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Abstract. Massive multiple-input multi-output (MIMO) is a technol-
ogy established more than a decade ago; since then it has been employed
as an integral part of the fifth generation (5G) mobile technologies. Re-
cently, MIMO antenna designs have taken the attention of researchers
due to their benefits such as reduced bit errors, high throughput, low la-
tency and others. MIMO antennas consist of multiple radiating elements
leading to have complex designs. Hence, frequently, optimization-based
methods are required during their design; this paper provides one possi-
ble optimization-based methodology for designing them. The design pro-
cedure starts with configuring the MIMO antenna and then employing
the genetic algorithm (GA) for optimizing the design parameters describ-
ing the MIMO antenna geometry. Using the GA method, leads to have a
valid electromagnetic (EM)-verified post-layout generation and reduces
the efforts of any designer in providing ready-to-fabricate layout. For val-
idating our proposed method, we design and optimize MIMO antenna
with a bandwidth of 400 MHz in the frequency band 4.1 GHz - 4.5 GHz.

Keywords: optimization, genetic algorithm, multiple-input and multi-
output (MIMO) antenna

1 Introduction

In the wireless communication systems, especially fifth generation (5G) and sixth
generation (6G), the multiple-input multiple-output (MIMO) antennas are be-
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coming commonly used due to the their capability in supporting large amount
of data. Hence, MIMO antennas can be used widely for increasing the accuracy
of wireless systems [1] and they are suitable for increasing the spectral and en-
ergy efficiencies of these advanced communications systems. In MIMO antenna
structure, the number of antenna array elements is additionally increasing by
an order of magnitude leading to have complex structure [2]. These structures
lead to build directive beams and simultaneously serve multiple users using the
same resources of time and frequency [3]. Figure 1 presents a general view about
MIMO antenna used in such communication systems.
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Fig. 1. General view of MIMO antenna in 5G communication systems.

In the 5G and 6G technologies, high data transmission speed, lower latency
and greater energy efficiency are the important specifications any designer has
pay attention to [4]. In the wireless systems, other important factors can be
channel estimation and signal detection [5] for investigating the transmitted
and received signals. These MIMO antennas can be used in THz range as well,
which can bring various benefits for the 6G standard. In [1], various challenges
are presented and one of the important provocation is how to implement and
develop the massive radio frequency (RF) chains using the MIMO antennas. For
this case, peak-to-average power ratio (PAPR) specification per array element
should be considered by the designers [6, 7].

As it is expected, MIMO antennas have complex structures and achieving op-
timal design parameters is not straightforward. Optimization-based methods are
required for enhancing the performance of these complex designs [8]. Recently,
various methods have been presented for optimizing MIMOs [9-14]. However,
determining the most critical design parameters inside the structure needs ad-
ditional efforts and time.

This paper devotes to design and optimize MIMO antenna based on the
genetic algorithm (GA) leading to exhibit wide-band features. For this case, we
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firstly construct the MIMO antenna in the CST tool [15] and then employ the
incorporated GA optimization algorithm for optimizing the design parameters.
Beside the algorithm, the Electromagnetic (EM) rules are also employed for
producing the ready-to-fabricate layout. The remaining part of the manuscript
is structured as follows: Section 2 presents the employed optimization method
for designing the antenna. Section 3 discuses the achieved simulation results and
finally Sec. 3 concludes this manuscript.

2  Optimization method for designing MIMO antenna

This section provides the general design steps of MIMO antenna leading to addi-
tionally provide ready-to-fabricate layout. Optimization is an effective necessity
in any complex designs. For this case, in this paper we prefer to employ GA
algorithm due to its capability in dealing with a larger set of solution space and
parallelism capability [16—18]. Figure 2 presents the general overview of the GA
method [19]. In a nutshell, this method starts with a random population namely
w1y, Ws, .., w, and then a fitness equation wy - x1, ws - T3, .., W, - T, is constructed.
The initial parameters provided for starting the optimization process that are
indicated by w and then constant multiplications as x are provided in each it-
eration. Afterwards by employing the objective functions (here, S-parameters)
and the stopping criteria (here, the bandwidth), the GA is applied for achieving
the targeted solutions with the apriori set accuracy.
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Fig. 2. Comprehensive description of the GA algorithm.

For this case, we start designing the initial structure of MIMO antenna in
the CST tool and then we employ the GA algorithm for achieving the optimal
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Fig. 3. MIMO antenna geometry: top view of the four arms (left) and ground config-
uration (right).
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Fig. 4. Size details of each single antenna.
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design parameters. For generating the ready-to-fabricate layout, the design rules
for passing EM-simulation are also employed inside the optimization process. In
particular a four-arm structure is considered, where each arm is singularly fed
by an SMA connector. The four arms are identical, and are rotated by 90° one
with respect to the other. The geometry is based on a meander-line configuration
assuring a reduced spatial extension. The dimension of the ground is reduced as
much as possible to prevent radiation in a single direction, extending in this way
the operational performances. Figure 3 presents the final structure of the MIMO
antenna; the FR4 substrate (standard, low-cost material for PCB fabrication)
with dimension of 60 x 60 mm? has a thickness of 1.60 mm. The detailed values
of various parameters are presented in Fig. 4.

3 Simulation results

This section provides the simulation outcomes of optimized MIMO antenna with
GA. The MIMO antenna is fed through four coaxial cables (SMA connectors).
The configured antenna covers the frequency band of 4.10 GHz to 4.50 GHz
and Fig. 5 presents the S specification. The other reflection coefficients (not
reported) exhibit identical behaviour. Sequentially, Fig. 6 presents the radiation
patterns for the three frequencies of 4.10 GHz, 4.30 GHz, and 4.50 GHz, i.e., at
band limits and at the central frequency. The plots refers to the case when all
ports are fed with unitary amplitude; the phases of the collinear radiators are
fed with a phase difference of 180°.
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Fig. 5. Input scattering parameter at one of the ports of the designed antenna.
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Fig. 6. 3-D radiation pattern of the considered antenna at 4.1 GHz (bottom), 4.3 GHz
(middle) and 4.5 GHz (top).
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Conclusion

Generating a ready-to-fabricate layout for RF designs especially antennas is not
straightforward and requires additional time and effort. This paper provides a
methodology for optimizing the MIMO antennas leading to have a ready post-
layout. The employed method is based on the GA algorithm where it considers
the EM rules and leads to conclude on the optimal design parameters. All the
optimization process is performed using the CST tool. The validity of the per-
formance is presented by designing and optimizing the MIMO antenna in the
4.10 - 4.50 GHz frequency band.
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