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Abstract

Third order intermodulation products caused by twonore FM broadcasting radios transmitter onetsitinter
modulate either within transmitters themselves adthiw a non-linear component on site and those
intermodulation products due to non-linearity’spafssive circuits of transmitters sharing same tendjaelement
have been the source of interference in Tanzangetonautical ground to air communication (COM)teys
which are safety services due to its nature ofgaafeling human life and properties. These interrziiun
products have been found in frequencies used by G@dems. This research work focused on using wfero
reflector antenna to mitigate interference cause&M broadcasting radio stations to COM facilitigkich are
used for ground to air communication between céitn@er and pilots in Tanzania. Through simulatidnis
observed that the corner reflector antenna prosigfficient front to back ratio which facilitate ireducing
electric signal strength and hence forth power llédnagan FM broadcasting stations reaching the aantoal
facilities and hence mitigate the interference.
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1. Introduction

Intermodulation products caused by two or more FbhHcasting radios transmitter on a site to intedumate
either within transmitters themselves or within @ndinear component on site to produce intermodrat
products and intermodulation due to passive ciscaitFM broadcasting radio which is caused by tréihsrs
sharing same radiating element and intermoduladmours due to non-linearity’s of passive circuitssé been
identified as the source of interference in aertinal ground to air communication (COM) systems in
Tanzania(Jan Kaaya, 2014) and hence affect prapeetibning of aeronautical systems which have been
categorized as safety services. Third order intdutadion products signal from FM broadcasting rastations
observed in aeronautical Very High Frequency (VMBS higher than minimum established threshold tevel
which were set by International Civil Aviation Auitity (ICAO). Henceforth immediate measures whicitl w
mitigation interference to aeronautical systemseh#y be taken. There are number of proposed mnittigat
techniques and measures that may be used in ayd@inimize harmful interference from FM broadcagtin
transmitters to safety services. These include:

Frequency relocation; this is where a number afdencies are available in FM broadcasting rangeéene of
the station which cause intermodulation productg&chvifiall within aeronautical band will be relocates new
frequency. Dis advantage of this technique is ithatspectrally inefficient(ITU, 2001).

Another technique for interference mitigation isotligh use of filter to attenuate large power sigrisdm FM
broadcasting signal which cause harmful interfeeetocaeronautical systems. Notch filter and barss fidter
can be applied to both transmitter and receivel$(001).

Third technique is through modification of antemadiation pattern which facilitated in directingethignal into
intended area. (ITU, 2001).

At themi hill site, most of FM broadcasting staiomas observed to use dipole antenna systemss tthie to its
radiation patterns which provide good coveragdlidieection and hence allow broadcasting signatsppgated
to be received. In this paper as interference atittgp measure, design and use of reflector antésna
recommended for those broadcasting stations wtaele been identified to produce third order interniation
products which fall within aeronautical VHF ran@&orner reflector antenna is made up of two plafiectr
panels and the feed element which is always a €lippbn array of collinear dipoles placed paratie¢he vertex
a distance s away. To obtain a greater bandwidthfebd elements are thick cylindrical or bi conidgdoles
instead of thin wires. These antennas have highsgap to 12 dBi (Aleksandar Nesicl, 2012; K. Vasaae
1982) and have good front to back ratio henceuwfildimit broadcasting radio stations signal stgém which is
in the direction of aeronautical communication lities.
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Figure 1: Corner Reflector Antenna.

