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ABSTRACT

Microwave antennas are widely utilized in telecommunications, radar systems, satel-
lite communications, and television broadcasting to transmit programs—such as relaying
an outside broadcast to a main studio—as well as in other applications requiring the trans-

mission of high-frequency electromagnetic waves over long distances.

Fana Broadcasting Corporation (FBC) currently utilizes microwave links to transmit
public and governmental programs from temporary outside broadcast (OB) studios across
Addis Ababa to its main headquarters studio. However, the city’s complex terrain and the
rapid rise of tall buildings frequently obstruct the line of sight between transmitters and
receivers, leading to an increased occurrence of failures during live television broadcasts.
This thesis addresses the identified challenges by designing and optimizing an EthioTelecom
microwave antenna to function as a repeater for broadcasting. It evaluates the impact of
substituting ITU-R parameters with Localized values, such as rain fading, to enhance
performance.

Key Words: Microwave Antenna, Rain Attenuation, Radio Mobile, path loss Model,

Field strength, Fresnel Zone, Total Propagation loss, fade margin.
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Chapter 1: Introduction

1.1 Background

Microwave communication offers an economical and easily deployed option that can
traverse challenging landscapes. It serves as a practical way to link various wireless sites
across diverse terrains where laying continuous cables or fiber-optic lines would be unfeasi-
ble or unworkable. Point-to-point microwave communication involves the transfer of data
between two sites, providing exclusive connectivity via directional antennas.

These connections typically need an unobstructed view between the antennas that send
signals and employ a concentrated beam of microwave radio waves to send audio and data
between the two locations. When creating a point-to-point microwave link system, several
technical aspects must be considered, including the microwave line-of-sight link, link bud-
get, and the assessment of free-space path loss..

A microwave communication system relies on line-of-sight (LOS) transmission, meaning
the placement of the transmitter and receiver is crucial. The choice between a **parabolic

dish** and a **horn antenna®™* depends on factors like gain, beamwidth, and application

For radio frequency transmission, an antenna requires a power source, an external
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Figure 1.1: A schematic illustration of a microwave link.

radio unit, and a specialized cable called an Intermediate Frequency (IF) cable, which in
this case is a coaxial cable.

A split-mount system consists of an indoor unit (IDU), an outdoor unit (ODU) [12], and
an antenna, whereas a fully outdoor system integrates the IDU and ODU into a single unit.
The IDU is responsible for receiving baseband signals, digitizing them, and converting them

into an IF signal through coaxial cables.

The outdoor unit (ODU) plays a key role in converting the Intermediate Frequency
(IF) signal into a Radio Frequency (RF) signal while also boosting its power. It houses
all the RF components required to transform the modem’s carrier signal into a microwave
signal.
Generally, the ODU is powered via IF cables that also carry the IF signal; however, in

certain instances, it can be powered by separate cables.



The antenna’s role is to direct the RF signal in the intended direction. It facilitates
both the transmission and reception of signals in free space and is usually positioned at the

top of a communication tower, as illustrated in Figure 2.1 below. Microwave link antennas

Antenna\

Figure 1.2: Split-mount Microwave equipment.

have a strong directional focus, concentrating both transmitted and received signals in a
specific direction. To reduce waveguide losses, the antenna is directly attached to the out-
door unit (ODU), which is then connected to the indoor unit (IDU) using a single coaxial

cable.

In a microwave radio system, communication starts with an information source, such
as audio, video, or data. The modulated signal is then transmitted through a coaxial cable
to the Outdoor Unit (ODU), where it undergoes RF processing before being transmitted.
The energy emitted by the RF transmitter is boosted by the transmitting antenna before
being transmitted as radio waves in specific directions, determined by the antenna’s design

and orientation.



This directional characteristic of microwave antennas allows for long-distance com-
munication with minimal power consumption by concentrating the received signal and
directing the transmitted energy efficiently toward the receiver.

As a radio wave moves through the atmosphere, it experiences different propagation effects
such as free-space loss, reflection, diffraction, and scattering. When the RF receiver cap-
tures the signal, it not only receives the transmitted wave but also converts electromagnetic

fields from noise and interference sources into power.

Finally, the RF receiver processes this power to recover exactly the source information

that was originally transmitted.

1.2 Microwave communication systems

Automatic Transmit Power Control
ATPC is an electronic process that regulates the radio frequency transmission power at the
transmitting site based on the received power level at the opposite site. This ensures that
higher transmission power or the maximum allowable power is used only when necessary,
such as during challenging microwave propagation conditions.
Transmitter
In a microwave link, the transmitter generates a microwave signal that carries the informa-

tion to be transmitted [19]. The primary functions of the transmitter include the following:

e Produce an appropriate local oscillator (LO) signal within the RF band.

e Utilize the local oscillator signal to convert the adjusted intermediate frequency (IF)

4



signal to the desired transmission frequency.

e Amplify the RF signal while maintaining linearity.

e In the branching system, merge the local carrier with other carriers and transmit the

combined signal to the antenna

Horn Antenna

Horn antennas are widely used in high-frequency applications because of their directional
properties, ease of fabrication, and broad bandwidth. Their flared design helps to match
the impedance of the waveguide to free space, reducing signal reflection and improving
radiation efficiency.

Their applications extend beyond radar and microwave communication to areas like satel-

lite communication, radio astronomy, and electromagnetic compatibility (EMC) testing.

Microwave repeaters
A microwave beam travels in a straight line and cannot diffract when it encounters obstacles.
Therefore, the line-of-sight between two communication points must remain unobstructed.
If an obstacle is present, a microwave repeater station should be installed at the obstruction
site or another suitable location to maintain communication. Microwave repeater stations

are categorized into two types: passive repeaters and active repeaters.

