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Abstract: Recently, thinning an antenna has resulted in attractive antenna radiation characteristics
enhancement. This performance enhancement using a thin antenna array is achieved because the
inter-coupling effects of the array elements are reduced. Though the thinning both reduces the weight
of the antenna and enhances the radiation characteristics, iterative algorithms can further enhance
the performance and hence, in this research, an optimizer algorithm and inter-coupling reducing
mechanisms are applied. The excitation weights of the individual array elements are thinned by turning
some of the elements off while some of the elements are turned on. The purpose of the thinning is to
enhance the antenna performances like reduced SLL, high directivity, reduced power consumption
and flexible radiation pattern. The SLL attenuation mechanism is applied to reduce the SLL in addition
to the SLL reduction using the thinning and beamforming. Hence, in this paper, the three techniques
(thinning, beamforming and SLL attenuation) are proposed to be integrated to enhance the antenna
radiation characteristics. In general, the proposed combined method has resulted in much better SLL
reduction, directivity improvement, and power wastage reduction.
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1. Introduction

Recently, significant number of telecommunication data users
are subscribing, Bjornson, Larsson, and Marzetta (2016). To
satisfy the alarming increase in the number of users the next
generation networks are focusing at enhancing the
functionality of the current network performances. Among the
different network performance enhancement mechanisms,
the antenna design occupies a demanding place. Circular
array pattern synthesis has shown great interest in the wide
scanning capability, however, there is no nulls in the azimuth
plane, Balanis (2005). On the other hand, the elliptical arrays
have better pattern flexibility, Neyestanak, Ghiamy, Naser-
Moghaddasi, and Saadeghzadeh (2008), because of more
control parameters like eccentricity, however, the mutual
coupling is another challenge. Different antenna arrays
including concentric array, Mahmoud, El-Adawy, Ibrahem,
Bansal, and Zainud-Deen (2007), uniform circular array, Du
(2004) and conical array, Munger, Vaughn, Provencher, and
Gladman (1974) and Morton and Pasala (2004), linear and
circular array, Yaacoub, Al Husseini, Chehab, El Hajj, and
Kabalan (2007), are characterized by better performances.
However, the simultaneous inter-coupling reduction and
directivity enhancement were still the major challenges of the
state of the arts. Next-generation antenna design suggests
reduced antenna size, increased radiation characteristics,
power-efficient, reduced antenna weight and cheaper system
costs. The 5G is expected to come up with several antennas
that are characterized with higher gain than those that are
used in 3G and 4G systems. Furthermore, they need advanced
steering and scanning capabilities.

Among the different strategies used to enhance the
network capabilities, enhancing the antenna performance
increases the network performance in terms of interference
reduction, power wastage decrement and cost reductions,
Mailloux (1986), Yang, Gan, and Qing (2003), and Applebaum
and Chapman (1976). Recently, the SLL reduction was
achieved using beamforming, Cui, Shi,and Zeng (2010). On the
other hand, the heuristic optimization algorithms have shown
significant solution to many antenna problems, Mandal,
Kumar, Kar, and Ghoshal (2011), Yu, Cao, Shan, Zhu, and Guo
(2014), Luitel and Venayagamoorthy (2008), Huang,
Suganthan, and Liang (2006), and Bera, Mandal, Kar, and
Ghoshal (2014). Among the heuristic algorithms, the particle
swarm optimization (PSO) is applied to design the elliptical
cylindrical antenna (EcAA). Similarly, a cat swarm optimization
(CS0), has used to design a linear antenna array, Pappula and
Ghosh (2014). But it has resulted in only limited SLL reduction.
Furthermore, the differential evolution (DE) optimization
algorithm has shown better SLL reduction capability, Price, Storn,
and Lampinen (2005). However, neither SLL reduction nor the
directivity was sufficient for the modern wireless network.

To decrease the inter-coupling effect, nonuniformly
populated antenna array has designed, Bauernfeind et al.
(2017). even though the coupling effect is solved, the
optimization algorithm computation, azimuthal angle
scanning, and deeper SLL reduction were not solved. Besides,
non-uniform excitation elements are used to reduce the SLL, a
Lema, Tesfamariam, and Mohammed (2016) and Panduro,
Mendez, Dominguez, and Romero (2006). However, the design
complexity of the non-uniform array elements makes the
antenna less practical. The inter-coupling effect has reduced
using cross entropy algorithms, Bian, Bian and Wang (2015).
However, the number array elements are very large that
increases antenna weight and hence cost. A flower pollination
algorithm has applied to design an antenna, Singh and
Salgotra (2017), however, the SLL reduction is only -20dB. The
more the SLL reduction the less the interference and the better
the SNR, Keizer (2007a, 2007b). However, this is not a simple
problem as the application specific design also limits the
radiation pattern flexibility for another application.

For an enhanced inter-coupling effect reduction and better
radiation pattern flexibility, beamforming and SLL attenuation
algorithms are integrated with this work. Lema, Hailu, and
Wuneh (2019) has applied the SLL attenuation, however, it
didn’t show the effect of the combined algorithms. Quite
recently, the fractal geometrical and the self-affine fractal
structure isinvestigated, Guariglia (2016), (2018). Itis good that
the antenna size can be fairly reduced, however, antenna
arrays have shown better flexibility and SLL reduction than the
fractal antennas. Anantennaarray has designed for better SLL
reduction, Lema and Hailu (2019), but the antenna thinning for
reducing the array elements was the major drawback in
addition to the inadequacy of the SLL reduction. Using Lema
etal, (2019), the SLL attenuation was not automated based on
the beam width reduction objectives. The significance of the
hyper beamforming was not evaluated in a hybridized form.

