=12.9 GHz (red), fo=13.5 GHz (blue), and f3=14.3 GHz
(green).
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Fig. 4: Radiation pattern of designed single antenna for ¢ =
90° at f1=12.9 GHz (red), f>=13.5 GHz (blue), and f3=14.3
GHz (green).

depicts S1; simulation results of the optimized array antenna
in the mentioned frequency range of 12.9 GHz - 14.3 GHz.
The gain, shown in Fig. [7} exhibits a linear performance in
comparison with the gain results of the single antenna. S-
parameter and gain results obtained from ADS platform for
the array antenna are compared with the results obtained from
HFSS environment and show good agreements. The radiation
pattern of the array antenna for 0° and 90° are shown in Fig.
[ and Fig. O respectively for three different frequencies. Three
dimensional radiation patterns of the optimized array antenna
is also presented in Fig. [I0]at the frequency of f = 13.5 GHz.

1 st 2 nd 9 th

19.2
6.6 9.6
2.85¢
Feeding 160.8
Point

Fig. 5: Automatic EM-based optimized array antenna in ADS
using BUO method; all dimensions are in mm unit. The
distance between single antennas are equal.
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Fig. 6: S1; simulation results of optimized array antenna in
ADS and HFSS tools.
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Fig. 7: Gain performance of the optimized array antenna in
ADS and HFSS tools.

IV. CONCLUSION

In this work, EM-based bottom-up optimization method has
been proposed to design a wideband linear high-gain array
antenna in an automatic fashion. The BUO method in this
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10: 3D radiation pattern of optimized array antenna at

Fig. 8: Radiation pattern of optimized array antenna for ¢ =0 J =135 GHz.
at f1=12.9 GHz (red), f>=13.5 GHz (blue), and f3=14.3 GHz

(green).
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Fig. 9: Radiation pattern of optimized array antenna for ¢ = 90

at f1=12.9 GHz (red), fo=13.5 GHz (blue), and f3=14.3 GHz
(green).

type of study, is based on increasing the number of single
antennas in each stage of process and arranging the optimal
distance between two single antennas to finalize the design
simulation. The automated environment is used to gain benefit
from design time and also improve the design reliability. After
completing optimization with ADS tool, the simulation results
have been also tested in HFSS environment to validate the
achieved outcomes. Results achieved by HFSS depict perfectly
those obtained by the means of BUO method; linear gain
performance and IBW have acceptable matching. As a future
study, our proposed optimization method can be improved
by determining beam direction and also by considering non-
equispaced configurations.
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