Active Repeaters : An active repeater site consists of two fully equipped microwave
radio terminals, along with antennas, waveguides or coaxial cables, and other necessary

components. It requires a housing for the equipment, a power source, and a structure for



mounting the antennas. Active repeaters can be classified into three types: IF repeaters,

Baseband repeaters, and RF repeaters.

Passive Repeaters :
Passive repeaters are used when the cost of an active repeater is too high in comparison.
They are not only more affordable to construct but also significantly reduce operational
expenses. Passive repeaters offer an ecological advantage over active repeaters, as they do

not require access roads or power line rights-of-way to the repeater site.

Automatic transfer switch
An Automatic Transfer Switch (ATS) must be capable of switching between different power
sources, primarily the main power supply. In addition to transferring the load to a backup
generator, an ATS can also activate the generator when it detects a drop in voltage from
the primary source. The transfer switch ensures that the backup generator operates inde-
pendently by isolating it from the utility grid while supplying temporary power [19]. This
separation prevents the generator from being connected to utility lines, protecting it from

overload and ensuring safety, as utility workers assume the lines are de-energized.

Polarization :
All signals transmitted within a frequency band possess a characteristic known as polar-

ization. Polarization defines the orientation of the electric field emitted by the antenna.



1.3 Statement of the Problem

Fana Broadcasting Corporate (FBC) utilizes microwave links to transmit public and
government programs across Addis Ababa to its main studio. However, the city’s land-
scape and the growing number of high-rise buildings pose major obstacles to maintaining a
clear Line of Sight (LOS) between transmitters and receivers. Because of those significant
problems, 1 select Ethiotelecom microwave antenna which is in optimal path and line of

site with temporary studios and the main studio.

To enhance the design and optimization of local microwave antennas for broadcasting,
it is essential to compare I'TU-R values with local parameters such as rain attenuation. This
comparison will help identify preferred values that account for the unique environmental

factors affecting signal quality in the city.

1.4 Objective

General objectives
This thesis investigates the design and optimization of a repeater using Ethiotelecom’s
microwave antenna for efficient broadcasting. Evaluates the effects of substituting standard
ITU-R parameters with local values, such as rain attenuation.

Specific objectives

e Study and select Ethiotelecom microwave antennas with the optimal path from tem-



porary studio stations to the main studio.

e Calculate the rain loss by using local parameters.

e Examining and determining site locations, assessing path profiles, evaluating tower
heights, analyzing rain fading effects, confirming reflection points, and verifying clear-

ance.

e Assessing the entire system and implementing a solution for the most critical situa-

tions.

1.5 Litereture Review

Numerous studies have been conducted regarding the design and optimization of mi-
crowave antennas as well as the impact of rain attenuation on the strength of microwave
links. Below is a list of a few.

In [10], F. D. Diba proposed calculating precipitation rate distributions for various regions
of Ethiopia using a 15-minute sampling rain rate and applied the R-H model for time con-
version. Additionally, Ethiopia has refined its precipitation rate contour maps to a 0.01

percent exceedance level.

He analyzed rain attenuation across different frequencies and distances using the I'TU-
R model, concluding that due to the uneven distribution of rainfall along the link, signal
degradation is more significant for shorter link paths during precipitation compared to

longer distances. While many researchers have examined the impact of rain on radio links



in tropical regions, several tropical and central African areas remain insufficiently studied.
In [18], T. Kinfe proposed and utilized different location to improve the coverage. The
thesis addresses adding output power and Atenna height as a solution to cover DTTV in
Addis Ababa. But the thesis does not consider which areas have been covered with Strong
and weak link quality and not consider the building height for the future.

In [12], B. Teshome proposed, designs, and installs repeaters connecting many temporary
studios to the main studio. However, the thesis does not address the implications of em-
ploying Local Parameters vs. ITU-R during design. Furthermore, he installs more than 10
repeaters for a single transmission, which is too expensive to install for each event from
various patterns of events.

In [9], M. Chalachew presents to estimate and analyze the optimal rain attenuation forecast
for various areas in Ethiopia. The major goal of this thesis is to compare the values for rain
attenuation between LOCAL and ITU-R, although comparing the link strength of different
pathways is also essential.

Numerous studies have been carried out in calm climates for microwave antennas, and
others for Rain attenuation. But small studies have been detailed in almost tropical and

equatorial climates, in which Ethiopia falls; subsequently, this study fills the gap.

1.6 Organization of the Thesis

This thesis is structured as follows:

Chapter 1 introduces the study by outlining the background, problem statement,



research objectives, methodology, literature review, and scope. Chapter 2 provides an
overview of microwave communication and the rain attenuation model. Chapter 3 details
the research methodology, including rainfall data collection, link budget measurement, data
processing, and microwave modeling. Chapter 4 presents and analyzes the simulation re-
sults, comparing the ITU-R model outcomes with locally calculated values. Chapter 5

concludes the study with key findings and recommendations.
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Chapter 22 OVER REVIEW OF RAIN ATTEN-

UATION AND MICROWAVE LINK

2.1 Microwave Link

A microwave link is a communication system that transmits radio waves within the
microwave frequency range, connecting a transmitter and a receiver. Broadcasters rely on
microwave links to deliver programs from the studio to a distant transmitter location.

As a vital component of modern telecommunications, microwave links enhance connectivity
and facilitate efficient communication.

Although fiber optic connections have grown in popularity in recent years, most telecom
companies continue to depend on microwave links for communication between their switch-
ing centers.