A dual-band antenna has proposed for 5G cellular phones
which operates in the mm-wave operating frequency, Huang,
Wang, and Jian (2019). It is attractive solution because it
provides both dual band and dual polarization antenna
design, however, both the gain and the scanning angle are
quite limited. Similarly, a phased antenna array design is
proposed in the mm-wave range, Kim, Kim, Bae, and Yoon
(2018). Though it has shown better beam steering angles at the
xy-plane and the yz-plane, it cannot scan the whole
hemisphere using the proposed geometric configuration. On
the other hand, a series chained patch phased array antenna
has proposed for mm-wave 5G mobile applications, Kim, Kim,
Bae, and Yoon (2019), however, the inadequacy of SLL
reduction results in low gain antenna. High-speed
communications systems require frequency conversion for
transmit and receive signal processing in the W-band
applications, Hossain, Stoppel, Boppel, Heinrich, and Krozer
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(2020). The proposed flexible radiation pattern can be used as
a replacement to the frequency conversion because the
radiation pattern flexibility varies the gain and directivity of the
operating antenna.

Quite recently, antenna design has proposed to reduce the
coupling effects between antenna elements and the
directionality of the radiation pattern varies at low frequencies
and at high frequencies, Yang and Zhou (2020). However, the
radiation pattern directionality variation provides better
system performance as it doesn’t need operating frequency
shifting between high and low frequencies. The wireless
network quality of service can be increased using peak-to-
average power variation shaping, Lema, Reda, and Hailu
(2020), however, the signal gain is limited compared to the
inter-element coupling effect reduction. Effective network
management enables effective communication especially
when the users are mobile in nature, Lema (2020). However,
the effectiveness of the communication depends on the
computational complexity of the system. More specifically,
inter-element coupling effect-based antenna design enables
flexible radiation pattern with simple parameters adaptation.

2. Methods

Array is a set of antennas working together to produce certain
radiation pattern. The signals from the antennas are
combined or processed in order to achieve improved
performance over that of a single antenna. Antenna array
changes of its radiation pattern in response to different
excitations of its antenna elements. Antenna arrays are
becoming increasingly important in wireless communication
engineering because it provides steerable beam as in smart
antennas, provide a high gain, diversity gain in multipath
signal reception and enable array signal processing. Hence,
the proposed technique uses antenna array for designing a
better performance antenna.

To undersand the detailed antenna array concepts, let’s
start with a simple two element antenna array, shown in
Figure 1.

The two Hertzian dipoles of length d€ separated by a
distance d and excited by currents with equal amplitude (1) but
a phase difference of R( from 0 to 2R). Let a far-zone electric
field, Eant_1, with current, 11, is produced by antenna 1 and
similarly, far-zone electric field, Eant_2, with current, 12, by
antenna 2, then the fields are:

Fu s = 8 () s () -
'%‘jg (e_:kr) |cos 6|1,
Eane 2 =J nk::rdf (lekr) sin (9 + §)| =
j%(%ikr) |cos B]1,

Where

E (r,6,0) is the far-field electric field intensity and
intrinsic impedance of the medium
For far field observer, the distances can be approximated as
follows

is the

L ~ L andhence ek = gJk(r—dcos®)
T T

Keeping this information, the total electric field can be
written as the sum of the individual fields:

Eror = Eant_l + Eant_z

. nkde (e'jkr
r

_ . nkde (e kT
Etor =] i

)lcosHII1 ti— )lcosﬁlll2

1

—jkr .
=jM(e T] )|c059|(11 + Le~Jkrlcostly

, ~jher o
= ]—(ET) |cos @|(1 + e/Pelkricosbly

—jkr

= j%:e(%) |cos O|AF

Hence, we can see the total far-field radiation pattern, |Eio,
ofthe array consists of the original radiation pattern of a single
dipole multiplying with the magnitude of the Array Factor |AF|.
In practical antenna array, the element radiation pattern is
chosen to be non-directional. Therefore, the array radiation
pattern will be totally determined by the AF alone and when
we plot in decibels, the power and field patterns look exactly
the same.

In the x-y plane, the array far-field functions for the
elliptical antenna array, Zare (2012), are:

—JjBR
E(r,0,0) = Xh-1 An ()
If the center of an ellipse is located at the origin on the x-y
plane, then the parametric equation of ellipse in the
rectangular coordinate system is given by

{xzacosq)
y=bsing

Where the a and b are the semi-major axis and semi-minor
axis, respectively, and ¢ is the angle between positive section
of x-axis and a point (x,y) of the ellipse in the x-y plane, Also the
ellipse eccentricity e can be defined as:

c b?
e=—= [1-—

a a
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yA
1 Far-field
| Iy observation

Element N
Element 2

d

>

Element 1 =1

ri =r-dcosf

Figure 1. Antenna array derivation from dipole antenna.

¢ is the half of the distance between two focuses, thus for an
elliptical N-element array with its center in origin of x-y plane,
we have:

R=r—sin0 (xcos@ X cos ¢, X ay +ysin@ X sin@, X ay)

_2z(n-1

"="N

is the angle in the x-y plane between the x-axis and the nth
element. Thus, the array factor can be written in the form of

E(r,p,0) =

e ibr N 1A e—jBRsin9(xcosq0xcos<pn+ysin(pxsin(pn)
n=14n

e—JBT

E(r,g,0) = AF (8, 9)

r

AF(@,(p) — ﬁzlAne—jBRsinQ(xcos<pxcos<pn+ysin(pxsin<pn)

The geometrical arrangement of the antenna array is
shown in Figure 2. The far field of the antenna is described
using the AF. The AF of the proposed antenna is the
combination of linear arrays and elliptical arrays.

