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ABSTRACT

This research endeavors to comprehensively chaetdultiple Log-Periodic Array
(MLPA) antennas, specifically in the context of\gillance systems, using a novel array
factor. This array factor streamlines the numerichbracterization of MLPA antennas,
regardless of the number of elements involved. Stuely employs a rigorous analytical
approach, incorporating the Magnetic Vector Po&ntfMVP) model and pattern
multiplication approach through a top-down methodgl The MVP model was chosen for
its auxiliary function, which greatly simplifies éhanalytical processes. In practical terms,
experimental Multiple Log Periodic Array antennasrg designed and evaluated for this
study. The parameters of these antennas were nuathgassessed in the far field using the
newly developed Array Factor. MatLab R2010a sofemalayed a pivotal role in simulating
various parameters of the Multiple Log-Periodic &éjrrantennas, including Array Antenna
patterns, Electric/Magnetic fields, Average PoygtMector, Radiation Intensity, Radiated
Power, Directivity, and Directive Gain. The resudsmonstrated that the array antennas had
a Directivity/Gain of 15.68dB or 45.68dBm, at theeoating frequency range of 1.350GHz to
2.690GHz. The collective array patterns generateth MLPA antennas were in line with
expectations, relying on the corresponding fieldsmfgle element. Multiple Log-Periodic
Array antennas expanded the function of Single Begodic Array (SLPA) antennas by
significantly enhancing radiation gain and signaVerage. Thus, the novel Array Factor
accelerates the process of characterizing arragnaatparameters, thereby alleviating the
bottleneck in computing antenna losses. This markignificant advancement in the field of
antenna technology.

Keywords:

Array Antennas, Array Factor, Log Periodic Anten(aPA), Surveillance Systems,
Electromagnetic waves, Magnetic Vector PotentialVByl Wire Antennas, Frequency
Independent Antennas.
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CHAPTER ONE

INTRODUCTION

1.1  Background Information

The current state of security challenges has olslyodemonstrated that the nature of threats
to global security has changed drastically. Gladi#hcks, such as terrorism, cyber-attacks,
and nuclear proliferation have triggered a new disien of security situation. African
countries are not left out of this security issadree people of Africa and Nigeria in particular
suffer at the hands of opportunistic, militant astand terrorists in almost all the geopolitical
regions of the country. The activities of theseupinclude February 10, 2016 blow up of
the Bonny Soku Gas Line which carries natural gate Nigeria Liquified Natural Gas plant
and an independent power plant at Gbaran, andaalsdtack on the 48-inch export pipeline

at the Forcados export terminal (This Day, 2016).

The techniques of these attacks include coordiratedd attacks, assassinations, kidnapping,
rocket attacks, use of improvised explosive dev{tEBs), bombings and arson; and use of
military uniforms and vehicles as a ploy to apptodlee intended target3.hese attacks,
among others, have no doubt had a distressingteffethe country’s oil revenue projection
in the 2021 financial budget. There is hardly a tat passes in this country without one
hearing the news of the citizens being kidnappeastdered, and properties worth millions of
naira being destroyed. In the latest research adadlby Intersociety which cut across all the
distressing Christian areas of the country; thertegtates thus, “The number of defenseless
Christians killed in Nigeria from Jan to April 2024 1,470; ...” (International Christian

Concern, 2021).



History shows that numerous security threats caeler have developed into a fully-fledged
problem, had they been identified and tackled atearlier stage. This current security
challenges call for urgent and tactical means otrob It predisposes the military as well as
the entire country to difficult situation — hendke need to monitor communications over a
very wide frequency range. This requires sophigtitaand high sensitive wide band
surveillance systems for monitoring the activitiégpeople within areas of interest. Thus, one
of the measures to actualize this is through the afsWide Area Surveillance Systems

(WASS) — operated by multiple array antennas.

Surveillance involves the monitoring of the behaviactivities, or other changing
information, usually of people in order to influenananage, direct, investigate or protect
them. This comprises of observation from a distadmgeneans of electronic equipment, or
interception of electronically transmitted infornoast. WASS provides continuous views of
extensive areas.

The Modern surveillance systems operate within Higkquency (HF), Very High Frequency
(VHF) and Ultra High Frequency (UHF) bands, and til¢ or Stacked Log-Periodic Array

Antennas perform extremely well within these fremqgiebands.

Antenna can be defined as any piece of materialihs the capability to transmit or receive
electromagnetic waves. Antennas could be mount&tbots, indoors, or built within devices
that possess transmitting or receiving systemsreThee three (3) main forms of antenna
namely: Wire antennas, Slot antennas, and Apedntennas. These choices of antennas are
deployed at various communication systems deperahnipeir individual characteristics and

nature of the environment they are to operate. Wewehe most widely used type of these



antenna classes is the wire antenna. Wire antentiee isimplest, the cheapest as well as the
most flexible form of antenna. It can easily be mad various shapes to realize unique

antenna characteristics which include: dipole, Jdwdical, and array antennas.

An array antenna entails the combination of moemtbne antenna of similar or dissimilar
elements. Two main forms of array antennas arealegmplitude array antennas and Log-
Periodic Array antennas. When the array of antensasade of similar elements with
dimensions (length of elements and spacing) that wé&h a constants, the array antenna is
tagged Log Periodic Array (LPA) Antennas. They atiéized in applications where a large
frequency band is required to be transmitted/rexxkiguch as in broadcasting stations,
Satellite Mobile Vehicles (SMVs), Radio DetectiondaRanging (RADAR) technologies.
Numerous advantages are derived from LPAs that usmtcdor its usage in signal
transmission/detection. These benefits include viddedwidth, and low Voltage Standing
Wave Ratio (VSWR). Though LPA antennas have obvghtcomings which include large
size, however, application of a correct mix carstically reduce/minimize the challenges to
the barest minimum that will be suitable for desighis will go a long way to optimize the

gain and VSWR of the LPA used in practical wirelapplications.

LPA antennas provide solutions for Communicatiomviation and Identification (CNI)
searching, detection and jamming of all communacegtisignals from HF to UHF, monitoring
applications, surveillance applications, signakliigence applications, electronic warfare
applications, among others (Zhang et aD19). LPA antennas possess broad band design
feature and high power handling capacity. It ersuwlear communication for ground, sea,

and ground-to-air applications in this era of imf@ation warfare (Yu-Jiun, & Chieh-Ping,



2010). Categories of the available LPA antennasstoveillance applications include: dual
polarized log periodic antennas, cross polarizedderiodic antennas, vertical polarized log

periodic antennas, and horizontal polarized logogler antennas (Bolli et al2020).

Whenever there are multiple LPA antennas eithemnged in a series, parallel, circular or any
other desired form, an array of LPA results. Thioiherwise called Multiple Log Periodic

Array (MLPA) antennas. In other words, this could termed an array of arrays, since
radiating elements constituting the LPAs are alyeawdl array. Parallel LPA antennas occur
when MLPA antennas in the array pattern are adrayed in parallel. This kind of antenna
arrangement has the advantage of simple configuratind wide signal coverage cum
reception. To compute the Electric and Magnetiaf H) fields generated by these array

antennas, one requires an “Array Factor” (AF).

An array factor is a multiplier used for easy anmkexly analysis of array antennas. It
facilitates the computation of the Electric and Megc (E and H) fields, power
transmitted/received/lost by array antennas amahgr@arameters. In absence of the Array
Factor, characterization of array antennas is & weballenging task especially when the
number of radiating elements, in the array is equal or greater than 22n Thus, it is
difficult to compute the parameters of Log PerioBicay (LPA) Antennas and even more
difficult to compute that of MLPA antennas. Thisowing to the fact that one has to calculate
the parameters of the individual elements in th&4.Bne after the other and then sum them
together — even when the number of elements isoupvénty (20). Similar condition is
applicable for calculating the parameters generatddLPA antennas. With the availability

of an Array-Factor, it is easier to compute allshmeeded parameters. For instance, one can



easily compute the total field generated by Muitipbg Periodic Array (MLPA) Antennas,
simply by multiplying the field generated by thesfiradiating element in the MLPA antenna

with the Array-Factor.

1.2 Problem Statement

The Multiple Log-Periodic Array (MLPA) antennas leawo multiplier termed “Array-Factor”
for easy computation/ characterization of its patars. It has been difficult to formulate this
array factor because MLPA antennas are antennasomfplex geometry. Thus, MLPA
antennas are very tedious to characterize in terfrtbeir parametric behaviours. Recall,
MLPA antennas constitute an array of LPA antenndb warying amplitudes and spacing.
No Array-Factor has been formulated for such amyathereby making it very difficult
determining the antennas parameters like the Pawss (PL), the Radiated Power (RP),
Radiation Resistance, Average Poynting Vector,thacElectro-Magnetic (EM) fields during
signal radiation/reception. The Antenna enginedl lndve to, one after the other, analyze,
calculate, and then sum the Power Loss on eacleaey radiating element that make up the
antenna array before the total Power Loss by th&®Mhantennas could be ascertained. This
can be challenging and could become unfeasiblaeaaumber of LPA antennas in the array

increases.

Consequently, antenna system designers find it digiigult forecasting the performance of
MLPA antennas, as there is no available array fadtoey spend a lot of money and time
purchasing expensive softwares for carrying outvedritest after costly prototype
development and deployment. Thus, huge amount afesn@ould be spent in applying

corrective measures in redesigning such MLPA argefor better performance.



Also, most of the surveillance systems deployedhonitoring activities are limited in their
coverage area. This can be traced to the use mwéand, non-directional antennas as well
as single array antennas, instead of Multiple Arfafennas, in activity monitoring. Such

antennas lack wide area coverage capacity.

1.3 Objectives of the Study

The main objective of this research work is to ekhterize Multiple Log-Periodic Array
antennas for surveillance systems using a novelyAFRactor

The specific objectives include:

i.  To derive array factor for the set of first dip@ements in MLPA antennas (array of

equal dimensions) via pattern multiplication apgioa

i. To develop a novel array factor for MLPA antennaa pattern multiplication
approach.

iii.  To derive the Electromagnetic (EM) fields generatgdhe first radiating element in
MLPA antennas using Magnetic Vector Potential model

iv.  To characterize the MLPA antenna parameters ubegéveloped novel array factor.

v. To design and simulate MLPDA antennas of a sampled bwidth using MatLab

R2010a object oriented tools.



1.4 Justification of the Study

The need to evaluate the performance of Multiplg-Beriodic Array antennas— in order to
ascertain the antenna parameters such as the pasgeris of utmost important to antenna
system engineers. This evaluation, for a singleerard, does not pose much challenge.
However, evaluating such for array of antennas ieso challenging and demanding;
particularly for Log Periodic Array antennas as thadiating elements’ amplitude and spacing
change progressively. This is so, as the engindeneed to analyze, calculate and then sum,
the power loss of each and every radiating elertieitmake up the Multiple Log Periodic
Array (MLPA) antennas prior to the determinationtbé total power loss by the MLPA
antennas. However, the advent of the Array Faasulted to rapid characterization of the

antenna parameters, thereby minimizing the diffieslfaced in computing antenna losses.

The novel Array Factor has an immense benefit tstesy designers in the design and
development of efficient and cost effective arrayeanas. With the aid of this Array Factor,
system designers could easily predict the totattelemagnetic fields generated, power
radiated, power received, power lost by MLPA antenat the far field of the array antennas
prior to costly prototype development and deployin&his saves the time for carrying out

drive test and finance for the purchase of high sofwares.

In organizations like communication companies, Mrigactor assists in ensuring power
economy. It facilitates the determination of systpawer loss via radiated power density.
Thus, when the radiated power density is far leas the power input, the system engineer

adjusts the level of the transmitted signal by &hrerfor mismatch between the transmitter



and the Multiple LPA antennas. This enhances e¥featadiated power — by minimizing

power loss, and thus ensures power economy.

More so, the emergence of wideband wireless comration systems necessitated the
demand for high data rate antenna at mobile conmation Industries, broadcasting stations,
and Satellite Mobile Vehicles (SMVs). A good numlmdrthese communication systems
operate within Very High Frequency (VHF) and Ultdaggh Frequency (UHF) bands, and

Log-Periodic Array antennas do operate optimallghimithese bands.

1.5 Scope of the Study

This dissertation is limited to analysis on MulépLog-Periodic Dipole Array (MLPDA)

antennas.

The Log-Periodic Dipole Array (LPDA) antennas wassumed to possess similar structure,

with equal spacing between the LPA antennas.

In the course of the analysis, negligible width wwasumed for the antenna in order to lessen

the complexity in the calculation of current flowithrough the elements.

Then, the design antenna was simulated using MaR2{10a object oriented programming

tools.

The operating frequencies of the antenna were GRB5— 2.69GHz.

The design/scaling factor used for the design wa3.0

The spacing factor that was used for the designOaies



The operating bandwidth used was 2.0.

The boom length of the antenna was 1.56 ft

The number of elements considered for each of B &ntenna was sixteen (16).



CHAPTER TWO

LITERATURE REVIEW

2.1 Antenna and Its Characteristics

Smith (2016) defined an antenna as a device dasigmeefficiently radiate and receive

electromagnetic waves. Rohde and Schwar (2015netkfian antenna as a device for
transforming Radio Frequency (RF) signal — tramgllion a conductor — into an

electromagnetic wave in free space. According éoatiithors, antennas exhibit a characteristic
known as reciprocity, meaning that antennas mairttee same features despite whether it is
acting as a transmitting or receiving antenna. atnor explained that antenna have to be
tuned to the same frequency band of its conneddi rsystem so as not to impair the

transmission and the reception.

Abdullahi and Ahmad (2018) defined antenna as dacdethat radiates and receives radio
waves. The author revealed different mechanismswvhbich antennas radiate to include
resonant antennas where there is a movement ojehars the energy changes between the
electric field and the magnetic field — hence, #mtenna causes the field lines to vibrate,
releasing waves that propagate in free space aveay the resonant antenna. The other
mechanism is by having an impedance transitiondaases the energy being propagated in a

transmission line to be launched into free spabés method is witnessed in horn antenna.

In some systems, the functional behavior of thaesysis designed within the directional
features of the antennas. Some antennas are ugefdrjuransmitting electromagnetic (EM)

waves/signals in all directions or for point-to4pbicommunication, which is realized

10



whenever there are disturbances to the electriodl rmagnetic fields. These EM waves
propagate in free space in the z-direction as Wemss Electromagnetic waves, and their

equations, according to (Dhande, 2009), is given by

S Eyel Wt£p2) (2.1)

at? oo 022’

0’Hy _ 1 0°Hy j(wt+pz)

30~ g, o2 @ Ho€ (2.2)
f = W A= 1 2m EO Z. = Ho
' H, ° £,

(2.3)

27T ,/a,uogof ’ﬁ_/\_

where,

E, is Electric field in the x — direction.
H,, is Magnetic field in the y — direction.
&, IS permittivity of free space

Uo IS permeability of free space

A is the wavelength

Z, is intrinsic impedance

B is wave number

tis time

fis frequency

11



2.1.1 Antenna Characteristics:
The characteristics of an antenna comprise itsabipeal properties or parameters. These
characteristics include the antenna radiation pati@diation intensity, directivity and gain,

polarization, nulls, bandwidth among others. Hettlse,antenna characteristics are illustrated

in Figure 2.1.

Main Beam

|

Side Lobe Level

Directivity (dBi)
()
o

-20 -10 0

Angle (Degrees)
Nulls

Figure 2.1: Antenna Characteristic behaviours (Cgphntenna Pattern, 2021)
The parameters used to describe antenna charticté@haviours are discussed in under-
listed subheadings:
i. Radiation Pattern — This is the mathematical fmctor a graphical expression of the
antenna radiation properties as a function of spemerdinates (Rodrigo, 2010;
Srivastava, Pandey & Singh, 2014). Radiation Patiera plot of the variation of the

power radiated by an antenna against the arrivgleags observed in the antenna'’s far

12



field. It indicates the manner the radiated powedistributed within space. Radiation
pattern can either take the form of elevation amath pattern. Radiation Pattern also
indicates the comparative strength of the radidiedd in various directions from the
radiating antenna, at a steady distance.

According to (Rodriguez, 2011; Hasan & Al-Rizz02D), the area of the pattern where
most of the radiation is directed is termed themiabe; the side lobes are found at the
sides of the main lobe where the radiation is highan the adjacent areas. It is energy
radiated in directions other than the desired timaqmain lobe); the side lobe directly
opposite the main lobe is called the back lobe.

Dhande (2009) itemized the properties of anteadation patterns as follows:

2

a.Antenna radiation pattern is measured in the &dfof the antenna at> , Where

D is the largest antenna dimension

b.The intensity of the field pattern varies invéyseith distance

c.The radiated power density of the pattern varigensely with square of distance

d.The shape of the radiation pattern is not depgre distance
The graph of the magnitude of the magnetic or gtefield as a function of the angular
space produces the field pattern, while the plothef square of the magnitude of the
magnetic or electric field as a function of the alag space produces the power pattern
(Balanis, 2005)
Nulls — This is the area with minimal level of tledfective radiated power. Null
possesses a little directivity angle compared &rttain beam. It assists in restraining

interfering signals in a particular direction (Reh&® Schwar, 2015).
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iii. Power Gain — This is the product of the inversanplut power and antenna output
power. It is also the product of power gain inaatigular direction and the inverse of
power gain of a reference antenna in the same tdinrecAntenna gain in a given
direction is the quantity of energy radiated inttd&ection when compared to the
energy that will be radiated in the same directigran isotropic antenna when driven
by the same input power. An antenna gain of 3dBnwbempared to an isotropic
antenna and the resonant half-wave dipole of diffetengths are written as 3dBi and
3dBd respectively (Rohde & Schwar, 2015).

Different units for measuring Antenna gain include:
a. dBi (decibels relative to an isotropic radiator)ais antenna gain with respect to an

isotropic radiator. It is written thus:

G Numeric

G dBi = 10 * log ( ) = 10 * log(G Numeric) (2.4)

G isotropic

b. dBd (decibels relative to a dipole) is used to akplthe gain of an antenna with
respect to a theoretical dipole. It is used whéerrmg to the gain of omni-directional
antennas of higher gain. In other words, gain i ¢8an expression of antenna gain

beyond 2.2 dBi. Hence, an antenna with a gain 8id3aso has a gain of 5.2dBi.

iv. Directive GainD (6, @) - This is defined as the ratio of antenna radiatigerisity to
that of a hypothetical isotropic radiator that edes the same power. It is represented in

equation (2.5):

D(8,¢) = ﬂ (2.5)

WhereP,,q is the radiated power
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v. Directivity, Dmax — It is the ratio of the antenna’s radiation irgién to the radiation

Vi,

intensity of isotropic source (Kraus, 1999). Acéoglto (Singh, Solanki & Solanki,
2014), directivity is a measure of the ability bétantenna to concentrate its power in a
particular direction, while antenna gain is theoraff the radiated power to input power.
It is the capability of an antenna to concentretenergy radiation in a desired direction
during signal transmission or to receive energyelbdtom a particular direction while

receiving (Rohde & Schwar, 2015). The formulardoectivity is written below as:

U _ 4mUnpax

D max — U_o -5 . (2-6)

Prad

Where; D ,.xIS the Directivity (dimensionless)l,,,, iS the maximum radiation
intensity (W/ unit solid angle), U is the radiatiortiensity (W/unit solid angle), 4ds the

radiation intensity of isotropic source (W/unitisichngle)

Polarization — This is the orientation of electrgmetic waves far from the source. It is
described by (Rohde & Schwar, 2015) as “the ratithe maximum directivity of an

antenna to its directivity in the backward direntioThe polarization of the transmitting
antenna must be matched with that of the receigimgnna for optimum performance.
Electromagnetic field polarization means the oaénh of the electric field vector with

respect to time. In vertical polarization, the Eldi vector of EM wave is orthogonal to
the earth. For horizontal polarization, the E-fiefdEM wave is parallel to the earth.
Circularly polarized wave occurs when E and H fieddtors of the EM wave are equal
in magnitude, with phase difference of°9@ao, Zhang, Sun & Wu, 2019; Dhande,
2009). Polarization could be linear (such as valticorizontal, and oblique) or circular

(such as Circular Right Hand, Circular Left Handlipical Right Hand, and Elliptical
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viii.

Left Hand). This is the direction of oscillatiori the electrical field vector. While
mobile communication systems are vertically poktiz broadcast systems have

horizontal polarization.

Bandwidth — Beam width is that range of frequencwer which the antenna can
operate effectively. It is the angular distanceneen the half power points. Directive
gain has an inverse relationship with the beamiwidbere most of the radiated power
is not divided into side lobes. Rohde and Schw&l%) defined bandwidth as the
number of Hz for which an antenna will have a StagpdVave Ratio (SWR) less than
2:1. The authors also expressed bandwidth as gagerenter frequency of the band

written as:

Fp—Fj,

BW = 100 » A"k (2.7)
F

(o}

Where: R=highest frequency of the band,=fowest frequency of the band=€enter

frequency of the band

Half power Beam Width (3-dB points) — This is thards in the horizontal and vertical
axes of the radiation diagram where the transmpi@der is half the amplitude of the
main radiation direction (Smith, 2016). 3-dB beamdttv (Half Power beam width) is
simply described as the angle between the pointesémmain lobe that are lower from
the maximum gain by 3dB. An antenna should tranemérgy in all directions if it does
not have gain. The parameter that describes thé¢ impertant lobe, the main lobe, is
the half power beam width (HPBW). According to Rgdez (2011), since ¥z is 0.5 and

10log (0.5) is 3dB, the HPBW is also referred tBdB beam width. It is expressed in
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degrees and describes the arc of the angle betivedwo points to the side of the point
of highest radiation which are 3dB lower in radibpower.

Signal-to-Noise Ratio: This is the relationshipvibetn the desired information and the
noise (Singh, Solanki & Solanki, 2014).

Front- to-back ratio: It is the ratio of the maximwgain of the forward direction to the

gain 180-degrees behind the maximum gain. It ig défined as the difference between
the peak/maximum gain in the forward direction dnel gain 180-degrees behind the

peak, on a dB scale.

Radiation Power Density: Power density is the poraeiated per unit area in the field
of the antenna (Neelakanta & Chatterjee, 2003; Ga@hang, Sun & Wu, 2019). This
reveals the power attached with an electro-magngtige. It is the instantaneous

poynting vector defined as
W = EXH (2.8)

Where: W= instantaneous poynting vector (WJm&= instantaneous electric-field
intensity (V/m),H = instantaneous magnetic-field intensity (A/m) ((saand Marhefka,

2001).

Adekola (2012) emphasized that it is more suitablend the average power density for
applications concerning time varying fields. Théhaun gave the time average Poynting

vector (average power density) as;

Pay = % (ExH*) (W/n) (2.9)

Where: E= electric-field intensity (V/mM *= conjugate of magnetic-field intensity (A/m)
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Radiation Intensityl: This is defined as the time average per unidsatigle (Balanis,
2005). It is another measure of antenna performareh is obtained by multiplying
the time average poynting vector and the squatleeodlistance.

Thus:

U = r?P,, (W/ unit solid angle) (2.10)

Where: r= distance of antenna from origin to tleddfipoint,P,,,=average power radiated

Radiation Resistance},,q: Radiation Resistance is the point that the vaidfiea
hypothetical resistor will dissipate a power edqueathe power radiated by the antenna
when fed by the same current (Adekola, 2012; Un8&tes Marine Corps, 2016).The
higher the radiation resistance, the greater treFggnradiated by the antenna. Hence,
radiation resistance is a function of the curréotwving through the antenna and this
determines the energy to be radiated (Singh, Spl&n&olanki, 2014). The equation of

radiation resistance is:

Prq
Rpaq = 2% (2.11)

Io

Where;P, .4 is radiated power, lpis peak-value of the feed-point current.

Voltage Standing Wave Ratio (VSWR)- A portion oé tihansmitted power is reflected
at the antenna, to the transmitter (Smith, 2006 fbrward and return power generates
standing wave with corresponding voltage minima arakima (Vmin/Vmax). VSWR

is the product of the minimum voltage and the iseeof the maximum voltage in a
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standing wave pattern. It is also known as the maitipower delivered to a device to the
power reflected from the device.

xv. Return Loss: This is a logarithmic ratio in dB teatnpares the antenna reflected power
to the power fed into the antenna from the transimisline. This parameter serves as an
additional way of denoting mismatch, and the relaghip that exist between the Signal

Wave Ratio (SWR) and return loss (Collin, 2001).

SWR

Return loss (dB) = 20 logy, = T

(2.12)

2.2 Classification of Antennas

Antennas could be classified based on electromagnetve transmission, as either Omni-
directional (an antenna that radiates equally irdiaéctions such aguad antenna, billboard
antenna, and helical antenna) or a unidirectional antenna (an antenna thatatediin a
particular designed direction such as radar antesish antennayagi antenna) (Madikwane,
2006; Uchendu & Kelly, 2016). Antenna classificatioould also be based on frequency
(VLF, LF, HF, VHF, UHF, Microwave, Millimeter wavantennas), and also on the geometry
of the shape namely: wire antennas, aperture aatemcro- strip antennas, and array

antennas and so on (Balanis, 2005).

2.2.1 Antenna Classification Based on Frequency

Table 2.1 is used to show the classification oéana based on their frequency of operations.

These include: VLF, LF, HF, VHF, UHF, Microwave, INtheter wave antennas.
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Table 2.1: Antenna Classification

Frequency Band Description Typical service Exampke of
antenna
3-30KHz Very Low FrequencyNavigation Sonar Vertical radiators
(VLF) Top-loaded
30-300KHz Low Frequency (VR)Radio Beacons,monopoles, T and

navigational aids

Inverted L antennas,
Triatic antenna

Valley-span antenna

300-3000KHz

Medium FrequengyAM Broadcasting,

(MF)

Maritime radio
Coast guarg
communication

Direction finding

Radiators
(monopoles and
dipoles)

Directional antennas

3-30MHz

High Frequency (HF

and Facsmile
amateur radio, ship
to-coast and ship-tg

aircraft

communication

Telephone, Telegraplog

periodic
antenna, conical
-monopole and
-inverted cone
antennas, vertical
whip antenna
Rhombic antennag,

Fan dipole antenna
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Frequency Band Description Typical service Exampke of
antenna
300-3000MHz Very High FrequengyTelevision, FM| Yagi-uda antennas
(VHF) broadcast, air traffic Log-periodic
control, police,| antennas
navigational aids. Parabolic antennas
3-30GHz Ultra High| Television, Satellite Helical antennas
Frequency (UHF) communication, Panel antennas
Surveillance Corner reflector
RADAR, antennas
navigational aids. Discone antennas
30-300GHz Super High Satellite Parabolic  antenna,
Frequency (SHF) communication, pyramidal horn
Airborne  RADAR,| antennas, discone
Microwave links. antennas, monopoles
and dipoles
antennas, Microstrip
patch antennas,
fractal antennas
300-3000GHz Extremely HighRADAR Same as in (SHF)
Frequency (EHF) Experimental

Source: (Dhande, 2009)
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2.22 Antenna ClassificationrBased on Radiation Pattern

This subsection narrated thclassification of antennas based on the natureef tadiatior

pattern.

i.  Isotropic Antenna: This is a theoretical antenrat thdiates equally in all directior
It is a hypothetical lossless enna which is usually employed to compare prac
antennas. For a practical antenna of gain 3dB:e#ma that the gain of the practi
antenna is three (3) times greater than the gaesnakotropic antenr Figure 2.2 is

the isotropic antenna patt.