Many public and private organizations utilize this technology to connect their corporate
offices, enabling quick and seamless access to the main server.

One of the major benefits of microwave links is their broadband capability, which allows
for the high-speed transmission of large volumes of data, making them highly adaptable.

19].
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Microwave links are also enhancing security systems, contributing to advancements in
satellite communication, data transmission, biomedical engineering, and cellular networks.
With its numerous advantages, microwave communication continues to evolve and expand

rapidly. [12].

e Large bandwidth

Line of sight propagation

Antenna size reduction

e Can accommodate a large number of channels

Less Power requirement, especially in case of repeaters

e Environmentally Stable

2.2 Parameters in microwave Link

2.2.1 Fresnel zone

The initial step in setting up a reliable link, whether point-to-point or point-to-
multipoint, is ensuring a clear line of sight and that at least 60% of the first Fresnel zone
is free from obstructions.

This becomes increasingly important as the distance between the antennas grows. If the
Fresnel zone is blocked, the received signal strength at the receiving end will be weaker
than anticipated, even if the other antenna is in view.

The Fresnel zone is the region through which the signal propagates. Any obstruction within

12



this area can cause portions of the radio signal to bend or diffract, diverting it from its
direct path.

In practical terms, this bending reduces the amount of RF energy that reaches the receiving
antenna in a point-to-point radio link.

The size or radius of the Fresnel zone is determined by the signal frequency—higher fre-

As distance increase, the Fresnel Zone gets fatter.
For long ranges, higher antennas are required for
the Fresnel Zone to clear obstacles.

£ T B
0 f v Total Distance ) ) »
A \\- IFrnnaiZanu = /

i

e ||| S R,

Earth Curvature

R =

Figure 2.1: Fresnel Zone

Antenna
Height

quencies result in a smaller Fresnel zone. As shown in Figure 2.1, the Fresnel zone is widest
at its midpoint. Similar to Free Space Loss (FSL), the antennas used do not influence the

Fresnel zone.

2.2.2 Line of site

For effective point-to-point radio communication, microwave antennas must be in-

stalled at elevated positions to ensure there are no obstructions between them. This direct

13



connection is commonly known as Line of Sight (LOS).

Before establishing these links, it is essential to verify a clear path between sites. However,
merely having a visible path does not guarantee a strong signal. Other factors, such as
terrain suitability for wave propagation, must also be considered to ensure optimal signal
strength [19]

Figure 2.2 shows a LOS where one microwave antenna has a direct link to another antenna

placed at far end.

VISUAL LINE OFSIGHT
- = = m m m

FRESNEL ZONE

Figure 2.2: Atypical line of sight microwave link.

2.2.3 Free Space Loss

As signals spread out from a radiating source, the energy is spread out over a larger
surface area. As this occurs, the strength of that signal gets weaker [12]. Free Space Loss
(FSL), expressed in decibels (dB), measures the reduction in signal strength over a given
distance. Figure 2.3 shows the formula for calculating FSL and illustrates the theoretical

loss at different distances.

14



Line of Sight

- Free Space Loss (FSL) ( - - [
FSL=366+20logF+ 20logD
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Freq | 3.6+ 30lag¥
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SN GMz 1nmLs
Distance:| 2 miles ] 5 miles 10
24GHZFSL-| 110dB | 116 0B 119 dB 130 dB

Rule of Thumb: Double/halve the distance > Add/fsubtract 6 dB.

Figure 2.3: Free Space Loss (FSL)

The type of antenna used does not affect FSL, as all antennas behave like point source
radiators at large distances. Interestingly, the FSL difference between a 2.4 GHz link and

a 5.8 GHz link remains approximately 8 dB, regardless of the distance [12].

FSL = 92.4 + 20logf + 20logD (2.1)

Where f = frequency in GHz, D = distance is in km, FSL = free-space loss dB.

FSL calculations focus solely on path loss and do not take into account factors such as
transmitter power, antenna gain, or receiver sensitivity. These elements are typically con-
sidered when designing a link budget and are incorporated into radio and wireless survey

tools.

2.3 Propagation Path Loss Models

Electromagnetic waves enable the transfer of information between a transmitter and
a receiver. However, as the signal travels, its strength weakens due to interactions with the

surrounding environment.

15



Path loss models predict this reduction using mathematical formulas and algorithms. These
models are classified into three types: deterministic (which applies physical laws governing
wave propagation), empirical (based on real-world measurements and observations), and
stochastic (which relies on a series of random variables).

A propagation model outlines the typical signal behavior and establishes the maximum cell
range by factoring in the highest acceptable propagation loss.

It is influenced by various factors, including environmental conditions (such as urban,
coastal, rural, forested, or dense areas), distance, frequency, atmospheric conditions, and
whether the transmission occurs indoors or outdoors.

Transmit Power

Transmit power is the radio frequency energy released from a transmitter’s antenna port.
It is measured in dBm, watts, or milliwatts and excludes the antenna’s gain or any signal
loss in the coaxial cable.

Higher transmit power typically results in longer link distances and better signal quality,
but it also increases power consumption and must adhere to regulatory limits..

Receiver Sensitivity:

Receiver sensitivity refers to the minimum power level required at the receiver antenna to
reliably detect and demodulate a microwave signal. A higher sensitivity allows for longer
link distances and better performance in challenging conditions.

Fade Margins Maintaining a sufficient fade margin is vital in microwave link design.
If the margin is too small, the link could become unstable, impacting its reliability and
service quality. The equation considers the unpredictable and imperfect nature of radio
wave propagation.