The main problem of the inter-coupling effect reduction is
to calculate the exact locations and inter-elements
spacings. In the geometrical shape of Figure 2, the angel
theta (©) is extended between the z-axis and y-axis and the
angle phi () is extended circling the z-axis between x-axis
and y- axis

2.1. Antenna performance measurement

The performance of the proposed antenna design is evaluated
using the SLL and the FNBW. Both the SLL and directivity are
closely related to the AF of the proposed antenna. Directivity
of an antenna is the ratio of the radiation intensity in a given
direction from the antenna to the radiation intensity averaged
over all directions. An antenna that radiates equally in all
directions would have effectively zero directionality, and the
directivity of this type of antenna would be 1 (or 0 dB).
Directivity of a non-isotropic source is the ratio of its radiation
intensity in a given direction over that of an isotropic source.

Mathematically:

_ Uinst _ 4ny
D= Yimst 37U (1)
iso Pradiated

If the direction is not specified, it implies the direction of
maximum radiation intensity (maximum directivity) expressed

D =D =__ma _ max (2)

Where

D is the directivity and Dis is the maximum directivity (i.e.
dimensionless quantity)

Uinet is the instantaneous radiation intensity (Watts per unit
solid angle)

Umax is the maximum radiation intensity (Watts per unit
solid angle)
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Ui is the radiation intensity of isotropic source (Watts per
unit solid angle)

Pradgiated IS the total radiated power (Watts)

For anisotropic source, the directivity is unity since Umay,
and Ui, are equal to each other.

With By is the magnitude of the radiation, the total radiated
power is calculated as

T

21 .
Pradzated - BO f fo AF(H' (,0) sin 6 ded(ﬂ (3)

The general expression for the directivity and maximum
directivity are, respectively, written as

AF(6,9)
D(9 (P) =4n fozn f: AF(0,p) sin0dfd¢
AF (6,9)|max
Diso = 4m 2" Jo AF(6,0)sin0d0de
41

Dy, =
o I w AF(©.¢)sin0a0dp |
AF(6,¢)|max

oo

oo-o—0]

o
Da Dy

Where the Normalized Array Factor (AF) is the ratio of the
instantaneous value of the array factor to the maximum value
of the array factor

AF(8,9)
AFyormaiizea = AF(6,9)[max o

2.2. Geometric configuration of the antenna

As it is shown in Figure 2, the geometrical configuration of
elliptical cylindrical antenna array is constructed from a linear
antenna array directed towards the +Z-axis and elliptical
antenna array encircling the Z- axis with the linear arrays
extending on the surface. As the far-field pattern is described
by the AF of the antenna array, the total AF of the proposed
antennais the multiplication of the linear array factor AF;peqr
and elliptical array factor AFgyipse :

AFrota1(6, 9) = AFjinear X AFellipse (6)

Where, the linear and elliptical array factors are described
in the following equations, respectively

‘ Excitation element turned ON

. Excitation element turned OFF

Z

Elevation angle

Azimuth angle
O Elliptical array

Linear array

Figure 2. Proposed antenna array geometrical configuration
and position of the array elements.
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AFe”ipse = ZﬁzlAnej(ksine(acos<pxeos<pn+bsin<pxcos<pn)+pn)
AFjinear = Z%zlAmej((m—l)X(kdv cos 0+ppm) @)
Then, the whole array factor results into the ECAA:

AFrotai (6, 9) = o )
%:12{’\{:1 Imn e}(ksme(acosq)xcos(pn+b51n(pxc05(pn)+pn) (8)

Where

Lyn = Amei(m—l)(kdes 0+pm) % Anejpn

A, is the excitation amplitude of the n' element of the
elliptical component

An is the excitation currents of the m™ element of the linear
array

A linear antenna array of M isotropic elements positioned
parallel to the z-axis and are separated by a distance dv. The
amplitude excitation of each element is Ay, and there exists a
progressive phase excitation P, between the elements. B isthe
angle between the axis of the array (z-axis) and the radial
vector from the origin to the observation point.

Where p,, = — cos 8, and p,, = —k sin 8, X a cos @, cos @, +
b sin @, sin @,

Where, the terms 8, and ¢, are the angles in the main
beam direction

@n is the angular position of the n element of the elliptical
component in the xy-plane

As it can be shown in Figure 3, the SLL is measured as the
AF value at the first SLL. An antenna can have multiple SLLs
and the maximum SLL is the first SLL which negatively
influences the communication. The less the SLL the more the
gain, the less the power wastage and the less the interference.

The second antenna performance measuring parameter is
the FNBW which is measured in degrees. It is the range of
angles where the first nulls of the main beam start. This
determines the directivity of the radiation characteristics. The
less the angle of the FNBW the more the antenna would be
directive which provides better resistance to un desired signal
interference.

3. Inter-coupling reduction using beamforming

Beamforming (BF) enables signals to add constructively and
cancel destructively. This helps to increase the signal intensity
in the intended direction while reducing the interfering
directions. This both increases the gain of the signal and

decreases the power wastage in the undesired direction. The
directivity of the radiation pattern will also increase which in
turn increases the signal fidelity.