Fig. 2.2z Isotropic Antenna PatteriRphde & Schwai, 2015)

ii.  Omnidirectional Antenna: This is defined as an antahiad radiates equally well
azimuth direction with some angle in elevation dil@n. Such antennas include wil
antenna, dipolantennas, etc. According to Hui (2016), this ig@etof antenna that
often designed for marine use. It performs welte¢h@ecause there are no obstacle
sea unlike land where there are many obstaclegetU@tates Marine Cor (2016)

described omndirectional antenna as that radiator that putstexdee same radiatio
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in all directions around it, while directional anitms are radiators which the radiation

is mainly on one direction. Figure 2.3 is the ordimectional antenna pattern.

vt Pl

Fig. 2.3: Omni-directional Antenna Pattern (Dhariz(¥)9)

iii.  Directional Antenna: Directional antennas are thasiennas that focus their radiated
energy in a specific direction. The antennas cdudd patch, dish, or horn. By
transmitting the available energy within a seméleir(180) 3dB gain is obtained,
however, radiating the available energy within adrant (98) 6dB gain is actualized

(scholz, 2016). Directional antenna pattern is showFigure 2.4.

I
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Fig. 2.4: Directional Antenna Pattern (Dhande, 3009
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iv.  Hemispherical Antenna: These are antennas whosgsicadpattern covers one half of

the upper or lower hemisphere. Example of suchnaatés monopole antenna, which

can be used on aircraft for data link purpose. ile@@u5 is the hemispherical antenna

pattern.

120°

150

Vertical Monopole

60°

Theta

30°

00

-90°

Fig. 2.5: Hemispherical Antenna Pattern (Dhand@920

2.2.3 Antenna Classification Based on Geometry

Antennas can also be categorized as regards theeradttheir geometry. The antennas are as

listed:

I.  Wire Antennas: These antennas are made of varwuassfof wire which shapes could

be straight (dipoles), loop (circular, rectangusauare, etc), helix, and so on (Balanis,

2005). This category of antenna is symmetrically & the center with a sinusoidal

current distribution (Kraus, 2001). Figure 2.6he tiagram of Wire Antenna
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Fig. 2.6: Diagram of Wire Antenna (Jackson, 2022)
Dipole Antennas: This is an antenna made of comielements and whose whole
length is half of a wavelength at its operatiorgtrency. A half-wave dipole antenna
has an approximate gain of 2.2dBi (CISCO Systeavation pattern of dipole
antennas indicates that they are best suitablambsrmit and receive from the antenna
broadside (Smith, 2016). This is because of itsisigity to any movement away from
a perfectly vertical position. The antennas canegeibe fed through an input coming to
the bottom side of the antennas or into the ceotahe antenna. Qing and Chen
(2015) revealed that dipole antennas are fundarngmeas of radiators common in
many systems because of their uniform omni-direetiaccoverage, moderate gain,
relatively low production cost. However, the authegretted that dipole antennas
have the challenge of relatively narrow bandwidthiok hinders their usage in
modern multi-band communication systems. Accordinthe author, close-by objects
readily detune the dipoles due to their limited dwitth of operation. The antenna
performs well in good signal areas and also vefgcéfe in weak signal areas where
the dipole length suits the exact channel beingated. Figure 2.7 is the diagram of

Dipole Antenna.
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Fig. 2.7: Diagram of Dipole Antenna (Elprocus, 223
iii.  Loop antenna: This is a state where the wire aaté&hnsed to form a loop. It can take
any shape such as square, circle, among othersreFJ8 is the diagram of Loop

Antenna.

Fig. 2.8: Diagram of Loop Antenna (Rohde & Schwa@]5).
iv.  Helical antenna: This involves the bending of aewantenna into a helical shape or

simply helix. Figure 2.9 is the diagram of Helidaltenna.
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Fig. 2.9: Diagram of Helical Antenna (Elprocus23D

Multiple Element/Collinear Omni Antennas (Collinearray): This involves

combination of multiple wires or elements in a &ngattern in order to achieve a
higher gain. Higher gain does not imply creationmafre power by the antenna but the
radiation of the same amount of power in a moreised manner. This antenna type
share some general features with dipole. The useudfiple elements results to
increase directionality of the antenna in the diewmapattern, and increased gain.

Figure 2.10 is the diagram of Collinear array Amas

Maximum
radiation
direction

( 0 ( 0 ( 0( 0
> » Anlenna
Length|of array array axis

Radiation Pattern

Fig. 2.10: Diagram of Collinear array Antennas (Btus, 2023).
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vi.  Yagi Antennas — This is made of an array of indepeh antenna elements with only
one element driven to radiate EM waves. The anténfamed by driving a simple
antenna like dipole and shaping the beam usingsgi@rénon-driven) elements, and a
reflector behind the driven element. The more thmimer of elements, the more the

gain and directivity. Figure 2.11 is the diagran¥aefyi Antenna.

Boom

Directors

Dipole

Reflector

Fig. 2.11: The Yagi Antenna
vii.  Flat Panel Antennas — These antennas are configuegatch type, and they possess
square or rectangular shape. These antennas poggesal directivity and moderate

gain. Figure 2.12 is the diagram of Flat Panel Ange
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Fig. 2.12 Diagram of Flat Panel AntennNugroho, Ruliyanta & Nugroho, 20z
viii.  Parabolic dish Antenna— These antennas employ physical features and ne
element antennas to actualize high gain and shegptigity. They possess parabo
reflective dish to direct received EM waves to agh point on the antenna. Tl
antennais made of radiating element and a reflecting serfaParabolic reflectc
antenna makes use of a parabolic reflector instéable flat type, which is used
convert spherical waves into plane waves (SitSolanki, & Solanki, 2014 Figure

2.13 is thediagram of Dish Antenn

Fig. 213: Diagram of Dish Antenn@ackson, 202
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ix.  Slotted Antennas — They are made of narrow slointatground plane. They possess
similar radiation features like dipoles. They passkitle gain, low directionality, but

low cost. Figure 2.14 is the diagram of Slot Ani@nn

Fig. 2.14: Diagram of Slot Antenna (Elprocus, 2023)

X.  Microstrip Patch Antenna: This is an antenna wittiches of conducting materials
etched on one side of a dielectric substrate, whiereverse side is the metal ground
plane. The shape of this radiating patch can barsguectangular, circular, triangular,
and elliptical, among others. This antenna typgadsed for space-craft application.
Microstrip patch array antennas are used extensivethe field of communication
and microwave sensors, and are light weight, losfilerand a compact and minimum
line length feed network (Chen & Otto, 2016). A coon benefit of patch antennas is
their ability to have polarization diversity. Inh&r words, Patch antennas can be
designed to have vertical, horizontal, right hanccutar or left hand circular
polarizations, using multiple feed points, or aginfeedpoint with asymmetric patch
structures (Arpitha & Kumar, 2015). Microstrip Anteas are constructed with Printed
Circuit Board (PCB) traces on the PCB board andta&a different styles. They are

very small and light weight. They operate withintallar antenna frequency ranges
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and thus not suitable for wideband communicatiostesys. Microstrip antennas are
used on high-performance aircrafts, spacecraftgllises, cars, and even handheld
electronic devices such as telephone (Balanis, 2@§ure 2.15 is the diagram of

Micro Strip Antenna.

Fig. 2.15: Diagram of Micro Strip Antenna (Elpro¢c@823)

Aperture antenna: This antenna is constructed fn@aveguide which is basically a
hollow metallic tube through which waves travel.eTlwaveguide can take the shape
of a rectangle or circle. Example of such antersnthe rectangular or circular horn
(Singh, Solanki, & Solanki, 2014). These types ofeanas find applications in the
aircraft or spacecraft. Amiri (2015), and Saundmnd Zovala (2007) stated that the
part of the wave that is passing through the holéhé absorbing sheet will continue,
after being diffracted at the borders of the hatej will spread out to form a "far field
radiation pattern” of a "uniformly illuminated apgne antenna" possessing the shape

of the hole. Figure 2.16 is the diagram of Apertinéenna.
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Fig. 2.16: Diagram of Aperture Antenna (Elproc2@23)

2.3 Wireless Communication Antennas

Antennas are indispensable part of communicatistesys. Mobile phones, Wireless Fidelity
(Wi-Fi) Internet, TV broadcasting, Frequency modiola (FM) radio broadcasting, among
others operate via wireless communication withatiteof set of antennas. The popular types
of antenna used for this is the quarter wave Helargenna, the quarter wave whip
(monopole) antenna and Log Periodic Antennas. Vémienna is mainly used for cellular
phones within the frequency range of mainly 40056®MHz. The quarter wave helical
antenna is used in the frequency bands of 800 @ONIBiz. Whip antenna has similar
performance like the helical antenna but has a lemalze. Log—periodic Antenna is a
broadband antenna. It offers moderate gain and cstppvider frequency bandwidths.
(Ozgonil & Secmen, 2017; Singh, Solanki & Sola@kil4; Bontempo, Marques, Marins &
Arismar, 2015). Most antennas are resonant ap@gribat perform efficiently within a
comparable narrow frequency band. Antenna sizes often referred in relation to

wavelength. The wavelength is the distance tradddiewave within a cycle (Dhande, 2009).

A=<

: (2.13)
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Where,\ is the wavelength in meters, c is the speed bt ligs the frequency.

The dimensions of antennas are dependent upondthelength of the transmitted signal. As
the frequency of the transmitted signal increaggesyavelength decreases, and hence the size
of the wireless system reduces and becomes conf@agber, Froeling, Leiner & Klomp,

2018; Dhande, 2009)

2.4  Array Antennas

The radiation patterns of single-element (dipol&eanas are omni-directional. That is, they
have relatively low directivity (gain). Hence, sleglement antennas are not practicable in
long distance communications — as antennas with Higectivity are often needed. While
using such antennas, the dimensions of the steietig very large. Alternative technique to
enlarge the electrical size of an antenna is terabke the radiating elements together, which
invariably changes the electrical length and thermma geometry (Lema & Hailu, 2019). The
array of radiating elements are mainly similar,utjo not always necessary but easier for
design and manufacture. Also, the radiating elesnenthe array could be of any form (wire
dipoles, loops or apertures). Hence, the overattedmagnetic fields generated by the array
constitute a vectorial superposition of the eleotgnetic fields radiated by the individual
elements (Safar & Al-Zayed, 2016). In order to abta very directive pattern, it is very
important that the fractional fields — radiated liye individual elements, interfere
constructively in the preferred direction and ifges destructively in every other remaining

space (Felici-Castell, Navarro, Pérez-Solano,SeGaraia & Garcia-Pineda, 2017).

An array involves the combination of two or moréegoma elements, positioned in a particular

geometrical arrangement, in order to achieve trede@ radiation characteristics. Array of
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antennas can either be active or passive. The atsnage active when they are electrically
linked to the (driven) sources (in transmit mode}ioks (in receive mode). They are passive
or parasitic elements (non-driven) when the elemeate not electrically connected
(Neelakanta, 2002; Huong, 2020).

When a single element antenna does not give théregljcharacteristics, multi-element can
be used. According to (Hui, 2016), antennas witiiven radiation pattern can be positioned
in (a line, circular, plane) pattern to generaféedent radiation patterns. Hence, antenna array
is a configuration of multiple antenna elementsitomsed/arranged to obtain a required

radiation pattern. These arrays can be categonited

I Linear array — a situation where the antennasraa@ged along a straight line.

il. Circular array — here, the antennas are arrangeahdra circular ring.

iii. Planar array — this is the situation where the rardeclements are arranged over
some planar surface. An example is rectangulayarra

iv. Conformal array — this is obtained when the anteeleanents are arranged to
conform to some non-planar surface, such as atirekatf.

V. Phased array — this comprises of an array of idaintadiating elements which
achieves a particular pattern by controlling thenent excitation phasing. This
type of antenna array can be used to vary the hobi@ of the antenna without
physically moving the antenna.

Vi. End Fire Arrays — these are directional antennasseitmechanical characteristics
are parallel to the major/main lobe of the radiato@am (Scholz, 2016). Examples
of such antennas are yagi and log-periodic anteihge the mechanical concept

of yagi antennas are not proper for extreme clicnanditions due to influence of
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ice and snow on the radiation pattern, the pattériog-periodic antennas are

constant over a wide frequency range without imfge of such. Thus, Log-

periodic antennas are utilized where exact radigtattern is required.

Vii.

Broadside Array — these are directional antenndshwimnechanical characteristics

and main lobe of the radiation pattern are orthagjtmeach other (Scholz, 2016).

Examples of such antennas are panel and cornect@flantennas.

Table 2.2 compared different kinds of antenna gegmgased on their radiation patterns,

power gain, directivity, and polarization.

Table 2.2: Antenna Comparison

Antenna types Radiation | Power gain Directivity Polarization | Frequency
patterns Range (BW)
Dipole Broadside Low Low Linear 3kHz to
300GHz
Multi element| Broadside Low/ Low Linear 30MHz to
dipole Medium 3GHz
Flat panel antenna Broadside Medium Medium/Hiddmear/circular| 4900 to
6200MHz
Parabolic dish Broadside High High Linear/circularl0.7-11.7 GHz
antenna 11.7-12.75GHz
Yagi antenna Endfire Medium/HighMedium/High | Linear 3MHz and
300GHz
Slotted antenna Broadside Low/ Low/ Linear 300MHz to
Medium Medium 30GHz.
Microstrip antenng  Endfire Medium Medium Linear 136 Hz

Source: (Smith. Aerocomm, 2016)
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Maharimi et al. (2012) listed various array desugmiables that can be altered to obtain the

total array pattern design, such as;

i.  General array shape (linear, circular, planar, etc)

ii.  Element Spacing

iii.  Element excitation amplitude

iv.  Element excitation phase

v. Patterns of array elements
Hence, the ability to increase the performance rofagray antenna is dependent on the
parameters like the number of radiating elementtherarray, spacing between the radiating
elements, phase and amplitude of excitation (Hu@0g0). Uniform arrays, as defined by
Hui, 2016, are equally spaced identical elementeaiivalent size and with a linearly

progressive phase from element to element. Su¢h tha
91 =00 =a,¢03 =20,———, Py = (N - 1)“ (214)

The author highlighted some of the general featafdise array factor AF with respect¢oto
include:
i.  [AF] jqax = N ate = o (mainlobe)

ii. totalnumberoflobes = N — 1 (onemainlobe, N — 2 sidelobes)

iil. mainlobewidth = %T, minorlobewidth = %T

The phasing of the uniform linear array elementdatde chosen in such a way that the main
lobe of the array pattern lies along the array éersl-fire array) or normal to the array axis

(broad side array). Thus,
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For End fire array, main lobe is @&t0° or 6=18C
For Broadside array, main lobe ista9(’.

Hence, the maximum numerical value for the arrayofiais obtained when the array phase
function is zero. It is written by (Huong, 2020) as

b=c+kdco$=0 (2.15)
According to Zhang, Cui, Xu and Lu (2019), antrarrays ensure an efficient means of
detecting and processing signals that arrive framous directions. The authors emphasized
that antenna array sensors have the capabilityodifing its beam pattern through the aid of
amplitude and phase distribution termed the weightthe array, which is unlike a single

antenna with limited directivity and bandwidth.

Advantages of antenna arrays in wireless commtiaicéHui, 2015)

I. Provision of high gain through the use of simpleeana elements.

il. Provision of diversity gain in multipath signal egtion

iii. Provision of a steerable beam (change of radiativection) just as in smart

antennas.

iv. antenna arrays allow array signal processing
2.5 Log-Periodic Dipole Array (LPDA) Theory
Log-Periodic Dipole Array (LPDA) is an antenna whasectrical properties vary negligibly
with the logarithm of the frequency (BiabanifardiaBanifard, Javad & Jahanshiri, 2018).
Research shows that log-periodic arrays are iefiait both ends as shown in Figure 2.17.
That is to say, one end is infinitely large white tother end is infinitely small. This retains

the periodicity of the input impedance over thejfrency.
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Figure 2.17: Block diagram of an N-element Log-Béid Dipole Array (Wankhade & Nema,

2013).

While designing practical antennas, the infinitegifeeriodic Array antennas are truncated at
both ends as represented in Figure 2.16.

According to Figure 2.1, three sections exist ig [Reriodic Array antennas namely;

i. Transmission line region {£2): There is no radiation by the elements in #use due to

the fact that the size of the elements is less thanvavelength.

ii. Active region (2/2): Dipole elements are permitted to radiate iis #one because the
size of elements is equal to the wavelength.

lii. Stop region (%/2): in this region, no radiation is experiencedhis is because the

induced current from the active region to this oegs of the same amplitude although

with 180 phase difference (Wankhade & Nema, 2013; Okoy&4 R0
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2.5.1 Background on Log-Periodic Array (LPA) Antenras

Log Periodic (LP) antenna was invented in the yE288 by Dwight Isbell and Raymond
DuHamel at the University of lllinois. LPA antennase linearly polarized and broadband
antennas due to its frequency independent feat(ltakshimi & Raju, 2012; Fiorini,

Morbidel, & Caso, 2017). It offers moderate gaim @volved from the principle of frequency
independent antennas which theoretical backgrouad wtroduced by Rumsey at the
University of lllinois (Abdullahi & Ahmad, 2018; Az-ul-Haq, 2012). DuHamel

implemented Log-Periodic Antenna based on this wveotvhich led to the introduction of
LPDA by Isbell. Afterward, (Carrel, 1961) investigd the LPDA mathematically and

computed some of the antenna parameters suchraslision pattern and input impedance.

2.5.2 Principles of Frequency Independent Antennas

Frequency-independent or Ultra-Wideband (UWB) amésnare characterized by certain key
properties, including input impedance, radiatiottgra, gain, polarization, and others, which
remain relatively constant across a broad rang&eguencies (Fiorini, Morbidel, & Caso,
2017). The magnitudes of frequency independentnaate alter with frequency when
expressed in wavelength, thus, they show different radiation charactessstat diverse
frequencies (Amiri, 2015). The variations of ragiatcharacteristics with frequency limit the
bandwidth of the antenna and thus the informatiamytng capacity of the communication
link to which the antenna belongs (Kim, 1999). Téabject of frequency independent
antennas, which ideally offer an endless bandwidias first addressed by Rumsey, who

explained the principal requirements for the andsn(fiorini, Morbidel, & Caso, 2017).
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2.5.2.1 Angle Specified Antennas

Kim (1999) stated that if the shape of a lossledsrama can be specified entirely by angles,
then the antenna characteristics such as its iadipattern and input impedance could remain
constant with frequency. In other words, the dinm@mms of this type of antenna, when
expressed with respect to wavelength, will be dmmes at every frequency. This means that
the electrical properties of the antenna are caohséad do not vary with frequency. This is
termed frequency independent antennas for the asa result.

In general, if the terminals of both antennas amesilerably close to the origin of a spherical
coordinate system, the equation for angle specHig@nna geometries is written by (Kim,

1999) as:

r=F(8,¢) =e"f(6) (2.16)

where;

f (@) = arbitrary function,

g = L9 (2.17)

K depends on angle C for congruence, but neithermor ¢. (Kim, 1999)

Examples of Angle specified Antennas are;
i.  Conical spiral antenna

i.  Planar equiangular spiral antenna

2.5.2.2 Self-Complementary Configuration
According to this principle, for an antenna withe teame shape as its complement empty

part, its impedance is static at all frequencidgal{Bnifard et aj 2018).
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If complementary antennas possess input impedadg¢esid Z,, then the product of

Z, and Z, is obtained by (Biabanifard et @2018) as;

7,7, = (60m) 2 = 36001 2 (2.18)

Hence, for two planar structures that are self-dempntary, Biabanifard et.a2018) states
that

It should be noted that frequency independencetisaized once antennas that resemble their
complements are designed, in as much as an acagleincy independent antenna would

have constant input impedance.

2.6 Single Log Periodic Array (SLPA) Antennas

Log-periodic antenna is a broadband, multi-elemdimgctional, narrow-beam antenna that
has impedance and radiation characteristics whiehfraquently repetitive as a logarithmic
function of the excitation frequency (Okoye, Ndihgdvibaocha, & Agubor, 2017; Halder &

Pradhan, 2013; Abdullahi & Ahmad, 2018). Reeve @adefined log periodic antenna as an

array of dipoles with mathematically related lersgtimd spacing.

That is; the relationship between lengths and sgggiwritten by (Reeve, 2016) as:

di_d2 _  _ an _u _l=z2 _ _ In _1 (2.20)

a2~ a3 7 dn+1 12 13 77T 41 ot

Where;

d,, is equal to the distance of n-dipole from the exeformed near the feed point in meters

L, is the length of n-dipole.
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Thus, the inverse of this ratio in equation (2.8Qhe design factar. That is (Carrel, 1961);

r=%2=Lkq (2.21)
dy L

Where: 0.7& <1

Log periodic antenna could be described by two gedm parameters which are a scale
factor, 1, that defines the relative lengths and also aisga@ctor,s, which identifies the
relative spacing between the antenna elementsthitteparameter is, which is half of the

apex angle and that is deduced froandc as shown in equation (2.22) by (Carrel, 1961).

a = Tan 1 (%) (2.22)

wherea is half of the apex angleg is the design/scale factor ands the spacing factor

The lengths and spacing between the elements ofpdagdic antennas do increase
logarithmically from one end of the antenna to dkieer (Kibona, 2013; Abdullahi & Ahmad,
2018). The LPAs are utilized in situations wherelevrange of frequencies is required with

moderate gain and directionality.

Log periodic Antenna has the capability of prodgcdifferent gains for the same antenna
frequency simply by adjusting its elements freqyefhtalder & Pradhan, 2013). Lazadiris et
al. (2016) stated that Log Periodic Dipole Array®IDAS) possess relatively flat gain curve
over range of frequency octaves. This is as opptwsdte gain of Yagi-Uda antennas which is
obtained over a much narrower bandwidth with a gairve that increases with frequency.
“In modern telecommunication systems, antennas wiider bandwidth and smaller

dimensions than conventional ones are preferredofd, 2013; Abdullahi & Ahmad, 2018).
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The author clarified that log-periodic antennas @esigned in order to ensure that it has a
very wide bandwidth, which theoretically is infiait

According to Reeve (2016), the highest directivifylog periodic antenna is obtained along
the longitudinal axis in the direction of the sksttelements. When the antenna is illuminated
by an electromagnetic field, electric current degéhrough each of the elements. Thus,
currents in the active region combine togetherhenttansmission line in accordance to their
phase, and then operate together to generate disioa pattern of the antenna, the author
opined. The radiation energy generated at a péatiftequency moves across the feeder till it
gets to the section of the structure where thetrétat lengths of the antenna elements and
phase relationships generate the radiation (Kib@343). As the frequency is varied, the
place of the resonant element moves gradually fvomelement to the next one. Engargiola
(2016) opined that the use of log periodic geomesrynot a criterion for frequency
independence of antenna. The shapes of the ant@sni@ be carefully selected and tuned in
order to ensure low Standing Wave Ratio (SWR) amumal variation of impedance and
beam shape within a log periodic of frequencys Ithe linear dimensions of the longest and
shortest dipole elements that determine the bouexlaf the antenna passband.

Figure 2.18 shows the schematic diagram of Singlg-Reriodic Array (SLPA) antennas. It is
an array of dipole elements attached to a comnansmission line, and fed from the apex of

the array.
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Fig. 2.18: Schematic diagram of SLPA Antennasoy@k 2014).

The elements are driven with a phase shift o E&h by switching or by the alternation of
the element connections. The set of dipoles thatattached in proximity to the input are
close to each other and almost out of phase, andehannul each other’s radiation. As the
element spacing increases, a spot is reached #iergyray where the phase difference in the
transmission line is forced to combine with the ®18@itch to generate a total of 3gCarrel,

1961). Thus, this relationship is written in eqaat{2.23) by (Carrel, 1961) as:

1

dp-ps1 = 5 (ln=lns1) coto (2.23)

whered 1 Is the element spacing aig- [, is the difference of the radiating elements

n-n+

(Carrel, 1961). The fields generated from the dipfdlements in phase are directed toward

the apex of the antenna, thereby producing a lolea active region made of set of dipoles.

44



2.7 Array Factor

It is a mathematical factor used to signify thatiehship between total field of array and the
field of single element (Huong, 2020). Array faci®ia function of the array geometry and the
array excitation phase. The features of the araaiof and the total field of the array can be
checked through varying the distance of separatiand/or the phagethat exists in between
the elements. With an array factor, the far fiebthgrated by array of identical elements can
easily be computed. The far field is equivalenthi® product of the field of a single element,
at a selected reference point (usually the origainy] the array factor of that array (Balanis,
2005). This is termed pattern multiplication.

Hui (2016) postulated the array factor for compotabf parameters of uniform antenna array
via pattern multiplication approach. According e tauthor, the total electric field E radiated

from an arbitrary antenna array is given by (Baa@D05) as in equations (2.24) and (2.25):

E =Ke " 0[agfo(6,9) +3,f,(0, )] ZIL, w;e I*pPiar00) (2.24)

E=Ke " o[ayf3(8,9) +a,f, (0, 0)|furray (6, 9) (2.25)

Equations (2.24) and (2.25) follow the principlepattern multiplication which states that the
product of the antenna element pattern and an deepr f,,.q, (6, ) gives the array

pattern. For uniform linear array, the array fadgsowritten by (Hui, 2016) as:
farray(e; (,0) = IiV=1 wie—jkpi.ér(0,<p) = Z{\Izl wie_jb ‘ (2-26)
This assumed that excitation currents have equplitutie (I=1), and phase differencefbf

Forf = g Hui (2016) defined the array factor as shownquations (2.27), (2.28) and (2.29)
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AF = farray (9 = g, (P) = §V=1 a)ie"fbi = [ZIiV=1 e JU-DB o—j(i-1)dcosp (2.27)

AF = 1 + eJ(kdcosp+B)  gj2(kdcoso+B) 4 _ _ _ 4 oj(N-1)(kdcosp+P) (2.28)
AF = SN, Do = ef(N—D%ﬁ (2.29)
Where:p = kdcosp +  and 0 < ¢, 8 =< 2m.Thus, normalized array factor is

147 ()] = o) (2:30)

Where:T is a constant to generate the largest valud Bfy | equals 1.

