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Investigation and analysis of the effects of
geometry orientation of array antenna on directivity
for wire-less communication

Twahir Kazema®* and Kisangiri Michael?

Abstract: Array antennas offer a wide range of opportunities in the variation of their
directivity patterns through amplitude and phase control. Directivity is one of very
important parameters when optimizing Antenna. This paper intends to investigate
the effects of different geometries of array antenna on directivity and side lobe lev-
els. A six by four antenna array was chosen for investigation with uniform element
spacing between the elements and the results were presented for each selected
geometry, Array elements of dipole and patch antenna were chosen for the investi-
gation and analysis. An analysis of the effect of the chosen antenna array was done
by investigating its response when an incident emw (electromagnetic waves) from a
mobile phone impinge on the array antenna where the tapering and beam-forming

techniques were used for analysis and results presented.

Subjects: Digital & Wireless Communication; Radio, Satellites, Television & Audio;

Telecommunication

Keywords: array geometry; directivity; side lobe
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PUBLIC INTEREST STATEMENT

Communication affects all the people worldwide,
this makes Wireless communication very
important in our everyday communication life.
Antenna which are used for transmitting &
receiving information are mostly important of
all. With the challenges facing Antennas, Array
antennas offers a wide range of opportunities

for the tackling the challenges of the wireless
communication. Directivity is one of very
important parameters when optimizing Antennas,
however sidelobes are not needed in wireless
communication systems. Properly optimization
of Array antenna will improves the directivity and
reduce the side lobe to the minimum required.
The mentioned performance metrics can
efficiently tackled by clearly understanding and
experimenting the geometry (orientation) effects
of the array antenna on the mentioned metrics.
This study has taken into consideration of dipole
& patch as array elements which will help the
designer to choose which element will be suitable
for addressing the mentioned performance
metrics for the purpose of improving QoS.
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1. Introduction

An antenna is used to radiate electromagnetic energy efficiently and in desired directions. Antennas
act as matching systems between sources of electromagnetic energy and space. An antenna array
is an assembly of radiating elements. Radiation pattern of a single element is relatively wide, each
element provides low values of directivity (Mendolia et al., 2004). However, in many applications we
require antennas with very high directive characteristics. The directive characteristics of the anten-
nas can be improved by increasing the electrical size of the antenna. One way to increase the dimen-
sion of the antenna without necessarily increasing the size of the individual elements is to form an
array of antenna elements. The total field of the array is determined by the vector addition of the
fields radiated by the individual elements. The elements of the array need not be identical, but it is
often convenient and simpler to design such arrays when the individual elements are considered to
be identical. Therefore, here we will consider an array with identical elements. In designing arrays
we have several controls such as geometrical configuration of the overall array, distance between
the elements, excitation (amplitude and phase) and pattern of individual elements.

2. Array antenna review

An array of antennas mounted on vehicles, ships, aircraft, satellites, and base stations is expected to
play an important role in fulfilling the increased demand of channel requirement for these services,
as well as for the realization of the dream that a portable communications device the size of a wrist-
watch be available at an affordable cost for such services. Description on how the different shape
parameters of the DETSA impact antenna performance was discussed (Greenberg, Virga, &
Hammond, 2003). The potential advantages offered by fiber-optic delay lines and the concept of
true-time-delay steering for phased array antennas and its advantage over phase shifters in broad-
band applications were described with particular emphasis by (Ng et al., 1991). Multiple layer dipole
array that provides for a multi-frequency band phased array antenna. Several layers of dipole pair
arrays, each tuned to a different frequency band, are stacked relative to each other along the trans-
mission/reception direction (Wong, Lee, & Tang, 1996). An array of antennas mounted on vehicles,
ships, aircraft, satellites, and base stations is expected to play an important role in fulfilling the in-
creased demand of channel requirement for these services, as well as for the realization of the
dream that a portable communications device the size of a wristwatch be available at an affordable
cost for such services (Godara, 1997). An adaptive parasitic array antenna system having properties
of directive gain, self-pointing and interference rejection was provided including an adaptive para-
sitic array antenna comprising at least one active element and one or more parasitic elements cou-
pled to controlled impedances (CI). The system further comprises a transceiver, a content-based
optimization criterion computation module (Kezys, 2002).

