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ABSTRACT

A link budget is a way of quantifying the link performance. In the design of wireless
communications links between transmitter and receiver, issues of range and received
signal quality are of critical importance to the system engineer. Link budget analysis
accounts for all gains and losses in the communication link. FSPL is a factor to be
considered in the link budget. Free Space Path Loss (FSPL) is the major menace to all
propagation links regardless of operating frequency in the tropics during the clear sky.
An adequate power margin is typically worked out in mitigating such a problem for the
specific desired quality of service (QoS). However, the calculation is simple and straight
forward, but the solution is not cheap. A signal fade margin can be computed,
configured, and implemented to increase system availability. FSPL typically dictates
the fade margin values. This effort correspondingly will help to reduce the greenhouse
effect. In the case of clear sky attenuation, the value is much dependent on the
atmospheric layer conditions and their compositions. For absolute Free Space, the signal
loss is only dependent on distance and frequency. The effects of power, distance, and
frequency were analyzed in this study to identify the most appropriate clear sky
attenuation. The objectives can be achieved by designing, assembling, and carrying out
an empirical experimental set up to evaluate FSPL values. This involved the process of
verifying the variation between the free space path loss's theoretical and empirical
values. The empirical experiment was conducted at Electromagnetic Compatibility
(EMC)chamber at the Malaysian National Space Agency located at Banting Selangor.
The development of revised formulation can Empirical. The clear sky conditions were
confirmed using S-band (Terminal Doppler Weather Radar) TDWR reflectivity
information acquired from the Malaysian Meteorology Department (MMD). Validation
for the proposed revised FSPL equation using RazakSAT S-band (2.232 GHz)
transmission signal data was furnished by the Malaysian National Space Agency
(ANGKASA). By eliminating any possible signal variation due to atmospheric
impairments (La) the RazakSAT processed received signal level can be considered. As
a result, the revised free space path loss equation proposed a better FSPL value than the
ITU-R proposed equation for RazakSAT received signal. The revise formulation is
undoubtedly a significant improvement as compared to ITU-R estimation. This research
will be valuable for future engineers in configuring the best communication
establishment for satellite systems operating in the tropics.
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CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW

In today’s worldwide communication service scenario, it is observed that services
providing voice, data, and video are increasingly merged and delivered to devices that
are expected to be used at anytime and anywhere. At present, the satellite industry seems
to play a vital role in providing telecommunication services even when they are facing
stiff competition from terrestrial service providers. Satellite is a self-contained
communication system with the ability to receive and transmit signals from Earth to
satellite and vice versa via the transponder. The two essential elements of a satellite
communication system, as shown in Figure 1.1 are the space segment comprising the
spacecraft and flight mechanism; and the other, the ground segment of Earth station and

network control centre of the entire satellite system.

Downlink carrier
Uplink carrier

| Earth station |

Figure 1.1 Schematic Diagram of Satellite Uplink and Downlink System (Tato, A.
2018)



Today, Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Geostationary
Earth Orbit (GEO) continue to be the members among the hundreds of operational
telecommunications satellites. The operating frequency bands of satellites are typically
recognized by letter: L, S, C, X, Ku, Ka, and V. Larger antennas are needed to receive
and transmit microwave signals at lower band frequencies (L-band, S-band, and C-
band). Operations in the higher end of the frequency spectrum like X-band, Ku-band,
Ka-band, and V-band sanctioned the use of smaller receiver dishes with size less than
the one-meter diameter. Today’s increasing demand for video, voice, and data traffic
that requires more substantial amounts of bandwidth will drive the satellite services to
operate at higher frequency bands. It is crucial to determine as accurately possible the
power margins requirements as the frequency increases. It is also necessary to identify
as detailed possible all propagation variances to be experienced at the frequency range
of interest.

On such note, the atmospheric and weather effects on frequency bands between
3-30 GHz become significant. They are no longer negligible as compared to those at
the lower frequency bands 3 GHz and below. There are mainly two dominant types of
attenuation that dictate the power margin requirement for such high-frequency links.
One is the atmospheric gaseous absorption, while another is the rain attenuation when
microwave signals pass through the rain. Other environmental phenomena, such as
cloud, fog, ice, snow, aerosol, and dust can also cause critical signal impairment as
operating frequency increases. Several anomalous propagation modes (such as ducting
and tropospheric scatter) may also play significant roles in the trans-horizon
interference for a tiny percentage of the time. At a low elevation angle, the atmospheric

scintillation and multipath fading will become significant. A microwave propagation



scenario through the atmospheric medium experienced by an LEO satellite, i.e.