Hui (2016) postulated thus: for antenna array ehtetal elements, the radiation pattern of the
antenna array could be determined through pattashtipication theorem. Hence, Array

pattern is the product of Array element pattern arrdy factor (AF).

The author opined that Array factor AF is indepearidef the antenna type provided that all
the antenna elements are identical. Accordingeaaththor, for an N-element linear array, the

field of an isotropic radiator located at the amigs written by (Hui, 2016) as;

Eg = lo—— (2.32)
Where:

rl=rr,=r—dxcosb,r3 =r—2=*d=*cosf,— ——,ry =r— (N —1)d * cos6, (2.32)
Iy= Iy*e/®N, (N=1,2,3..) (2.33)

Hui (2016) further derived the field as representeequations (2.34), (2.35) and (2.36);
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e—jkr

Eel == IO Py - EO (234)
i —jk(r—dcos@) ,
Eq, = ]Oe—ﬂpzeT = E el (®2+kdcoso) (2.35)

e—jk[r—(N— 1)dcos8)

EHN ~ Ioe_j(pN — Eoej[q) N+(N—1)kdcos6] (2_36)

4ntr

By applying superposition, the overall array faldiis obtained by (Hui, 2016) as shown in

equations (2.37), (2.38) and (2.39);

Eg = E91 + E92 +—-———+ E9N (237)
E(9 — Eo[l + ej((p2+kdcost9) + ej((p3+2kdcost9) +——— 4+ ej[(pN+(N—1)kdc059)] (238)
Eg = Ey[Array — Factor] (2.39)

Florence and Raju (2014) postulated that for simmagaurrent distribution of dipole antenna

positioned along the z-axis.

The element pattern is calculated thus by (FloremeeRaju, 2014) as:

cos(0.57m cosf )
sin @

F(0) = (2.40)

The far field A-F @) pattern in the horizontal x-y plane due to thement pattern Fof is

given by (Florence & Raju, 2014) as in equatiod 2.

AF (0) = ZN: 21, coskd, cod )*F @ )
n=1 (2.41)

Assuming that the excitation and geometry are sytmeneith respect to the center of the

array, the normalized radiation pattern in dB igten by (Florence & Raju, 2014) as,
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_ | AF(8) |
AFn(6?)—20Ioglo[|AF(0)| } (2.42)

max

Where:
N=number of elementsk =27ﬂ:wave numberi=wave length, d=distance of center & n

element from origin, N=total number of elemeksthe polar angle of the far field measured
from broad side.

The authors stated that the radiation pattern geéeeiby the array is expected to satisfy the
condition of low Side Lobe level (SLL) and optimurynamic Range Ratio (DRR). They
explained DRR to be the ratio of maximum value xéigtion amplitude to the minimum

value (Florence & Raju, 2014).

The array factor for array of antennas is well Bgstzed/derived from computing the total
field generated by a sample of two or more ideht&taments of the array. With the array
factor, the total field generated by the antenmayaof any number of radiating elements can
be computed, provided the field generated by desielgment in the array is known (Florence
& Raju, 2014).

2.7.1 Array-Factor for Single Log-Periodic Array (SLPA) Antennas

Figure 2.19 was the array arrangement of Single-Regodic Array Antennas. From the
Figure, R4, R,, R3, Ryand R, represented the distances from the source pointbetdield
points of the antennas. The¢ r,, 3, r and ry, indicated the distances from the origin of the
antennas to the field points. Alsd, z;, z3, z, and z; stand for the differential lengths of the
antenna, whiled,,d,,ds,d,and d,represented the distances of separation between the

antenna elements in the array (Okoye, 2014).
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Fig. 2.19: Schematic diagram of SLPA antenna pwsidl along the z-axis (Okoye, 2014)
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According to the author, the phase variations ef 3.PA antenna elements were evaluated
by determining the distances from the source pamtke field points of the antenna elements
R;, R, R3,and R, in terms of the distances from the origin of tieanas to the far field
pointsry, 1y, 13,and r,. Also, the phase of the antennasiRthe Green’s function was
substituted with the values of the derived R. Mrs as demonstrated by (Okoye, 2014) as in

equations (2.43), (2.44), (2.45) and (2.46).

R, =r-2z;cos 6 (2.48
R, =r-d;sinf — zycos 0 (2.34
R; = r- (d; +d,)sin6-z5 cos 6 (2.45)

Then, from design factarrelation, it is shown by (Okoye, 2014) that:

= LT EL TG (2.46)

ist= %2 -9 _d |
(Thatis:t = % =3, —u )
According to (Okoye, 2014), substituting thlg in equation (2.46) withrd,, resulted to

equation (2.47);
R; =r—d;(1+ 1) sine-z5cos b (2.47)

Also, from Figure 2.19,
R, = r- (d; +d, +d3)sin6-2z, cos O (2.48)
Substituting thel, with td; and thed; with t2d,, resulted to (2.49) (Okoye, 2014):

R, =r—d;(1+ T+ t%)sine-z,cos 6 (2.49)
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In order to obtain the effective phase variatiamstifie SLPA antennas, the antenna phase R
the Green’s function was replaced with the valueRR,, Rs and R, of equations (2.43),

(2.44), (2.47) and (2.49) to give the expressiorigenm in equation (2.50) by (Okoye, 2014);

e_ikReff e—ile e—ikRz e—ij3

RN nLLC (2.50)

r r T r

Multiplying both sides of equation (2.50) by r gg2e51) as written by (Okoye, 2014).
Hence,
e JKReff — @=JkR1 | a=jkR2 4 o-jkR3 (2.51)

Then, substituting the values 81, R,, R; and R, into equation (2.51) resulted to equation

(2.52), and then (2.53) as indicated by (Okoye4201

eI kRefr —
ejkz’1c050 + ejkdlsine+z'2c050 + eikld: (1+1)sinf+z5cos6] + elklds (1+1 + t2)sinf+z}cosH]

(2.52)

Simplifying the above expression of the effectiveage gave equation (2.53),

. ! . s : !
e_jkl:ieff _ e]kzlcose + e]kd151nee]kzzcose
+ ejkdlsin Gejkdl‘rsineejkzgcose + ejkdisin Hejkdl‘tsineejkd112 Sin@eijéCOSQ

(2.53)

Factorizing out equation (2.53) resulted to (2. &gwritten by (Okoye, 2014),

R jkz)cos@ jkdqsin®
e JKkRefr — e 1+ =% (2.54)
+ ejkdlsin Gej kd;tsin® + ej kd;sin Bejkdlr sin Bej kd;t?sin 9)
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As the differential lengths of the antenna elemamigroached zero, (That is, fof =z, =

z4= 0), the expressiodl kZ <°s®equals one (Okoye, 2014).

Thus, equation (2.54) is reduced to (2.55) accortbhnOkoye, 2014),

1 + ejkdlsine

AF = + ejkdlsineejkdl‘rsine _|_ejkdlsin@ejkdl‘tsinHejkdl‘t2 sin 8

(2.55)

Considering more antenna elements in the Single BRfenna, the Array- Factor series

equation shown above was extended as denoted ati@q2.48) by (Okoye, 2014);

AF =1 _|_ejkd1 sin 6 + ej k[d1(1+T)sin 0] + ejk[d1 (14+7t+712)sin 0] + .. (2.56)

Thus, for an infinite series of array of dipole rebnts, the Array Factor was conveniently

represented as in equations (2.57) and (2.58) kg\€ 2014);
AF =1 + ikdisin® 4 pjkdysin®gjkdstsin® | pjkdysin®gjkdstsingjkdst?sin® 4 .., 4

n e jkti1sin® 2.57)
Assuming kd;sinf = ¢

iri—1

AF = 1 + el® 4 el Pel™ 4 i 0piT0piTe 4. L ] it '@ (2.58)

Equation (2.58) was expressed in a compact formepsesented in equation (2.59) by

(Okoye, 2014);
AF=1+ SV, v e (2.59)

Where; N = number of dipole elements.
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2.7.2 Derivation of SLPA Antenna Parameters
I.  Total Electric/Magnetic Field for SLPA Antennas

The electric and magnetic (EM) Fields for the fetgment in SLPA antenna was derived in
equations (2.60) and (2.61) respectively. The mletagnetic fields generated by SLPA
antennas are the product of the Electric/Magnetid$ produced by the first antenna element

in the array and the Array-Factor of the singleeana array (Okoye, 2014);
Thus. Equation (2.60) is written by (Okoye, 2014) a

in K2 I(l‘L'n_l)Z e~ Jkr

T _ N—-17n jkdti"1sino
Es 6 — [(1 + Zn:l i=1 e’ ) 167

sing | (2.60)

Then the corresponding magnetic field for the SL&#ennas in (2.61) was obtained by
dividing the electric field of equation (2.60) hytrinsic impedancey as written by (Okoye,

2014).

Hence,

T _ N-11n ikdti~tsingy JKA1(T
Hs 6 — [(1 + Zn:l i=1 e’ ) 16mr

n—1)2 e—jkr

sind | (2.61)

ii.  Average Poynting Vectop ,, of SLPA Antennas

Average Poynting Vector of SLPA antennas was deterdnby finding the product of electric
field and magnetic field generated by SLPA antenifdmis, it is the product of equations

(2.60) and (2.61). This resulted to equations (RaB2l (2.63) as written by (Okoye, 2014).
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P i nk21 (Itv1)2 g—Jkr |
[(1+ ZN 1 ?1€]kdr sm9)1 1 ( ) Sll’le]

16nr

pavsLpa = - Re -~ 2 metaz ol (2.62)

2 [(1 + ZN 1 n jkd‘[ 1sin 6) jk I(IT167T2 e sin e] *(b
Analyzing the unit vector8 ande,

[(1 + YN-I[R, efkdr'tsin e)j nk? ez eI 6]
n i=

pavsipa = - Re Lomr (2.63)

2 i-1 ]kZ (X 1)2e jkr

[(1 + YNt [lf, efkdr sy — sin 9] (ex )

After resolving the internal brackets of equatidh68), equation (2.64) is obtained by

(Okoye, 2014) as,

pavsipa =

j nk? 112 e~Jkr j nk? 11712 e kT i-1

[] ! sin 6 +J nk< I( ) sin 6 ZN 1 :l e ]kd‘r sme)]
1 Re 16mr 16mr
2 i k2 IlZ ejkT i kZI lTn_l 2 ejkT

[( 7) n9+( j)) i(mr ) sin 0 EN 17N n e —jkdti™ sme)]

(2.64)

Also, after multiplying out and expanding the ertdrbrackets of equation (2.64), equation

(2.65) was obtained by (Okoye, 2014) as:

pavsrpa =
2 n—1\2y 2 2 n—1\2 1\ 2 . i— .
: Re{ “(?1617(:2 (r))z) sin® 6 + n((kleigr 2(r))2) sin2 @ RAZ][T7, efkdrsin6 4
LI Gin2 g ST, e-kdr 0 4
n (k2 I(lTn_l)z ) 2
om0 ? sin?20 YN_1T1~, (1)} (2.65)

According to (Okoye, 2014), factorizing out equat{@.65) results to (2.66). Thus,
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pPavsipa =

_ g i—1 o
LRe!l A1) 2 sin? 0 L+ Zasi TIiL, e em® i (2.66)
2R\ Gom e 2 £ RN, eCDkarsino 4 NI (q) |

Equation (2.66) was further analyzed as shown uaggn (2.67) by (Okoye, 2014)

n (kZ I(lTn_l)z) 2

PavVsLpa = l Re (16m)2 (r) 2 '
2 [ 1+ XNZHTR (1 + 2 cos(kdti~tsin 9)) |

sin? 0

-

(2.67)

According to (Okoye, 2014), rearranging the ordexquation (2.67) results to (2.68)

[1+ 2N, (1 + 2 cos(kdTi~tsin 0)) |
pavsipa = ;Re RO (i LD LI f (2.68)
(16m) 2 (1) 2

iii.  Radiation Intensity, U ¢) of SLPA Antennas

Radiation Intensity of a dipole antenna was evaliat equation (2.69) by (Kraus, 1997) as:

1 n(ID2)2k*
U (6, (p) = |5R€ {W sin 26}| (269)

On further analysis, equation (2.69) was obtaimed by (Adekola, 2012) as;
U (e, @) = 37—2(711) 2 (Ai) 4 sin e (2.70)

The Radiation Intensity for Single Log-Periodic &yr antennas was determined by
multiplying the radiation intensity of a dipole biyhe square of the array factor as

demonstrated in equation (2.71) and (2.72) by (Atek012) as:
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1 _ g . (P 12y 2kt
Ugpa(e, @) = |5Re {[ 1+ YN, (1 + 2 cos(kdti~tsin 0)) (K (T16n))2 ) sin 20}|

(2.71)

In order to obtain the real value of SLPA radiatiotensity, equation (2.71) was multiplied

out by% which results to (2.72) as written by (Okoye, 20Hence,

— . B 1(¢ n—1y2 28 4 .
Ugipa (8) = |Re {[ 1+ 3N, (1 + 2 cos (kdti~tsine)) | ( 75:2‘[(16))2)14 T sin 20}|

(2.72)

Equation (2.72) was further factorized and simgdifito produce equation (3.73) (Okoye,

2014)

Ugrpa (8) =

|Re {[ 1+ YN, (1 + 2 cos (kdti~tsine)) ]:—2(71'1) 2 (({)Tai) * sin 2e}| (2.73)

iv. RadiatedPower,P .,4 of SLPA Antennas

Equation (2.74) is the standard formular for reswvthe power radiated by antennas

(Adekola, 2012). Hence,
Prgg = fozn f: P ,,r,sine de de (274)
WhereP ,, is the average Poynting vector

Substituting (2.68) of average pointing vector dfP8 antennas into (2.74), the power

radiated by single Log periodic array antennas egdsulated by (Okoye, 2014) as:
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[1+ XN, (1 + 2 cos (kdti~tsine)) |
Praa = 2m.Re n(k2 1(¢ T7"1)2) 2r2 sine T (275)
2(16m)2r2

After multiplying out, the real value of power rathd by SLPA antennas is as shown in

equation (2.76) by (Okoye, 2014):

N—1 17 i1 nmw? 11 249,
Praa ,,, = Re [1 + Y01 Hi=1(1 + 2 cos (kdt sme))] (e 2 ( yo ) 31 F

(2.76)

Equation (2.76) was further factorized to geneegfgation (2.77) by (Okoye, 2014) as:

ne1aas 2
Praa = Re{[ 1+yN-d ]_[?21(1 + 2 cos (kdr"_lsine))]nﬁl312 ((“ 1)2) } (277

SLPA 2 A?
v. Radiation Resistanc&,.,; of SLPA Antennas

This was calculated by dividing the radiated powkSLPA antennas by the square of the
absolute current flowing through the antenna elémjeand then multiplying by 2. The

Radiation Resistance was calculated by (Adekola2p8s:

— N-17qn -1 nud ((eHA\ )
Rraa ,,, = Re [1+2NZHTR (1 + 2 cos (kdz sme))]T(T) f (2.78)

Where: n = 120m

Factorizing equation (2.78) results to (2.79) aster by (Okoye, 2014). Thus,

SLPA A2

R - R N-1Tqn i—1; @ H%A .
rad = Re [1+Zn=1 ™ (1 +2cos (kdt~sine)) ]1950 (—) f (2.79)
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vi. Directive Gain, D ¢, ¢) of SLPA Antennas

Equation (2.80) was used to calculate the diregaia of SLPA antennas (Balanis, 2005).

D(o, @) = U@ _ 4mUGe) (2.80)

Uop Praa

Using equation (2.80) to compute the directive gdi®ingle Log-Periodic Array antennas; it
is the ratio of radiation intensity of SLPA antesrsad power radiated by SLPA antennas, all

multiplied by4.

Hence, this is written by (Adekola, 2012) as:

. n-1
4n {[ 1+3yN-1 ™ 1(1+2 cos (kdti~lsine)) ]3"—2(11'1) 2(({117)) 4 sin Ze}

; 312 [(p n-1y2\2
[1+ZN=1 T (142 cos (kdti~1sine)) ]%(([TAT))

D(e, @)sipa = (2.81)

Equation (2.81) generated.5 sin e as the Directive Gain for the first element in treay.
From pattern multiplication approach, the Directi@ain for Single Log-Periodic Array
antennas was deduced as a product of the diregdiveof first element in the SLPA antennas

and the Array Factor (Balanis, 2005; Okoye, 2014)

Thus, the directive gain as written by (Okoye, 20%4epresented in equation (2.82) as:
D(e, @)sipa = 1.5sin%e (1 + 0= [T (1 + 2 cos(kd(z'7") sin 9))) (2.82)

vii.  Directivity, D nax of SLPA Antennas

According to (Adekola, 2012), it was determinedshswn in equation (2.83),

Diax = = max (2.83)

Praa
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where,
Dinax 1S the maximum directive gain

Unax 1S the maximum radiation intensity,

P,q4 IS the power radiated

According to (Adekola, 2012), maximum directivergéor LPDA antennas occur at;

Dipax = 1.5sin 6 (2.84)

In the analysis of multiple log periodic dipole arrantennas, the antenna configuration
requires tactful arrangement with equivalent dimmms and element spacing. This
multiple/stacked antenna arrangement pattern emdugher power output, more directive

gain and wider bandwidth — which guarantees widgred coverage and detection.

Figure 2.20 shows a schematic diagram of an arfrdjudtiple Log-Periodic Array (MLPA)

antennas.
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Fig. 2.20: Schematic diagram of MLPA Antennas irgfial arrangement

2.8 Magnetic Vector Potential, A:

For easy analysis of radiation characteristicsjliany functions called vector potentials are
mainly used. The most common of these vector piaisrare the Magnetic Vector Potential
(MVP), represented as A, and the Electric VectoreRial (EVP), represented gs The E
and H fields are physically measurable quantities whidéspite the fact that can be
determined directly from the source current deesitiand M but can simply be obtained
with the aid of the auxiliary potential functionEhe only major challenge here is to integrate
and determine the A, over the bounds of currensities] and M (Adekola, 2012). When
these vector potentials are identified, the E Hniiklds can always be obtained by means of
differentiation. Thus, direct solution of Maxwellequations to obtain the fields generated
from a given source is not always possible. Howewdere certain properties of the source

current (or charge) are known or assumed, it i;idoconvenient to determine the desired
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fields through some auxiliary functions called pdial functions. Generally, Vector Magnetic
Potential of a dipole positioned along the z-afithe Cartesian plane as written by (Balanis,

2005) is presented as;

R 112 -ikR

Az:r—n_jl(z')e

172

dz* (2.85)

Where:

A, = the Vector Magnetic potential along z-axis;

u = the permeability of space;
| = current flowing through the conducting wire (A)
1=length of the dipole element, and

e—jKR

IR|

= the Green's function

R at numerator of the Green’s function is the argapimase, |R| at denominator of the Green’s

function stands for the amplitude of the antenradBis, 2005).

2.9 Role of Antennas in Surveillance Systems

SurveillanceSystems are electronic equipment used in monitasindpe activities, or other
changing information of people in order to influendirect, or protect them (Ovsenik,
Kolesarova, & Turan, 2010). Figure 2.21 is the ®illance System block diagram.
According to the authors, it comprises detectiondube, tracking module, classification

module and recognition module. These four modulesralependent, but interrelating.
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Fig. 2.21: Surveillance System Block Diagram (Ovisgliolesarova & Turan, 2010)

An antenna array, electrically connected to theikes or transmitter at the image acquisition
section of the surveillance system, interfaces betwelectromagnetic waves propagating
through space and electric currents flowing inrdmating elements.

Figure 2.22 shows an aircraft with a Wide Area 8illance sensor orbiting above a region of

concern.
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Circular orbit

Fig. 2.22 Wide AreaSurveillance (Persistent Surveillance Syst¢

The dashed circle below the orbit indicates thedés of the Wide Area Surveillan
coverage region.The red line designates what a traditional cameaienéra ball) could vie
whereas the yellow blocks aespond to several areas of concern that can bencut
simultaneously by the Wide Area Surveillance sensbus, the traditional camera can o

observe a very small area when compared to the WA&San monitor a wide range of a
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2.10 Related Works

Many authors have worked on addressing issuesinglatog-Periodic Antennas (LPAS)
which include minimization of dipole length, optiation of the antenna gain, minimization
of the Voltage Standing Wave Ratio (VSWR), and mion of array factors for uniformly

spaced and equal dimension LPA antennas, amongsothe

Fundamentally, antennas are transmission lines ttaisform electrical energy into
electromagnetic energy. The length of the trangomsknes has an inverse relationship with
the transmission frequency. It was upon this grotett Daasari and Thallapelli (2012)
presented a paper on the analysis of radiatioreqattof log — Periodic Dipole Array using
Transmission Line Matrix (TLM) model. TLM method jpines a space and discrete time
technique for calculating electromagnetic field$isT method depicts the analogy of the
electromagnetic field and a mesh of transmissinasli According to the authors, there are
two main steps used in TLM technique namely: (Bssituting the field problem with the
equivalent network and deriving the analogy betwi#enfield and network parameters. (2)
Using iterative method to resolve the equivalerttvoek. The authors designed a broadband
LPDA that operated in the entire frequency rang6.6fGHz to 6GHz with 30 elements. The
LPA antenna was designed based on given speatficatith assumed values for scale factor
and spacing factor. The designed values were sietulwith Personal Computer Aided
Antenna Design (PCAAD) software to analyze the atdn patterns. A MatLab code was
also used to analyze the radiation patterns in Batmuth and Elevation planes using TLM

method. Both results obtained from MatLab and POAgoftwares were compared which
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were similar to each other. The authors did notvide any array factor for the antenna

analysis.

In the design of LPDA, its physical dimension mwilied to the longest oscillator dipole in the
array with the lowest resonant. Lakshmi and Rajol®) designed and presented a novel
miniaturized log periodic Antenna whose dipole sizere reduced by 46%. The authors
actualized the reduced lengths by employing meamgienethod in which the original length

of the horizontal length of a LPDA was reduced 6y« Thus;

Meandering dipole = element length {= (w) * 0.46} (2.86)

The meandering technique involves folding the hmnial length of the dipole element into
three (3) arms namely: main arm, vertical arm, sexbndary arm. The authors also used the

scaling factor,r of 0.92, spacing factorg' of 0.17, feeding line radius of 10mm, wedge
angle,a  of 6.15, active region bandwidth,.Bof 150Hz, B of 3.128Hz, A nax of 0.25, and

16 dipole elements to model the log periodic ardefiime circuit simulation was based on the
S-parameter representation of components usindr&lbtagnetic Simulator Software WIPL-

D. The result obtained indicated a meandering LRid# a reduced length of 46% from the
conventional LPDA. However, the authors did notvie any array factor for the antenna

analysis.

In an attempt to reduce the lateral size of an LRID#enna, Yeo and Lee (2012) presented a
miniaturized log periodic dipole array antenna agiag within the frequency range of 1GHz
to 6GHz for portable direction finding applicatiori@irection finding requires the ability to
verify the angle in the azimuth plane from whichsignal of interest originates and the

reception of a wide range of frequencies. The astpmposed the use of bow-tie elements, a
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top loading technique, and the reduction of thecspabetween the LPDA elements. To
analyze this, the authors first modeled a stand&DA as presented by (Carrel, 1960) to
achieve directivity of about 8dBi over frequencyntaf 1 GHz — 6GHz using a scale factor
of 0.85, spacing factor of 0.15, and 16 dipole @ets. The longest dipole element was
130mm at about 1GHz, while the length of the steshdd@DA antenna was 244mm. Later,
the miniaturized version of the standard LPDA antewas modeled with bow-tie shaped
dipole elements instead of the straight dipole el&i® to reduce the length, while a top
loading technique was used to further reduce tteedbsize of the LPDA. The spacing factor
of 0.0106 was used instead of 0.15 and the longdjpste element was reduced to 33% and
45% respectively after simulating the data with @ater Simulation Technology (CST)

microwave studio. The authors did not provide amgyafactor for the analysis of the antenna

parameters.

For applications that requires limited space andyltelight weight and small physical size
antennas are employed, Anagnostou et al. (20083loj@ed a printed Log Periodic Koch
Dipole Array (LPKDA) for wideband applications. Thethors actualized this by substituting
all Euclidean dipoles of usual LPDA antenna withcKadipoles. The Koch dipoles were
designed by dividing a wire of lengtlijnto three segments of length/3, and then replaced
the middle part with two segments of lengtti3 intersected at an angle of’86 achieve first
iteration (K1). Repeating the same exercise on sagment yielded more iteration (K2, K3
and so on). The antenna design covered frequemgeraf 2 — 3 GHz. The length of the
Euclidean elementdyq at 28.4mm resonated at 1.82 GHz while the Kocmerd at the same
frequency was (Ln) 25.6mm indicating a verticaluettbn of 9.86% at first iteration Koch

shape. The fractal feature length became smallérless significant as the iteration order
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increased. When the result of the LPKDA was congaveh that of the Euclidean LPDA,
both antennas demonstrated similar performancecanered the same frequency range. The
total area covered by the LPDA was 1505mwhile that of the LPKDA was 1323nfm
indicating 12.1 area reductions. The directivitytbé LPKDA was 0.3dB lower than the
theoretical value given by Carrel’s table due tgtgly enlarged bandwidth and increased
VSWR. The authors, however, failed to address tle¢had for computing the total field

generated in the LPKDA which also required an afaayor for easy computation.

In order to realize optimal designs of Log perioditennas, (Aziz — ul — Haq et al., 2012)
proposed the use of evolutionary technique calkadidle Swarm Optimization (PSO) in the
design of Log Periodic Dipole Antenna for GSM phésand 11), WiMAX, Bluetooth, Wi—Fi
and 3G mobile communication bands. According to #whors, the PSO method was
preferred because of its fast divergence, simplpldmentation, less computation and
generally few lines of code. Evolutionary algoritigrbased on intelligence; every individual
particle has its local best based on its positplesét) determined by its location in the swarm.
All the patrticles strive to attend to a positiomted global best (gbest). For optimal solution,
the positions of the particles are updated depgndm individual's position and velocity.
Hence, the velocities are scaled by inertia wetght consequently alters the direction of
pbest and gbest for particular dimension. The $gnéunction comprises a condition to
improve the gain and optimum VSWR as comparedéedrthial one. The authors designed a
13 dipole element LPDA using the (Carrel, 1960¥sieal formulars and then optimized the
design using PSO. The generated result showedh@atSWR was close to 1, the gain was

improved up to an average of 0.6dB when compardbdanitial gain, and the physical size
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of the design was smaller when compared to thé&lmine. However, there was no array

factor derived for easy analysis of the antennarpaters.