Computationally efficient global optimization method, the differential evolution algorithm (DEA),
was proposed for the synthesis of uniform amplitude arrays of two classes, i.e., unequally spaced
arrays with equal phases and unequal phases. Phase-only synthesis and the synthesis of uniformly
exited unequally spaced arrays (position only synthesis) are compared and it is seen that, by using
the unequal spacing, the number of array elements can be significantly reduced for attaining re-
duced side lobe levels. From the DEA-based synthesis of unequally spaced arrays with uniform am-
plitudes and unequal phases, it is found that a tradeoff exists between the size of the unequally
spaced arrays and the range of phases for the same radiation characteristics. The proposed synthe-
sis technique using uniform amplitudes, unequal spacing, and unequal phases (position-phase syn-
thesis) not only decreases the size of the array for the same SLL compared to both the phase-only
synthesis and position-only synthesis but also retains their advantages (Kurup, Himdi, & Rydberg,
2003).

By etching longitudinal slots on the top metallic surface of the substrate integrated waveguide
(SIW), an integrated slot-array antenna was created. The whole antenna and feeding system are
fabricated on a single substrate, which takes the advantage of small size, low profile, and low cost,
etc. The design process and experimental results of a four-by-four SIW slot array antenna at X-band
are presented by (Yan et al., 2004).
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The DETSA is created by taking a Vivaldi radiator and tapering the outside edge of the slot line
conductors. The shape of the outside edge of the slot line conductors adds additional antenna de-
sign degrees of freedom. A simulation environment of array antenna encompassing realistic propa-
gation conditions and system parameters was employed in order to analyze the performance of
future multi-gigabit indoor communication systems at tetra hertz frequencies. The influence of high-
gain antennas on transmission aspects is investigated. Transmitter position for optimal signal cover-
age was also analyzed. Furthermore, signal coverage maps and achievable data rates are calculated
for generic indoor scenarios with and without furniture for a variety of possible propagation condi-
tions (Piesiewicz, Jacob, Koch, Schoebel, & Kurner, 2008).

New reconfigurable antenna array was demonstrated for multiple input multiple output (MIMO)
communication systems that improves link capacity in closely spaced antenna arrays. The antenna
system consists of an array of two printed dipoles separated by a distance of a quarter wavelength.
Each of the dipoles can be reconfigured in length using PIN diode switches. The switch configuration
can be modified in a manner adaptive to changes in the environment. The configuration of switches
effects the mutual coupling between the array elements, and subsequently, the radiation pattern of
each antenna, leading to different degrees of pattern diversity which can be used to improve link
capacity. The PIN diode-based reconfigurable antenna solution is first motivated through a capacity
analysis of the antenna in a clustered MIMO channel model.

A new definition of spatial correlation coefficient was introduced to include the effects of antenna
mismatch and radiation efficiency when quantifying the benefit of pattern diversity. Next, the wide-
spread applicability of the proposed technique was demonstrated, relative to conventional half
wavelength printed dipoles, using computational electromagnetic simulation in an outdoor and in-
door environment and field measurements in an indoor laboratory environment. An average im-
provement of 10% and 8% is achieved in link capacity for a signal to noise ratio (SNR) respectively of
10 dB and 20 dB in an indoor environment compared to a system employing non reconfigurable
antenna arrays (Piazza, Kirsch, Forenza, Heath, & Dandekar, 2008). An investigation into beam syn-
thesis for small circular and semicircular arrays is presented. Array antennas of this type are likely to
become a core component in future wireless LAN systems architecture. They offer additional spatial
diversity as a means for combating multipath interference, necessary for high speed data commu-
nications, and user mobility. Beams are synthesized using co-phasal and adaptive algorithms. Beam
widths of 19° and —20 dB side lobe levels are attainable from an array of three wavelengths diame-
ter. A semicircular array of this type can maintain a gain of approximately 10 dBi over a look direc-
tion angular range of + 50° (Fletcher & Darwood, 1998). The impact of mutual coupling between
neighboring radiators in an imaging array configuration in the presence of a dielectric super-layer
was investigated. The super-layer generally aims at increasing the directivity of each element of the
array. However, it was shown that the directivity of the embedded element patterns are reduced by
a high level of mutual coupling. Thus a trade-off between directivity enhancement and close packing
of the array elements must be found depending on the bandwidth and the pattern requirements
(Llombart, Neto, Gerini, Bonnedal, & De Maagt, 2008).