16



Chapter 3: METHODOLOGY OF DESIGNING

OPTIMIZING

3.1 Designing Methods

The process is iterative, undergoing multiple redesign phases until the desired quality
and availability are met. As illustrated in Figure 3.1, an initial fade margin is determined
based on loss and attenuation calculations and is then used for preliminary fade predic-
tions in the fading analysis. [19]. The fade margin accounts for threshold degradation if

Interference
Frequency

analysts- :
v e Planning
Propagation losses \ ___R*““ _
Fadine /...f--"uttt:nuatmn
Branching Link Budget e & ) A
losses g Predictions L Diffraction-
=" 1 N, refraction
Other Losses Quality \{0"""(""
and N\

Availability

Calculations Multipath

propagation

Figure 3.1: Microwave link design development.

interference is considered in frequency planning calculations. In fading predictions, which

17



are crucial for quality and availability assessments, the adjusted fade margin is used as the
effective fade margin.

Frequency planning

Short-distance microwave links are typically assigned higher frequencies, as shorter dis-
tances benefit from these frequencies.

On the other hand, lower frequencies are favored for longer transmission hops. Due to their
shorter wavelengths, microwave frequencies generally require a line-of-sight (LOS) propa-

gation path.

3.1.1 Link Budget

The effectiveness of a communication link is largely determined by the quality of the
equipment used. A link budget is a method for evaluating link performance. As shown
in Figure 3.2 [19] below, the received power is influenced by three key factors: transmit
power, transmitting antenna gain, and receiving antenna gain.

For a link to be successful, the transmitted power, after factoring in free space loss along
the path, must be higher than the receiver’s minimum required signal level.
The difference between the received power and the minimum required signal level is called
the link margin. This margin should be positive and as large as possible to ensure depend-

able communication [12].

18
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Figure 3.2: Power in a link system

3.2 Effective Isotropic Radiated Power

represents the actual RF power measured at the main lobe of an antenna, also known
as the focal point. It is calculated by adding the antenna’s gain (in dBi) to the transmit
power (in dBm).As a measure of power, EIRP is expressed in dBm and is calculated using

the following formula:

EIRP(dBm) = Pt(dBm) + Gt(dBi) (3.1)

Where: e Pt is the transmit power of the antenna in decibels-milliwatts (dBm). Gt is the
gain of the antenna in decibels-isotropic (dBi). Figure 3.3 below shows how +24 dBm of
power (250 mW) can be “boosted” to +48 dBm or 64 Watts of radiated power.
Signal-to-Noise Ratio (SNR)

is the ratio (usually measured in dB) between the signal level received and the noise floor

level for that particular signal [12]. In practice, receiver demodulators primarily focus on
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EIRP = Transmitter Antenna Gain (dBi) + TX power into it (dBm)
TX Power = + 24dBm

'__rl—-’p ERP =24 dBm + 24 dBi

= 48 dBm (64 Watts)

Antenna Gain = 24 dBi

EIRP = Effective Isotropic Radiated Power

Figure 3.3: Effective Isotropic Radiated Power (EIRP)

Signal to Noise Ratio (SNR)

Signal 4
SNR is the ratio (in dB) Levels
between the received eI =1
signal level and the noise  "**" |
level that the radio is ——
seeing. It is the only thing :::: 1 ‘T_ Signel Lovs!
that determines if a packet SNR =15 d8
of data is successfully et S S
demodulated and decoded. v

SNR=-756dBm -(-90dBm)=15dB

Figure 3.4: Signal-to-Noise Ratio

the Signal-to-Noise Ratio (SNR). Weaker signals are indicated by larger negative values,
while the absolute strength of the signal or noise is generally unimportant unless the noise

floor is excessively high.
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3.2.1 Rain Attenuation:

Rain attenuation is one of the primary challenges in microwave communication. As
both hop length and frequency increase, the impact of rain attenuation becomes more sig-
nificant, particularly for frequencies above 10 GHz. Regardless of the transmission rate,

the transmitted information must remain within a single-channel bandwidth.

Rain Fading: Available rainfall data is typically presented as a statistical repre-
sentation of the amount of rainfall recorded at a specific measurement location over some
time.

The overall annual rainfall in a region has a minimal correlation with rain attenuation
in that area. Therefore, a margin is incorporated to account for rain effects at a specific
availability level.

A higher fade margin, ranging from 45 to 60 dB, can help mitigate the impact of rain
attenuation fading. The ITU has developed a series of guidelines for estimating rain fade
effects [9].

Rainfall is measured in millimeters per hour (mm/hr) and expressed with a percentage
probability. These values are determined for different ”rainfall zones.” For instance, Addis
Ababa (located at latitude 9, longitude 38) falls under I'TU Zone “E,” where peak rainfall
reaches 22 mm/h for 0.01% of the time.

This indicates that rainfall levels remain below 22 mm/h for 99.99% of the time [14]. Tt
defines global climate zones along with their precipitation characteristics, as documented

by the I'TU.

21



Additionally, it correlates the rainfall rate (R) with the percentage of time it is exceeded
annually within a specific rainfall region.

The depth of rain fade in dB can be calculated from:

Lrain - RDrain (32)

where Lyain is the rain loss in dB, R is the specific attenuation (dB/Km), and Dyaiy is the
path length through the troposphere in km. It can be taken as the distance through which
the path remains beneath cloud level. For most MW links, this is the entire length of the
link (for satellite links, it can be calculated from angle to the horizon).