Florence and Raju (2014) presented the design aftithization of non-uniformly spaced
linear array of dipoles for side lobe reduction amgbroved directivity using Accelerated
Particle Swarm optimization (APSO) algorithm. Uelikn standard PSO approach, APSO
combined the two major equations in PSO into a lsirgguation in order to enhance
convergence. This method strives to minimize thedoanness as the numbers of iteration
proceed. The authors aimed at generating syntlilegiatierns with low Side Lobe Level
(SLL) and to balance the coupling effect with a Ipvefixed dynamic range ratio for non -
uniformly spaced array of dipoles. To synthesizergguired linear array, the authors applied
APSO algorithm for array of 10, 12, 20, and 24 edate. The amplitude of the excitation
current and spacing between elements were varidleirange of 0 to 1, and 0.4 to 0.8
wavelengths respectively, while the excitation @sasvere kept at zero degree, and the

required Dynamic Range Ratio (DRR) was kept at D to symmetry, each array required
half of its total element, N ar(dz\f — 1) of inter-element spacing to be optimized. The ltesu

showed that the array of dipoles patterns possesselhtively low side lobe level while the
beam width remained unenhanced. The authors prviderray factor for the analysis of the

antenna parameters.

In a bid to achieve an extended frequency rangerawed frequency dependence, and a
steering ability in an LPA antenna, Ergul and Guf{2007) reported on Modeling and
synthesis of circular-sectoral arrays of Log-pegaghtennas using Multilevel Fast Multipole

Algorithm (MLFMA) and Genetic Algorithms (GAs). Treuthors specifically considered non

68



planar trapezoidal tooth Log periodic antennashim dircular-sectoral array configuration —
which operated nearly frequency independent in rdrege of 300 — 800 MHz in the
arrangement. The elements were positioned sideid®y ia a circular arrangement. The
authors employed Electric Field Integral Equati&kIE) formulation to realize a flexible
three-dimensional modeling of the antennas as agellsed MLFMA in order to facilitate the
design procedures. Antenna excitations were modsfetie current sources attached via the
antenna feeder, and optimized with GAs so as ttrabthe steering of the main beam. The
result obtained indicated directive gain of oveBdd angular sectors of 180The directive
gain of four-element array had greater fluctuatiomen compared to that of three-element
array. This was as a result of increased mutuaplowgs among the antennas as the array

number increased. The authors did not provide amy dactor for the antenna analysis.

Gurel and Ergul (2008) presented the design andlation of circular arrays of trapezoidal —
Tooth Log Periodic Antennas using Genetic optinieatThe authors remarked, “Due to the
complicated structures of the trapezoidal — tootraya elements and the overall array
configuration, their analytical treatments are fbdalvely difficult”. The authors designed
and investigated a three — element LP array shownogdband characteristics using the
simulation environment. The antenna operated alfnegtiency independent within the range
of 300MHz to 800MHz. The antenna had two arms w@dth 1m long and angle of %45
between the arms. The length of the elements oarthe varied from 4cm to 27cm, and there
were 38 elements on each arm and expansion an@é.of)sing design factor of 0.95, the
authors optimized the directive gain in the x —ediion as that was the best complex
excitation coefficients for the antennas, likewasemain beam steering. The authors observed

thus: “The concept of Array Factor suggests atinogtic scenario, where frequency
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independence is conserved in the case of a ciranlangement of the LP antennas. However,
our simulations show that mutual couplings betwdgenLP antennas play an important role
in shaping the antenna characteristics and thgtdaenot be ignored. Any analytical effects
would be difficult... Therefore, using the simulatienvironment becomes essential for the
analysis of LP arrays”. The simulation results f&edion the essentials needed for the antenna
analysis and design but had no array factor pravidgenetic algorithms were used to

optimize the excitation which improved the desigd axtended the steering ability.

Balanis (2005) postulated the Array-Factor for tBp@rrays of uniform spacing and
magnitudes using Magnetic Vector Potential moddie uthor described the pragmatic
pattern for analyzing the array factor of identibab-element array positioned along the
axis and expressed it in a compact and closed foha.electromagnetic fields generated by
the antennas were calculated at the far field efahtenna using the array factor. The author
however assumed point sources of infinitesimal disiens which were not practical but
theoretical antennas. The author further narrdtegtocedure for the design and construction

of an LPDA antenna but did not consider derivirsgAtray Factor.

Wang (2016) on the topic “Moving-Target Tracking 6pgnitive RF Stealth Radar Using
Frequency Diverse Array Antenna” proposed a movarget tracking approach to achieve
cognitive radio frequency stealth using an FDA ang for surveillance applications.
According to the author, since surveillance systerase highly visible to intercept receivers,
a traditional high-gain phased-array antenna beastiven replaced by a series of low-gain
FDA beams with spoiled frequency increments in ortte reduce the system visibility.

Furthermore, a cognitive closed-loop update schesa® presented to update the operation
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parameters in real time for improved moving-targatking performance. Thus, Frequency
Diverse Array Antenna generates a series of low-gaiams which consequently affects the

radiating distance of the antenna.

Jha et al. (2010) postulated “Dual-Band RectangMlarostrip Patch Antenna at Terahertz
Frequency for Surveillance System” presented thayars and simulated of a rectangular
microstrip patch antenna on two-layer substrateerra$ at the terahertz frequency regime
for the surveillance system. The proposed antenaa simulated at 600 and 800 GHz
frequencies using CST Microwave Studio. The authatber simulated the antenna structure
by using finite element method based simulator And&SS and the results were compared.
However, micro-strip patch antennas suffer from enairawbacks as compared to
conventional antennas. Micro-strip patch antenressgss narrow bandwidth, low gain and

poor end fire radiator except for tapered slot mmdés. These affect its monitoring capability.

Jha and Singh (2010) on “Adaptive Array Antenna t@dnMethods on Delay Tolerant
Networks for Road Surveillance Systems” proposeddblay Tolerant Networks (DTN) with
Adaptive Array Antenna (AAA) Control systems foreth/2V networks. In the proposed
system, the vehicles equipped the AAA control systevith IEEE802.11a/b/g, and the radio
direction was controlled by the pattern recogngidrom camera images with Kalman filter
algorithm. It however has some technical problenas might hinder its large-scale use such

as its high cost, and lack of array-factor for gmalg the array parameters.

In the work of (Zhong et al.,, 2017) on “Multi-Antea Wireless Legitimate Surveillance
Systems: Design and Performance Analysis”, theaasticonsidered a wireless legitimate

surveillance system, where a full-duplex multi-aam& legitimate monitor were aimed to
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eavesdrop on a dubious communication link betwesisgicious pair via proactive jamming.
The authors assumed that the legitimate monitofdcsuccessfully overhear the suspicious
information only when its achievable data rate & smaller than that of the suspicious
receiver. The aim was to maximize the eavesdropporgoutage probability by joint design
of the jamming power, receive and transmit beanmés at the legitimate monitor. The
authors investigated four different scenarios whighre dependent on the number of
receive/transmit antennas implemented, i.e., simglat single-output, single-input multiple-
output, multiple-input single-output, and multipiggut multiple-output (MIMO). For each
scenario, the optimal jamming power was derived effidient algorithms obtained for the
optimal transmit/receive beamforming vectors. Timnglihgs demonstrated that by exploiting
multiple antennas at the legitimate monitor, theesdropping non-outage probability could
be significantly improved compared with the singlgenna case. However, the authors did
not generate any array factor for analyzing thgpsed multiple antennas applications which

could hamper its parameters analysis.

Zabri et al (2017) on “Video Monitoring Application Using Wiess Sensor Node with
Various External Antenna” describes a surveillagggtem using Raspberry Pi with various
external antennas. The Raspberry Pi with Pi Camerdule and various types of antennas
was used to test and experiment in line-of-sigh©%). and non-line-of-sight (NLOS)
condition. The wireless sensor node was capablaarfitoring an area wirelessly when the
image sensor was attached, the authors assertecauthors also claimed that the Yagi Uda
antenna gave the best output in terms of its sigitahgth and average Receive (Rx) rate.
However, the authors could not provide any mukipliarray factor) for analyzing the array

antenna.
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In the work of (Okoye et al2017) on Derivation of Standard Array Factor fagkPeriodic
Circular-Loop Antennas Using Magnetic Vector Pagnfpproach, the authors developed
the array factor for analyzing the parameters aj-Beriodic Circular-Loop Array antennas.
The authors employed the Magnetic Vector Poter(fid/P) model and systematically
derived the array factor for computing LPAs usinggLPeriodic Circular-Loop Array
antennas (LPCA) as a case study. The authors fuptiesented the normalized radiation
patterns of the array-factor generated; the contbiraeliation patterns of the array-factor
generated for different numbers of circular loomgrantenna elements and the polar plot of
the array-factor generated using MatLab R2010avso#. However, the derived array factor

was only limited to Single LPA (SLPA) antennas.

Other numerous reports highlighted in the literatunvestigated the synthesis of LP arrays,
their operational properties, and various desigrcguures and optimizations. Some works
were geared towards the derivation of Array-Faftborequal amplitudes and equal spacing
antennas. However, research has not addressedriliatihn of the array factor to be used in

numerical computation of the parameters of Mudtipbg-Periodic Array (MLPA) antennas

as there was no such study in literature. Alsoretheere relatively scanty of reports on the
analysis of LPA antennas with more complicated getaes, and none of them presented the

array factor to ease the challenges encounteradalyzing LPA antennas.

2.11 Research Gaps

The major research gaps from the reviewed liteeatare enlisted in Table 2.3.

73



Table 2.3: Tabular Presentation of the Researcls Gap

S/N Authors Title of works Findings Research @ps
(Anagnostou et Printed Log Substituted all Reduction in area
al., 2008) Periodic Koch | dipoles of usual coverage,

Dipole Array for | LPDA antenngd directivity of the
wideband with Koch | LPKDA was
Applications dipoles. 0.3dB lower. No

Array-Factor

(Gurel & Ergul,

The Design Ang

Genetic

No array factor

2008) Simulation  Of| algorithms for antenna
Circular Arrays| optimized  the analysis
Of Trapezoidal excitation which
— Tooth Log|improved the
Periodic design ang
Antennas Using extended the
Genetic steering ability.
Optimization

(Balanis, 2005) | Antenna Theory Postulated thelt assumed point
Analysis and A-F for dipole| sources of
Design arrays of| infinitesimal

uniform spacing

dimensions which

& magnitudes. | were theoretical
antennas.
(Wang, 2016) | Moving-Target | Improved FDA antenna
Tracking by| moving-target | generates series of
Cognitive  RF| tracking low-gain  beams
Stealth  Radar performance. which affects
Using antenna coverage
Frequency area.
Diverse  Array
Antenna
(Jha & Singh,| Adaptive Array| Proposed the useHigh cost, and no
2010) Antenna Contro| of DTNs with | array-factor  for
Methods on AAA  Control | analyzing the
Delay Tolerant systems for the array parameters.
Networks  for| V2V networks
Road
Surveillance
Systems
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S/N Authors Title of works Findings Research @ps
(Ergul & Gurel,| Modeling and Had  directive| No Array-Factor
2007) synthesis of gain of over 9dB
circular-sectoral| in angular

arrays of LogH
periodic
antennas
Multilevel
Multipole
Algorithm
Genetic
Algorithms

usin
Fast

and

sectors of 100

(Aziz — ul — Hag
et al., 2012)

Particle Swarm

Optimization
(PSO) in the
design of Log
periodic Dipole
Antenna for
GSM phase (
and I,
WIMAX,
Bluetooth, Wi-
Fi and 3G
mobile

communication
bands

Designed a 13 No Array-Factor

dipole elemen
LPDA, VSWR
was close to 1
gain improved
up to 0.6dB,
physical size of
the design wa
smaller.

\"2J

(Jha et al., 2010

Dual-Band
Rectangular
Microstrip Patch

Antenna At
Terahertz
Frequency For
Surveillance
System

Applied a
rectangular
microstrip patch
antenna for the
surveillance
system.

Micro-strip patch
antennas posse
narrow

> bandwidth,  low
gain & poor end
fire

radiator except fo
tapered slot
antennas.
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S/N Authors Title of works Findings Research @ps
9 (Zhong et al | Multi-Antenna | Exploited No array factor
2017) Wireless multiple for analyzing the
Legitimate antennas to proposed MIMO
Surveillance improve antennas
Systems: Desigheavesdropping
and Performancenon-outage
Analysis probability
compared with
the single-
antenna case.
10 (Zabri et al,| Video Yagi Uda| No Array-Factor
2017) Monitoring antenna wasg
Application useq _for the
Using Wireless monitoring
Sensor Node which dave
rgood output in
with — Various| terms of signa
External strength &
Antenna average Receive
rate
11 (Okoye et al.| Derivation  of| Developed array Array factor was
2017) Standard Array factor for LPCA| limited to SLPA

Factor for Log-
Periodic
Circular-Loop
Antennas Using
Magnetic Vector
Potential

antennas.

Approach

antennas.

In summary, the following research gaps were noted:

1. Lack of Array-Factor for MLPA Antennas:

The analysis of MLPA antennas in Table 2.3 revaatsajor gap — the absence of an array-

factor for MLPA antennas. This omission createso#ldneck in accurately calculating

antenna losses, hindering the understanding af faeameters. Consequently, this limitation

is very challenging for system designers to foreBdsPA antenna behavior at the far field.
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2. Challenges in Antenna Types:

Various antenna types, such as dipole patterns maledo-strip patch antennas, present
significant drawbacks. Dipole patterns exhibit & Iside lobe level, but their beam width
remains unenhanced, contributing to reduced coeerdgro-strip patch antennas, except for
tapered slot antennas, suffer from narrow bandwidth gain, and poor end fire radiation.
These limitations pose difficulties for system degirs, resulting in substantial investments in

drive tests to understand and address coveragesissu

3. lIssues with Adaptive Array Antenna (AAA) Control Systems:

The study identifies technical problems in AAA catsystems, including high costs and size
constraints, which could impede their large-scale. Whdditionally, using a single antenna at
the legitimate monitor affects eavesdropping notage probability in communication
industries. The potential signal loss due to misimed between the transmitter and antennas
limits effective power radiation. Moreover, the stkig array-factor for Log Periodic
Circular-Loop Array (LPCA) antennas is limited tin§le LPA (SLPA) antennas analysis,
highlighting the need for a broader understandinglloP A antennas for more comprehensive

applications.
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CHAPTER THREE

MATERIALS AND METHOD

3.1 Materials

The simulation of the Array Factor for MLPA antesrend the MLPA antenna parameters
were carried out with the aid of the MatLab R201bgect oriented Engineering software
tools. In writing the software codes, the matefiditLab command tools were designed and
executed to aid the Antenna Engineer compute aoidtipd patterns of the log periodic array
antennas. Hence, the MatLab program constructs asietile statementfor statementjf
statementinput command (for accepting input data from the keybpalisp command (for
displaying data) ang@lot command (for plotting two, as well as three-dimenai graphs),
were used to develop a user-friendly and easy-¢édebug programs.

Other MatLab command tools deployed included: Hmd-hold-off (for drawing multiple
plots on the same axis), subplot (for creatingraayeof plots in the same figure, each of these
plots is called a subplot, Loglagfor creating log-log plot), Title (for adding teat top of
plots), Polar (for creating polar plot), Bar (fareating bar chart), Axes (for setting the axis
scales), and close all (for closing all plots). dpdown method was adopted for the
development of the program codes. The vectorsamtbgrams were pre-allocated to ensure

that the program loops execute faster.

In order to create m-files for MatLab scripts of R antennas, “New” was chosen from the
“File” menu and then “Script” was selected. This proocedumought out the text editor

window where the MatLab commands were enteredaVe the created m-files of the MLPA
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antennas, the “Fitemenu was opened from which “S&veutton was clicked. In the same
way, opening the existing m-files of MLPA antenneas done by choosing “Open” button

from the File menu.

To run the m-files of the MLPA antennas after thdiles were saved with “.m” extension,
the commands in the m-files were executed by typhegfile name at the MatLab command
window prompt. When the Run- button on the MatLaivi®nment is clicked, this
automatically prompts for the supply of the numbleantenna elements on the array. Type in
the number and press the ‘Enter- key'. The proggamerates the table of values, as well as

plots the graph of the same tabular values.

Figure 3.1 denotes the MatLab desktop environmémtiwconstitutes the command window,

current folder, workspace, and command history.

79
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Fig. 3.1: The MatLab desktop environment

The MatLab desktop environment represented in Eigui indicates the command window
used for creating the M-files for the MLPA anterparameters. These include the Matlab
programs for the Electric and Magnetic fields aipole element, the Array Factor for equal
amplitude array elements, the Array Factor for égiyaole elements (combined), the Array
Factors of SLPA Antennas plotted separately, theyAFactor of SLPA Antennas (Plotted

together), the array factors of Multiple Log Per@wdrray Antennas, the array factors of
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MLPA Antennas, the Electric and Magnetic FieldsSifPA Antennas respectively for N
equals 16, the Electric and Magnetic fields of MLBAtennas, an Average Poynting Vector
of SLPA antennas for N equals 16, an Average RanVector of MLPA Antennas for N
Equals 10 (Antenna Set Equals 3), the Radiated PofMBLPA Antennas For N Equals 16,
the Radiated Power of Multiple (3) LPA Antennas lfbEquals 16, the Radiation Intensity of
SLPA Antennas for N Equals 7, and the Radiatioarisity of MLPA Antennas for N Equals

16. These Matlab programs are shown in Appendikrdugh Appendix O respectively.
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3.2 Method

The Magnetic Vector Potential (MVP) model was uasda basis in the development of the
antennas Array Factors and in the analysis of th®Mantennas parameters. The choice of
the Magnetic Vector Potential model was made aoiittained an auxiliary function that
minimized the analytical measures. Also, the MVRIel@ontained Green’s function, which

was a linear operator that enabled it transfeatitenna characteristics to the far field zone.

3.2.1 Magnetic Vector Potential Model

Generally, the conventional Magnetic Vector Potdntiodel is expressed as (Balanis, 2005)

A=t Jo [ av (3.1)

where,
k, represents the free-space propagation constant,

R is the phase of the antenna,
J is the electric current density,

dv' is the elemental volume of the radiating wire,

e_jkOR

IR|

is the free space Green’s function,

j is the imaginary number, and

|R]| is the absolute value of the antenna amplitude

r' is the distance between the antenna source fmothe far field point.
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For electrically thin antennas, that is to say, dh&enna radius (a) is much smaller compared
to the length(l) and wavelengthi] of the radiating element, the thin-wire approxiimas is
employed with the antenna placed along the z a&iso, the Magnetic Vector Potential
across X and Y axes are zero as it is assumedhbdhickness of the element is negligibly

small.

Hence, for a symmetric, center-fed linear dipoleeana, the Magnetic Vector Potential has
only a Z component. Therefore, equation (3.1) ef Magnetic Vector Potential of the dipole

elementA, becomes (Balanis, 2005);

e_jkORA

dz' (3.2)

l
~ ﬂ +_ 1]
A= FE

[R|
Where;

A, = Magnetic Vector Potential along Z-axis.
1(Z") is the filamentary source current flowing througk conducting wire (A).
[=length of the dipole element

Uo= permeability of space.

e KR

i = Green'’s function

The current distribution along the length of thpalé element is sinusoidal. Hence, the far-
field radiation patterns are determined by manifndpthe Rin the Green’s function to

(Adekola, 2012);

R=|r=1r| (3.3)
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Where, r is the distance from the antenna origithéofield point, and’ris the distance from

the antenna source point to the field point.

3.2.2 Analytical Procedure for the MLPA Antennas

The problem of near-fields of isolated dipole anteror array of antennas systems did not
find the same popularity as far-field antenna patems. This is because, in most of
communications systems, transmitting and receiainignnas are in the far-field region with

respect to each other, so most of efforts are widedowards far-field parameters

investigation. Some of the far — field parametdrshe MLPA antennas include the Array

Radiation Patterns, Electromagnetic (EM) fields,efage Poynting Vectors, Radiation

Intensity, Antenna Radiated Power, Directivity, &itive Gain, and Radiation Resistance.

To characterize the parameters of MLPA antennasdoveillance systems operations, the
derived novel Array-Factor was used. The followingder-listed steps/activities were
followed systematically in the array factor derivat and parameter characterization. The
activity flow process for the development of thevelo array factor, as well as the
characterization of MLPA antenna parameters wakv@d systematically as shown in

Figure 3.2.
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Derivation of Array Factor for the set of first

radiating elements in MLPA antennas (array of

equal dimensions) via pattern multiplication
approachAFgp

Array Factor for Single
Log-Periodic Array

y

AntennasAFs pa

Development of Array Factor for MLPA antenngs
via pattern multiplication approach.

AFmLpa =AFgp *AF sipa

Derivation of the Electromagnetic (EM) fields
generated by the first active element in MLPA
antenna using Magnetic Vector Potential modg

l

Characterization of MLPA parameters:
Electric/Magnetic Field, Average Poynting Vectar
Radiation Intensity, Radiated Power, Radiation
Resistance. Directive Gain. and Directiv

Design and Simulation of optimized MLPA
antennas of a sample band width using MatLab
R2010a object oriented tools.

Fig 3.2: An Activity Flow Process for the Charactation of MLPA Antennas
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3.2.2.1 Derivation of an Array Factor (AF) for the Set of Frst Radiating Elements in
MLPA Antennas (Array of Equal Dimensions) via Patten Multiplication
Approach.

In order to derive the array factor for MLPA antaapit requires that the array factor for the

set of first radiating elements in MLPA (arrays exfjual dimensions) be obtained. This is
because of the fact that the array factor for ML&#ennas is the vectorial product of the
array factors of Single Log Periodic Array antenfaseady presented in equation 2.49 of
section 2.71 in Chapter Two) and array antennagsjoél dimensions derived and presented in
this section (Hum, 2017; Cafar, 2013). This eqoablaude/dimension array constitutes set
of all the first elements in the Multiple Log Petio Array antennas. The antenna elements
used for this analysis were positioned along thexig-of the Cartesian plane. This analysis
was carried out in the far zone area of the antefiha distances from the antennas’ source
points to the field point, and the distances frdra &ntennas’ origin to the field point was
taken care of to ensure appropriate phase analysistder to derive the array factor for
Multiple Log-Periodic Array Antennas, a sample olliple Log Periodic Dipole Array
Antennas was used. Figure 3.3 shows the arraygeanaent of Multiple Log-Periodic Dipole

Array antennas.
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Fig. 3.3: An arrangement of Array antennas of Eduialensions
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Figure 3.3 is used to derive the array factor lher $et of all the first elements of the Multiple
Log Periodic Array antennas. The phase variatidrth@MLPA antennas were evaluated by
determining the distances from the source pointsth® field points of the antennas
R;, R, R3,and R, in terms of the distance from the origin of théeammas to the far field
point r. Thus, the phase of the antennamRhe Green’s function was substituted with the

values of the derived Rs. This is as deduced frguatons (3.4) to (3.12);

R, =r-z;cos 0 €
R, = ry—-zjcos 0 (3.5)
Where;

r, =Tr-5;,5; = d,sinf (3.6)

Substituting the value of, into equation (3.5) results to equation (3.7)

R, =r-d;sinf — zycos 0 (3)

R; = r3-z5cos 0 (3.8)

Where;r; = r,-s, ands, = d, sinf
Also, substituting the values of andr, subsequently into equation (3.8) results to equati

(3.9)
R; =1 —(dysinf + d,sin@ +Z 3 cosh) (3.9)

Factorizing out equation (3.9) results to equaf®a0)
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R; = r- (dy +d,)sin6-2z5 cos 6 (3.10)
R,=7—(dysinf +d,sinf +d;sinf +Z, cosh) (3.11)
Also, factorizing out equation (3.11) results taatpn (3.12)

R,=7r—(dy+d, +d3)sinf —Z, cos@ (3.12)

Resolving the array factor of the first antenrearednts of the MLPDA by the sum of their

Magnetic Vector Potential, A,

Magnetic Vector Potential, A = A; + A, + A3+ A, ...+ Ay (3.13)

Placing the phase variatior,, R,, R; and R, of equations (3.4), (3.7), (3.10) and (3.12) into
the sum of (their Green’s function phases) thedividual Magnetic vector potential of

equation (3.13); this results to equation (3.14)€Rola, 2012).

=+t —jk(r-z 4 6 u ol —ik(r—(d+ sin@ ’ 0)dz!
A—EI_LI(Z{)e J (r Zl cos )dZ{-l—Ef_iZI(Zé)e ] (r ( 1 S1n +Z2 CcCos ) ZZ+

Lfl3 I(Zé) e—jk(r—(disin9+dzsin9+Z3’c059)dzé+

amr Y -l3
U orla / —jk(r—(d,sin6+d, sin6 +dz sin6 +Z ,' cos 6 ’
L 1(Z3) TSmOy im0 s im0 2. cos) g (314)

Factorizing out equation (3.14) produces equatioh5)

_i l ! l i i ,
A= 4”;8 jkr {f_; I(Zi) elkz1 Cosedz{+f_§21(Z§)ef"(d15m9+ZZ cose)dzé+
1

f_lz I(Zé) ejk((d1+d2) sin0)+Z 3'cos e)dZé + f_lz I(ZD ejk((d1+d2+d3) sin0)+Z 4'cos e)dZ!}}

(3.15)
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For array antennas of equal dimensions, the foligngonditions exist for the distances of
separation d between element, the differentialttengf radiating elements, and the lengths

of the radiating elementsas presented in equations (3.16), (3.17) and 3Baanis, 2005)

d = d1 = dz = d3 = d4 = = dN—l (316)
Z'=z1=z,=z3=2z, = =12y (3.17)
lenght of radiating element, | = [y =, =l3 =1, ==y (3.18)

Thus, applying these features into equation (3&&jlts to equation (3.19)

o l . 1! . . 12 . . 12 . . 12
A= Le Jjkr f—l I(Zi) elkz1 COSGdZ{{l +e]kd sin @ _I_ez]kd sin @ _I_eB]kd sin @ + }

4mr

(3.19)
Extracting the array factor, AF from equation (3,I®sults to (3.20)
AF = 1 + efkdsin®’ | ,2jkd sing’ | ,3jkd sin6’ 4 .. 4 o(M-1)jkd sing’ (3.20)
Letkd sinf’ = ¢
AF = 1+ /% + e¥? 4+ e3¢ + ... 4eM-DJ¢ (3.21)
This is represented in a compact form as
AF = M e(m-Dije (3.22)

Where M is the maximum number of LPA antennas éndiray.
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Equation (3.22) represents the Array-Factor forean& array of equal dimensions,
irrespective of the number of elements of the amdearray. However, equation (3.21) can

further be analyzed by multiplying both sideséd9. Hence, (Okoye, 2014)

AFel? = eJ? 4 o2 4 g3J9 4 e4®  +eMi? (3.23)
Subtracting equation (3.21) from equation (3.23),

AFel? — AF = eMi¢ — 1 (3.24)
Factorizing equation (3.24) results to equatio2%B.

