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Table 1: The pro and cons of topology

Topology Power usage Communication Requires time
range synchronization
Star Low Short No
Tree Low Long Yes
Mesh High Long No
Hybrid Low(typically) Long (Depends on the

configuration)

Component of a WSN node

To perform all the sensing, processing and transmitting data from the environment,
a sensor node consists of radio, battery, sensor interface, microcontroller and analog

circuit.

Wireless Sensor Network Deployment

The deployment of the WSN depends upon the size of network and duration. It may
encounter many problems. The common problems that can arise in the deployment
of WSN are

Node Problem: The energy level of the node should be managed according to the
duration of the specific application of WSN, as there is a risk of node’s death due to

its low energy level [6].
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Link Problem: Link quality should be good enough to minimize the effect of

interference and other factor affecting the link.

Path problem: In many WSN topologies there is a sink which collect the
information of pass on to other nodes. So the path to that sink must not be broken for
continuous and better performance.

These are some of the issues which should be considered in the development of the

wireless sensor networks [53]
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Chapter 2: Problem statement

Introduction

The propagation of EMW is severely affected by dust particles in terms of attenuation
and de-polarization. There is a growing interest in the effect of dust particles on the
propagation of microwaves. This is brought by the increasing number of terrestrial
and satellite links in those regions that encounter dust and/or sand storms [48].
Computations of these effects require knowledge of electrical properties of the
scattering particles and climate conditions of the studied region. Saudi Arabia has a
large area and it is counted as a country having severe climate. Wireless
communication networks are installed in areas where there are dust and sand storms
that may affect the microwave signal propagation. When microwaves pass through a
medium containing sand and dust particles, the signals get attenuated through

absorption and scattering of energy out of beam by the sand and dust particles [15].

The purpose of this dissertation is to create an RF propagation model for WSNs in
SDS environment. To acquire real time measurements using WSNs, the ground
sensors deployed in the SDS area. The humidity, temperature, wind speed/direction,

and RSSI will be measured by the sensors. The collected data will help to understand
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the effects of SDS on RSSI and the path loss in WSNs and how large the propagation

losses can be determine in sand storms.

RF Propagation Model

In wireless communication systems the signal waves travel between transmitter and
receiver through a wireless channel which is the basic part of the wireless system.
There are many factors affecting the propagation of the wireless signals in any
environment. It can be interference, obstacles, refraction like buildings, trees,
mountains, sand particles etc. [7]. All these constraints highly effect the radio wave
transmitting data. The RF propagation model is defined as a mathematical
formulation which is empirical type. Its purpose is to know the pattern of
propagations in a given frequency, distance and some other conditions. Its help to
find out how much the transmitted radio signal is going to be affected. This predict
the path loss when a radio wave will pass through a link under specific constraints.
For this reason engineers developed propagation models to predict the signal strength
at the receiver. The RF propagation models are fundamental tool for designing a

deploying any wireless communication system [20].
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RF Propagation Model for WSN

The propagation of signal is degraded by the several factors, and this affects increases
when it comes to wireless sensor networks. Reason behind this is WSN nodes
generate low power radio due to their own energy constraints. And these low power
radio are more affected by the environment factors. The result is the wireless paths
in wireless sensor networks are most unpredictable. There are three mainly factor
which affect the radio waves of wireless sensor networks.

Surrounding environment: The environment causes the multipath propagation of
radio waves, it greatly affects and contributes in background noise which degrade
the signal.

Interference: Due to the sources generating electromagnetic waves, and the
concurrent signal transmission by different devices causes interference which effects
the quality of radio wave.

Hardware transceivers: Since every equipment has some internal noise, the
transceivers may affect the signal received due to their internal noise.

The low power signals of wireless sensor network are more vulnerable to the
multipath distortion, internal noise of transceivers, and the interference of the
environment. So the radio propagation model for WSN should cater for all these

problems that affect the quality of signal.
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Background Work in WSN

The conduct of the wireless sensor networks link is highly unpredictable since it
changes within a small span of time. This lousy conduct of the link makes the
estimation of link quality highly challenging for the researchers. But at the same time
it is necessary for the designers to correctly estimate the link characterization in order
to increase the performance of WSN. A lot of research has been done in this domain
and many solutions came up in past for different scenarios. Most of the proposed
solutions are empirical. But the problem is that the results of these studies are
contradictory which can be due to the discrepancy an experimentation. However, this
is an important direction which is getting a lot of attention in researcher community
for link estimation is an important building block for all the other protocols of

wireless sensor networks like MAC protocol, routing protocol etc.

Wireless System Elements

In WSN the signal travel in wireless mode. The elements required for its proper
working are given below.

Gateway: It is an interface between the wireless sensor network and the application
platform. It transmits the received information from the wireless sensor network to

the application platform for the processing and manipulation [11].
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Relay Node: It is just like router and considered a fully functioned device. Its work

is basically to increase the network coverage area for WSN in case of any obstacle
or device failure. It also provides back-u routes in case of congestion.

Leaf Node: leaf node is considered as reduced function device. Its works is to
connect the wireless network to the wired network.

Sensor: Sensor is a small device which has its own sensing capabilities. It interacts
with the surrounding environment or system in order to collect the different

parameters the application needs for monitoring [12]

Effective radiated power (ERP)

ERP refers to Effective radiated power which is the output power of the transmitter
(Pt), added in the gain of the transmit antenna (Gt) minus the losses in the transmitter
(Lt) due to the connectors and path between transmitter and antenna [37]. The ERP
present the signal power that leaves the transmitter antenna. The ERP always takes
into account all the gains and losses on the transmit side. The term is mentioned as a
standardized characterization outlined in IEEE for defining of RF power transmitted
from a half-wave dipole antenna. So, from a mathematical perspective, this generates
a virtual dipole antenna positioned in the direction where a receiver is stationed.
Effective radiated power primarily takes into consideration the relative gain at the
antenna rather than the absolute gain. So, in ERP, the antenna gain is considered as
being absolute by default unless mentioned otherwise as relative. This antenna gain

is consequently multiplied by the power received by an antenna to give the resultant



18
value of ERP. Additionally, losses in power take place prior to the antenna, for

instance, as observed in case of a transmission line or the lack of efficiency in a
generator and so not considered when calculating of ERP [56].

ERP is often expressed in dBm and it given by

ERP[dBm] = 10log(——) + 10 log (Gt) - 10 log (Lt) (1)

0.001

Received signal level in WSN

The received signal level at the receiver referred as Received Signal Level (RSL) or
Received Signal Strength Indicator (RSSI). Received signal level in wireless sensor
network is the measurement of the power of signal at the receiver. These received
signals loss their quality in different losses along the path, so its power and quality
is measure accordingly. This information can be used to check if the level of signal
is decreased than required value for the application, or to see if the channel is clear
to send. The distance effect on the RSL the strength of the signal will be increased is
the transmitter close to the receiver. While expressing the received signal strength, it
is important to note that the fundamental difference between RSS and RSSI is that
the former is the actual value whereas the latter is an indicator expressed as a relative
value. Despite the fact that most RF values are often times negative and expressed in
units of dBm, RSSI, being relative is always expressed as a positive value. These
positive values for expressing of RSSI are derived via the scaling and conversion of

negative values into positive ones. RSS, on the other hand, being an actual value



