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Abstract—Radio frequency energy harvesting is a well-
promising technique to power wireless sensor network devices
that require small amounts of energy to operate. It can be utilized
as an alternative technique for power-constrained systems, such
as wireless sensor networks with limited battery lifetime, by
extending their energy supply. In outdoor environments, the
dominant ambient radio wave sources are the broadcasting and
the mobile communication networks. In this paper, we apply
an optimization technique by utilizing Moth Search algorithm to
design a modified microstrip patch antenna of three varying slots.
The proposed antenna exhibits tuning operation in the LoRa
(Long Range) and the cellular communications frequency bands
of GSM-1800 and UMTS. Numerical results exhibit an acceptable
performance of the proposed antenna for RF energy harvesting
applications.

Index Terms—patch antenna, RF energy harvesting, moth
search algorithm, microstrip antenna optimization.

I. INTRODUCTION

Nowadays, wireless sensor networks devices that use mod-
ern technology, like Internet of Things (IoT), require less and
less power for their operation [1]. To extend the utilization
of theses devices, i.e. to reduce their battery replacement
during wireless network operation, several techniques have
been developed. Radio Frequency (RF) Energy Harvesting
(EH) is one of these techniques, which is mostly based
on ambient radio wave sources for battery replenishment in
wireless network systems [2]. Despite the fact that RF EH is
a rather newly introduced technology, a noteworthy work has
been reported in the literature.

Patch antenna design has been widely used as an RF energy
harvester in various applications of different frequency bands
[3] - [5]. Based on its comparative advantages, like ease of
fabrication, relatively low cost, and medium complexity, it
has been established as an attractive technique for RF EH
applications as well. Besides the values of reflection coefficient
(S11 parameter) of the system, the impedance matching, as
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well as realized gain, are also important parameters of the
antenna to harvest satisfactory values of energy from the
environment.

Moth Search (MS) is a newly introduced metaheuristic
algorithm for global optimization problems [6]. It is a bio-
inspired algorithm that is based on two distinctive movement
features of moths in nature; the phototaxis, i.e. a movement of
a living organism (mostly referred to flying insects) towards
to or away from a source of light, and the Lévy flight, i.e.a
random path in which the step-lengths have a probability
distribution whose tails are not exponentially bounded. To the
best of the authors knowledge, this is the first time that the
MS algorithm is applied to optimize the design of a modified
patch antenna for RF EH applications.

The rest of this paper is organized as follows. Section II
briefly describes the mathematical model of Moth Search
algorithm. Section III depicts the antenna design procedure,
as well as preliminary numerical results of the best obtained
solution. Finally, the conclusion of our presented work is
outlined in Section IV.

II. MOTH SEARCH ALGORITHM DESCRIPTION

The Moth Search Algorithm (MSA) models the different
flying movements of moths (insects belong to the Lepi-
doptera) by splitting their population N P into two equal sub-
populations based on their fitness function (solution ranking in
ascending order). The best solution (moth with the best fitness
function value) in assigned to the light source. In other words,
the 1% sub-population is considered to be closer to the best
solution, and the the 2™ sub-population is considered faraway
from the light source.

Based on the classification of moths, the position of the
moth j at generation g in 1% sub-population (Lévy flights) is
given by:

m?“ =m{ + f*°L(x) (1)
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g +1

where m; and mJ™" are the current and the next position at
generation g, f°¢ is a scale factor associated to the optimiza-
tion problem, and L(z) is the Lévy distribution defined by

2):
(beta — 1) (beta — 1)sin(TLe=1))

L(I) = ﬂ-mbeta

2)

where beta € (1,3] is an index number, I' is the gamma
function, and = > 0. Scale factor f°° is given by:

foe = ZLPman 3)
g
where step,,q. is the maximum step size. In our problem,
we have set the value of beta equal to 1.5 and the value of
StePmaz equal to 1.
Accordingly, the the position of the moth j at generation g
in 2 sub-population (straight flight) is formulated by:

(mf + [ x (mf,,, —mY)), rand < 0.5
g+l _ )
j md + f}w X (Miege —m9) ),

rand > 0.5

where mgest is the best solution (the moth with the best
position) at generation g, and f°¢ is an acceleration factor
associated to the optimization problem and is given by:
foe = V5 -1
2

In (4), the position vector of the g+ 1 generation is controlled
by a random number rand € [0, 1], thus having a probability
of 50% to be updated by one of the two equation parts.