AF(e/? —1) = eMi® —1 (3.25)
AF in equation (3.25) is made the subject in (3.26)

eMiv_q

AF = (3.26)

efe—1

Mjo_
According to Balanis (2005), the relatié.g'.eji:p_l1 ) exists. Thus,

equation (3.26) becomes (3.27),

e
AF = —5% 7% 7o Te (3.27)
e2e2—-e2e 2
Factorizing equation (3.27) results to equatio2g3.
ej#<ej#—e_j#>
AF = (3.28)

Jo( je _ie
e2le2—-e 2
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- . . (M 1 jMe _jMeN . _
Substituting the relation,Sin (;)(p = z—j(e’ 2 —e )2 ) into equation (3.28) results to

equation (3.29)

Mo
e 2 2jsin e

AF = —5 p (3.29)
el2.2jSin (5)
Equation (3.29) was rearranged as shown in equégiG0)
. M
AF = I3 o8 2nG)e (3.30)

sin (%)

A situation where the reference point is the plalsienter of the array antenna, the AF is as

represented in equation (3.31) (Balanis, 2005)

_ Sin(5)e
AF = — & (3.31)
Then, when the value for the is small, the array factor is written thus,
. M
A =25 (3.32)
)
Normalizing equation above results to
1 [sin e
== 3.33
i, -2 63
This is approximately equal to
. M.
(AF) , ~ g2 (3.34)
=)
Substituting the valuep( = kdsin@) into equation (3.34) results to (3.35)
. M ing
(AF) L~ Sin (desm ) (3.35)

%kdsinG
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Where M is the maximum number of LPA antennas eNtLPA antennas.
The algorithms that show the step — by — step a@mbron determining the Array Factor of
Antennas of equal dimensions are as shown;

1. Start

2. Initialize the counter, n

3. Initialize sum

4. Insert the number of LPA antennas, M

5. IfM<n,goto10.

6. p=exp[(p)]

7. sum=sum+p

8. Incrementn

9. Gotostep5

10. Output sum

11.Stop

Flow Chart for Array Factor of Array Antennas ofuad] dimensions is as well shown in

Figure 3.4.
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START

A 4

sum =1
n=1

K=d=1
b=45°

v

Insert M

Yes
M<n

n=n+1

p=exp(jd)

sum=sum-+p

\4

OUTPUT sum

A 4

STOP

Fig. 3.4: Flow Chart for Array Factor model of AyrAntennas of equal dimensions
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3.2.2.2 Derivation of an Array Factor (AF) for the MLPA Ant ennas via Pattern
Multiplication Approach.
Figure 3.5 represents the array arrangement ofipliellt og-Periodic Dipole Array (MLPDA)

antennas. The diagram signifies the spatial positgp of the MLPDA antennas along the
Cartesian plane. It is used to analyze the amaatpf for MLPDA antennas which are evenly

distributed along the Z — axis of the plane.

A
o
| /
7
7z ;

/

Fig. 3.5: Spatial arrangement of MLPA antenna alivegCartesian coordinate
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Having presented the array factor for SLPA ante;(mgLPA =1+ YN, eiTH‘P) in

section 2.7.1 and the array factor for array ardsnmof equal amplitude(AFED =

M e(m-1Dj¢) from the first principle, the array factor for tMultiple Log Periodic Array
antennas is obtained as the vectorial producteothay factors for Single Log Periodic Array

antennas and array antennas of equal dimensions.

Equations (3.36) and (3.37) are the array factbtBeinfinite series of SLPA antennas and
array antennas of equal dimensions culled from temué2.57) of Chapter Two and equation

(3.20) of Chapter Three respectively. Hence;

. . . . . . . . . . . 2 .
AFSLPA =1 +e]kd151n9 + e]kdlsmee]kdlrsma_l_ e]kd1smE)e]kdlrsmE)e]kdlr 51n6+____|_

?_1 ejk‘ri‘lsine (3.36)

While the array factor of an infinite array antesmd equal dimensions is presented in

equation (3.37)
AFED =14+ ejkd sin@’ + ezjkd sin@’ + ijkd sin@’ 4ot e(M—l)jkd sin@’ (337)

The array factor of the MLPA antennas was deriveddimputing the vectorial product of the

two array factors. Hence,
AFyipa = AFsppg * AFgp (3.38)
AFMLPA — (1 + ejkdl sin @ + ejkdl sin E)ejkdlrsine + ejkd1 sinﬁejkdlrsinaejkdlrzsine 4ot

?_1 ejkTi—lsinG) % ( 1 + eJkd sing’ + g2jkd sin@’ + e3Jkd sin@’ + oo 4 eM-Djkd sine’) (3.39)
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Let,

@ = kd sin@’ (3.40)
Substituting kd sin 8) 'with ¢ in equation (3.39) results to equation (3.4lhus;

AFyips = ( 1+ €9 4 0l 4 eloeimei™e 4.y [T0 eiri‘lcp) (14 e/ + 2o +
e3¢ + ... +eM-DJ9o) (3.41)

AFpppa =

2j 3jp,jT 4j ¢ ,j10 ,jT° 5j9 ,j10 ,jT2 ,jT3 n jri—1 M-1)j
1 + 29 4 310l 4 4 0pI™0pIT0 4 5IPeiPeiT ORI 4 T o7 ¢ eM-1Djo

(3.42)

Presenting equation (3.42) in a compact form regalequation (3.43)
(AF) yipa = Yo, eDI¢ 4 31U e(=Die ¥NA T, el e (3.43)

Equation (3.43) is the Array Factor for Multipledg®eriodic Array antennas of an infinite

number of dipole elements, N, and infinite numbdt®A antennas, M, in the array.

However, for a small value @f, the array factor for the MLPDA antenna can ad el

written as shown in equation (3.44):

_ et Sin (5
(AF) yipa = (1 + ZHS T, e 70 )= (3.44)
2
After multiplying out, equation (3.44) becomes etipra(3.45)
Sin(3)e  SinEe Ly i
(AF) mLpa :< (gz) + (gz) Yactlk, e ki ) (3.45)
2 2
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Validation of Array Factor for MLPA Antennas:

In order to validate the relationship between thayafactor of SLPA antennas and that of

MLPA antennas, it should be noted here that;

I. As M in the array factor reduces to 1; that is : ¥, the array factor of MLPA

antennas is reduced to that of SLPA antennas. Ghatn

(AF) yppa = XM e Die 4 31 o=Dje yN-ATTE el' o (3.46)
ForM=n=1;
(AF) prpa = Z%=1 e(1=Je 4 Z%=1 e(1-Je Zg;ll | b el e (3.47)

This results to equation (3.48)

i i—1

(AF) yrpa = 21=1(1) + 21D XN [T, €7 ° (3.48)

And finally to equation (3.49)

(AF) yipa = (AF) gppa =1 + TN €070 (3.49)
ii. As the design factory of the SLPA antennas becomes one, the array fattthe
SLPA antennas equals an array factor for equal mioa antennas. Thus equation

(3.49) becomes equation (3.50);
1+ INZAITR €9 = (AF) gp = XN, e D@ (3.50)
Where N equals M.

The flowchart for the Array Factor of Multiple otaked Log Periodic Array antennas is
shown in figure 3.6. Note that N is 16 for this gdenstudy.
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START

A

Sum=1
suml=1

n=1
$=45°

v

INPUT N, M

YES

A
2
N
=}

NO -
v

s=t/\(i-1)
suml=suml+s

af = (sum *

sin

NO

i=i+1

Nl
NS
~
<
-
>
A

YES

P=exp[(jd)*sum1]
sum=sum+p

n=n+1

OUTPUT af

A 4

STOP

Fig. 3.6: Flow Chat for Array Factor model of MA Antennas
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Below is the flowchart algorithm of figure 3.6. dhows the step — by — step approach in
determining the Array Factor of MLPA antennas. Thus

1. Start

2. Initialize the counters: n , i

3. Initialize sums: sum, suml

4. Insert the number of dipoles, N, and number of iR&e MLPA antennas, M.

5. IfN<n, gotostep 15

6. s='\(i-1)

7. sum=sum+p

8. ifn<i,Goto 11

9. Increment i

10.Go to step 6.

11.P=exp[(jp)*sum1]

12. sum=sum+p

13.Increment n

14.Go to step 5.

sin (%)(p
15.af = (sum * —3*—)
2

16. Output af (Array Factor)

17.Stop

For comparison, a flow chart for the array factorShPA of equation (2.51) is shown in

Figure 3.7.
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Insert N

A

YES )

N<n

A

NO

A 4
s= T \(i-1)
suml=suml+s

n <i
NO
YES

n=n+1

p=exp[(j$)*sum1i]
sum=sum+p

OUTPUT sum

STOP

Fig. 3.7: Flow Chart for Array Factor of Singled.®eriodic Array Antennas
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The algorithms that show the step — by — step amgbran computing the array factor of SLPA
are outlined below. N is 16 for this sample study.

1. Start

2. Initialize the counter, i

3. Initialize the sums, sum and suml

4. Insert the number of dipoles, N.

5. IfN<n, goto15.

6. s=1(i-1)

7. suml=suml+s

8. ifn<i, goto11.

9. Then increment counter, i

10.Goto step 6

11. p=exp[(p)*sum1l]

12. Sum=sum-+p

13.Increment n

14.Gotostep 5

15. Output sum

16. Stop
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3.2.2.3 Derivation of the Electromagnetic Fields Generatedoy the First Radiating

Element in MLPA Antennas using MVP Model

The electromagnetic fields generated by the longleshent in MLPA antennas were derived
in this section. This derivation was carried ouhgsviagnetic Vector Potential (MVP) model.
This approach considered the permeability of theerara element, the current flowing
through the element, the dimension of the elemant ‘Green’s function’. Figure 3.8
represents the schematic arrangement of dipolenaatelement located along z-axis of the

Cartesian plane.

v

Fig. 3.8: Schematic diagram of a dipole antenndipagd along z-axis of the Cartesian plane
(Okoye, 2014)
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To enhance the analysis of the antenna at a fit, fiwo important approximations are
necessary namely: phase approximation and amplitadproximation. Thus, phase

approximation is,

N

R =r —z;cosB (3.51)
Amplitude approximation is,
|R| ~r (3.52)

Substituting equations (3.51) and (3.52) into eigua3.2) of the Magnetic Vector Potential

gives (Adekola, 2012; Okoye, 2014),

1/2 o1k (r-z]cose)

A= [, (@) ———dz (3.53)
Factoring out the common factor results to the esgion in equation (3.54),

[

A = no e ikr _%_1 I (Zi )ejkz'lcose dz; (3.54)

4nr 2

For a finite length dipole, the current distributialong the antenna element is written as

(Balanis, 2005),
| (z) = losin [k €) -|z]] (3.55)

Substituting the value of current in equation (3.Bio equation (3.54) results to equation

(3.56);

. L
~ I —]kT —1 . l , . ’ ,
A,= [t sin[k2—|z]| ] e/k150 dz (3.56)
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Expanding the integral values results to equatioh)

u I e—jkT‘
4nr

A, =

, L ,

3 l ! ] ' I . l ’ . '

[ o, sin [k + |z ek 00 dzy + [ 2 sin [k 2 — |z ] e/*1 <%0 dz,
2

(3B7
Equation (3.57) was further expanded to equatidsB(3
( <% flo JHG) wzostl _(Lr)-z coso] dz'> )
— jkr
A, =11 Zijfoé ejk[(é—z') +2'cos0] k() oy
(3.58)

After integrating over the length of the dipole mbnt, equation (3.59) was obtained thus

(Adekola, 2012);

_ul e—Jkr cos(k%)— cos (ké cos0) cos(k%)— cos (k% cos8)
Az = anr { k(1+cos 6) k(1—cos 6) (3.59)
Equation (3.59) was further analysed to obtain 8qng3.60)

_oul e—Jkr cos(k%)— cos (ké cos0)
A, = 2nrk { sin2 @ (3.60)

Rearranging the terms in equation (3.60) resulexjteation (3.61) (Okoye, 2014);

_ u le Jkr cos(k%cose)— cos(ké)
A, = - 2nrk [ sin2 @ (3.61)
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Note: a mathematical relation exist betwgeandCos x. Thus,

X K 1,
For{ 2

X<
Cosx = 1—7

Consequently,

KA
kl kil
For 7COSO, > << 1

Substituting this relation into equation (3.61)ulésto equation (3.62) (Okoye, 2014)

—j N2 (1_rpe?
u leJkr (kz) (1—cos=0)

A, = — 4mrk sin2 @ (3.62)
Simplifying equation (3.62) results to equatior6(;

—jkr
A, = pKRILLZ eI (363

16nrk

Where: [ is the length of the antenna element, | is theeturflowing through the antenna

element, K is the wave number, r is the distanomfthe antenna origin to the field point.

In order to obtain the Electric, E and Magneticfiélds of the first radiating elements of

Multiple Log-Periodic Dipole Array antennas, eqoati3.64) is used;
E=—-wo@z-1Ar) .63)

When the three components Af are substituted into equation (3.64), equatio65Bis
generated. Thus;
E = (fAr + 6Ae + gAg)- tAT (3.65)
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E=6A,+¢gA, (3.66)

From the relation in equation (3.67) and (3.68yatpn (3.69) is produced (Adekola, 2012) ;

A, sinecos@ sinesing  cosO | [A,
A, | = |cosecosp cosocosp —sind | |A, (3.67)
A, -sing cosQ 0 A,

Ay=Ay=0;Ae =A,sinb (3.68)

Equation (3.69) relates the Magnetic Vector Potéérdf an antenna and the Electric field.

That is,
Ee (0,0) = —jo (A, sin 0) (3.69)

Substituting equation (3.63) of the magnetic ve@otential along the z-axis into equation

(3.69) results to equation (3.70);

jwu k21 12 e~ Jkr
lé6nrk

E o(0,¢) = sind (3.70)

After integrating over the lengths of the antentaments, the electric fieldf in the 0

direction is derived as,

jwu k2 112 e—Jkr
lé6nrk

Eg(6,0) = sinB (3.71)

From the antenna relatiom; & =), replacing=" in equation (3.81) witty, the Electric field

for single dipole antenna is (Adekola, 2012; Ok®@14),
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]n k2 “2 e—jkr

Eg(8, ) = =

sinB (3.72)

While the corresponding value for the magnetiaifisigiven thus (Okoye, 2014):

E (6,
Ho09)= =02 (3.73)

wheren is the intrinsic impedance. Hence,

jk2 112 e~ kT

H , (0,9) = —e sin 0 (3.74)

Equation (3.74) of the magnetic field is obtaingddividing (3.72) by intrinsic impedance

3.2.2.4 Characterization of the MLPA Antennas Parameters usg the derived Novel
Array Factor

In characterizing the behaviours of Multiple LogriBdic Array (MLPA) antennas, the

conventional antenna formulas were used. Theseulasmow assisted in determining the

parameters of the MLPA antennas under study. Th@rnzentenna parameters considered

were:
i.  Electric/Magnetic Field,
i.  Average Poynting Vector,
iii.  Radiation Intensity,
iv.  Radiated Power,
v. Radiation Resistance,
vi.  Directive Gain, and

vii.  Directivity.
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3.2.24.1 Total Electric/Magnetic Field for MLPA Antennas

The electric and magnetic (EM) Fields for the felment in MLPA antenna, that is a dipole
antenna, was derived in equations (3.72) and (2¥4gction 3.2.2.3. In order to deduce the
electromagnetic fields generated by MLPA antennageneral, these fields generated by the
dipole antenna and the array factor derived fortii@ Log Periodic Array antennas are used
accordingly. The electromagnetic fields generdtgdLPA antennas are the product of the
Electric/Magnetic fields produced by the first amta element in the array and the Array-

Factor of the MLPA antennas.

Thus, the total electric and magnetic fields of MLBntennas of any number of elements

give the expressions in equations (3.76) and’§3aspectively.

In other words, for MLPA antennas, the total Electield or Magnetic field generated
involves the multiplication of equation (3.72) @3.74), and equation (3.44) respectively.

These electromagnetic fields take cognizance ovénging dipole lengths. Hence;

Total Field = field of first element in the array * Array factor (A.F) (3.75)

Thus, for MLPA antennas;

T _ -1 sin e Jn k21T )2 e JkT
Eye = {( 1+ YN, et e )(—22)* ;m sinf (3.76)
2

The corresponding magnetic field for the MLPA ami@s was also obtained by dividing the

electric field of equation (3.76) by intrinsic ingenceyn. Thus,

. N .
T _ im1g \SiN(e  jREIQTh)2 ek |
Hyg= {( 14+ YNzl e e ) (22) * — sinf (3.77)
2
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Equation (3.76) is the total electric field for MAPantennas while equation (3.77) is the

corresponding total magnetic field for MLPA antesna
Where;

E;, ¢ =total Electric field radiated by MLPA antennasfidirection

H ,5, g =total Magnetic field radiated by MLPA antennagidirection

3.2.24.2 Average Poynting Vectolp ,,, of MLPA Antennas

Average Poynting Vector plays a major role in tleeidation of other antenna parameters. It
was determined by calculating the time averag@éeftroduct of the Electric Field, E and the
conjugate of the Magnetic Field, H. Thus, the folanufor Average Poynting Vector

according to Balanis (2005) and Okoye (2014) isespnted in equation (3.78),
pav = ~Re[Ex H'] (3.78)
For a dipole antenna (Okoye, 2014)

pav = ERe {% sin 2e}| (3.79)

Where; I=current flowing through the dipole antentelength of dipole antenna element,

k=wave numben) = intrinsic impedance.

For MLPA antennas, the Average Poynting Vectoragednined by finding the product of
electric field and magnetic field generated by MLRAtennas. In other words, it is the

product of equations (3.76) and (3.77).
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pPavmrpa =
—1)i Y _ i-1y 1 i nk21 (Izv 12 e—jkr
(M, eM-Die 4 gN_, eM-Die gN-L T (D0 ) L1 L C ) sin 6 of2
T
j K2 [(1gh )2 e JkT N
JK7I( ) sin 9] “6
16nr

1
- Re ‘
(3.80)

Also, analyzing the unit vectoBsande,

; kZI l.[n—l 2 e—jkT i
Jj nk* I( ) sin 6]

pPavMLpa =
. B ) 3 _ . i-1
[(Z1, 00D 1 BN, oD SH-A I eroi-) a0
I(1en—1 2 e—fkr )
(167”) sin 9] (ex @)

1

- Re | |

T |(E et b BN et B el ) CO
(3.81)

However, where the value f@r is small, the average Poynting vector from equa(®81)

becomes;
PavmrLpa
( Mo . M@\ N—-1 n . _ i )
Sin (7) N Sin (T) Lo j nk? 1(1th )2 eJkr -
@ @ l6mr
1 R < 2 2 n=1 i=1 \
= — Re
2 . M . w N-1 n . — —J
* o ( 2 ) + o ( - ) He(fi—l)ﬂp j K 1QenT)* e sin 0| (ex o)
? ? Tenr ¢
\ 2 2 n=1 i=1 J
(3.82)

Multiplying out the brackets results to equatior8@;
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( Me A
Sin ( . )
@
2
. M@\ N-1 n
Sin (— F
+ #Z r et Nje
_ nk* 1" H»H 2 7 n=ii=1 A
PavmLpa = 5 Re < (16mr) 2 sin“0 in (W) N1 n | P T
; n=1 i=ih
sin (52) & 2
+—p |
\ 2 n=1 i=1 %
(3.83)
Factorizing out the sine coefficients results taapn (3.84)
pavMLpa =
[ N-1112 (T je \ |
N G o SN TGO B ||
3 Re onr)? sin % N Z,"{;llnij&el ™h)je 4 r
| NS, /|
(3.84)
On further analysis, equation (3.84) results toatiqgu (3.85)
pPavMLpa
Mo\ \ 2 N-1 n
1| neeeeynz | fsin () ML
= 5 Re 6 sin@ || —5—=| | 1+ | (1+2cos(ti)o) || ¢ £
2 n=1 i=1
(3.85)

Replacingp with kdsin 6 in equation (3.85) results to equation (3.86).

Thus,
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pPavmrpa =

Mkd sin 6

2\ 5 i 2
% Re n(k? 1(1z"1)°) sin20 [(M) (1 + YNZITT™ (1 + 2 cos(kd(z81) sin 9)))]}f~

(16mr) 2

2

(3.86)

Equation (3.86) is the real value of Average Paoymi¥ector of MLPA antennas.

3.2.24.3 Radiation Intensity, U ¢, ¢) of MLPA Antennas:

Radiation Intensity of antennas is the product gérage Poynting Vector and the square of

the distance of the antenna from its origin tofiekl point.

Radiation Intensity of a dipole antenna was evaldiatsing equation (3.87) (Adekola, 2012;

Kraus, 1997).

U (e, ) =77|pav| (3.87)

To derive the Radiation Intensity for a dipole aumt&, it is the product of the square of

distance, r covered and equation (3.88) of avepag#ing vector of a dipole antenna (Kraus,

1997). Thus,

U (e )—|1R {M i 2 3.88
/@) = ;R gz sine (3.88)

where;

K= wvpe = wic =w/f. =21 / A

Hence, this implies;
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k* = (2mn/A)* = 16m*/2* (3.89)

Substituting equation (3.89) into equation (3.83ulted to equation (3.90) (Adekola, 2012)
U (e, ) = 37—2(7[1) 2 (Ai) 4 sin %e (3.90)

Equation (3.90) shows the Radiation Intensity dffle antenna.

The Radiation Intensity for Multiple Log PeriodicrrAy antennas was determined as a
product of the radiation intensity of a dipole amta and the square of the array factor for

MLPA antennas. Thus,

U yrpae, @) =

lRe{
2

Also, in order to get the real and absolute valuBIbPA radiation intensity, equation (3.91)

(16m) 2

(M@ \ 2
(2452) (14 DI+ 2es(iale ) sn o) 20 i
2

(3.91)

was multiplied out byztl to produce equation (3.92). Thus,

U yrpa (6) =

e

~

ISIES

m2(16)214

2
) (1 + YN, (1 + 2 cos(kd(7i71) sin 6)))] n (I¢ H2)2ent Ze}

(3.92)

Equation (3.92) was further simplified to generalbsolute value of the radiation intensity in

equation (3.93)
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U mrpa (8) =

e

L~

2
) (1 + Zﬁ;ll ?zl(l +2 COS(kd(Ti_l) sin e)))]:_z(n-l) 2 (({)TALI))‘I' sin 29}

ISIES

(3.93)

Equation (3.93) represents the real and absoldte \& the Radiation Intensity of Multiple

Log Periodic Array antennas.
3.2.2.4.4 Radiated PowelP ,,q4 of MLPA Antennas:

Equation (3.94) is the standard formular for reswvthe power radiated by antennas

(Adekola, 2012). Hence,
Prog = fozn f: P ,,r,sine de de (3.94)
WhereP ,, is the average Poynting vector

For easy evaluation, equation (3.94) was furtharremged as shown in equation (3.95)

(Adekola, 2012),
Prgg = fozn deo fon P ,,r,sine de (3.95)

For Multiple Log-Periodic Array Antennas, equati@95)is used to compute the power
radiated by Multiple Log Periodic Array antennas d®wn below by substituting the

Average Poynting Vector of MLPA antennas of equa{i®.86) into (3.95). Hence,
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ey

(1 + YN, (1 + 2 cos(kd(zi71) sin 9))) (Sin

2],

[
Praa = 2m.Re B
MLPA n(R2 1)) 2 g
2(16m)2r? S ~e
3.96)
From the antenna relatio(ﬂ; = f%) (Adekola, 2012), substituting the value of k iruatjon

(3.96) with this relation results to (3.97)

P rad

MLPA
Re {

To further analyze equation (3.97), it is recallbdt(w = 2mf) (Balanis, 2005). Thus,

Mo
2

i 2
(1 + YN, (1 + 2 cos(kd(zi7) sin 6))) (Smg )) ] nw* (1 (hn—l))zg .

> f4 A4 (16m)2 4T

(3.97)

replacing the parametev in equation (3.108) witl2rf, it results to equation (3.98). This
helps to establish the relationship between thgtkef of the antenna radiating elements and
the wavelength..

Py

ad MLpa —

e

whereg equals k d si®

12 A2

. (Mo 2
(1 + YN, (1 + 2 cos(kd(zP7) sin 6))) (SmgT)> ]n“31 2 (({’Tn—1)z)z} .

(3.98)

Equation (3.98) shows the real value of power tadidoy Multiple Log Periodic Dipole
Array antennas.
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3.2.245 Radiation Resistance,.,4 of MLPA Antennas:

Radiation Resistance is defined as the point thatvialue of a hypothetical resistor will

generate a power equal to the power radiated bgritenna when fed by the same current.

The Radiation Resistance for Multiple Log-Perioditay antennas was calculated as shown
in equation (3.99). This was calculated by dividithg radiated power of MLPA antennas by

the square of the absolute current flowing throtighantenna elements, and then multiplying

by 2. Thus,
Ryaa MLPA
N-171n -1\ .: Sin M) 2 nd (LT 1)2 2
Re{l(1+ Zt T (1 + 2 cos(kd(z )Sme)))< - ) (SRt (3.99)
2

wheren = 120x

Substituting the values of intrinsic impedance pnthto equation (3.99), results to equation

(3.100)

Rrad

MLPA
Re {

(1 + Y-l ?=1(1 +2 cos(kd(ri‘l) sin 9))) (smg%))z] 1950 (w)z} f

A2
2

(3.100)

Hence, equation (3.100) is the real value of RamhaResistance for Multiple Log Periodic

Array antennas.
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3.2.2.4.6 Directive Gain, Dd, ¢) of MLPA Antennas:

Directive Gain is the ratio of antenna radiatiotemsity to that of a hypothetical isotropic

radiator that radiates the same power (Balanis5200

Equation (3.101) was used to calculate the direajin of MLPA antennas (Balanis, 2005).

D(e, @) = UE®: _ 4mUEe) (3.101)

Uop Praa

Using the equation (3.101) to compute the directieén of Multiple Log-Periodic Array

antennas

D(e, ) mLpDA

-l

<1+ZN T4 (1 + 2 cos(kd(zP71) sin ©)) < g )]n(nl) (e n- )) sinze}

[ 2
2 12 A

(1 + YN (1 + 2 cos(kd(zi~1) sin 6))) < n (5 )> ]'7“ ’12 ((z Tn—1)2>2

(3.102)

Equation (3.102) generatetl5 sin 2e as the Directive Gain for the first element in MePA

antennas.

Using pattern multiplication approach, the Direeti@ain for Multiple Log-Periodic Array
antennas was deduced as a product of the diregawe of first element in the MLPA

antennas and the Array Factor.