Hyper beamforming is generated from the difference and
addition

DBeam(6, ¢) = |LeftBeam — RightBeam| (9)
SumBeam(6, ¢) = |LeftBeam| + |RightBeam| (10)

Now, total equation of the hyper beam is formed as a
function of the hyper beam exponent, k as:

TotalBeam = {(|LeftBeam| + |RightBeam|)* —
(|LeftBeam — RightBeam|)¥}'/¥ (11)

Where the difference and sum of the radiation patterns are
calculated from the AF of the proposed antenna:

AFrotai(0,¢) = nM1=1 Zrl\{:l Cinn el (wsin 6 (acos ¢ x
cos ¢, + bsing X sin¢p,)) (12)

Where

DBeam = Left Beam (LeftBeam) minus Right Beam
(RightBeam)

SumBeam = LeftBeam + RightBeam

AF = far field at the elevation and azimuthal angles, © and
o, respectively

Cwmn = amplitudes of the AF with m represents the linear
array elements & n represents the elliptical arrays elements.

M & N = maximum number elements in the linear and
elliptical directions, respectively.

w = wavenumber.

4. System model

The inter-coupling effect introduces interference and wastage
of power. The inter-coupling reduction mechanism can be
achieved by proper inter-element spacing design and proper
thinning. If the inter-element separation increases the inter-
coupling effect decreases, however, it results in to
unnecessary increase in the size of the antenna. Hence, the
inter-coupling reduction should take the size of the antenna,
SLL reduction and directivity increase in to consideration. This
can be achieved by automating the design of the antenna
using an optimization algorithm.

4.1. Inter-coupling reduction using optimization
algorithms

The PSO is used as an optimization algorithm with the
objective function to reduce the inter-coupling effects. The
PSO works in the manner that some birds (called particles in
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Normalized AF (dB)

HPBW, - 3 dB

-40 -20

Angles (degree)

Figure 3. Overview of antenna performance measurement parameters.

general) are competing for food moving at their own speeds.
It also moves to a certain position and at this position each
bird measures the amount of food it gets in its own speed
(objective function). The bird shares its experience to the rest
of the birds and every bird updates their speed and position
according to the best value gained by any of the birds.

The pseudocode of the PSO birds experience referred as
particles is given by:

1. For each particle

2. Initialize maximum iteration

3. Initialize population size

4. end

5. While maximum iteration is not attained

6. Do

7. Every particle calculates its fitness

8. If current fitness > old private fitness

9. Private best fitness = private current fitness
10. End

11. Compare the global best fitness

12. Update the position and speed

13. End

Similarly, the pseudo code of the of the GA is:
1. Generate initial population

2. Compute fitness

3. While population has not converged
4.Do

5. Selection

6. Crossover

7. Mutation

8. Compute fitness

9. End

Another heuristic algorithm (SaDE) has a smaller number of
control parameters and the parameters adapts itself to
facilitate the learning. This algorithm has shown better
convergence speed and reliability compared to PSO and GA,
described in Bian et al. (2015), Lema et al. (2016), Panduro et
al. (2006), and Singh and Salgotra (2017).

4.2. Inter-coupling reduction using SLL attenuation

In addition to the optimization, the inter-coupling effect
reduction using SLL attenuation has integrated. Similar to
electrical filters the SLL attenuation reduces the SLL without
affecting the main lobe. The usual bandpass filter selects a
certain frequency bands while rejecting the rest spectrum and
similarly the proposed technique attenuates the SLL which
increases the gain of the antenna. The inter-coupling effect
reduction technique has an attenuation factors a, such that 0 <a
< 1. The simplified form of the algorithm is given in Figure 4.
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Initialize: iteration, objective

A

Evaluate the AF of the antenna

A 4

Calculate the main beam location

A 4

Execute objective function

\ 4

Scale the SLL attenuation fraction

|

Multiply SLL with attenuation
fraction

No

Number of
iterations
completed?

Objective
function
satisfied ?

SLL achieved
at fine
FNBW?

Collect SLL, FNBW as the best

Figure 4. Inter-coupling reduction mechanism.

The algorithm continues executing as far as the
maximum number of iterations are not finished. Besides,
the algorithm attenuates the SLL before transmission and
before the required SLL level is achieved. The SLL level can
depend on the quality of service the antenna is being
used. Stringent Inter-coupling reduction requiring
services are investigated in this paper like for satellite
communication applications.

5. Result and discussion

5.1. Effect of the inter-element spacing on the antenna
performance

Asitisshownin Figure 5,the SLL decreases when the electrical
size increases. more specifically, the 0.5\ has shown better SLL
reduction than 0.1A and 0.3\. The reason for this decreasing in
the SLL is because the inter-element spacing increases which
results in less inter-coupling effect.

5.2. Effect of the number of elements on each elliptical
ring on the antenna performance

The number of elements on each elliptical ring is varied as
shown in Figure 6. The antenna has using three elliptical rings
and on each ring the number of elements is varied to evaluate
the inter-coupling effect of the density of the elements. When
the number of elements on each ring (M) varies from 06 to 12,
the SLL reduction has increased. However, when the M varies
from 12 to 48, the SLL is not almost no varying. This is because
as the number of elements increase the intensity of the signal
strength increase, however, at the same time the inter-
coupling effect also increases which leads to almost invariable
in the SLL reduction.