2. Antenna concepts and theory

Antenna is a transducer which converts electricargy from transmitter to electromagnetic radiajfrency
energy waves and converting back electromagnetcggro electrical energy at the receiver. Witksgiag of
electric current through an antenna magnetic fieldand electrical field (E) are generated and ehéslds are
perpendicular to each other(Huang, 2008). FM brastileg radio stations use dipole antenna type. diienna
consists of a conducting element whose length i tha transmitting wavelength. In order to increake
antenna gain and achieving desired characterstiey of dipole antennas are used. This systemlysmmsist
of more than one dipole antenna elements placedaick of strategically spaced radiating elementsviih
currents having the varying amplitude and phasesirBé characteristics are achieved by varying ted f
(amplitude and phase) and relative position of gadmating element. The total radiated field isedetined by
vector addition of the fields radiated by the indial elements. The total dimensions of the antemaanlarged
without increasing the size of the individual eletfEung, 2011). The total radiated field can beawted by
summing up the radiated field from each elemerdram, i.e.

N
E(r.6.,9)=> E,J,
= (1)
The major advantages of using dipole array areixsbility to form a desired radiation pattern ahigh

directivity and gain while its drawbacks include ttomplexity of the feeding network required anddwidth
limitation
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Figure 2: Array of broadcasting antennas.

As interference mitigation measure during desigoasher reflector antenna a number properties veden in
consideration in order to achieve desired goakoéived power level from FM broadcasting signdledess
than -102 dBm. These antenna properties include;

2.1 Antenna Gain

Gain of antenna entails the ratio of antenna radigbwer at a given point to the power at that fpeiren
isotropic antenna was used. Isotropic antennaégeaence ideal antenna which radiates power egumsdll
direction. For transmitting antenna gain descriio@sg an antenna converts input power into radio wavey
given direction while in receivers side antennanghgscribes how the antenna converts radio waeesves
from a specified direction into electrical powarcieasing gain of antenna facilitates in incredéeckve
Isotropic Radiated Power (EIRP) hence increasavedgower at the target point. Due to Corner cifie
antenna has high gain compared to a single dipatnaa.

Corner reflector antenna gain can be representedjbation:

R?|Eo
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Figure 3: Gain of Corner Reflector Antenna

2.2 Radiation pattern

Antenna radiation pattern refers to variation & plower radiated by an antenna with regard tontistérom the
antenna. Radiation pattern depend upon shape efigat Dipole antenna in free space have radiatitienn
which is strongest at right angles to the wire esmbles figure eight when the antenna is position

horizontally over the ground. Corner reflector amniz radiation pattern depends much on the design

parameter(Epis, 1954). Its far field electric fiskdength can be represented mathematical by tloeving

equation.

®3)

—w}

2n
S_
m

A sin{ ks sind ][co

- m/2-1
2jEo ). (-1)
m=0

E=

2,6,10, 14

Where m
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Figure 4: Antenna Radiation Pattern

2.3 Polarization

Polarization of an antenna describes the oriemtatfothe electric field of the radiated wave widfarence to
ground. Types of antenna polarization include eatfihorizontal circular and mixed polarization. $l@f FM

broadcasting stations antennas observed was \brtjpalarized and circular polarized. As electromatic

interference mitigation technique polarization afemna has to be changed such that large portiomwénted
interfering signal will be lost or distorted. (Hug@r2008)

2.4 Impedance Matching and Voltage Standing Wau®Ra

Antenna input impedance is the ratio of the Valtdy) to current (I) flowing at pairs of the temai for
efficient transfer of RF energy impedance of tfesmitter, transmission line which connect trangmito the
antenna and that of the antenna must have same kahce being matched. Typical input impedance irsed
communication systems are 50 ohms, 75 ohms andoh&®. When two systems which have different input
impedance are connected to each other impedanahingfcircuits for balancing unbalanced impedanee a
then required to match the two systems(OnnigiaB5L9When there is impedance mismatch in commubitat
system Voltage Standing Wave Ratio (VSWR) appeaa imk. VSWR describe numerically how well the
antenna impedance is matched to the radio or trige&m line which is connected to. VSWR is a funiatof the
reflection coefficient, which describes the poweflected back from the antenna to the transmifier.ideal
transmission line would have an SWR of 1:1, whitiplies all power generated by transmitter is desgig by
the antenna(Fung, 2011).