The specific attenuation [10].can be found from:

R - kVR(O_Ol)aV (33)

Therefore,

Lyain = kVR(O.Ol)avD (34)

where, Lyain = rain loss in dB, Rg.01 = Rain rate in 57, k, and ay are given from ITU-R
depending on the frequency. D = distance between tranismitter and reciever in km. The

values of k and can be found from ITU-R Recommendation P.838 (Table-5) [14].

Reducing the Effects of Rain: When allowed, cross-band diversity proves to be
highly effective. Route diversity can also be successfully implemented when path sepa-

rations exceed approximately 8 km. Some critical links utilize radios equipped with Au-
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tomatic Transmitter Power Control. Vertical polarization experiences significantly less
rainfall attenuation (by 40% to 60%) compared to horizontal polarization frequencies. For

circular polarization, the average value of R for both vertical and horizontal polarization

should be used.
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Chapter 4  ANALYSIS OF RESULTS AND DIS-

CUSSION

The findings of the thesis are presented in this chapter.

4.1 Site survey

The selection of repeater stations was based on the following key factors:
e clear line of sight, distance between microwave antenna pairs,
e terrain assessment,
e potential obstructions along the link path,

e availability of existing infrastructure, and required antenna height.

To extract the needed information there are some basic steps were followed:

The first survey required the utilization of topographical maps, such as GEO CONTEXT-
PROFILE and Google Earth, to conduct preliminary selection.

After the initial selection, physical altitude measurements were conducted at the chosen
sites. Subsequently, line-of-sight clearance and signal strength were evaluated. Following
these assessments, six existing sites were finalized based on the criteria outlined in Table 4.1.

It is important to note that selecting sites alone does not guarantee link quality.

Achieving optimal link performance also depends on choosing an appropriate antenna
tower height that aligns with the site’s topology. Additionally, antenna height selection
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No. Site Name LAT/LONG Reason of selection
Governmental and public
1 Meskel Square 9°00’37"N/38°45'40" E events are held,
like Damera, Meskel, exhibitions
2 Gomakuteba | 09°01’06” N/038°44°49.6” E Nearest site to FBC/,
Receiver station on FBC
3 | Millennium Hall | 8°59'6.7” N / 38°47'3” E celebration of New Year,
Music Festivals
4 Janmeda 9°02’26”"N / 38°46’15”E Religious celebrities like Timket
5 Entoto 08°59’25" N, 038°47°22" . | Tourism project park and have height
altitude to see the whole A.A
4 Unity Park 9°02’26"N / 38°46’15"E Special Events

Table 4.1: Selected repeater site.

must comply with relevant regulations and consider the maximum building height within
the city.

4.2 Link Analysis and Simulation Studies

The thesis assessed link quality by considering three essential performance parame-
ters:

e attenuation caused by atmospheric conditions (rain attenuation) and topography,
e free space loss,
e and diffraction loss resulting from obstructions in the terrain profile along the path.

A. Total Path Loss, fade margin, and field strength associated with repeater
stations and temporary studios

Path loss and fading are key factors that contribute to weak signal links. To study this, the
fading margin and path loss for three chosen temporary stations in Addis Ababa—Meskel
Square, Janmeda, and Millennium Hall—were simulated using the Radio Mobile tool soft-
ware. The findings are summarized in Table 4.2.

When calculating loss, Radio Mobile considers various factors, including free space loss,
obstruction loss, and losses due to static, urban environments, and forests.

The fading margin represents the difference between the receiver threshold and the required
statistical threshold, which depends on network parameters related to location, conditions,
and time probability.
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Rx. Tx from Meskel Square Tx from Millenium Hall Tx from Janmeda

E-field (dBv/m) | TPL(dB) | margin(dB) | E-field (dBv/m) | TPL(dB) | margin(dB) | E-field (dBv/m) | TPL(dB) | margin(dB)
Gomakuteba 109.8 119.9 67.62 102.9 126.7 60.67 102.3 127.0 60.08
Entoto 108.4 121.3 55.19 87.9 141.8 47.79 80.0 149.5 39.85
Unity Park 87.6 141.9 47.59 104.2 125.3 64.06 95.8 133.7 55.64

Table 4.2: Total path loss (TPL), fading margin and field strength associated with selected
repeater sites.

FBC has set up temporary studios in Addis Ababa for live program broadcasting, often
used for public events like religious programs, government celebrations, and various gath-
erings throughout the city.

To ensure high-quality transmission from these temporary sites, a stable link between the
repeater stations and the FBC main studio is crucial.

However, the constantly changing landscape of Addis Ababa poses challenges in maintain-
ing these connections.

Therefore, the performance metrics for the link between the FBC main studio and the
selected repeater stations are summarized in Table 4.3.

Tx. Rx at FBC Main Studio
E-field (dBv/m) | TPL(dB) | margin(dB)
Gomakuteba 89.9 101.3 54.15
Entoto 71.5 113.9 58.6
Unity Park 72.2 110.6 59.3

Table 4.3: RM Software tools results from TX selected repeater sites to FBC (main studio)

4.3 Full System Simulation Results

The previous section presented the results for temporary studios and particular re-
peater stations.
This section analyzes and ranks the most stable connection among them, based on the
overall simulation results of the system which encompass links from temporary studios to
repeater stations and from repeater stations to FBC.
Tables 4.4 to 4.6 illustrate the complete link performance for the three selected temporary
studios and corresponding repeater stations.