Hence, increasing the number of elements more than 12 is
not recommended on this type of antenna design. Increasing
the number of elements, in general, increases the SLL
reduction but the increase in coupling effect again negatively
affects the antenna performance.

5.3. Inter-coupling reduction using optimization and
hyper beamforming

In this paper, for better inter-coupling reduction, the thinning,
optimization and SLL reduction mechanisms are integrated
together. The design challenge is to identify which elements
should be turned ON, the location of the element and the
inter-element spacing. Once the position of the candidate
turned on array elements that results in to the best inter-
coupling reduction mechanism are identified the rest of the
array elements can be turned off or removed. Hence, the
proposed antenna design technique is used to identify the
exact location of the elements (that should be turned on)
which results in to the best SLL reduction and directivity
enhancement using the inter-coupling reduction mechanism.
The AF of the design is shown in Figure 7.

Using the thinning, Figure 7 is simulated with only 17
elements are turned ON out of the 36 total elements. One of
the inter-coupling reduction mechanism using thinning has
shown better SLL reduction compared to the uniformly
excited array elements, shown in Figure 7. Furthermore, with
0.3 hyper beam exponent the inter-coupling effect has
reduced significantly. Further SLL reduction is also achieved
by further reducing the hyper beam exponent to 0.1.
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Figure 5. Effect of inter-element spacing on SLL performance

Normalized AF(dB)
o ;
v

30+

-35

-40

0
Angles (theta)

-80

Figure 6. Effect of the number of elements on SLL performance.
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(FNBW). The inter-coupling reduction using SLL attenuation

Normalized AT

--4-- —— With thinning, without hyper beam

_______

—— Without thinning, without hyper beam

== With thinning, with hper beam, k=0.1

Angles (degree)

Figure 7. Inter-coupling reduction using optimization.

From Figure 8, we can observe that the inter-coupling
reduction is possible using hyper beam exponent variation.
This inter-coupling reduction is evaluated by turning only 15
ON using the thinning. From the results we can conclude that
the thinned design has better SLL reduction than the fully
populated design. By further integrating the hyper
beamforming (hyper beam exponent of 0.2 and 0.1) to the
without thinning and with thinning design, the optimized
antenna design resulted in to better inter-coupling reduction
than the not optimized (not thinned), with the same hyper
beam exponent values.

Even though Figure 7 has more inter-coupling reduction
than Figure 8, Figure 8 has a greater number of turned ON
elements which results in more power wastage than Figure 7.
Hence, the amount of thinning should be properly designed
and optimized as further increase in the number turned-OFF
elements reduces the radiation intensity.

5.4. Inter-coupling reduction using SLL attenuation

To reduce the inter-coupling effects, the SLL decreasing
mechanism (SLL att) is studied in addition to the optimization
and the hyper beam techniques. The inter-coupling reduction
is integrated with the heuristic algorithm. Figure 9 indicates
that this technique reduces the SLL and increases directivity

reduces the SLL from - 8.5dB to -30dB, shown in Figure 9. The
results shown in Figure 9 are evaluated with uniformly
excitation weights of the antenna. This uniformly excited
indicates that there is no thinning in the antenna.

Using the thinning, 17 out of 36 elements are turned ON,
shown in Figure 10. At hyper exponent of 0.5, the SLL has
reduced from -27.98 to -45.37dB. This SLL reduction is
improved by integrating the inter-coupling effects reduction
technique proposed in this work. The SLL reduction is further
reduced to -47dB by integrating the thinning, beam forming
and SLL attenuation, as shown in Figure 10.

5.5. The impact of inter-coupling reduction on antenna
performance

Different techniques have implemented to reduce the inter-
coupling effects which in turn reduces the SLL and power
wastage. The experiment number (Ex. No.) 1 is designed using
PSO [17]. Ex. No. 2, 3, 4, 5, and 6 are evaluated in this paper.
The proposed integrated technique (thinning, beamforming
and SLL attenuation) results in much better SLL reduction
than the state of the arts. From Table 1, we can observe that
the FNBW has decreased from 74.120 to 360 in this paper. This
indicates that significant directivity enhancement is also
achieved.
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Figure 9. Inter-coupling reduction with and without SLL attenuation.
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Table 1. Comparison of SLL and beam width.

Exp. | Antenna designing technique IThinned I SLL (dB) | FNBW (deg)
1 Beraetal, 2014 17 -31.7 74.1

2 Thinned and BF, k=0.3 17 -44.4 38

3 Thinned and BF, k=0.1 17 -182.1 36

4 Thinned and BF, k=0.5 17 -30.0 36

5 Inter-coupling reduction using SLL reduction, thinned, and 17 -47.6 36

BF, k=0.5 (proposed)
6 Inter-coupling reduction using SLL reduction, thinned, and 17 -224 36

BF, k=0.1 (proposed)

From Figure 11, we can observe that the SLL reduction

increases when the optimization, thinning and SLL
attenuation work together. Itis also shown that the smaller the
hyper beam exponent (k) the more the SLL reduction.
To sum up, the proposed integrated technique has resulted in
better SLL reduction and directivity. Besides, 42.3dB more SLL
reduction is achieved compared to the work done by Lema et
al. (2016). On the other hand, the thinning reduces the power

significantly and hence more energy efficiency is possible as a
crosscutting theme. Though the combination of many
technigues introduces moderate computational complexity,
the radiation characteristics of the antenna has significantly
enhanced. Hence, with little more computational complexity
trade-off, significant SLL reduction, energy efficiency,
directivity enhancement, and better signal fidelity are possible
with the proposed technique.
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Figure 11. Inter-coupling effect reduction using different techniques.