It was demonstrated how a magnetic permeability enhanced Meta material can enhance the an-
tenna array of a multiple-input multiple-output (MIMO) communication system. The performance of
a rectangular patch antenna array on a Meta material substrate was studied relative to a similar ar-
ray constructed on a conventional FR4 substrate. Differently spaced arrays were analytically com-
pared using array correlation coefficients and mean effective gain as performance metrics. Achievable
channel capacity were obtained through channel measurements made on a MIMO test bed. While
results show that arrays on conventional FR4 substrates have higher capacity due to gain and effi-
ciency factors, arrays can be made smaller, and have less mutual coupling and correlation coeffi-
cients, when using a meta material substrate, but the antenna built on the meta material substrate
can be made more efficient through the use of better host materials. This was reflected in the analy-
sis of both antenna arrays normalized to remove efficiency and gain differences where they showed
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similar performances. Hence, meta material substrates are a cost-effective solution when antenna
miniaturization is a key design criteria compared to conventional substrates that achieve the same
miniaturization factor without significantly sacrificing performance (Mookiah & Dandekar, 2009).

As the growing demand for mobile communications constantly increases, the need for better
coverage, improved capacity, and higher transmission quality rises. Thus, a more efficient use of the
radio spectrum is required. Small antenna systems are capable of efficiently utilizing the radio spec-
trum and, thus, hold a promise for an effective solution to the present wireless systems’ problems,
while also achieving reliable and robust high-speed high-data-rate transmission. Although numer-
ous studies for smart antennas have already been conducted using rectilinear arrays, including
mostly uniform linear arrays (ULAs) and uniform rectangular arrays (URAs), not as much effort has
been devoted to other configurations. The performance of smart antennas with uniform circular ar-
rays (UCAs) was examined. A profound justification for this selection is the symmetry possessed by
uniform circular arrays. This property provides uniform circular arrays with a major advantage: the
ability to scan a beam azimuthally through 360° with little change in either the beam width or the
side lobe level. With the use of uniform circular arrays, the two main issues related to smart anten-
nas - estimation of the direction of arrival from incoming signals and bearn-forming were both ex-
amined (Ioannides & Balanis, 2005).

Results from an investigation into methods of modeling the radiation patterns of phased arrays
that include the effects of radiative mutual coupling were examined. The approaches were based on
either the principle of pattern multiplication or the use of active element patterns. Theoretical deri-
vations of the various active element pattern methods were presented. A new method, the hybrid
active element pattern method was introduced. It accurately predicts the patterns of small and
medium-size arrays of equally spaced elements. Example arrays of center-fed dipoles were ana-
lyzed to verify and illustrate the representations. The results are general and can be applied to arrays
of any type of element. The array patterns computed using both the classical pattern multiplication
approach and the methods based on active element patterns were compared to those computed
using accurate numerical codes based on the method of moments (Kelley & Stutzman, 1993).

As a complementary imaging technology, coincidence imaging radar (CIR) achieves super-resolution
in real aperture staring radar imagery via employing the temporal-spatial independent array detecting
(TSIAD) signals. The characters of TSIAD signals are impacted by the array geometry and the imaging
performance are influenced by the relative imaging position with respect to antennas array. The effect
of array geometry on CIR system is investigated in detail based on the judgment criteria of the effective
rank theory. In course of analyzing of these influences, useful system design guidance about the array
geometry is remarked for the CIR system. With the design guidance, the target images are recon-
structed based on the Tikhonov regularization algorithm. Simulation results are presented to validate
the whole analysis and the efficiency of the design guidance (Zha, Wang, Yang, Cheng, & Qin, 2016).