RazakSAT, Malaysian owned satellite, operated in 2009 is shown in Figure 1.2
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Figure 1.2 Microwave Propagation Scenario (Chaturvedi P.K.,2018)

As depicted in the figure, atmospheric absorption, clouds, fog, precipitation, and
scintillation instigate energy losses in the transmitted signal. These losses can be
deemed negligible at the lower frequencies, for instance, in the case of L-band link. As
the frequency increases, such an assumption can no longer be acceptable. It is necessary
to identify all the propagation mechanisms and estimate attenuation that might arise in
the higher frequency bands.

The challenge is more evident in Equatorial and Tropical regions where high
rainfall rates are more common. When the frequencies increase, the propagation signal
will experience higher energy reduction due to higher absorption rate when passing
through intense rain events as when compared to lower frequencies. In Malaysia, it is
more common to classify the condition as wet and dry. The conditions experienced by

orbiting satellites in the space above Malaysia fluctuate in terms of time, length of



occurrence, and severity. The phenomenon where signal amplitude reduction, which is
only due to increases in distance and frequency in a vacuum (free space) is defined as
Free Space Path Loss (FSPL). Increasing the distance and frequency cause higher signal
attenuation, thus degrade the reliability and performance of the system. To mitigate such
circumstance, the link margin for the service has to be properly configured. The
knowledge of the potential variation of system performance due to propagation effects
that may occur at any time interval is indeed crucial. More detailed information is
required to develop a better system such as the possible or potential impairments to be
encountered on the satellite-Earth link. This is to make sure that the design incorporates
sufficient system gain or sensitivity to accommodate expected fading, to ensure that the

required quality of service is maintained.

1.1.1 Fundamentals of Free-Space Path Loss (FSPL)

In telecommunication, Free-Space Path Loss (FSPL) is the loss in signal strength of an
electromagnetic wave that would result from a line-of-sight path through free space,
with no obstacles nearby to cause reflection or diffraction. It does not include factors
such as the gain of the antennas used at the transmitter and receiver, nor any loss
associated with hardware imperfections.

FSPL is proportional to the square of the distance between the transmitter and
receiver, and also proportional to the square of the frequency of the radio signal. The
signals do disperse over distances. For satellite communication, this is the primary cause
of signal attenuation or impairment. Transmitted signal attenuates over distance because
the signal is being spread over a longer expanse. This form of attenuation is expressed
in terms of the ratio of the radiated power to the power received by the antenna or, in

decibels, by taking 10 times the log of that ratio.



FSPL (dB) = 20 Log (#) (1.1)

c

Where: A = j—f (1.2)

For an ideal isotropic antenna, FSPL is typically denoted as Equation 1.1 where:
A is the signal wavelength (in meters), f is the signal frequency (in hertz), d is the
distance from the transmitter (in meters), and c in Equation 1.2 is the speed of light in a
vacuum.

Thus, for the same antenna dimensions and separation, the shorter the carrier
wavelength (the higher the carrier frequency), the higher would be the FSPL value. The
equation indicates that as the frequency increases, the FSPL value also increases and
becomes more burdensome. However, the equation shows that the increased loss can be
compensated with antenna gains. The increase in distance and frequency results in an

increased loss measured as outlined in Equation 1.3.
FSPL(dB) = 20log,,d + 20logy, f + 32.4 (1.3)

Where: d = distance (km)
f = frequency (MHz)

(ITU-R P.525-3, 2016)

Looking into the future, expending communication requirements will lead to
frequency spectrum congestion (Chaves et al. 2015). Theoretically, this path attenuation
is the dominant factor that limits the use of higher frequency for a Line of Sight (LoS)
microwave links and satellite communication links in Malaysia. Malaysian engineers
must be aware that the integrity of the microwave systems that had been designed for

use in countries with temperate climate may not be capable of adapting conditions in