6. Conclusion

In this paper, the thinning, beamforming and inter-coupling
reduction using SLL attenuation techniques are discussed.
The thinned antenna design has resulted in much better SLL
reduction than the antenna design without thinning. The
tradeoffs, the thinning and the size of the antenna are
discussed. From the simulation results, it is observed that the
SLL reduction, increasing directivity and reducing power
wastage are achievable using the proposed integrated
technique. Hence, the proposed inter-coupling reduction
method is ideal for better radiation characteristic antenna
design.

References

Bjornson, E., Larsson, E. G., & Marzetta, T. L. (2016). Massive
MIMO: Ten myths and one critical question. [EEE
Communications Magazine, 54(2), 114-123.
https://doi.org/10.1109/MCOM.2016.7402270

Balanis, C. A. (2005). Antenna Theory, Hoboken. New Jersey:
John Wiley & Sons, Inc, 8,21-31.

Neyestanak, A. L., Ghiamy, M., Naser-Moghaddasi, M., &
Saadeghzadeh, R. A. (2008). Investigation of hybrid elliptical
antenna arrays. IET microwaves, antennas & propagation, 2(1),
28-34.

https://doi.org/10.1049/iet-map:20070003

Mahmoud, K. R., El-Adawy, M., Ibrahem, S. M., Bansal, R., &
Zainud-Deen, S. H. (2007). A comparison between circular and
hexagonal array geometries for smart antenna systems using
particle swarm optimization algorithm. Progress In
Electromagnetics Research, 72, 75-90.
https://doi.org/10.2528/pier07030904

Du, K. L. (2004). Pattern analysis of uniform circular array. IEEE
Transactions on Antennas and propagation, 52(4), 1125-1129.
https://doi.org/10.1109/tap.2004.825802

Munger, A., Vaughn, G., Provencher, J., & Gladman, B. (1974).
Conical array studies. [EEE Transactions on Antennas and
Propagation, 22(1), 35-43.
https://doi.org/10.1109/tap.1974.1140712

Vol. 18, No. 3, Jun 2020 141


https://ieeexplore.ieee.org/abstract/document/7402270?casa_token=iQZBz5kE06AAAAAA:Wk8XLLJXDcXPMWeVxbK112LpP-E3GdrVeY5OTduhb_0dXXzVzyLZnNUm5WDnBizAO01nC0cYbg
https://epdf.pub/antenna-theory-analysis-and-design-3rd-editionf1da3d3dc1012575d0e34d0113841bea35418.html
https://epdf.pub/antenna-theory-analysis-and-design-3rd-editionf1da3d3dc1012575d0e34d0113841bea35418.html
https://doi.org/10.1049/iet-map:20070003
https://doi.org/10.2528/pier07030904
https://doi.org/10.1109/tap.2004.825802
https://doi.org/10.1109/tap.1974.1140712

Gebrehiwet Gebrekrstos Lema / Journal of Applied Research and Technology 129-143

Morton, T. E., & Pasala, K. M. (2004). Pattern synthesis and
performance of conical arrays. In Thirty-Sixth Southeastern
Symposium on System Theory, 2004. Proceedings of the (pp.
145-149). |EEE.

https://doi.org/10.1109/ss5t.2004.1295637

Yaacoub, E., Al Husseini, M., Chehab, A., El Hajj, A., & Kabalan,
K.Y. (2007). Hybrid linear and circular antenna arrays.

Mailloux, R. (1986). Phased array architecture for millimeter
wave active arrays. IEEE Antennas and Propagation Society
Newsletter, 28(1), 4-7.
https://doi.org/10.1109/map.1986.27839

Yang, S., Gan, Y. B, & Qing, A. (2003, June). Low sidelobe
phased array antennas with time modulation. In IEEE Antennas
and Propagation Society International Symposium. Digest. Held
in conjunction with: USNC/CNC/URSI North American Radio Sci.
Meeting (Cat. No. 03CH37450) (Vol. 4, pp. 200-203). IEEE.
https://doi.org/10.1109/aps.2003.1220155

Applebaum, S., & Chapman, D. (1976). Adaptive arrays with
main beam constraints. /EEE Transactions on Antennas and
Propagation, 24(5), 650-662.
https://doi.org/10.1109/tap.1976.1141416

Cui, Z., Shi, Z., & Zeng, J. (2010). Using social emotional
optimization algorithm to direct orbits of chaotic systems. In
International Conference on Swarm, Evolutionary, and Memetic
Computing (pp. 389-395). Springer, Berlin, Heidelberg,

Mandal, D., Kumar, R, Kar, R., & Ghoshal, S. P. (2011). Wide
nulls control of linear antenna arrays using Craziness based
Particle Swarm Optimization. In 2011 IEEE Student Conference
on Research and Development (pp. 189-193). IEEE.
https://doi.org/10.1109/scored.2011.6148733

Yu, X., Cao, J., Shan, H., Zhu, L., & Guo, J. (2014). An adaptive
hybrid algorithm based on particle swarm optimization and
differential evolution for global optimization. The Scientific
World Journal, 2014.

https://doi.org/10.1155/2014/215472

Luitel, B., & Venayagamoorthy, G. K. (2008). Differential
evolution particle swarm optimization for digital filter design.
In 2008 IEEE Congress on Evolutionary Computation (IEEE World
Congress on Computational Intelligence) (pp. 3954-3961). IEEE.
https://doi.org/10.1109/cec.2008.4631335

Huang, V. L., Suganthan, P. N, & Liang, J. J. (2006).
Comprehensive learning particle swarm optimizer for solving
multiobjective optimization problems. International Journal of
Intelligent Systems, 21(2), 209-226.
https://doi.org/10.1002/int.20128

Bera, R., Mandal, D., Kar, R., & Ghoshal, S. P. (2014). Thinned
elliptical cylindrical antenna array synthesis using particle
swarm optimization. In World Acad. Sci. Eng. Technol. Int. J.
Elect. Robot., Electron. Commun. Eng. (Vol. 8, No. 1, pp. 31-35).