Therefore;

118



D(e,®)mippa = 1.5sin?e

(1 + INZITE 4 (1 + 2 cos(kd(z171) sin e))> (sm (gg))z]

(3.103)

Equation (3.103) stands for the Directive GainNtultiple Log Periodic Array antennas.

3.2.24.7 Directivity, Dmax 0f MLPA Antennas:
The maximum value of directive gain of an antermtermed its directivity. MPDA antennas

possess maximum values of their respective diregains. It was determined thus (Balanis,

2005),

41 Umax
Dmax = —5—= (3.104)
where,

Dynax 1S the maximum directive gain

Unmax 1S the maximum radiation intensity,

P,.q4 IS the power radiated

Hence, from the analysis of equation (3.104), is wladuced that the ratio of the product of

4 m and maximum radiation intensity to the radiated/@oresults to equation (3.105).

Dypax = 1.5sin6 (3.105)

The maximum directive gains for MLPA antennas ocatis equals90 °. This results to

equation (3.106)

Dpax = 1.5 (3.106)
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3.2.2.5 Design and Simulation of Typical Multiple Log Periaic Dipole Array

Antennas using MatLab Tools
In the design of Multiple Log Periodic Array antasn the spacing and design factors that
were chosen ensure that the lengths and spacinfpeofelements of log-periodic array
antennas increase logarithmically from one end h&f &ntenna boom to the other end.
Frequency range was carefully selected as mostoolem systems operate within very high

frequency band.

3.2.2.5.1 Design Specifications

For desired design, the specifications for theyaanistennas were carefully chosen to ensure
optimum signal radiation performance, as well asuem appropriate physical dimensions for

the array antennas. Table 3.1 is the specificgayameters for the antenna design.

Table 3.1: Design Specifications

ltems Value

expected Directivity/Gain, G 9dbi

The operating frequency of the antenna 1.350-2.690 GHz

Lowest frequency, f1 1.350MHz
Highest frequency, 2 2.690MHz
Upper to lower frequency ratio 2:1
Design Factorg 0.93
Spacing Factofkg 0.17
Antenna input impedancepR 500,
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The notations used in the design of the Multiplg{Reriodic Array antennas are represented

in Table 3.2.
Table 3.2: Design Elements Notations
s/n Design Elements Notations
1 antenna frequency f
2 dipole length I
3 operating Bandwidth B
4 design factor T
5 Spacing Factor o
6 apex angle a
7 Bandwidth of the active region B ar
8 structure (array) bandwidth Bs
9 boom length L
10 number of elements N
11 terminating stub Z;
12 Average characteristic impedance of longest dipole Zave
13 Mean spacing factor o'
14 Feeder impedance Zy
15 Center to center boom spacing S
16 dipole element spacing Onh—n+1
17 distance between the dipole elements from thiexe Yn
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Figure 3.9 represents the lateral view of LPDA angarrangement at design.

Apex angle

Element spacing

Element diameter

|< |
U

Dipole length

Antenna Boom

Fig. 3.9: Lateral view of LPDA antenna arrangensardesign

The successive dipole elements are connected atikdyrio a feeder (balanced transmission
line). In other words, the dipole elements arealpspaced and conversely connected so that

the whole radiation is in the direction of the $koelements whereas the broadside radiations
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tend to annul each other. The radiation energyamgt given frequency travels along the
transmission line. This movement continues untieéches a section of the antenna structure
where the electrical lengths of the elements anak@lrelationships generate the required
radiation. Hence, as signal frequency is varied,ltication of the resonant element is shifted
gradually from one element to the other next tdt ils pertinent to note that dipole lengths of
the shortest and longest elements determine tlggdreey bound of the signal. Thus, these
lengths must be chosen to satisfy the bandwidthuireepent for the upper and lower
frequencies.

During signal propagation, whenever the transngttgignal meets the first few dipole
elements in the array,(they are spaced quite ctogether in terms of the operating
wavelength) the fields from these dipole elements aancel one another out as the feeder
sense is overturned between the dipole elementsetdr, as the signal advances down the
array antenna, a point is reached where the feexlarsal and the distance that exists
between the dipole elements gives a total phade afhabout 360 degrees. The section in
which this happens is termed the active regionhefdntenna. For a practical antenna, the
active region can consist of more dipole elemeHtswever, the actual number of dipole
elements involved is dependent upon the apex anglad the design constant Though
dipole elements outside the active region obtaiallsdirect power, the larger dipole elements
are inductive and are resonant below the operdtioeguency. Also, those elements beyond
the operational frequency are capacitive. Thus,dipele elements immediately behind the

active region act as reflectors while those in fflaet as directors.
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The design/scaling factor used is 0.95 while thacsmw factor is 0.17. The number of
elements to be considered for each of the Log-Bieriarray (LPA) antennas is sixteen. This
choice is made because the higher the design factioe lower the apex angle,and hence

the higher the number of dipole elements in theram array, for the given antenna boom.
The geometrical dimensions of the Log-Periodic premtenna is derived with the basic

standard LPDA design formulas provided by Carréb(l) as taken from equations (3.107) to

(3.126).
I.  The Pass-Band of the Frequency Range

This was calculated as the difference between ifjieebt frequency and the lowest

frequency of antenna operation.

f,- f, = 2.690GHz - 1.350GHz = 1.340 GHz (3.107)
Where;f, is the highest frequency arfglis the lowest frequency
ii.  The operating Bandwidth,

The operating bandwidth was calculated as the ditibe highest antenna frequency

and the lowest frequency of operation.

__ Highest frequency,f, 2.690

B = = ~ 2.00 (3.108)

Lowest frequency,f; 1.350

iii.  The Design Factors

The dimensions of dipole log-periodic array antehawge a special fixed relationship.

It has an invariable ratio between each of thecaljaelement.
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di __ d2 o dan 11 _ 12 _  _ In 1

SO (3.109)

a2~ da3 77 dn+1 0 12 13 77T 41 1

Where;
d,, is equal to the distance of n-dipole from the exeformed near the feed point in meters
L, is the length of n-dipole.

Thus, the inverse of this ratio in equation (3.183e design factar. That is;

d

r=%2=Lkq (3.110)

d, I
Where: 0.7& <1
Design factor is used to resolve the spacing betw®e successive elements.

Thus, the design factor is chosen to be 0.95 irerotd maximize the number of dipole

elements required for the array design.
iv.  The Optimum Spacing Factore,
The optimum spacing factor was calculated usingeon (3.111).
o = 0.258 7- 0.066 (3.111)
= 0.258 (0.93) — 0.066=0.1739

~0.17
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v. The apex angle, d

@ _ 02999 _ 297 _ 11029 (3.)12
40 4(0.17)  0.68

Tana =

a = tari* 0.1029-6"
Thus, the apex angle of the antenna is
2=2©)=12

vi.  The Bandwidth of the active regionf 4,
Bar= 1.1 + 7.7(1- 1) %2 cota (3.113)

Bar= 1.1 + 7.7 (1- 0.93) %cot6°

1.1 + 7.7 (0.07) %(tan 6 ©) ~*

1.1 + 0.0377 (9.5144)

=1.46

vii.  The structure (array) bandwidth, fs

This is the product of the operating bandwidkland the bandwidth of the active regi@n,

ar. Thus
Bs= B* Bar (3-114)
Bs=2.000(1.46) =292

viii. ~ The boom length, L

This is the distance between the longestsaodtest dipoles.
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iX.

L = [; (1= () cota] A max

Where;
max= longest free-space wavelength

N 984 984
max- T of1 1350

= 0.73
L=F(1-¢5) cot 6] 0.73

L :E (0.6575) 9.5144] 0.73

=1.56 ft
The number of elements, N
N=1+ {log Bs / log (Tl)}

N=1+ {log 292/ log [L]}

0.93

N=14+ {log2.92}

X.

log 1.0753

N=1+14.76 = 15.7616

The number of elements, N is rounded off ®rikarest higher integer

The relationship between frequency, velocity andelength is written  as;

C
f=2

The Longest Element Length, L, and Other elements

(3.115)

(3.116)

(3.117)
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Where;

fis frequency,

C is the velocity of light, and

A is the wavelength

Lowest frequendy= 1350MHz

Thus, wavelength is calculated as

3= S (310 )
T f T (13.50%108)
A = 0.22m

The antenna length and its wavelength are direetated by;

N>

I, =

h —11—0055
1_2_'

From the relation;

1 =1l

I, =7l = 0.93(0.11) = 0.1023

(3.118)

(3.119)
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h, = 0.0512

l; = tl, = 0.93 (0.1023) = 0.0951

h, = = = 0.0476
37 2
l, = tl; = 0.93 (0.0951) = 0.0884
ly
h, == = 0.0442
2
ls = tl, = 0.93(0.0884) = 0.0822
he = s _ 0.0411
5 - 2 - .
lo = tls = 0.93(0.0822) = 0.0765
le
hy = = = 0.0382
2
I, = tlg = 0.93 (0.0765) = 0.0712

l;
h, == < = 0.0356
2
lg = tl, = 0.93(0.0712) = 0.0662
lg

hg = = 0.0331
87 2

lo = tlg = 0.93(0.0662) = 0.0616
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Lo

hg = = 0.0308
)

lio= tlo= 0.93(0.0616) = 0.0573

hl() - - - 0.0286
2

lll = Tll() = 0.93 (0.0573) = 0.0533
lll

hll = — = 0.0265
2

li, = tly = 0.93(0.0533) = 0.0496
112

lis= tl, = 0.93(0.0496) = 0.0461
ll3

h13 = — = 0.0231
2

Ly = tlis = 0.93(0.0461) = 0.0429
l14-

h14 = —— = 0.0215
2

lis = tl, = 0.93(0.0429) = 0.0399

hys = == = 0.0200

e = Tlis = 0.93(0.0399) = 0.0371
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!
hye = % = 0.0186

Xi. The terminating stub, Z

The terminating stub was calculated by dividingrieximum wavelength by 8.

Z,= o =22 = 00275m (30

xii.  Average characteristicimpedance of longest dipole,Z,,.
Using element of radius, a = 3mm

Longest element to radius ratida = 36.66

Zave = 120 (In =- 2.25) (3.121)

120 (In 36.66- 2.25)

120 (3.602 - 2.25)

120 (1.3517) = 162.2Q

xiii. ~ Mean spacing factora’
o =2 (3.1p2
V(093) = 22 = 0.1763
0.9644
xiv.  Feeder impedance, &
Zo= o=+ J[ =) 2+ 1] (3.123)
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_ 502 50 2
"~ 8(0.1763)(162.2) +50 \/[((8(0.1763)(162.2))) + 1]

=200 150 J[(525) 2+ 1]

10.9280 + 50 1/[1.0478 ]

=10.9280 + 51.1811 = 62.11 = 62Q

xv.  Center to center boom spacing, S
dia 20
s = (5H)X1027 (3.124)
Where; diam is the boom diameter in mm

62
s = (5)X107s

s = 5x10°%7
s = 5X1.6774
s = 839mm

xvi.  Dipole element spacing gl n+1
d1—2 = %(ll—lz) cota (3.135

= ~(0.11-0.1023) cot 6°
2

1
= 5(0.0077)9.5144

= 0.0366
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d2_3 =0 212

= 0.17(2)(0.1023) = 0.03478

d3_4 =0 2l3

= 0.17(2)(0.0951) = 0.0323
d4_5 =0 2l4

= 0.17(2)(0.0884) = 0.0301

d5—6 =0 215

0.17(2)(0.0822) = 0.0280

d 6—7 — GZZ6

0.17(2)(0.0765) = 0.0260

d7—8 =0 2l7

= 0.17(2)(0.0712) = 0.0242

dg_g =0 218

= 0.17(2)(0.0662) = 0.0225

dy_10 =02l

= 0.17(2)(0.0616) = 0.0206

dig-11 =02l

= 0.17(2)(0.0573) = 0.0195
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dig—12 =02l

= 0.17(2)(0.0533) = 0.0181

diz-13 =06 2ly;

= 0.17(2)(0.0496) = 0.0169

di3-14 =6 2l53

= 0.17(2)(0.0461) = 0.0157

dig—15 =06 2l14

= 0.17(2)(0.0429) = 0.0146

dis—16 =0 2l5

= 0.17(2)(0.0399) = 0.0136

xvii.  Distance between the dipole elements from the vexey :
Y, = hpcota (3.12%
Where;

v, is the distance from the antenna vertex to theligtble.
v, = h;cota = 0.055 cot 6 0 =0.055(9.5144) = 0.5233 m

v, = hycot6° = 0.0512cot 6° = 0.0512 (9.5144) = 0.4871m

134



v, = hscot6° = 0.0476 cot 6° = 0.0476 (9.5144) = 0.4529m
v, = hycot 6°= 0.0442 cot6° = 0.0442 (9.5144) = 0.4205m

Ys = hscot6 0= 0.0411cot6°= 0.0411(9.5144) = 0.3910m

0.0382 (9.5144) 0.3635m

Y, = hgcot6 0 = 0.0382cot6°

y, = h; cot 6 ° = 0.0356cot 6 °

0.0356 (9.5144) = 0.3387m

Y = hgcot6° = 0.0331cot 6°

0.0331 (9.5144) = 0.3149m
¥, = hgcot6° = 0.0308cot6° = 0.0308 (9.5144) = 0.2930m
Y;0 = hiocot6° = 0.0286 cot 6° = 0.0286 (9.5144) = 0.2721m
¥, = hy cot 6% = 0.0265cot 6° = 0.0265(9.5144) = 0.2521m
¥,, = hgcot6° = 0.0248cot 6° = 0.0248 (9.5144) = 0.2360m

0.2198m

V.3 = hocot6° = 0.0231cot 6° = 0.0231 (9.5144)
Y., = hiocot6° = 0.0215cot 6° = 0.0215 (9.5144) = 0.2046m
¥, = hycot6° = 0.0200 cot 6° = 0.0200 (9.5144) = 0.1903m

Y, = hegcot6 0= 0.0186cot6°= 0.0186 (9.5144) = 0.1770m
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Figure 3.10 represents the schematic model of ¢isegded 16 element MLPDA antennas in

parallel arrangement.

Apex angle Apex angle Apex angle
P g pex ang P 8

(]

-
|
|
== Element spacing

(T

Dipole Iength\ ‘ Dipole Ieng’\ ‘ ‘ Dipole length

Antenna Boom Antenna Boom

e

Antenna Boom

Fig. 3.10: A schematic diagram of MLPDA antennaBrigar array

This MLPA antenna was designed to transfer sigmatkin VHF and UHF bands, and

surveillance systems operate effectively withirsth&equency bands.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Results

The sets of results presented in this chapter agenlisted;

1. Radiation patterns for the array factors of Singleg-Periodic Array antennas,
(AF g1pa = 1 + XN H?zlejfi_lq’), array antennas of equal dimensionFg(, =
M e(-Dje) and Multiple Log-Periodic Array antennas,
(AF yppg = XM e(=Dje 4 31 o-Djeo yN-1 | ejti_lq))-

2. Electromagnetic (EM) fields generated by the firatliating element in MLPA
antennas.

3. Characterized parameters of the MLPA antennas.

I.  The Cartesian and polar plots of the Electric/Maigné&ields of the MLPA
antennas
ii.  Average Poynting Vector of MLPA antennas
iii.  Radiated Power of MLPA antennas
iv.  The Directive Gain of MLPA antennas
v. Radiation Intensity of MLPA antennas

4. The tabular results obtained from the design of ML&htennas of a sample band

width

These results were simulated using MatLab R201@=cbbriented tools. The results for the

SLPA and MLPA antennas and their parameters westtepl at an intrinsic impedance of
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377Q; a far field distance of 5km (distance betweenahtnna source point to the far field
point); design factor of 0.95, phase anglgof 45°and antenna wave number of 1. The SLPA

antenna results were used to compare that for ttRRAVantennas.
4.1.1 Array Antenna Patterns

This section discussed the arragtennapatterns for antenna arrays of equal dimensions,
Single Log-Periodic Array antennas and Multiple Hegriodic Dipole Array antennas. From
the results obtained, the directivity of the arpajfterns increased from that of the Arrays of

Equal Dimension to SLPA antennas and then to MLR#&rmnas.

I. Array Pattern for Array Antennas of Equal Dimensions
Figure 4.1 shows the results of the array patterrfdur distinct types of Equal Amplitude

Array antennas with 4, 7, 10 and 20 radiating el@meespectively.
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Fig.4.1: Array Antenna Patterns for four distinetssof Equal Amplitude Array antennas of 4,

7, 10 and 20 dipoles respectively (plotted sepbpate

These equal dimension radiating elements are tanatrto (obtained from) the sum of the
first (longest) dipole elements in each of the iplétsimilar LPA antennas in linear array.
The radiating elements are similar in the sensetlieelements had equal dimensions — the
widths, lengths and spacing of the elements werale@nd like characteristics. In other
words, the antenna elements in the array are umiféor close observation, the array patterns
for the same four distinct sets of equal amplitedey antennas were plotted together in

Figure 4.2.
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Figure 4.2 shows the normalized Array Factor pastefor four different sets of Equal
Amplitude Array antennas when the numbers of théatang elements in the four arrays were

4,7, 10 and 20 dipoles respectively.
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Fig.4.2: Array Patterns for four sets of Equal Aiyale Array Antennas of 4, 7, 10 and 20

dipoles (plotted together)

In Figure 4.2, the patterns of the Array Factor ffmur distinct sets of equal amplitude array
antennas for different number of equal amplitugsl#i array antennas elements (that is: for

4,7, 10, and 20 dipoles) were plotted togethee dilnay patterns showed systematic increase
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in the number of side lobes as the number of tpeldielement increased. Also, there was

subsequent increase in the directivity of the nhale in that order.

When the total radiating elements in the array Wwathe side lobes generated was minimal
but least directive. Also, when the total radiatelgments in the array was 20, the highest
numbers of side lobes were generated, and the lofa@ngenerated was most directive. Thus,

array pattern directivity has a direct relationshith the number of dipole radiating elements.

From the diagrams, it became obvious that: as timeber of radiating elements in the array
increased, the angle within which the signal radimbccurred decreased. Consequently, the
main lobe became more directive whereas the nuwibgide lobes produced also increased,
as the dipole elements increased along the arfdysarray pattern was most directive at the
highest number of equal amplitude array antennametts (that is: for 20 dipoles) but has

minimal directivity at the least number of dipoleraents (that is: for 4 dipoles).

. Array Patterns for SLPA Antennas

Figure 4.3 represents the Array Factor patternsfdar (4) different Single Log-Periodic
Array antennas. As the case for the array anteohaqual dimension, the radiating patterns
for different kinds of arrays of LPA antennas aepresented. These four distinct LPA

antennas contain 4, 7, 10, and 20 radiating elesrrespectively.
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Fig. 4.3: Array Patterns of SLPA Antennas for 410,and 20 dipoles (plotted separately)

Figure 4.3 is the array patterns for different sétSingle Log Periodic Array antennas for 4,

7, 10 and 20 radiating elements plotted separaidig. diagram showed that the number of
radiating elements, the angle of signal radiatittve, main lobe and the side lobes of the
antennas have direct relationship. The generategt patterns were similar to those produced
from the sets of Equal Amplitude Dipole Array antes. The exception was that the patterns
for the Log Periodic Dipole Array antennas wererghaand more directive. For clarity sake,

the array patterns for the four different SLPA antes are plotted together as shown in Figure

4.4,
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Fig.4.4: Array Patterns for four distinct SLPA amtes of 4, 7, 10 and 20 dipoles respectively

(plotted together)

Figure 4.4 is the Cartesian plots of the arrayepa#t for four sets of Single Log Periodic
Dipole Array antennas of 4, 7, 10 and 20 dipolenelets respectively. As it was the case of
Equal Amplitude Array antennas, the array pattemmdicated methodical increase in
directivity of the main lobe and the number of sidiees generated, when the number of the
dipole elements in the array increased. When thmbeu of radiating elements in the array
was 4, the pattern produced the least side lobashwlere least directive. As the total
radiating elements in the array was gradually iaseel from 7, 10, and then to 20, the array

directivity and numbers of side lobes generatedem®ed drastically. The maximum numbers
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of side lobes were generated when the radiatinmesiées were 20 in numbers, and thus

formed the most directive main lobe.

iii. Array Patterns for MLPA Antennas

Figure 4.5 is the Array Factor patterns for Mukijplog-Periodic Array Antennas.
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Fig.4.5: Array Patterns of 2, 4, 6. 8 sets of refipe MLPA Antennas of 16 dipoles each
(plotted separately)

For the MLPA antennas, the polar plots of the sapdr Array-Factors patterns for 2, 4, 6,
and 8 stacked MLPA antennas (of 16 dipole elemeath); when the design factoequals
0.95, are shown in figure 4.6 correspondinglythiese patterns, the plots are made for similar
LPA antennas of 16 dipole elements each. Howeleretare 2 multiple (that is: 2 LPA by 16

dipoles each), 4 multiple (that is: 4 LPA by 16algs each), 6 multiple (that is: 6 LPA by 16
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dipoles each), and 8 multiple(that is: 6 LPA bydifoles each) respectively in the sets of
MLPA antennas described. These are indicated aletiend. The antennas patterns showed
gradual variations on the directivity and radiafgmver/intensity. As the number of LPA

antennas in the MLPA antennas increased, the iitgcof the main lobe also increased in

that order.

Alternatively, the polar plots for the array antanpatterns of 2, 4, 6, and 8 sets of MLPA

antennas of 16 dipole elements each are combinkglLire 4.6 accordingly.
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Fig. 4.6: Array Patterns of 2, 4, 6. 8 sets of ML&#ennas of 16 dipoles each (plotted

together)
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Figure 4.6 represents the combined polar plotgHerarray factor patterns of 2, 4, 6, and 8
sets of MLPA antennas of 16 dipoles each, in thdéro The array patterns generated were
similar to those of the SLPA antennas. Howeverrethgere systematic increment in the
magnitude of both the main and the side lobes whennumber of set of LPA antennas
increased from 2, 4, 6 and then to 8. The highegslygattern magnitude is obtained at 8
MLPA antennas, followed by 6 MLPA, and then by 4 RA antennas. 2 MLPA antennas had
the lowest array pattern magnitude. Thus, the gpatterns for the MLPA antennas are of
greater magnitude compared to those of the SLPé&naas. The more the number of the LPA

in the array antenna set, the more the magnitutieecgenerated lobes and vice versa.
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4.1.2 Electromagnetic (EM) Fields Generated by thd-irst Radiating Element in

MLPA Antennas

Figure 4.7 is the Electric and Magnetic fields gated by the First Radiating Element in

MLPDA Antenna (a dipole).
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Fig 4.7: Electric and Magnetic fields generatedh®y First Radiating Element in MLPA

antennas.

The normalized Electric and Magnetic fields for fivet active element in MLPA antennas
are shown in Figure 4.7. The antenna patternsdtr belds were not very directive and as
such could not propagate very far from the poinsighal radiation. As observed from the
antenna pattern, the Electric field was 45.24 Newftmulomb while the Magnetic Field was

0.12 Tesla. This is the typical behaviour for dgahtennas. The dipole radiating elements
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are particularly essential for radio transmittingdareceiving applications but their
wavelengths are too long for very low frequencidsciv limited the antenna application. This
type of antenna is not fit for long distance ande .+ Of — Sight (LOS) communication as the

lobe is not particularly directive.

4.1.3 Results from the Characterization of MLPA Antnna Parameters

This section analyzed the patterns for the MLPAean&s which include the Electric and
Magnetic fields, Average Poynting Vector, RadiaBalver, Directive Gain, and Radiation
Intensity of Multiple Log Periodic Array antennasdontrast with that of Single Log Periodic
Array Antennas. The outcome of the patterns indatahat; while the electromagnetic fields
generated by the log Periodic Array antennas werg dgirective, the directivity of the fields
generated from the MLPA antennas were not onlyctire but of greater magnitude in

comparison. These are as shown in figures 4.7 ghoedpectively.

I. Electric and Magnetic Fields of MLPA Antennas
Figure 4.8 shows the polar plots of Electric andghiic fields of the Single Log

Periodic Array antenna discussed in chapter twihisfwork.
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Fig.4.8: Electric and Magnetic fields of SLPA amas of 16 dipoles respectively

The polar plots of Electric and Magnetic fields edaepresent the patterns for single Log
Periodic Array antennas. Both field patterns amailar in shape except that the Electric field
is of higher magnitude. The magnetic field as shawrequation (2.61) was obtained by

dividing the electric field of equation (2.60) thetintrinsic impedancd,20m.

Hence, the radiated Electric and Magnetic fieldsengenerated from the simulation of the
log periodic array antennas of equations (2.60) @@1) respectively. Care was taken in
selecting the angle within which the fields werdiased in order to ensure that the creation of
recurring lobes was avoided. Thus, the adverseteffesubtracting from the total radiated
power, as well as radiation effects on the opesatwrhind the transmitting system was
curtailed. From the antenna patterns producedElbetric field was 98.02Newtons/coulomb

while the Magnetic Field was 0.26Tesla. The produobes were directional with minimal
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sidelobes, thus focusing the generated lobes indifextion of concern. The generated
patterns of the electromagnetic fields were vergaive compared to that produced from the
dipole antenna of figure 4.1. This outcome is fel@sas array antennas possess higher gain
than single radiating element.

Figure 4.9 shows the polar plot of the Electricldri@nd the corresponding Magnetic Field of

the Multiple Log Periodic Dipole Array Antennasexjuations 3.86 and 3.87 respectively.
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Fig.4.9: Electric and Magnetic fields of Multipl&)(Log Periodic Array Antennas of 16

dipoles respectively

Both field patterns in Figure 4.9 are similar iraph except that the magnitude of the Electric
field is higher. The magnetic field was obtainedagzroduct of the electric field of equation
(3.77) and the inverse of the intrinsic impedant20n. Hence, the antenna patterns

generated the normalized Electric field as 3,204vtdes/coulomb while the normalized
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Magnetic Field was 8.5Tesla. These values are @ppeeciable and large. Compared to the
magnitude and directivity of the electric and mdgnéelds of single log periodic dipole
array antenna, the Multiple Log Periodic Dipole éyrantennas are better. This attribute

attested to its suitability for application in widesa surveillance systems.

. Average Poynting Vector of Multiple Log Periodic Aray Antennas
Figures 4.10 and 4.11 in comparison described therage Poynting Vectors for both SLPA

and MLPA antennas.

Figure 4.10 indicates the polar plot of Averagemrimg Vector of the single Log Periodic

Array antennas as discussed in chapter three.
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Fig.4.10: An Average Poynting Vector of SLPA Antesrof 16 dipoles
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The Average Poynting Vector of the SLPA antennasiobd from the average value of the
vectorial product (of the real values) of the Hiecand Magnetic fields of the LPA antennas,

as represented in equation (3.62).