The design of non-uniformly spaced linear array antennas using Particle Swarm Optimization
method was considered by (Mukherjee, Hajra, Ghosal, Chatterjee, & Chatterjee, 2014). The purpose
is to match a desired radiation pattern and improve the performance of these arrays in terms of side
lobe level. This performance criterion determines how well the system is suitable for wireless com-
munication applications and interference reduction. Two approaches are considered: in the first, the
design of element placement with the constraint of array length being imposed is performed. The
second is based on element position perturbation starting from a uniform element distribution.
Many examples are treated to show the effectiveness of the designs and the effect some other pa-
rameters might have on the overall performance of the array (Recioui, 2012), the examination of
various aspects of beam steered linear array of isotropic radiators with uniform inter-element spac-
ing in order to control beam broadening and to achieve SLL reduction in beam steered array, a novel
method has been proposed by (Mukherjee et al., 2014) modifying primarily the search space defini-
tion for Particle Swarm Optimization. Tschebyscheff polynomial and PSO has been used to develop
the proposed method. Search space for PSO has been defined using Tschebyscheff polynomial for an
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Figure 1. Patch antenna.

amplitude taper beam steered linear array. PSO with the information of where to search finds the
optimum excitation amplitude of the beam steered linear array to either achieve reduced SLL and
narrow beam width within the beam steering range (Mukherjee et al., 2014).

The design problem of imposing deeper nulls in the interference direction of uniform linear an-
tenna arrays under the constraints of a reduced SLL and a fixed first null beam width (FNBW) is
modeled by (Goswami & Mandal, 2013) as a simple optimization problem. The real-coded genetic
algorithm (RGA) is used to determine an optimal set of current excitation weights of the antenna
elements and the optimum inter-element spacing that satisfies the design goal. Many studies have
taken into consideration of linear array and only few have considered other geometries, the purpose
of this article is to take a further step of investigation by taking into consideration the patch and di-
pole elements.

3. Directivity

In electromagnetics, directivity is a figure of merit for an antenna. It measures the power density the
antenna radiates in the direction of its strongest emission, versus the power density radiated by an
ideal isotropic radiator (which emits uniformly in all directions) radiating the same total power.

Equation 1: Directivity (Huang & Boyle, 2008)

U

max

B Pmd/ Ly

=(E

where U__ -E__*): Maximum radiation intensity, P_ : Radiated power.

X max —max rad*

Equation 2: Array pattern equation (Huang & Boyle, 2008)

N
Etot(e’ ¢) = ZAnFn(Bn'¢n)e_j(k0|r"|+ﬂ")
n=1

where E, . (0, ¢): Total E-field at point P in linear volts, F, (0, ¢,): Element pattern function, A :

tot
Amplitude, |rn |: Distance, f,: Propagation constant, ko = i—”: Phase constant.

0

3.1. Microstrip patch antenna
Below are the equations which are used for calculating the total Electric field of a microstrip patch
antenna for ¢ and 0 degrees (Figure 1).

St /'

'

» X (y)

= |

A
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Equation 3: Electric & magnetic field (Huang & Boyle, 2008)

sin <k0-h-/2 sin(0)) sin (’“’TW cos(e))

E total = {sin(9)
! sin <k°-h-/2 sin(0)> sin (’“’TW cos(e))

i (ko.h.
sin /2 cos(¢) .
E total = 4 ( ) cos <—ko.le5|n(¢)>

ko.h./2 COS(d)) 2

L

Equation 4: Patch electric field

ko =27/
L,=L+2.AL
E_.+03)(%+0.264
AL = h(0.412)< ref )< " )
(o —0-258) (% +08)
E+1 E-1 h17%
reff = rT + rT[1+12W]

Investigation using the rectangular patch antenna for using in an array antenna was conducted. The
parameters which were considered first for the patch itself are as follow:

The value for permittivity (Er = 1)
Height of the patch (h =0.01)
Length of the patch (L =0.01)

An array of 24 elements with an element spacing of (0.7 * 1) (Figure 2).

Directivity pattern for rectangular array using rectangular patch antenna was conducted. The di-
rectivity for the array was found to be 21.68 dB for specified ¢ value, however the § maximum SLL
value was found to be 8 dB (Figure 3).

Directivity pattern for circular array using circular patch antenna was conducted. The directivity
for the array was found to be 23.23 dB for specified ® value, however the maximum SLL value was
found to be 11 dB (Figure 4).

Directivity pattern for cylindrical array using rectangular patch antenna was conducted. The direc-
tivity for the array was found to be 22 dB for specified ® value, however the maximum SLL value was
found to be 8 dB, however the side lobes are very wide and big compared to the other geometries
(Figure 5).