Pappula, L., &Ghosh, D. (2014). Linear antenna array synthesis
using cat swarm optimization. AEU-International Journal of
Electronics and Communications, 68(6), 540-549.
https://doi.org/10.1016/j.aeue.2013.12.012

Price, K., Storn, R. M., & Lampinen, J. A. (2006). Differential
evolution: a practical approach to global optimization.
Springer Science & Business Media.

Bauernfeind, T., Baumgartner, P., Bir6, O., Magele, C. A., Preis,
K., & Torchio, R. (2017). PEEC-based multi-objective synthesis
of non-uniformly spaced linear antenna arrays. [EEE
Transactions on Magnetics, 53(6), 1-4.
https://doi.org/10.1109/tmag.2017.2670679

Lema, G. G., Tesfamariam, G. T., & Mohammed, M. I. (2016). A
novel elliptical-cylindrical —antenna array for radar
applications. [EEE Transactions on Antennas and Propagation,
64(5), 1681-1688

https://doi.org/10.1109/tap.2016.2539370

Panduro, M. A,, Mendez, A. L., Dominguez, R., & Romero, G.
(2006). Design of non-uniform circular antenna arrays for side
lobe reduction using the method of genetic algorithms. AEU-
International Journal of Electronics and Communications,
60(10), 713-717.

https://doi.org/10.1016/j.aeue.2006.03.006

Bian, L., Bian, C. Y., & Wang, S. M. (2015). Large thinned array
design based on multi-objective cross entropy algorithm.
Journal of Shanghai Jiaotong University (Science), 20(4),
437-442.

Singh, U., & Salgotra, R. (2017). Pattern synthesis of linear
antenna arrays using enhanced flower pollination algorithm.
International Journal of Antennas and Propagation, 2017.
https://doi.org/10.1155/2017/7158752

Vol. 18 No. 3, Jun 2020 142


https://doi.org/10.1109/ssst.2004.1295637
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=82285
https://doi.org/10.1109/map.1986.27839
https://doi.org/10.1109/aps.2003.1220155
https://doi.org/10.1109/tap.1976.1141416
https://link.springer.com/chapter/10.1007/978-3-642-17563-3_47#citeas
https://link.springer.com/chapter/10.1007/978-3-642-17563-3_47#citeas
https://link.springer.com/chapter/10.1007/978-3-642-17563-3_47#citeas
https://link.springer.com/chapter/10.1007/978-3-642-17563-3_47#citeas
https://doi.org/10.1109/scored.2011.6148733
https://doi.org/10.1155/2014/215472
https://doi.org/10.1109/cec.2008.4631335
https://onlinelibrary.wiley.com/doi/abs/10.1002/int.20128
https://www.researchgate.net/profile/Rajesh_Bera/publication/277952829_Thinned_Elliptical_Cylindrical_Antenna_Array_Synthesis_Using_Particle_Swarm_Optimization/links/5576eed608ae753637538687/Thinned-Elliptical-Cylindrical-Antenna-Array-Synthesis-Using-Particle-Swarm-Optimization.pdf
https://www.researchgate.net/profile/Rajesh_Bera/publication/277952829_Thinned_Elliptical_Cylindrical_Antenna_Array_Synthesis_Using_Particle_Swarm_Optimization/links/5576eed608ae753637538687/Thinned-Elliptical-Cylindrical-Antenna-Array-Synthesis-Using-Particle-Swarm-Optimization.pdf
https://www.researchgate.net/profile/Rajesh_Bera/publication/277952829_Thinned_Elliptical_Cylindrical_Antenna_Array_Synthesis_Using_Particle_Swarm_Optimization/links/5576eed608ae753637538687/Thinned-Elliptical-Cylindrical-Antenna-Array-Synthesis-Using-Particle-Swarm-Optimization.pdf
https://www.researchgate.net/profile/Rajesh_Bera/publication/277952829_Thinned_Elliptical_Cylindrical_Antenna_Array_Synthesis_Using_Particle_Swarm_Optimization/links/5576eed608ae753637538687/Thinned-Elliptical-Cylindrical-Antenna-Array-Synthesis-Using-Particle-Swarm-Optimization.pdf
https://doi.org/10.1016/j.aeue.2013.12.012
https://link.springer.com/chapter/10.1007%2F3-540-31306-0_2
https://link.springer.com/chapter/10.1007%2F3-540-31306-0_2
https://link.springer.com/chapter/10.1007%2F3-540-31306-0_2
https://doi.org/10.1109/tmag.2017.2670679
https://doi.org/10.1109/tap.2016.2539370
https://doi.org/10.1016/j.aeue.2006.03.006
https://link.springer.com/article/10.1007/s12204-015-1645-4
https://link.springer.com/article/10.1007/s12204-015-1645-4
https://link.springer.com/article/10.1007/s12204-015-1645-4
https://link.springer.com/article/10.1007/s12204-015-1645-4
https://doi.org/10.1155/2017/7158752