From the antenna pattern generated, the valueeoAtterage Poynting Vector of the LPA
antennas was equivalent to 1.90 watt per squareerastread from the antenna pattern. The
antenna in view had sixteen (16) active elemenendd, the implication of this is that the

power density of 1.90watt is focused within thef@need direction of interest.

Figure 4.11  shows the polar plot of Average Poyntifector of the MLPA antennas as

discussed in chapter three.
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Fig.4.11: An Average Poynting Vector of Multiple ¢aPeriodic Array Antennas of 16

dipoles
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The Average Poynting Vector of the Multiple Log dic Dipole Array antennas was also
obtained from the average value of the vectoriadpct (of the real values) of the Electric
and Magnetic fields of the multiple log periodiqpdie array antennas shown in equation

(3.86).

The value of the Average Poynting Vector of MLPAemas was equivalent to 193.75Watts
per square metre as also read from the antenrexmarihe set of the MLPA antennas in view
had sixteen (16) active elements per LPA anteraras were three set in the array. This also

implied that the power density of 193.75Watts wastained within the preferred direction.

il Radiated Power of MLPA Antennas
This section illustrated the Radiated power for ty¢ Log Periodic Array antennas in

contrast with that of Single Log Periodic Array embas.

Figure 4.12 shows the polar plot of Radiated Powfethe single Log Periodic Dipole

Array antennas.
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Fig.4.12: Radiated Power of Single Log Periodicafrantennas of 16 dipoles

The radiated power of SLPA antennas of equatiofi{3s plotted in figure 4.12. The average
value of power radiated by the SLPA antennas wasitah62W and this is equivalent to

26.65dB or 56.65dBm. The radiated power was almdstted towards the main lobe of the
array with very tiny or minimal sidelobes. Thusg thulk of the power was channeled towards

the desired direction with little amount of powest to the sidelobes.

Figure 4.13 illustrated the polar plot of RadiaRmver of the MLPA antennas.
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Fig.4.13: Radiated Power of Multiple (3) Log PeimDipole Array antennas of 16 dipoles

Figure 4.13 signifies the polar plot of radiatedveo of Multiple Log Periodic Dipole Array
antennas of equation (3.98). The value of the pmeeerated from the array antenna pattern
was equivalent to 22,500W which corresponds to28B or 73.52dBm. This is quite a huge
number as the antenna could have application irt mfosommunication systems due to its
stability in radiating high capacity of power. Mast the radiated power of the Multiple (3)
Log Periodic Dipole Array antennas is channelethe®o main lobe of the array. As a result,

very little amount of power was s lost to the sidbels.

Figure 4.14 compared the powers radiated by the &ftdnnas and Multiple (3) LPA

antennas of sixteen (16) dipoles each.
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Fig.4.14: Radiated Power of Single LPA Versus Muti(3) LPA Antennas of 16 dipoles

From the figure, it could be interpreted that trewvpr radiated by the Multiple (3) LPA

antennas had a very high magnitude compared tmfhhe single LPA antennas. While the
MLPA antennas pattern has 43.52dB, the LPA anteweas having about 26.65dB of power.
Hence, the power radiated by the MLPA antennasahatde coverage area and could also

travel far region compared to that of the SLPA anés.

iv. Directive Gain of MLPA Antennas

Owing to ohmic losses on the antenna surface, lagbahe power supplied to the antenna
terminals is lost in heating of the antenna. Thios,full power supplied to the antenna is then
not radiated. The plot of the directive gain pattef figure 4.15 was obtained from the

MatLab program written on the product of the LPAedtivity of the antenna and the square
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of the sine of the angle of radiatiad, Alternatively, directive gain is obtained fronethatio
of antenna radiation intensity to that of a hypttda isotropic radiator that radiates the same

power.

Figure 4.15 illustrated the polar plot for the Biige Gain of SLPA antennas.
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Fig.4.15: Directive Gain for Single Log Periodicray Antennas

Figure 4.15 described the Directive gain of thegi&in.og Periodic Dipole Array antennas as
the signal is radiated within the angle2af. The value of the Directive gain generated from
the LPA antennas patten was 13.8dB or 43.80dBm [241&hce, this parameter described
how well the transmitting antenna convertes inpatver into radio waves headed in a
specified direction. However, when the antennania receiving mode, this value described

how well the antenna converted radio waves arriftiag a specified direction into electrical
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power. The directive gain of the SLPA antennasutised in Figure 4.15 is moderate and

protruded compared to that of a hypothetical iqntroadiator.

Figure 4.16 illustrated the Directive gain of th&RA antennas.
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Fig.4.16: Directive Gain for Multiple (3) Log Pediw Dipole Array Antennas

Figure 4.16 demonstrated close similarity with figeire 4.15 of the directive gain of SLPA

antennas. The reason was that the directive gdibsth antennas were generated from the
product of the directivity of the array antennasl dhe square of the sine of the radiation
angle,© (see equation 3.103). The directive gain of thePMLantennas was computed as the
signal was radiated within the angle 2. The value of the Directive gain generated from
the MLPA antennas patten was 15.68dB or 45.68dBAW(3 The antenna has a higher

directive gain compared to SLPA antennas.
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V. Radiation Intensity for MLPDA Antennas
This section described and compared the Radiatitensity for a dipole antenna, SLPA

antennas and MLPA antennas.

Figure 4.17 s the three-dimensional plot of theiation intensity for a dipole antenna.
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Fig.4.17: 3D Plot of Radiation Intensity for a dip@ntenna

The plot of the Radiation Intensity of dipole antans obtained as shown in equation (3.90).

It was obtained as the product of Average Poyntiegtor and the square of the distance of
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the antenna from its origin to the field point. Tti@ole radiation intensity pattern is little

directive.

Figure 4.18 represents the Radiation Intensityld?/Santennas.
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Fig.4.18: Normalized Radiation Intensity for Singleg Periodic Array Antennas

The Radiation Intensity pattern of SLPA antennas wlatained as written in equation (2.73).
It was obtained as the product of Average Poyntiagtor of a dipole antenna and square of
distance of the antenna from its origin to thedfigbint. From the radiation pattern developed,
value of the LPA antennas radiation intensity wd¥QW/sr. This implied that, per unit solid

angle, 1,170W/sr of power was radiated from thitemma. The radiation intensity pattern of
the LPA antennas was very directive compared to ¢dha dipole antenna. Thus, antenna

elements increased the radiation intensity of theyaconfiguration.

160



Figure 4.19 highlighted the polar plot of Radiatlatensity for MLPA Antennas.
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Fig.4.19: Normalized Radiation Intensity for MulBp_og Periodic Array Antennas

Figure 4.19 denotes the plot of Radiation IntensityMLPA antennas. The figure was

generated from equation (3.93). It was obtainedniitiplying the Average Poynting Vector

of SLPA antennas and square of distance from ttenaa origin to the far field point denoted
by ‘r'. The radiation intensity developed by the FA antennas was 5,733W/sr. This value
was obtained for three (3) stacked LPA of sixtels) dipoles each. The implication is that
5,733 W/sr of power was radiated from this antgoeraunit solid angle. From the figure, the
radiation intensity pattern was very directive afchigher magnitude compared to that of

single Log Periodic Dipole Array antennas. Radiafintensity is a far field parameter.
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4.1.4 The Tabular Results Obtained from the Design of MLA Antennas of a Sample
Band Width

The values generated from the design of sample MaRtAnnas were tabulated in Table 4.1.

Table 4.1: Dimensions for the MLPA Antennas Design

No. of | Dipole length Element length| Dipole distance| Element spacing
Elements tg(m) h,(m) from vertex,y A (m) d; +1(m)
1 0.11 0.055 0.5233 0.0366

2 0.1023 0.0512 0.4871 0.0348

3 0.0951 0.0476 0.4529 0.0323

4 0.0884 0.0442 0.4205 0.0301

5 0.0822 0.0411 0.3910 0.0280

6 0.0765 0.0382 0.3635 0.0260

7 0.0712 0.0356 0.3387 0.0242

8 0.0662 0.0331 0.3149 0.0225

9 0.0616 0.0308 0.2930 0.0206

10 0.0573 0.0286 0.2721 0.0195

11 0.0533 0.0265 0.2521 0.0181

12 0.0496 0.0248 0.2360 0.0169

13 0.0461 0.0231 0.2198 0.0157

14 0.0429 0.0215 0.2046 0.0146

15 0.0399 0.0200 0.1903 0.0136

16 0.0371 0.0186 0.1770 -
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This design was carried out for Multiple Log PermBipole Array (MLPDA) antennas of 16
dipole elements each as depicted in figure 3.9.cdhemns contain the Log Periodic Dipole
Array (LPDA) antennas values for the dipole lenf@tt), element length (m), dipole distance

(m), and the element spacing (m).

From the Table, the length of the first and long#ipble — from the second column — was
obtained to be 0.11m and the length of the last strattest dipole — f6element — was
0.0371m. In the third column, the first half — dipdength was 0.055m and the length of the

last half — dipole was 0.0186m.

The distance from the LPA antennas vertex to thmegdst dipole was 0.5233m and the
distance from the LPA antennas vertex to the shor@ole was 0.1770m. Finally, the
element spacing between the first and the secamdezlts was 0.0366m while the element

spacing between the last two dipole elements-atl 16' elements — was 0.0136m
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4.2 Discussion

For ease of comparison, the results discusseddrséiction were grouped into two main sets,

namely:

I.  Array Factor patterns for array antennas Of Equalddsions (Figures 4.1 and 4.2),
SLPA Antennas (Figures 4.3 and 4.4) and MLPA Antenfirigures 4.5 and 4.6).

i. Electric and Magnetic fields generated by the FRstdiating Element in MLPA
antennas (Figure 4.7)

iii. SLPA and MLPA Antennas parameters. These parameiadude: the
Electric/Magnetic Fields of the SLPA (Figure 4.8JdaMLPA Antennas (Figure 4.9);
Average Poynting Vectors of SLPA (Figure 4.10) &idPA Antennas (Figure 4.11);
Radiated power of SLPA (Figure 4.12) and MLPA Ama® (Figures 4.13 and 4.14);
the Directive Gain of SLPA (Figure 4.15) and MLPAtannas (Figure 4.16); and the
Radiation Intensity of a dipole antenna (Figure/$. 5LPA (Figure 4.18) and MLPA

Antennas (Figure 4.19).

These results were plotted at a design faetasf 0.95 and phase anglg, of 45 in order to

maximize the number of dipole elements requirethearray. In the patterns generated from
the SLPA and MLPA antennas, it was ensured thasélcend large interference lobe that was
undesirable — which might appear within the visilbhnge of the antenna pattern, were
nullified from that pattern. However, the largesspible number of minor lobes were retained

within the range of the array radiation angle, dhet
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Care was taken in selecting the angle within whinehsignals were radiated to ensure that the
generation of back lobes was possibly avoided. Batdbes normally had adverse effect of
subtracting from the total radiated power. Thus,tles angle of radiation was reduced
(controlled), the directivity of the generated diglatterns was increased. However, more side

lobes were generated but with reduced magnitude.

a. From Figures 4.1 to 4.6, the patterns of the aargtgnnas for Equal amplitude, SLPA,
and MLPA antennas were presented. The array patferrthe Equal amplitude and Single
LPA were similar except that the patterns for thé>& antennas were more directive. This
variation was attributed to the scaling factor(Q.95) used for the SLPA - this affected the
dimensions of the LPA antennas. The main lobe fiih ISLPA and MLPA became more
directive as the dipole elements increased alomrgatitays. The array pattern was most
directive at the highest number of radiating eletaéthat is: for 20 dipoles) but has minimal
directivity at the least number of dipole elemefttet is: for 4 dipoles). When compared to
the MLPA, the array patterns for the MLPA were anty very directive but spanned through
a large band width. The biggest major lobe forNhdtiple LPA antennas was generated for 8
sets of MLPA while the smallest size of the maihdavas generated for 2 sets of MLPA.
This implies that the greater the number of LPAeangs in the array, the farer and wider the
coverage area. The implication is that Array Fa@torthe MLPA antennas has much power
concentrated per unit area compared to SLPA anserih@&nsures the farthest and widest
signal coverage area. Hence, the greater the nuohlsésicked LPA antennas in the array, the

farer and wider the coverage area. This is appaiteofor WASS applications.
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b. From the Electric/Magnetic field patterns generdtmdthe SLPA in Figures 4.8 and
4.9, it clearly indicated that the beam width beeamuch narrower as the number of the
dipole elements in the array increased (16 — dg)ol&his was as compared with the
Electric/Magnetic field patterns generated from@olke antenna of Figure 4.7. Given that the
narrower the beam width the more directive thedfightterns of the antennas were, it then
followed that the directivity of both SLPA and MLPa&ntennas increased with number of
radiating elements. The side lobes were considgnaluced in size (not in number) as the
number of dipole elements increased. Hence, this avaital realization since side lobes
needed to be curtailed in order to minimize thesadhat could be received through the side
lobes.

Consequently, the magnitude of the Electric and mé#ig field patterns of MLPA antennas
(3,204 Newtons/coulomb and 8.5Tesla respectivegiewnuch greater compared to that of
the SLPA antennas (98.02Newtons/coulomb and 0.2&Tesspectively). The MLPA
antennas had patterns whose beam widths were nmiegdted/pointed and with a very large
main lobe too. This attribute particularly attestedts appropriateness for application in wide

area surveillance systems.

C. The Average Poynting Vector of the SLPA antennas aguivalent to 1.90Watt per
square metre as read from the antenna patternré~u0). The LPA antennas in view had
sixteen (16) active elements. For the Multiple (BA antennas of 16 active elements each,
Average Poynting Vector was 193.75Watt per squaeéran The implication was that the
power density of 1.90Watts was focused within thefgyred direction of interest from the
SLPA antennas, while 193.75Watts from the MLPA anss was directed to the area of

166



interest. Hence, much power is concentrated peranea by the MLPA antennas as compared

to the SLPA antennas.

d. From Figure 4.12, the power radiated by the SLPteramas was 462W. Also, from

figure 4.13, the power radiated by the Multiple (BA antennas was 22.5kW. As compared
in figure 4.14, power radiated by the Multiple (3IDA antennas had a very high magnitude
compared to that of the single LPDA antennas. Winilehe receiving mode, it then means
that the MLPA antennas had a higher power receptapability as well as higher power

radiation capacity per unit solid angle comparedtie SLPA antennas. The physical
interpretation of this is that MLPA antennas paitehave wide area of coverage and could

also travel far region compared to that of the SlaPfennas.

e. The directive gain of the SLPA antennas of 16 tatigelements was 13.8dB or
43.80dBm (24W) as indicated in figure 4.15. Frogufe 4.16, the directive gain of MLPA
antennas had numeric value of 15.70dBor 45.68dBmV(3 This resulted to 35.4 percent
gain advantage over SLPA antennas. MLPA anteneamudstrated close similarity with that
of the SLPA antennas. The reason was that the tideegains of both antennas were
generated from the product of the directivity of #rray antennas and the square of the sine
of the radiation angle). The MLPA antennas had a higher directive gainpamad to SLPA

antennas.

f. Figure 4.17 was the radiation intensity for a dgpahtenna. The antenna pattern was
oval and non — directive. Thus, the radiated sigiipble element does not travel far.
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However, the radiation intensity generated by tlmnralized SLPA antennas of 16 —
radiating elements was 1,170W/Sr (Figure 4.18). jdttern was very directive compared to
the dipole element. For the Radiation Intensity MEPA antennas (Figure 4.19), the
generated pattern was 5,733W/sr. This value waairgddt for the normalized Multiple (3)
LPA of 16 — dipoles each. From the figures, thdiaton intensity patterns was very
directive for both antennas. However, the MLPA antes had a higher magnitude compared
to that of SLPA antennas. The physical interpretatf this was that 1.17kW of power was
radiated from the Single LPA antennas per unitdsalngle while 5.73kW of power was

radiated from the MLPA antenna per unit solid angle

In summary, the Array Factor for the MLPA antenmasures better prediction of signal
radiation for the farthest distance and widest arfesignal coverage. The MLPA antennas
patterns have a very large beam widths and mudttéil/pointed main lobe. Hence, much
power is concentrated per unit area by the MLPA&mmas compared to the SLPA antennas.
While in the receiving mode, MLPA antennas havehbigpower radiation capacity per unit
solid angle as well as higher power reception cidipalcompared to the SLPA antennas.
Consequently, the MLPA antennas had a higher dwecfain compared to SLPA antennas.
These attributes particularly attested to the gmpaiteness of the MLPA antennas in wide

area surveillance systems applications.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
This dissertation explored a novel Array Factolotad for the characterization of Multiple
Log-Periodic Array antennas, particularly in thenmxt of Surveillance Systems. The
analytical framework was built upon the Magneticcie Potential (MVP) model, providing
a solid foundation for the study. Practical expemtation with Multiple Log-Periodic Dipole
Array antennas was conducted, employing the novedyAFactor for analysis. The MLPA
antennas demonstrated significant gains, measwing5.68dB or 45.68dBm, within the
operational frequency range of 1.350GHz to 2.690GHz
Numerical development and analysis of the Multipbgy-Periodic Array antenna parameters
were executed in the far field of the array antenseng the developed array factor. The
MatLab R2010a software suite played a pivotal rolsimulating various parameters of the
MLPA Antennas, including Electric/Magnetic field#&yrray Antenna patterns, Average
Poynting Vector, Radiation Intensity, Radiated Pouiaarectivity, and Directive Gain of the
antennas.
While Log-Periodic Array antennas were designedwork across a wide range of
frequencies; MLPA antennas expanded this functipperisuring enhanced radiation gain and
expanded signal coverage. The collective patteemergted by the MLPA antennas aligned
with theoretical expectations, drawing upon theresponding field of single element.
Consequently, the analyzed MLPA antennas demoadtrat substantial improvement in
directive gain and signal coverage area. Notabky,MLPA antennas exhibited a 35.4% gain

performance over their SLPA counterparts, as inditcdy the generated antenna patterns.
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This underscores the promising potential of MLPAeanas in the sphere of Surveillance
Systems.

52 Recommendations

The outcome of this research is useful to bothedtaklers in antenna system engineering and
for surveillance applications. Thus, in order talier examine the performance of the Array

Factor for MLPA antennas, the following are recomuoel.

I.  The research on the characterization of MLPA ardernwith the novel Array Factor
could be repeated at varying phase angles by amtgsigners. This is to ascertain the
relationship that exist between the MLPA antennelsaliours and phase angle,
Hence, it will help to ascertain the optimum phasgle at which the MLPA antennas
— of fixed number of radiating elements — operatecommunication engineering
applications.

ii.  Antenna designers could also add varying numberhefradiating elements to the
MLPA antennas, at constant set of MLPA antennaay-3ssets of MLPA antennas.

Then, the array antennas patterns could be observed

5.3  Contribution to Knowledge

i.  Novel Array Factor for MLPA Antennas:

This study demonstrated a groundbreaking novel yAFactor developed to expedite the
characterization of multiple array antenna pararset®y doing so, it effectively minimizes

the bottleneck in computing antenna losses for MlaPfennas. This innovative approach not
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only enhances the efficiency of the analysis bido atontributes significantly to the
understanding of MLPA antenna behavior, addres#irgpreviously identified lack of an

array-factor.

i. Improved Antenna Behavior Forecasting:

Leveraging the developed Array Factor alongsiddayel MLPA antennas, this research
empowers system designers to forecast antenna ibelatvthe far field with ease. This

capability proves instrumental in avoiding the bosand time-consuming process of
prototype development and deployment. Additionahg widened bandwidth of the designed
MLPA antennas contributes to an enhanced covereggefar surveillance systems, thereby
saving resources that would otherwise be spentrive dests. This advancement directly
addresses the challenges posed by the lack ofrag-factor and aids in overcoming the

forecasting difficulties outlined in the initialsearch gaps.

iii.  Enhanced Signal Transmission in Communication Indusies:

The novel Array Factor introduced in this work peevinvaluable in communication
industries by assisting system engineers in adigstiansmitted signal levels via radiated
power density. This adjustment serves to checkrfiesmatches between the transmitter and
MLPA antennas, leading to enhanced effective radigiower and ensuring power economy.
Such optimization directly addresses the technicablems identified in the AAA control
systems, offering a potential solution to high soahd size constraints while maximizing

signal efficiency in communication applications.
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Appendix A

A MatLab program for Electric and Magnetic fields of a dipole element
% An electric and magnetic fields of a dipole ani@
tau=1;% the design factor
k=1,% k=wave number
d=2;% d=distance between dipoles
1I=1.5;% I=length of first dipole
r=5;% r=distance from far field
curr=5;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7
% enter the number of dipoles for each Ipda

N21=input('Enter number of Ipda dipoles:’);

M1=N1;

summl=zeros(1,300);

summ2=zeros(1,300);

elem=zeros(1,300);
elem2=zeros(1,300);
efield=zeros(1,300);
hfield=zeros(1,300);

b=zeros(1,300);
angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
b(snl)=(1i*k*d.*cos(anglel(snl)));
summl(snl)=1;

sumdl=1;
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for n=1:1:M1,
hd1l=tau”((2*n)-2);
sumdl=sumdl+hdi,
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

fx1=exp(sumhl.*b(snl));

summal(snl)=summl(snl)+fx1;

elem=(((1i)*imp*(k”2)*curr*(I*sumdl)*ep(-
(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));
efield(snl)=elem.*summ1(snl);

end;

summ2(snl)=1;
sumd2=1,;

for n=1:1:M1,
hd2=tau”((2*n)-2);
sumd2=sumd2+hd2;
sumh2=0;
fori=1:1:n;
h2=tau”(i-1);
sumh2=sumh2+h2;

end;
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fx2=exp(sumh2.*b(snl));

summz2(snl)=summa2(snl)+fx2;

elem2=(((1i)*(k*2)*curr*(I*sumd2)*exp(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));
hfield(snl)=elem2.*summ2(snl);
end;

end;

subplot (1,2,1); polar(anglel,abs(efield/N1));
xlabel('Electric Field");

subplot (1,2,2); polar(anglel,abs(hfield/N1));
xlabel('Magnetic Field");
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Appendix B

A MatLab program of Array Factor for equal amplitud e array elements
% A matlab program for array factors for equalotigpelements
k=1; % k=wave number

d=2; % d=distance between dipoles

% enter the number of dipoles
N1=input('Enter number of dipoles in the equal datage array:");
N2=input('Enter number of dipoles in the equal atage array:");
N3=input('Enter number of dipoles in the equal datage array:");
N4=input('Enter number of dipoles in the equal atage array:’);
M1=N1-1,;
M2=N2-1,
M3=N3-1,
M4=N4-1;

suml=zeros(1,300);

sum2=zeros(1,300);

sum3=zeros(1,300);

sum4=zeros(1,300);

p=zeros(1,300);

theta=0.01:0.01:0.01*size(p,2);
for s=1:1:300;
p(s)=(1i*k*d.*cos(theta(s)));

suml(s)=1;
for n=1:1:M1;
sumh1=0;

fori=1:1:n;
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sumhl=sumhl+1;

end;

afl=exp(sumhi.*p(s));

suml(s)=sumi(s)+afl;

end;

sum2(s)=1;

for n=1:1:M2;

sumh2=0;

fori=1:1:n;

sumh2=sumh2+1;

end;

af2=exp(sumh2.*p(s));

sum2(s)=sum2(s)+af2;

end;

sum3(s)=1;

for n=1:1:M3;

sumh3=0;
fori=1:1:n;

sumh3=sumh3+1;
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end;

af3=exp(sumh3.*p(s));

sum3(s)=sum3(s)+af3;

end;
sum4(s)=1;
for n=1:1:M4;
sumh=0;
sumh4=0;
fori=1:1:n;

sumh4=sumh4+1;
end;

af4=exp(sumh4.*p(s));

sum4(s)=sum4(s)+af4;

end;
end;
subplot (2,2,1); plot (theta,abs(sum1/N1),'r");
legend ('N=4");
xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
subplot (2,2,2); plot(theta,abs(sum2/N2),'k");
legend ('N=6");
xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
subplot (2,2,3); plot(theta,abs(sum3/N3),'m");
legend ('N=8");
xlabel('Angle (radians)’),ylabel('array-factor’);
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subplot (2,2,4); plot(theta,abs(sum4/N4),'b");
legend ('N=109;

xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
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Appendix C

A MatLab program of Array Factor for equal dipole elements (combined)
k=1; % k=wave number

d=2; % d=distance between dipoles

% enter the number of dipoles

N1=input('Enter number of dipoles in the equal atagde array:");
N2=input('Enter number of dipoles in the equal atage array:");
N3=input('Enter number of dipoles in the equal atage array:");
N4=input('Enter number of dipoles in the equal atage array:");

M1=N1-1;
M2=N2-1;
M3=N3-1;
M4=N4-1;

suml=zeros(1,300);
sum2=zeros(1,300);
sum3=zeros(1,300);
sum4=zeros(1,300);
p=zeros(1,300);

theta=0.01:0.01:0.01*size(p,2);

for s=1:1:300;
p(s)=(1li*k*d.*cos(theta(s)));

suml(s)=1;
for n=1:1:M1;

sumh1=0;
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fori=1:1:n;

sumhl=sumhl+1;
end;

afl=exp(sumhi.*p(s));

suml(s)=sumi(s)+afl;

end;

sum2(s)=1;

for n=1:1:M2;

sumh2=0;

fori=1:1:n;

sumh2=sumh?2+1;

end;

af2=exp(sumh2.*p(s));

sum2(s)=sum2(s)+af2;

end;

sum3(s)=1;

for n=1:1:M3;

sumh3=0;
fori=1:1:n;
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sumh3=sumh3+1;

end;

af3=exp(sumh3.*p(s));

sum3(s)=sum3(s)+af3;

end;
sum4(s)=1;
for n=1:1:M4;
sumh=0;
sumh4=0;

fori=1:1:n;

sumh4=sumh4+1;

end;
af4=exp(sumh4.*p(s));
sumd4(s)=sum4(s)+afé;
end;
end;

plot (theta, abs(sum1/N1),'r");

xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
hold on,

plot(theta,abs(sum2/N2),'k");
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xlabel('Angle (radians)’),ylabel('array-factor’);
hold on,

plot(theta,abs(sum3/N3),'m’);

xlabel('‘Angle (radians)’),ylabel(‘array-factor’);

hold on,

plot(theta,abs(sum4/N4),'b";

xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
hold off,

legend ('N=4 dipoles','N=6 dipoles’,'N=8 dipol&s:10 dipoles’);
title('Array factor for equal dimension antennas’);
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Appendix D