Based on the archived RMS tool results, which compare field strength, margin, and
total propagation loss, the best sites are identified as follows:
1. Gomakoteba: Offers the highest link quality across all temporary studios.
2. Entoto: Ranks second in link quality for Millennium Hall, followed by Unity Park.
3. Unity Park: Provides better link quality for Meskel Square and Janmeda compared to
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Rx. Total system results from Meskel Square to selected repeaters station-FBC
E-field (dBv/m) | TPL(dB) | margin(dB) Rank
Gomakuteba 210.7 246.7 128.3 1
Entoto 190.5 255.9 110.11 3
Unity Park 186.1 273.1 105.87 2

Table 4.4: Overall system results transmitted from Meskel square to selected repeater sites
and to FBC.

Rx. Total system results from Millenium Hall to selected repeaters station-FBC
E-field (dBv/m) | TPL(dB) | margin(dB) Rank
Gomakuteba 219.1 238.2 136.69 1
Entoto 183.0 276.3 102.71 2
Unity Park 215.6 243.6 135.30 3

Table 4.5: Overall system results transmitted from Millenium Hall to selected repeater sites
and to FBC.

Entoto.

Overall, Gomakoteba exhibits the highest average link quality, followed by Unity Park and
Entoto, respectively.

In this analysis, several key parameters play a crucial role in the design and establishment
of microwave antennas. These include free space loss calculation, path profile analysis, fade
margin, frequency planning, attenuation, rain fading predictions, reflection point calcula-
tion, tower heights, Signal-to-Noise Ratio (SNR), and the Fresnel zone.

However, considering the latest topology and geographical conditions of Addis Ababa, these
parameters have been evaluated using locally obtained values.

4.4 Comparison of simulation results with Existing
systems

Existing field test This section of the thesis compares the link quality of current
systems with the proposed approach. To do so, the parameters of the existing systems were
collected for the three temporary studios. as shown in Tables 4.8 and 4.9.

Subsequently, the RM simulation tool was used to evaluate key link parameters,
including field strength, net propagation loss, and fade margin. It is important to note
that the parameters of the existing system were collected at a power level of 1W (30dBm).

Furthermore, while simulating for proposed solution the best repeater link quality is se-
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Rx. Total system results from Janmeda to selected repeaters station-FBC
E-field (dBv/m) | TPL(dB) | margin(dB) Rank
Gomakuteba 201.5 238.2 136.1 1
Entoto 175.1 248.1 94.77 3
Unity Park 194.3 264.9 113.92 2

Table 4.6: Overall system results transmitted from Janmeda to selected repeater sites and
to FBC.

TX power (Janmeda, Meskel Square, Millenium Hall ) 30dBm
Polarization Vertical
(Latitude /Longitude) Janmeda 9°02’26”N 38°46’15"E
(Latitude /Longitude) Millenium Hall 8°59’6.7".N / 38°47°3" E
(Latitude /Longitude) Meskel Square 9°00’37"N/38°45’40” E
Antenna height of Janmeda 4m
Antenna height of Millenium Hall 4.5m
Antenna height of Meskel Square 4.5m

Table 4.7: The practical parameter of MW link of Temporary studios.

lected for each three temporary studios.
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TX-Janmeda and RX-FBC | TX-Meskel Square and RX-FBC | TX-Millenium Hall and RX-FBC
Rx Power -66dBm -52dBm -78dBm
Polarization Vertical Vertical Vertical
Antenna height at FBC 3.5 3.5 3.5
Unity Park 72.2 110.6 59.3

Table 4.8: Practical measurements that transmitted from three temporary studios to FBC

Main Studio.

Temporary studio in Janmeda

Temporary studio in Meskel Squarel

Temporary studio in Janmeda

E-field (dBv/m)

TPL(dB

)

margin(dB)

E-field (dBv/m)

TPL(dB)

margin(dB)

E-field (dBv/m)

TPL(dB

)

margin(dB)

RX at FBC

38.8

28.05

80.7

65.6

104.4

48.97

52.3

132.8

20.59

Table 4.9: Existing system simulation result

The graph in Figure 4.2 below comparing Field Strength and Margin shows that the
existing system’s performance declines while the proposed solution’s performance rises.
Additionally, in the Total Path Loss (TPL) graph, the existing system’s performance in-
creases as the proposed solution’s performance decreases.

Therefore, we can conclude that the proposed solution is a more efficient and effective
transmission method.
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Rx. from Janmeda to Repeaters, from repeaters to FBC | from Meskel Square to Repeater, from repeater to FBC | from Mil. Hall to Repeater, from repeater to FBC &
E-field (dBv/m) ‘ TPL(dB)J margin(dB) E-field (dBv/m) ‘ TPL(dB) ‘ margin(dB) E-field (dBv/m) ‘ TPL(dB) ‘ margin(dB)
Gomakuteba 109.8 119.9 67.62 102.9 126.7 60.67 102.3 127.0 60.08
Entoto 108.4 121.3 55.19 87.9 141.8 47.79 80.0 149.5 39.85
Unity Park 87.6 141.9 47.59 104.2 125.3 64.06 95.8 133.7 55.64 5

Table 4.10: Proposed solution with the selected repeaters.