&)

III. NUMERICAL RESULTS

To find the best solution of the modified patch antenna
design for RF EH applications, we utilize the Moth Search
algorithm. The population size NP is set to 50 and the
solution vector D of the optimization problem is set to 13.
The stopping criterion of the method is the maximum number
of function evaluations MazFES, which is equal to 1000.
The MS algorithm is combined with a 3D electromagnetic
solver (ANSYS HFSS [7]) by applying a HFSS-MATLAB
wrapper toolbox [8]. The objective function which defines the
design problem of the modified patch antenna is given by the
following form:

F(z)=
ma (SETMHIz () GIS0MH= () GO0MH: (z))
+¥ x maz (0, SFPMH=(z) — Lyp) (6)

+¥ x maz (0, S{{OMHE=(z) — Lyp
+U x maz (0, SFHOMHZ(3) — Lyp

where Z is the solution vector of the selected antenna geometry
at each iteration, S§{TMHz  GIS00MHz " apq G2I00MH= 4re
the values of the reflection coefficient (S7; parameter) at the
desired frequencies, Lyp is the arbitrarily defined limit of the
reflection coefficient (in our case we have set Ly = —10dB),
and V¥ is a penalty number (in our case we have set ¥ =

1E + 10).

TABLE 1
FINAL VALUES (BEST SOLUTION) OF THE PROPOSED MODIFIED PATCH
ANTENNA DERIVED BY MS ALGORITHM.

Parameter | Value (mm) | Parameter | Value (mm)
Ly 80.29 Wp 103.41
Ls1 44.76 Ws1 11.45
Lo 41.71 Wa 11.03
L3 64.70 W3 10.96
Wy 11.58 Os1 12.20
Os2 56.60 Os3 85.70
Oy 68.71

Fig. 1 depicts the geometry, whereas Table I lists the optimal
solution of the proposed modified path antenna derived by
the MS algorithm. The proposed antenna consists of a single
patch with three varying slots that formulate the modified

(4)structure of the microstrip patch antenna. It is worth not-

ing that the length of the feeder is selected to match the
impedance between the source and the antenna. Finally, the
antenna is placed above an FR4 substrate layer (e, = 4.4,
thickness = 1.6mm, tand = 0.02, dimensions : © =
228.83mm,y = 294.72mm), whereas a ground plane (with
the same dimensions as the FR4 substrate layer) is located
beneath the substrate layer.

Fig. 2 illustrates the reflection coefficient (S1; parameter)
of the modified patch antenna design versus frequency. From
the presented graph, it is apparent that the proposed antenna
is tuned at three different frequencies (866.4 MHz: -30.26
dB, 1814 MHz: -27.36 dB, 1957 MHz: -41.35 dB), which

[ Patch antenna

Ground plane

(b)

Fig. 1. Proposed modified patch antenna design obtained by the MS
algorithm. (a) Optimal geometry of the antenna (The parameters that have
been included in the optimization process are remarked), (b) Expanded view
of the proposed antenna.
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Fig. 2. Reflection coefficient (S11 parameter) versus frequency of the
proposed modified patch antenna obtained by MS algorithm (blue solid line:
S11 parameter, red dash line: -10 dB limit).

are within the European LoRaWAN downlink frequency band
(863 - 870 MHz), the GSM-1800 cellular communications
downlink frequency band (1805 - 1880 MHz), and the UMTS
mobile cellular system for networks uplink frequency band
(1920.3 - 1965.3 MHz).

Fig. 3 portrays the realized gain of the modified patch
antenna design obtained by the MS algorithm. From the
illustrated figure we can derive that the proposed design
of the modified microstrip patch antenna exhibits broadside
beamwidth and achieves acceptable gain values. As a result,
the proposed antenna can be performed as an energy harvester
in the previously mentioned tuning frequencies satisfactorily.

Additional simulation results, including radiation pattern,
surface current distribution and realized gain versus frequency
of the proposed antenna, as well as a comparative plot of av-
erage convergence rate between MSA and legacy optimization
algorithms, will be reported in the extended paper.

dB(RealizedGain)
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Fig. 3. 3D polar plot of the realized gain of the proposed modified patch
antenna derived by MS algorithm.

IV. CONCLUSION

In this paper, we have presented a modified microstrip
patch antenna design using a newly introduced metaheuristic
algorithm, the so-called Moth Search algorithm. The proposed
antenna consists of a single patch with three varying slots.
From the obtained results, we can conclude that the antenna
operates in the frequency bands of LoRa downlink, GSM-1800
cellular communications downlink, and UMTS mobile cellular
systems uplink. Moreover, it delivers broadside operation and
achieves satisfactory values of the realized gain. This proposed
antenna can be easily utilized in IoT sensor networks form
smart cities of urban smart farming. Future work includes
the fabrication of the proposed antenna prototype, whereas
the mechanical structure of the proposed antenna will be
presented. Finally, the experimental validation of the system
will be assessed.
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