A matlab program for Array Factors of SLPA Antennas plotted seperately
tau=0.95;% the design factor
k=1;% k=wave number

d=2;% d=distance between dipoles

% enter the number of dipoles for each Ipda
N21=input('Enter number of Ipda dipoles:");
N2=input('Enter number of Ipda dipoles:");
N3=input('Enter number of Ipda dipoles:");
N4=input('Enter number of Ipda dipoles:’);
M1=N1-1,;
M2=N2-1,
M3=N3-1,
M4=N4-1;
suml=zeros(1,300);
sum2=zeros(1,300);
sum3=zeros(1,300);
sum4=zeros(1,300);
g=zeros(1,300);

theta=0.01:0.01:0.01*size(q,2);
for s1=1:1:300;
g(s1)=(li*k*d.*cos(theta(sl)));
suml(sl)=1;

for n=1:1:M1,
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
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sumhl=sumhl+h1;

end;

fx1=exp(sumhl.*q(sl));

suml(sl)=suml(sl)+fx1;

end,;
sum2(s1)=1;

for n=1:1:M2;

sumh2=0;

fori=1:1:n;

h2=tau”(i-1);

sumh2=sumh2+h2;

end;

fx2=exp(sumh2.*q(sl));
sum2(sl)=sum2(sl)+fx2;
end,
sum3(sl)=1;

for n=1:1:M3;
sumh3=0;

fori=1:1:n;

h3=tau”(i-1);
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sumh3=sumh3+h3;

end;

fx3=exp(sumh3.*q(sl));

sum3(sl)=sum3(sl)+fx

W

end;

sum4(sl)=1;

for n=1:1:M4;
sumh=0;
sumh4=0;
fori=1:1:n;
h4=tau”(i-1);

sumh4=sumh4+h4;
end;

fx4=exp(sumh4.*q(s1));

sum4(sl)=sum4(sl)+fx4;
end;
end;
subplot(2,2,1), plot (theta,abs(sum1/N1),'r");
legend ('N=4 dipoles");
xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
subplot(2,2,2); plot(theta,abs(sum2/N2),'k");

legend ('N=7 dipoles’);

xlabel('Angle (radians)’),ylabel('array-factor’);
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subplot(2,2,3); plot(theta,abs(sum3/N3),'m");

legend ('N=10 dipoles");

xlabel('Angle (radians)’),ylabel(‘array-factor’);
subplot(2,2,4); plot(theta,abs(sum4/N4),'b";
legend ('N=20";

xlabel('Angle (radians)’),ylabel(‘array-factor’);
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Appendix E

A MatLab program for Array Factor of SLPA Antennas (Plotted together)
% A matlab program for array factors of log pertodipole antennas
tau=0.95;% the design factor

k=1,% k=wave number

d=2;% d=distance between dipoles

% enter the number of dipoles for each Ipda
N1=input('Enter number of dipoles:";
N2=input('Enter number of dipoles:");
N3=input('Enter number of dipoles:');
N4=input('Enter number of dipoles:");
M1=N1-1,;
M2=N2-1,
M3=N3-1,;
M4=N4-1;
suml=zeros(1,300);
sum2=zeros(1,300);
sum3=zeros(1,300);
sum4=zeros(1,300);
g=zeros(1,300);

theta=0.01:0.01:0.01*size(q,2);
for s1=1:1:300;
g(s1)=(li*k*d.*cos(theta(sl)));
suml(sl)=1;

for n=1:1:M1;
sumh1=0;
fori=1:1:n;
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hl=tau”(i-1);

sumhl=sumhl+hi,
end;
fx1=exp(sumhl.*q(sl));

suml(sl)=suml(sl)+fx1;

end;
sum2(sl1)=1;
for n=1:1:M2;
sumh2=0;
fori=1:1:n;
h2=tau”\(i-1);
sumh2=sumh2+h2;
end;
fx2=exp(sumh2.*q(sl));

sum2(sl)=sum2(sl1)+fx2;

end;
sum3(sl)=1;
for n=1:1:M3;
sumh3=0;
fori=1:1:n;
h3=tau”\(i-1);
sumh3=sumh3+h3;
end;
fx3=exp(sumh3.*q(sl));

sum3(sl)=sum3(s1)+fx3;

end;
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sum4(sl)=1;

for n=1:1:M4;
sumh=0;
sumh4=0;
fori=1:1:n;

h4=tau”(i-1);
sumh4=sumh4+h4;
end;

fx4=exp(sumh4.*q(sl));

sumé4(sl)=sum4(sl)+fx4,

end;

end;
plot (theta,abs(sum1/N1),'r");
hold on
plot(theta,abs(sum2/N2)),'k’;
hold on
plot(theta,abs(sum3/N3),'m’);
hold on
plot(theta,abs(sum4/N4),'b");

hold off

legend ('N=4',N=7'N=10",'N=20");
title('‘Array factor for Ipda antennas’);

xlabel('Angle (radians)’),ylabel(‘array-factor’);
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Appendix F

A MatLab program for array factors of Multiple Log Periodic Array Antennas
% A matlab program for array factors of multiple lperiodic dipole antennas
tau=0.95;% the design factor
k=1,% k=wave number
d=2;% d=distance between dipoles
$2=90;
% enter the number of dipoles for the Ipda
N21=input('Enter number of dipoles:");
% enter the number of Ipda in the multiple array
el=input('Enter number of Ipda in the mipda arjay:’
% enter the number of dipoles for each Ipda
N2=input('Enter number of dipoles:');
% enter the number of Ipda in the multiple array
e2=input('Enter number of Ipda in the mipda arjay:’
% enter the number of dipoles for each Ipda
N3=input('Enter number of dipoles:');
% enter the number of Ipda in the multiple array
e3=input('Enter number of Ipda in the mipda arjay:'
% enter the number of dipoles for each Ipda
N4=input('Enter number of dipoles:");
% enter the number of Ipda in the multiple array
e4=input('Enter number of Ipda in the mipda arjay:’
M1=N1-1;
M2=N2-1;
M3=N3-1;
M4=N4-1;

suml=zeros(1,300);

sum2=zeros(1,300);

sum3=zeros(1,300);
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sum4=zeros(1,300);
g=zeros(1,300);
afmlpal=zeros(1,300);
afmlpa2=zeros(1,300);
afmlpa3=zeros(1,300);
afmlpad4=zeros(1,300);
sn2=zeros(1,300);
thetal=0.01:0.01:0.01*size(q,2);

equal=(sin(el*(k*d*sin(thetal(s2))))/2)/(0Bd*sin(thetal(s2)));
equal2=(sin(e2*(k*d*sin(thetal(s2))))/2)/(0Bd*sin(thetal(s2)));
equal3=(sin(e3*(k*d*sin(thetal(s2))))/2)/(0OBd*sin(thetal(s2)));
equald=(sin(e4*(k*d*sin(thetal(s2))))/2)/(0Bd*sin(thetal(s2)));

for s1=1:1:300;
q(s1l)=(li*k*d.*cos(thetal(sl)));

suml(sl)=1;

for n=1:1:M1,
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,
end;
fx1=exp(sumhl.*q(sl));
suml(sl)=suml(sl)+fx1;
end;
afmlpal(sl)=suml(sl).*equal;

sum2(sl)=1;
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for n=1:1:M2;
sumh2=0;
fori=1:1:n;
h2=tau”(i-1);
sumh2=sumh2+h2;

end;

fx2=exp(sumh2.*q(sl));

sum2(sl)=sum2(sl)+fx2;
end;

afmlpa2(sl)=sum2(sl).*equal2;

sum3(sl)=1;

for n=1:1:M3;
sumh3=0;
fori=1:1:n;
h3=tau”(i-1);
sumh3=sumh3+h3;

end,

fx3=exp(sumh3.*q(sl));

sum3(sl)=sum3(s1)+fx3;
end,

afmlpa3(sl)=sum3(sl).*equals3;

sum4(sl)=1;
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for n=1:1:M4;
sumh4=0;
fori=1:1:n;
h4=tau”\(i-1);
sumh4=sumh4+h4;

end;

fx4=exp(sumh4.*q(sl));

sum4(sl)=sum4(sl)+fx4;
end;
afmlpa4(sl)=sum4(sl).*equals;

end;

disp(afmlpal)

disp(afmlpa?2)

disp(afmlpa3)

disp(afmlpa4)

disp(equal)

disp(equal2)
disp(equal3)

disp(equal4)

subplot(2,2,1);polar(thetal,abs(afmlpal),'r’);
legend ('2 mipa,16 dipoles each’);
xlabel('Angle (radians)’),
subplot(2,2,2);polar(thetal,abs(afmlpa2),'k’);
legend (‘4 mlpa,16 dipoles each’);
xlabel('Angle (radians)’),
subplot(2,2,3);polar(thetal,abs(afmlpa3),'m");
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legend (‘6 mlpa,16 dipoles each’);
xlabel('Angle (radians)’),
subplot(2,2,4);polar(thetal,abs(afmlpa4),'b’);
legend ('8 mipa,16 dipoles each’);
xlabel('Angle (radians)’),

title('Array factor for mlpda antennas’);
xlabel('‘Angle (radians)’),ylabel(‘array-factor’);
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Appendix G

A matlab program for array factors of MLPA Antennas
% tau=0.95; the design factor
k=1;% k=wave number
d=2;% d=distance between dipoles
$2=90;

% enter the number of dipoles for the Ipda

N21=input('Enter number of dipoles:");

% enter the number of Ipda in the multiple array

el=input('Enter number of Ipda in the mipda arjay:’

% enter the number of dipoles for each Ipda

N2=input('Enter number of dipoles:');

% enter the number of Ipda in the multiple array

e2=input('Enter number of Ipda in the mipda arjay:'

% enter the number of dipoles for each Ipda
N3=input('Enter number of dipoles:");

% enter the number of Ipda in the multiple array

e3=input('Enter number of Ipda in the mipda arjay:’

% enter the number of dipoles for each Ipda

N4=input('Enter number of dipoles:");

% enter the number of Ipda in the multiple array

ed=input('Enter number of Ipda in the mipda arjay:'
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M1=N1-1,;

M2=N2-1,

M3=N3-1,;

M4=N4-1,
suml=zeros(1,300);
sum2=zeros(1,300);
sum3=zeros(1,300);
sum4=zeros(1,300);
g=zeros(1,300);

afmlpal=zeros(1,300);
afmlpa2=zeros(1,300);
afmlpa3=zeros(1,300);
afmlpad=zeros(1,300);
sn2=zeros(1,300);
thetal=0.01:0.01:0.01*size(q,2);

equal=(sin(el*(k*d*sin(thetal(s2))))/2)/(0H*sin(thetal(s2)));

equal2=(sin(e2*(k*d*sin(thetal(s2))))/2)/(0Ok8d*sin(thetal(s2)));

equal3=(sin(e3*(k*d*sin(thetal(s2))))/2)/(0kBd*sin(thetal(s2)));

equald=(sin(e4*(k*d*sin(thetal(s2))))/2)/(0OkBY*sin(thetal(s2)));
for s1=1:1:300;

g(s1l)=(li*k*d.*cos(thetal(sl1)));

suml(sl)=1;
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for n=1:1:M1;
sumh1=0;

fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,
end;
fx1=exp(sumhl.*q(sl));
suml(sl)=suml(sl)+fx1;
end;

afmlpal(sl)=suml(sl).*equal;

sum2(sl)=1;

for n=1:1:M2;
sumh2=0;
fori=1:1:n;
h2=tau”(i-1);
sumh2=sumh2+h2;

end;
fx2=exp(sumh2.*q(sl));
sum2(sl)=sum2(sl)+fx2;
end;
afmlpa2(sl)=sum2(sl).*equal2;

sum3(sl)=1;

for n=1:1:M3;
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sumh3=0;
fori=1:1:n;

h3=tau”(i-1);

sumh3=sumh3+h3;

end;

fx3=exp(sumh3.*q(sl));

sum3(sl)=sum3(s1)+fx3;
end,;

afmlpa3(sl)=sum3(sl).*equal3;

sum4(sl)=1;

for n=1:1:M4;
sumh4=0;
fori=1:1:n;
h4=tau”(i-1);
sumh4=sumh4+h4;

end;

fx4=exp(sumh4.*q(sl));

sum4(sl)=sum4(sl)+fx4;
end;
afmlpa4(sl)=sum4(sl).*equals;
end;
disp(afmlpal)
disp(afmlpa2)
disp(afmlpa3)
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disp(afmlpa4)

polar (thetal,abs(afmlpal),'r’);

hold on

polar (thetal,abs(afmlpa2),'k’);

hold on

polar (thetal,abs(afmlpa3),'m’);
hold on

polar (thetal,abs(afmlpa4),'b);
hold off

legend ("2 mlpa,16 dipoles each’,'4 mlpa,16 dipet','6 mipa,16 dipoles each’,'8 mlpa,16
dipoles each");

title('Array Factors for mlpda antennas’);

xlabel('Angle (radians)’),

% ylabel(‘array-factor’);
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Appendix H

An Electric and Magnetic Fields of SLPA Antennas repectively for N equals 16

tau=0.95;% the design factor

k=1,% k=wave number

d=2;% d=distance between dipoles

I=1.5;% I=length of first dipole

r=5;% r=distance from far field

curr=5;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7

% enter the number of dipoles for each Ipda

N21=input('Enter number of Ipda dipoles:’);

M1=N1-1,

summl=zeros(1,300);

summ2=zeros(1,300);

elem=zeros(1,300);
elem2=zeros(1,300);
efield=zeros(1,300);
hfield=zeros(1,300);

b=zeros(1,300);
angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
b(snl)=(1i*k*d.*cos(anglel(snl)));
summl(snl)=1;

sumdl=1;
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for n=1:1:M1,
hd1l=tau”((2*n)-2);
sumdl=sumdl+hdi,
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

fx1=exp(sumhl.*b(snl));

summal(snl)=summl(snl)+fx1;

elem=(((1i)*imp*(k”2)*curr*(I*sumdl)*ep(-
(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));
efield(snl)=elem.*summ1(snl);

end;

summ2(snl)=1;
sumd2=1,;
for n=1:1:M1,

hd2=tau”((2*n)-2);

sumd2=sumd2+hd2;
sumh2=0;

fori=1:1:n;

h2=tau”(i-1);
sumh2=sumh2+h2;

end;
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fx2=exp(sumh2.*b(snl));

summz2(snl)=summa2(snl)+fx2;

elem2=(((1i)*(k*2)*curr*(I*sumd2)*exp(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));
hfield(snl)=elem2.*summ2(snl);
end;

end;

subplot (1,2,1); polar(anglel,abs(efield/N1),'b");
xlabel('Electric Field');

subplot (1,2,2); polar(anglel,abs(hfield/N1),'r");
xlabel('Magnetic Field");
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Appendix |
An Electric and Magnetic fields of MLPA antennas

% respectively for N equals 10

tau=0.95;% the design factor

k=1;% k=wave number

d=2;% d=distance between dipoles
I=1.5;% I=length of first dipole

r=5;% r=distance from far field

$2=90;

curr=5;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7

sn2=45;

% enter the number of dipoles for the Ipda

N21=input('Enter number of dipoles in each Ipda:");

% enter the number of Ipda in the multiple array

el=input('Enter number of Ipda in the mipda arjay:’
M1=N1-1;

equal=zeros(1,300);

summl=zeros(1,300);

summz2=zeros(1,300);

elem=zeros(1,300);
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elem2=zeros(1,300);
efieldlpda=zeros(1,300);
hfieldlpda=zeros(1,300);
efieldmlpda=zeros(1,300);
hfieldmlpda=zeros(1,300);
b=zeros(1,300);

angle1=0.01:0.01:0.01*size(b,2);

for sn1=1:1:300;
b(snl)=(1i*k*d.*cos(anglel(snl)));
summl(snl)=1;

sumdl=1;

for n=1:1:M1,
hd1l=tau”((2*n)-2);
sumdl=sumdl+hdl,;
sumh1=0;

fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+h1;

end;

fx1=exp(sumhl.*b(snl));

summl(snl)=summl(snl)+fx1;

elem=(((1i)*imp*(k”2)*curr*(I*sumdl)*ep(-
(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));
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equal=sin(el/2)*k*d*sin(anglel(s2))/(1/2*k*d*sim(gle1(s2)));

efieldlpda(snl)=elem.*summ1(snl);

end,
efieldmlpda(snl)=efieldlpda(snl).*equal,;
summ2(snl)=1;
sumd2=1,;
for n=1:1:M1,
hd2=tau”((2*n)-2);
sumd2=sumd2+hd2;
sumh2=0;
fori=1:1:n;
h2=tau”(i-1);
sumh2=sumh2+h2;
end,
fx2=exp(sumh2.*b(snl));
summz2(snl)=summa2(snl)+fx2;
elem2=(((1i)*(k*2)*curr*(I*sumd2)*exp(1i)*k*r))./(16*pi*r)).*sin(anglel(snl));

equal=sin(el/2)*k*d*sin(anglel(sn2))/(1/2*k*d*sar{gle1(snZ2)));

hfieldlpda(snl)=elem2.*summz2(snl);

end;
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hfieldmlpda(snl)=hfieldlpda(snl).*equal,;

end;

size (efieldmipda)

subplot (1,2,1); polar(anglel,abs(efieldmipda),'b’)
xlabel('MLPA Electric Field");

subplot (1,2,2); polar(anglel,abs(hfieldmipda),'r’)
xlabel('MLPA Magnetic Field");
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Appendix J

A matlab program for an Average Poynting Vector of SLPA antennas for N equals 16

tau=0.95;% the design factor

k=1,% k=wave number

d=2;% d=distance between dipoles

1I=1.5;% I=length of first dipole

r=5;% r=distance from far field

curr=5;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7

% enter the number of dipoles for each Ipda

N21=input('Enter number of Ipda dipoles:’);

M1=N1-1,

summl=zeros(1,300);

elem=zeros(1,300);

apv=zeros(1,300);

b=zeros(1,300);

angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
summl(snl)=1;

sumdl=1;

for n=1:1:M1;
hd1l=tau”((4*n)-4);
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sumdl=sumdl+hdl,;
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

pv=1+2*cos(sumhl.*sin(angle(snl)));

summl(snl)=summl(snl)+pv;

elem=(imp*(k*4)*(curr*2)*((I"4)*sumd1exp(-
(2i)*k*r))./((1672*pir2*r"2)).*(sin(anglel(sn1))"2)
apv(snl)=(elem.*summ1(snl))/2;
end;
end;
polar(anglel,real(apv/N1));
xlabel('LPDA Average Poynting Vector');

title('Average poynting vector for N equals 16');
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Appendix K

A Matlab Program for an Average Pointing Vector of MLPA Antennas for N Equals 10;

Antenna Set Equals 3

tau=0.95;% the design factor

k=1;% k=wave number

d=2;% d=distance between dipoles

1I=1.5;% I=length of first dipole

r=5;% r=distance from far field

curr=5;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7

sn2=45;

% enter the number of dipoles for each Ipda
N21=input('Enter number of Ipda dipoles:’);
el=input('Enter number of Ipda in the mipda arjay:’
M1=N1-1,;

summl=zeros(1,300);

elem=zeros(1,300);
apv=zeros(1,300);
equa=zeros(1,300);
b=zeros(1,300);

angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
summal=1;

sumdi1l=1;
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for n=1:1:M1,
hd1l=tau”((4*n)-4);
sumdl=sumdl+hdi;
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

pv=1+2*cos(sumh1.*sin(angle(snl)));
equa=(sin((el*k*d*sin(angle1(sn2))/AYsin (k*d*sin(anglel(sn2))))/2))"2;

summal=summal+pv;

end;
elem=(imp*(k*4)*(curr*2)*((I"4)*sumd1exp(-
(2i)*k*r))./((1672*pir2*r"2)).*(sin(anglel(sn1))"2)
apv(snl)=(elem.*equa.*summal)./2;
end,

polar(anglel,real(apv));

xlabel(MLPDA Average Poynting Vector');
title('‘Average poynting vector for N equals 16');
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Appendix L
Radiated Power of SLPA Antennas For N Equals 16
tau=0.95;% the design factor
k=1;% k=wave number
d=2;% d=distance between dipoles
I=1.5;% I=length of first dipole
r=5;% r=distance from far field
curr=0.25;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7
lamda=0.25;% wavelength
% enter the number of dipoles for each Ipda

N21=input('Enter number of Ipda dipoles:’);

M1=N1-1;
summl=zeros(1,300);
elempow=zeros(1,300);
radpowlpda=zeros(1,300);
b=zeros(1,300);
angle1=0.01:0.01:0.01*size(b,2);

for sn1=1:1:300;
b(snl)=(1i*k*d.*cos(anglel(snl)));

summl(snl)=1;

sumdl=1;

for n=1:1:M1;
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hd1=tau™((2*n)-2);
sumdl=sumdl+hd1;% variation in tipokk elements
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

fx1=exp(sumhl.*b(snl));% array exponaisti

summal(snl)=summl(snl)+fx1;

elempow=((imp*(pi*3)*(curr2))./12).X(*sumd1l))./lamda’2))"2 ;
radpowlpda(sn1)=elempow.*(summi(sn1))*2
end;

end;

size(radpowlpda)

size(anglel)

polar(anglel,abs(radpowlpda/N1));

xlabel('LPDA Radiated Power(W)";
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Appendix M
Radiated Power of Multiple (3) LPA Antennas for N Equals 16
tau=0.95;% the design factor
k=1;% k=wave number
d=2;% d=distance between dipoles
% 1=1.5;% I=length of first dipole
r=5;% r=distance from far field
curr=0.25;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7
lamda=0.25;% wavelength
sn2=45;
% enter the number of dipoles for each Ipda
N1=input('Enter number of Ipda dipoles:’);
M1=N1-1,;
el=input('Enter number of Ipda in the mipda arjay:’

summ2=zeros(1,300);
summl=zeros(1,300);
sumhl=zeros(1,300);
elempow=zeros(1,300);
radpowlpda=zeros(1,300);
radpowmlpda=zeros(1,300);
equal=zeros(1,300);
radpow=zeros(1,300);
b=zeros(1,300);

angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
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b(snl)=(1i*k*d.*cos(anglel(snl)));

summl(snl)=1;

sumdl=1,

summ2(snl)=0;

for n=1:1:M1,

hd1l=tau”((2*n)-2);

sumdl=sumdl+hd1;% variation in tipokk elements
sumh1=0;

fori=1:1:n;

hl=tau”(i-1);
sumhl=sumhl+hi,

end;

fx1=exp(sumhl.*b(sn1l));% array exponasti

summal(snl)=summl(snl)+fx1;
elempow=((imp*(pi*3)*(curr2))./12).X(*sumd1l))./lamda’2))"2 ;
radpowlpda(snl)=elempow.*(summ1(sn1))"2

end;
equal=(sin(el/2*(k*d*sin(angle1(sn2)0)5*k*d*sin(angle1l(sn2))))"2;
radpowmlpda(snl)=radpowlpda(snl).*dqua

end;

size(radpowmlpda)

size(anglel)

disp( radpowmlpda)

plot(anglel,abs(radpowlpda/N1),'r");

hold on,

plot(anglel,abs(radpowmlpda/N1),'b";
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hold off,
legend (LPDA','MLPDAY);
Title(LPDA vs MLPDA Radiated Power(W)");
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Appendix N

Radiation Intensity of SLPA Antennas for N Equals 7

tau=0.95;% the design factor
k=1,% k=wave number
d=2;% d=distance between dipoles
1I=0.11;% I=length of first dipole
r=5;% r=distance from far field
curre=0.05;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7
lamda=0.25;% wavelength
% enter the number of dipoles for each Ipda
N21=input('Enter number of Ipda dipoles:’);
M1=N1-1,
summl=zeros(1,300);
elemradint=zeros(1,300);
radintlpda=zeros(1,300);
b=zeros(1,300);

angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
b(snl)=(1i*k*d.*cos(anglel(snl)));
summl(snl)=1;
sumd1=1,;
for n=1:1:M1,
hd1=tau”((2*n)-2);
sumdl=sumdl+hd1;% variation in tipokk elements
sumh1=0;
fori=1:1:n;
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hl=tau”(i-1);
sumhl=sumhl+h1;
end;

fx1=exp(sumhl.*b(snl));% array expondatia

summal(snl)=summl(snl)+fx1;

elemradint(sn1)=((imp/32)*(pi*2)*(curre”2)).*((((Bumdl))./lamda))*4*((sin(anglel(sn1)))"
2);
radintlpda(snl)=elemradint(snl).*(sunfsml))"2;

end;

end;

disp(radintlpda)
polar(anglel,abs(radintipda/N1));
xlabel('LPDA Radiation Intensity");

226



Appendix O

Radiation Intensity of MLPA Antennas for N Equals 16

tau=0.95;% the design factor

k=1,% k=wave number

d=2;% d=distance between dipoles
1I=1.5;% I=length of first dipole

r=5;% r=distance from far field
curre=0.05;% curr=current through the dipole
imp=377;% imp=intrinsic impedance
pi=3.142;% pi=22/7

lamda=0.25;% wavelength

[=0.11; %antenna length

sSn2=45;

% enter the number of dipoles for each Ipda
N21=input('Enter number of Ipda dipoles:’);
el=input('Enter number of Ipda in the mipda arjay:'
M1=N1-1;

summl=zeros(1,300);
sumhl=zeros(1,300);
elemradint=zeros(1,300);
radintlpda=zeros(1,300);
radintmlpda=zeros(1,300);
equal=zeros(1,300);
radint=zeros(1,300);
b=zeros(1,300);
angle1=0.01:0.01:0.01*size(b,2);
for sn1=1:1:300;
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b(snl)=(1i*k*d.*cos(anglel(snl)));
summl(snl)=1;

sumdl=1;

for n=1:1:M1,
hd1l=tau”((2*n)-2);
sumdl=sumdl+hd1;% variation in tipokk elements
sumh1=0;
fori=1:1:n;
hl=tau”(i-1);
sumhl=sumhl+hi,

end;

fx1=exp(sumhl.*b(sn1l));% array exponasti

summal(snl)=summl(snl)+fx1;
equal(snl)=((sin((el/2)*(k*d*sin(anglsil)))))/(1/2*k*d*sin(angle1(sn1))))"2;
equal(sn2)=(sin(el/2*(k*d*sin(anglaiZ¥)))/(0.5*k*d*sin(angle1(sn2))))"2;

elemradint(snl)=((imp/32)*(pi*2)*(curre”2)).*(((Bumdl))./lamda))*4*((sin(angle1l(sn1)))*
2);
radintlpda(snl)=elemradint(snl).*(sunfsml))"2;
end;
radintmlpda(snl)=radintlpda(snl).*eqisa2);
end;
size(radintmlpda)
disp(radintmlpda)
size(anglel)
plot(anglel,abs(radintlpda));

hold on,
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plot(anglel,abs(radintmlpda));

hold off,

polar(anglel,abs(radintmlpda)/N1);
xlabel('LPDA vs MLPDA Radiation Intensity');
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