Field Strength FADE MARGIN
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.E 20 160
é‘ 140
= =]
8 100 z 100
& & 80
39 % 50
[ [}
2 40
0
Meskel square Janmeda Millenium Hall A
Al i+ 1ot O
Gomakuteba Entoto Unity Park Existing MESKEL SQUARE JANMEDA MILLENIUM HALL
Figure 4.1: Graphic results of field strength and Margin
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Figure 4.2: Graphic results of Total propagation loss
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4.5 Comparison of Received Power (Receiver signal
Level -RSL) Calculated Manually from local pa-
rameters with that of the ITU-Parameters calcu-
lated from Radio Mobile Software

Local Parameters Obtained from Ethiopian Metereology Institute (EMI)and
Ethiotelecom.
From Ethiopian Metereology Institute of ten years of data collection from Active Mete-

Asko w

Abssinia School © Kotebe TTC
l Addis /Ababa Bole ©
ekatit 23 SchA 3 |
Addis /Ababa Obs

Intoto

Medhanalem Sch

Kolfe Keranio-School
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: BES
Ayertena T+
,f\ ‘ ’
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|
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Scale 1:200,000 [ A ?
(
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Figure 4.3: Active Meteorological Station distribution of Addis Ababa

orological Station distribution of Addis Ababa of Rain Attenuation, Rain Rate (Rpo1) is
27.8 mm/hr.

e As a reference let’s compare the path from Meskel Square to Gomakuteba microwave
link by using the local parameters collected from Ethiotelecom.
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Parameters Meskel Square | Gomakuteba
Polarization Vertical vertical
Latitude 9°00’37"N 9° 1'7.06”N
Longitude 38°45’40"E 38°44’51.61"E
Antenna Height (m) 4.5 40
Antenna Gain (dBi) 42 42
Frequency (MHz) 11000 11000
Tx line lose (dB) 0.91 0.91
Atmospheric Absorption loss (dB) 0.35 0.35
Link distance (km) 1.8 1.8
Rx Threshold Level (dBm) -76.2 -76.2
Tx Power level (dBm) 30 30

Table 4.11: Description of the link profile from Ethiotelecom [9].

As we have seen in Chapter 3:

Lrain - RDrain (41)
where Lyaip, is the rain loss in dB, R is the specific attenuation (dB/Km), and D4y is the
path length through the troposphere in km. [? |

R - kvR(O.()l)av (42)

Therefore,

Lrain = kV]RI(O.OI)OND (43)

where, Lyain = rain loss in dB, Rg.01 = Rain rate in 5%, ky = a, = D = distance between
tranismitter and reciever in km. The values of k, = 0.01731 and «, = 1.1617 can be found
from ITU-R Recommendation P.838 (Table-5) for frequency of 11GHz.

Therefore,

Lyain = kvR(O.Ol)avD
= 0.01731(27.8)(1-1617)
= 1.4828dB

Tr = Lyain + AL + Txg,

Ty = 1.4828dB + 0.35dB + 0.91dB
= 2.7428dB

Where, T}, = Total loss, L,q;, = Rain loss, Atmospheric loss and Tx;= Transmission line
loss
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Rec. ITU-R P.838-3

TABLE 5 (continued)

Fl'(eggl)l(‘)‘ kg oy kr ay
11 0.01772 1.2140 0.01731 1.1617
12 0.02386 1.1825 0.02455 1.1216
13 0.03041 1.1586 0.03266 1.0901
14 0.03738 1.1396 0.04126 1.0646
15 0.04481 1.1233 0.05008 1.0440
16 0.05282 1.1086 0.05899 1.0273
17 0.06146 1.0949 0.06797 1.0137
18 0.07078 1.0818 0.07708 1.0025
19 0.08084 1.0691 0.08642 0.9930
20 0.09164 1.0568 0.09611 0.9847
21 0.1032 1.0447 0.1063 09771
22 0.1155 1.0329 0.1170 0.9700

where, f = 11GHz, D = 1.8km
Finally, we can calculate P, as:

Since, P, = Recieved power, Py = Transmitted Power, Gix = Transmission gain, G,x =

Pr:Pt+Gtx+er—FSL—LT

Figure 4.4: ITU-R 838-3 Reference

FSL =117.9dB

=-6.64 dBm

FSL = 92.4 + 20logf(GHz) + 20logD (km)

P.(Local) = 30 + 42 + 42 — 117.9 — 2.7428

Recieved gain, FSL= Free Space Loss, Lt = Total loss

FadeMargin = Pr — RTH

FadeMargin = —6.64 — (—76.2)

= 69.54dB dB
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Figure 4.5: Rm simulation result from Meskel Square to Gomakuteba

From the outcome of the Meskel Square to Gomakuteba simulation link using the
Radio Mobile tool software, which uses I'TU-R parameters, the simulation results for the
received signal level (RSL) and the fade margin are -5.1dBm and 67.62dB respectively.

This comparison shows that the RSL and Fade Margin computed using the local pa-
rameters are higher than those simulated using the ITU-R values.

The whole Simulation results of ITU-R and Calculated Local Values of received power
of all paths is presented in Table 4.10 below.
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Received power (dBm) from ITU-R (dBm) | LOCAL (dBm)
M/Hall to/from G/kuteba to FBC -15.7 -5.31
M/Hall to/from U/Park to FBC -27.1 -19.5
M/Hall to/from Entoto to FBC -49.7 -46.2
M/sq to/from G/kuteba to FBC -24.1 -8.1
M/Sq to/from Entoto to FBC -29.5 -45.2
M/Sq to/from U/park to FBC -46’5 -26.98
Janmeda to/from G/kuteba to FBC -27.8 -21.1
Janmeda to/from Entoto to FBC -57.7 -38.67
Janmeda to/from U/Park to FBC -38.7 -19.52

Table 4.12: Simulation result of ITU-R and Calculated Local Values.

As observed in the graph Figure 4.6 , the received power is increasing for nearly all

paths, except for the route between Meskel Square to/from Entoto to FBC.