Directivity pattern for rhombic array using Rectangular patch antenna was done and found
19.01 dBi for specified ® value, however the maximum SLL value was found to be 9 dB.
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Figure 2. Results for 3D Array Geometry Plot
rectangular geometry. 02
0.1
- 0
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0.1
0
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£
75 ot il 3¢ 75
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Freq 3000 MHz

3.2. Dipole
For a dipole Antenna the electric field is expressed as follow:

Equation 5: Electric field for a dipole (Figures 6 and 7)

cos (% COS((p)> - cos (ko.l/z)
sin(p)

Edipole =

Directivity pattern for rectangular array using dipole antenna using Rectangular patch antenna was
calculated and found 19.54 dBi for specified @ value, however the maximum SLL value was found to

be -2 dBi (Figure 8).

Directivity pattern for circular array using dipole antenna was calculated and found 19.85 dBi for
specified ® value, however the maximum SLL value was found to be 7 dB (Figure 9).

Directivity pattern for cylindrical array using dipole antenna was calculated and found 18.86 dBi
for specified @ value, however the maximum SLL value was found to be 6 dB (Figure 10).
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Figure 3. Results for circular 3D Array Geometry Plot
geometry.

Global Z-axis

Gilobal Y-axis 0.2

0.2 0
Global X-axis
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(Peak Directivity = 23.23 dBi) -15 15
-30 - 30

-60 60

Freqg 3000 MHz

Directivity pattern for rhombic array using dipole antenna using dipole antenna was calculated
and found 15.21 dBi for specified ® value, however the maximum SLL value was found to be -3 dB.

3.3. Analysis of the results

First the analysis started with putting data on the table, the analysis was done by considering the
magnitude of radiation intensity which accounts for directivity and SLL which also counts for inter-
ference (Table 1).

3.4. Recommendations

From the data presented on the analysis stage above, it is concluded that; rectangular geometry is
giving substantial results compared to the others for the given metrics. The rectangular geometry
gives —2 dB for side lobes and a directivity of 19.54 dBi while, the geometry consisting of patches is
gives a side lobe of 8 dB and a directivity of 21.68 dB (Figures 11-14).

3.5. Array tapering and beam forming techniques analysis

In this section two techniques have been applied, the tapering technique and beam-forming tech-
niques. The tapering technique is applied for radiation purposes while the beam-forming technique
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Figure 4. Results for cylindrical
geometry.

3D Array Geometry Plot

Global Z-axis

0.2

0.2

Global Y-axis 03 02 01 0 0.1
Global X-axis

Theta TOT pattern cuts for specified Phi 90
(Peak Directivity = 20.00 dBi) -15 L

Freq 3000 MHz

is applied for testing the interference and response of the Array Antenna when there’s incident emw
from the mobile.

Peak side lobe levels may be reduced via amplitude control or weighting across the array aperture.
In this section tapering techniques is applied on four by six rectangular-patch array which is de-
signed for wireless communication on a Base Station Transceivers’.

Figure 15 shows the results of the tapering of the geometry and compares the results before and
after tapering.

The results above shows that a reduction of around 6 dB of a SLL from the tapered and non-tapered
URA responses for power normalization. The term beam forming refers to an array processing

Page 10 of 25



Kazema & Michael, Cogent Engineering (2016), 3: 1232330
http://dx.doi.org/10.1080/23311916.2016.1232330

<X cogent --engineering

Figure 5. Results for rhombus.

Global Z-axis

Global Y-axis

Theta TOT pattern cuts for specified Phi 0
(Peak Directivity = 19.01 dBi) -15
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technique for e

3D Array Geometry Plot

30
-45 45

stimating one or more desired signals. Beam-former can be used to spatially filter the

arriving signals. Attenuating signals that arrive from specific directions helps you distinguish be-
tween signals of interest and interfering signals from other directions.

Beam forming technique uses the weighting method, one of the basic trades-offs when imple-
menting amplitude weighting functions is that a trade between low side lobe levels and a loss in
main beam directivity always results. The following graphs shows the results of the Beam-forming

technique whe

n an incident signal referred as a mobile-phone signal incident at 30° azimuth and 30°

elevation angles on a Rectangular-Array which is assumed to be BTS (Figure 16).
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Figure 6. Geometry of the -
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3.6. Before optimization array response
Initial geometry structure of the rectangular array antenna with all elements activated. As shown in
figure, the array antenna has 24 elements with each element numbered (Figure 17).