Gebrehiwet Gebrekrstos Lema / Journal of Applied Research and Technology 129-143

Keizer, W. P. (2007a). Fast low-sidelobe synthesis for large
planar array antennas utilizing successive fast Fourier
transforms of the array factor. IEEE transactions on Antennas
and Propagation, 55(3), 715-722.
https://doi.org/10.1109/tap.2007.891511

Keizer, W. P. (2007b). Element failure correction for a large
monopulse phased array antenna with active amplitude
weighting. IEEE Transactions on Antennas and Propagation,
55(8),2211-2218.

https://doi.org/10.1109/TAP.2007.902008

Lema, G. G, Hailu, D. H., & Wuneh, T.B. (2019). SLL attenuation-
based thinned antenna design for next-generation
communications. EURASIP  Journal on Wireless
Communications and Networking, 2019(1), 225.

Guariglia, E. (2016). Entropy and fractal antennas. Entropy,
18(3), 84.

https://doi.org/10.3390/e18030084

Guariglia, E. (2018). Harmonic sierpinski gasket and
applications. Entropy, 20(9), 714.
https://doi.org/10.3390/€20090714

Lema, G. G., & Hailu, D. H. (2019). Feasibility study of antenna
synthesis using hyper beamforming. Heliyon, 5(2), €01230.
https://doi.org/10.1016/j.heliyon.2019.e01230

Huang, H. C, Wang, Y., & Jian, X. (2019, March). Novel
integrated design of a dual-band dual-polarization 5G mm-
wave antenna array fed by FPCs with a U-slotted full-metal
case for a cellular phone. In 2019 International Workshop on
Antenna Technology (iWAT) (pp. 50-53). IEEE.
https://doi.org/10.1109/iwat.2019.8730623

Kim, S. S., Kim, S. H., Bae, J. H., & Yoon, Y. J. (2018). Switched
Folded Slot Phased Array Antenna for mm Wave 5G Mobile in
Metal Bezel Design. In 2018 IEEE International Symposium on
Antennas and Propagation & USNC/URSI National Radio
Science Meeting (pp. 239-240). IEEE.
https://doi.org/10.1109/apusncursinrsm.2018.8608536

Kim, S. S, Kim, S. H., Bae, J. H., & Yoon, Y. J. (2019). Series
Chained Patch Phased Array Antenna for mmWave 5G Mobile
in Metal Bezel Design. In 2019 IEEE International Symposium on
Antennas and Propagation and USNC-URSI Radio Science
Meeting (pp. 279-280). IEEE.
https://doi.org/10.1109/apusncursinrsm.2019.8888629

Hossain, M., Stoppel, D., Boppel, S., Heinrich, W., & Krozer, V.
(2020). Highly linear fundamental up-converter in InP DHBT
technology for W-band applications. Microwave and Optical
Technology Letters, 62(7), 2513-2517.
https://doi.org/10.1002/mop.32357

Yang, M., & Zhou, J. (2020). A compact pattern diversity MIMO
antenna with enhanced bandwidth and high-isolation
characteristics for WLAN/5G/WiFi applications. Microwave and
Optical Technology Letters, 62(6), 2353-2364.
https://doi.org/10.1002/mop.32334

Lema, G. G, Reda, T. B., & Hailu, D. H. (2020). LTE Quality of
Service Enhancement Under OFDM Modulation Techniques.
Wireless Personal Communications, 1-14.

Lema, G. G. (2020). Telecommunication customer satisfaction
using self-organized network-based heuristic algorithm.
International Journal of Communication Systems, e4421.
https://doi.org/10.1002/dac.4421

Zare, A. (2012). Elliptical antenna array pattern synthesis with
fixed side lobe level and suitable main beam beamwidth by
genetic algorithm. Majlesi Journal of Telecommunication
Devices, 1(4).

Vol. 18 No. 3, Jun 2020 143


https://doi.org/10.1109/tap.2007.891511
https://ieeexplore.ieee.org/document/4286013
https://link.springer.com/article/10.1186/s13638-019-1547-5
https://link.springer.com/article/10.1186/s13638-019-1547-5
https://link.springer.com/article/10.1186/s13638-019-1547-5
https://link.springer.com/article/10.1186/s13638-019-1547-5
https://doi.org/10.3390/e18030084
https://doi.org/10.3390/e20090714
https://doi.org/10.1016/j.heliyon.2019.e01230
https://doi.org/10.1109/iwat.2019.8730623
https://doi.org/10.1109/apusncursinrsm.2018.8608536
https://doi.org/10.1109/apusncursinrsm.2019.8888629
https://doi.org/10.1002/mop.32357
https://doi.org/10.1002/mop.32334
https://link.springer.com/article/10.1007%2Fs11277-020-07264-8
https://link.springer.com/article/10.1007%2Fs11277-020-07264-8
https://link.springer.com/article/10.1007%2Fs11277-020-07264-8
https://doi.org/10.1002/dac.4421
http://journals.iaumajlesi.ac.ir/td/index/index.php/td/article/view/95
http://journals.iaumajlesi.ac.ir/td/index/index.php/td/article/view/95
http://journals.iaumajlesi.ac.ir/td/index/index.php/td/article/view/95
http://journals.iaumajlesi.ac.ir/td/index/index.php/td/article/view/95