This is primarily due to the longest distance of the Meskel Square to Entoto path
as compared to the others, as well as the presence of tall buildings obstructing the line of

sight between the transmitter and receiver.
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This is a comparison graph of overall paths for the Received Signal Level (RSL) of
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Figure 4.6: Graphic representation of Received Power for ITU-R and LOCAL parameter
Values
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Chapter 5: CONCLUSION AND RECOMMEN-
DATION

5.1 Conclusion

This thesis focuses on designing point-to-point and point-to-multipoint microwave
link communication, connecting temporary studios to repeaters and repeaters to the FBC
Main Studio.

A geo-context profiler was utilized to accurately determine locations for path profile
data, as the quality of service for live program broadcasting heavily relies on the reliability
and performance of microwave links. However, the topographical nature of Addis Ababa,
along with the rapid construction of tall buildings, poses challenges for line-of-sight com-
munication.

To address this challenge, the thesis focused on three heavily used temporary studios
of Fana Broadcasting Corporation—Meskel Square, Janmeda, and Millennium Hall—to
demonstrate a potential mitigation approach.

The proposed approach focused on strategically selecting microwave antenna repeater
stations that ensure a clear line of sight (LOS) with the temporary studios, followed by an
assessment of link quality using key performance parameters.

In the second phase, Ethiotelecom’s microwave antenna repeater stations were eval-
uated to identify those offering the best link quality with the temporary studios. Based
on the simulation results from the Radio Mobile Software tool, GomaKuteba, Unity Park,
and Entoto were selected as the top-performing repeater stations for ensuring optimal link
quality.

The thesis compared the existing systems with the proposed system based on se-
lected performance criteria. The results indicated an average improvement of 79.25% in
field strength, while propagation loss increased by 42.8% on average. Additionally, the fade
margin showed a significant enhancement of 68.42%.

Although the propagation loss increased by 42.8%, which was expected, the overall system
performance remains promising.

The previously outlined phases were conducted to validate the accuracy of the com-
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parison between ITU-R and local parameters. The results indicate that utilizing local
parameters instead of ITU recommendations for designing and optimizing microwave links
for broadcasting is 95.32% more reliable and efficient.

This thesis investigates rain attenuation as a single parameter in relation to various trans-
mission losses. Expanding this analysis to include additional losses could provide even more
insightful results..

5.2 Recommendation for Future Work

The following areas of study are worthy of consideration to carry out further study.
The research and findings in this thesis can be advanced by considering the following points.
In this thesis a careful planning and detailed analysis of Ethiotelecom microwave Antenna
repeater site selection are done.

In this Thesis, the data collection from Ethiopian Meteorological Institute and Ethiot-
elecom are done for only Addis Ababa and the transmission losses are only considered for
rain attenuation.

For the future work, its recommended to collect the required data for other cities of

Ethiopia and consider other losses like Atmospheric losses, Absorption losses, cable(connector)
losses.

38



APPENDIX A

A DEFINITION OF TERMS

Antenna - A device for receiving and transmitting electromagnetic signal
Antenna Feed- is the mechanism by which signal energy is radiated toward the parabolic
reflector for transmission.

Attenuation- Reduction of signal’s voltage level as it travels down a line, measured in
decibels

Azimuth- in directional radio transmission, the azimuth is the direction in degrees (bear-
ing) that an antenna is transmitting to its far-end counterpart.

Bandwidth - refers to the range of frequencies the antenna will radiate effectively Ducting-
surface and elevated ducts are formed like conditions of super refraction and substandard
refraction.

Directivity - Antenna directivity means that maximum antenna gain compared with its
gain that is averaged in all direction.

Elevation - is a perpendicular distance or vertical height of an objective above sea level
Fade Margin - is a “fudge factor” included in the system gain equation that considers the
nonideal and less predictable characteristics of radio wave, such as multi-path propagation,
and terrain sensitivity

Fading - is the variation of the strength of a received radio carrier signal due to atmo-
spheric changes or ground and water reflections in the propagation path.

Free Space - the space that does not interfere with the normal radiation and propagation
of values Free Space Loss - is the loss incurred by an electromagnetic wave as it propa-
gates in a straight line through a vacuum with no absorption or reflection of energy from
nearby objects.

Fresnel Zones - Radio frequency line of sight is defined by Fresnel Zones which are ellipse
shaped areas between any two radios

Gain - an increase in signal strength when transmitted from one point to another, often
expressed in decibel, ratio of the output current, voltage or power of an amplifier
Ionosphere - the upper portion of the atmosphere which absorbs large quantities of radi-
ant energy from the sun becoming heated and ionized

Interference - the mutual action of two or more waves at the same frequency, as of sound
and light, in reinforcing or neutralizing each other according to their relative phases on
meeting static, unwanted signal producing a distortion of sounds or images and preventing
good reception

Latitude - the location of the point north or south of the equator measured in degrees,
minutes and seconds of an arc Longitude-the location of the point east or west of the prime
meridian measured in degrees, minutes and seconds of an arc.

Microwave - an electromagnetic wave in the radio frequency spectrum above 890MHZ
Noise- any condition that interferes with the desired signal to the detected signal by the
control

Noise Factor (F) and Noise Figure (INF) - are the figures of merit used to indicate
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how much the signal-to-noise ratio deteriorate as a signal passes through a circuit or series
of circuit

Parabolic Antenna - A highly directional used at a distance from 40-20 miles to achieve
maximum transfer between the transmitter and receiver Percent Reliability- provides means
of translating system reliability by relating to system outage time

Reflection - the return of signal as it strikes a conductive medium such as metal surface
or earth’s surface

Refraction - is the change of direction of a ray as it passes obliquely from one medium to
another with different velocities of propagation.

Reliability - probability that is functioning the time it will be needed
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