The polar plot shown in Figure 18 shows the antenna array response when all the elements are
activated. The pattern shows that; there is a presence of huge Side Lobes on the Antenna radiation
pattern, though the directivity of the antenna is very big greater than that of Andrew BTS antenna
which is used for wireless communication but still the presence of SLL weaken its performance as
interference will occur.

Output characteristics of the array

Progressive phase shift in x-direction = -2.0247e-30°
Progressive phase shift in y-direction = —3.3065e-14°
Directivity based only on the fields above the xy-plane
Directivity = 17.5827 dB

Directivity = 30.7803 dimensionless

Directivity based on the fields above and below the xy-plane
Directivity = 20.52 dB

Directivity = 61.5607 dimensionless

Evaluation plane: Number of maxima between 0 and 18° =2
HPBW for maximum #1 17.5593° thmax = 0°

HPBW for maximum #2 15.5593° thmax = 181° (Figures 19 and 20)
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Figure 7. Results for a

3D Array Geometry Plot
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Figure 8. Results for a circular 0.3 3D Array Geometry Plot
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Figure 9. Results for a 2 3D Array Geometry Plot
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Figure 10. Results for a rhombic
array.
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Table 1. Summary of the results

S. No. Geometry Parameters Dipole (dBi) Patch (dB)

1 Rectangular Directivity 19.54 21.68
SLL -2 8

2 Circular Directivity 19.85 23.64
SLL 7 11

3 Cylindrical Directivity 18.85 22.17
SLL 6 10

4 Rhombic Directivity 15.21 22.53
SLL -3 9
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Figure 11. Results of Sidelobe Level v/s Directivity
rectangular array analysis.
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Figure 14. Return-loss vs. 25 T T T T T T T T T
frequency.
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Figure 15. Tapering response. Ideal URA versus Tapered URA response
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Figure 16. Array response with
and without beamforming
weights.
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Figure 17. Array antenna with
elements.
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Figure 21. Tapered array
radiation pattern.

Note: Directivity 16.30 dBi.

Figure 22. Tapered geometry
structure.

4. Optimization

This part deals with optimization of the above array antenna which is designed for BTS applications.
The results shows a substantial improvement on the reduction of the SLL of the array Antenna but
with a trade-off of gain reduction, a 4 dBi has been reduced with the optimization of SLL reduction
(Figures 21 and 22).

4.1. Particle swarm optimization algorithm

This part shows the results of the optimization conducted by the particle swarm algorithm with a
maximum SLL achievement of =55 dB, a maximum of 1,000 iterations were set and a particle swarm
value of 500 (Figure 23).

4.2. Genetic algorithm optimization

This part shows the results of the optimization conducted by the particle swarm algorithm with a
maximum SLL achievement of =55 dB. A maximum of 1,000 iterations were set with a population of
500 as shown below.
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Figure 23. PS optimization
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Figure 25. Optimization using
element phase control.
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Figure 24 presents the results optimization using aperture weights whereby Figure 25 presents the
results of optimization using phase control of the antenna elements.

5. Conclusion

An investigation on the effects of the geometry orientation of the antenna for wireless communica-
tion is conducted in this paper. A base station array antenna was designed particularly for wireless
communication and array tapering and beam forming techniques were employed so as to see its
performance based on directivity and SLL results. The investigation done for all the selected geom-
etries with rectangular patch element and dipole elements shows that; the array antenna having a
rectangular geometry produces a substantial ratio between the maximum directivity relative to the
maximum value of the SLL with the dipole elements giving the minimum possible SLL and a differ-
ence of 2.14 dBi with the one having patch elements. The results, shows that; there is a need of in-
vestigating the effects of the array antenna responses by considering different angles of incidence
from a far transmitters as this paper consider only a single angle however still there is a need of
using advanced techniques such as G.A and PSO for designing the base station Antennas for im-
proved performance of the Base station Antennas. The study suggest the design of an Array Antenna
with improved performance of the gain with minimum SLL but also to produce multiple beams using
the same Array antenna pointing in different direction.
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