During antenna design resonance will be obtainethatcentered frequency, this is when the chariatiter
impedance of the antenna is strictly resistive: iieimum reactive part should be observed at thesidered
frequency. While proper impedance matching ensalleRF energy delivered the feed point is conveitedn
electromagnetic field. When there is impedance ratshy a Standing Wave phenomena appears, and some
energy returns to back to the transmitter instehtbeing radiated. Voltage Standing Wave Ratio (VSWR
determines the amount of energy which is not cderddoy the antenna into Radio Frequency energy(@ghal,
2012).

Center frequency depends on the size of the wipe.fiRe tuning, take a wire just a little bit longéhan the
theoretical value, perform field measurement, amorten until the correct value is obtained. Dependthe
width of the wire. The bandwidth will depend on thember of channels required, the data rate, thd &f
modulation used. If a large bandwidth is requitezk a rather thick wire(Fung, 2011).
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1 + T
vV SWR = ——
1 - T (5)
Wherel stands for reflection coefficient given by formula
r = Z - Z,
Z + Z, ©6)
In which: Z= load impedance

Z0= characteristic impedance of the line

3. Methodologies
The corner reflector antenna was designed and atadiby using FEKO simulating software having fafiog
parameters:
The feed-to-vertex distance (s) was taken to bethivds of the wavelength (2/3 [1]. The length of the sides
of was taken to be twice the distance from theevetd the feed L= 2S. The height (H) of the refiestas set to
be about 1.2 times greater than the total lengthefeed element, this facilitate in reducing back
lobes(Shashank Kulkarni, 2005). Centre frequencyhis antenna was set to 93.0 MHz

Table 1: Corner Reflector Antenna Parameters

S/IN | PARAMETER VALUE

1 Frequency 93.0 MHz

2 Lambda CO/Frequency
3 Feed to Vertex Distance (S) 2/3*Lambda
4 | Angle ) 135°

5 Length (Lr) 1.5/2*Lambda
6 | Width (Wr) 1.2/2*Lambda

Dd 0.0012m

Figure 5: Corner Reflector Antenna specificatiormgtam

4. Result findings
After simulating the designed antenna by using FEK®following are the results.
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4.1 Radiation Pattern

(a) (b)
Fig 6: (a) Dipole Antenna radiation pattern (b) @arReflector antenna radiation pattern
From figure 6, Antenna radiation pattern of a comeflector antenna is more directional with gooahf to back
ratio compared to dipole antenna which are useldNdBroadcasting stations. This facilitates in radgahe
amount of power from FM broadcasting radio stataching aeronautical systems facilities.
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(a) (b)
Figure 7: (a) Electric far field polar plots dipadatenna (b) Corner reflector antenna.
From figure 7, it can be realized that the eledtsld radiation pattern of corner reflector antarivas changed
its shape form eight figure of dipole antenna torimee directional. This facilitates in having coage only in
the intended direction
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(a) (b)
Figure 8: (a) Polar plots for dipole antenna Gainpolar plot corner reflector antenna Gain.
From the figure 8 above, corner reflector anteramarhuch higher gain compared to dipole antenna. dities a
chance for FM broadcasting station with the sansadbcasting transmission power to increase coveérage
intended service area due to increase in Effetsiogopic Radiated Power (EIRP)

5. Conclusion and recommendation

The research work has focused on using of corfflecter antenna to mitigate interference cause&y
broadcasting radio stations to COM facilities whiak used for ground to air communication betwesnirol
tower and pilots in Tanzania. It is observed thatd¢orner reflector antenna will provide sufficiémant to back
ratio which will facilitate in reducing electricggial strength and hence forth power level from Fibldcasting
stations reaching the aeronautical facilities agadcle mitigate the interference. The corner refte@tdenna will
give maximum of electric field which is less thagtthreshold level of -102dBm when maximum powe2 K¢V
is used for FM broadcasting station.
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