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ABSTRACT

This project aims to improve the throughput, energy consumption and overhead of
vehicular ad hoc network (VANET) by optimising the network coding (NC) using
Genetic Algorithm and Particle Swarm Optimisation (GA-PSO). VANET shows a
promising technology as it could enhance the traffic efficiency and promote traffic
safety on the road systems. The conventional store-and-forward transmission
protocol used in the intermediate node(s) simply stores the received packet and then
send at a later time to the destination. However, the rapid changing in VANET
topology has made the conventional store-and-forward approach inefficient to meet
the throughput and reliability demand posed by VANET. Hence, NC is proposed to
perform additional functions on the packet in the source or intermediate node(s).
The results showed that the NC used in wireless network outperforms the
conventional store-and-forward in terms of throughput and energy consumption.
However, the chances to perform NC in wireless network is highly unlikely if the
packet is not transmit to the potential NC node. Therefore, GA based network routing
(GANeR) is embedded into network to search for shortest path from the source to
the destination, and PSO based coding aware routing (CAR) is also proposed to
further converge the solutions obtained from GANeR. It showed that the developed
GA-PSO in this work provides a better route with coding opportunities and reduces
energy consumption in the network. The total energy consumed by GA-PSO is 7.39%
fewer than the store-and-forward approach and 4.77% fewer than NC in wireless

network transmission and forwarding structure (COPE).
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CHAPTER 1

INTRODUCTION

1.1  Vehicular Ad Hoc Network

Over the last few years, an increasing trend in number of on-road vehicles has been
observed. This trend has led to the increase of interest towards the use of computer
and communication technologies in transportation system, especially when the roads
are becoming saturated and driving has become not only challenging, but also
dangerous. Thus, Intelligent Transportation System (ITS) has been introduced by the
researchers as an effort to advance car technology towards a sustainable
transportation system aimed at reducing the traffic congestion and accidents

happened on the road.

ITS plays a vital role in providing different means of traffic management and
enables users to be better informed of traffic condition, promoting safer, coordinated
and efficient use of transport network. ITS can be beneficial to many as it could help
to improve the transportation operating environment by expanding the capabilities
of transport infrastructure and traffic information sharing services. Many countries
and automobile manufacturers are actively developing ITS-related technologies such
as autonomous cruise control, electronic toll collection, intelligent parking system and
many more. These features are no longer limited to laboratories study and testing.
One of the many examples of such services has been envisaged into vehicles like
Mercedes Benz Class—S (Benzshops, 2016): It can detect if the car is straying from
the lane and alerting the driver by vibrating the steering wheel, and if necessary, it
can apply the brakes to bring the car safely back into its lane. Meanwhile, the Audi
A8 is capable of responding autonomously to help avoid collisions with other vehicles
and pedestrians (Autocar, 2016); park assist pilot that is featured in the Volvo XC90
offers automatic parking by using multiple sensors to make sure the car is properly
positioned for parking (Volvo Car Group, 2014). Other than that, ITS can provide
traveller and weather information to the driver, displaying local signage such as stop
sign and school zone on the display unit in the car, providing other traffic

management such as pothole management, ramp metering and signal timing
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NIVERSITI MAI AYSIA SABAH



optimization. Electronic payment system for parking, toll and gas collection is also

another ease of access feature highlighted in ITS.

Successful deployment of ITS strongly depends on the wireless
communication technology. ITS projects often target short-to-medium range wireless
technology to establish communication between wireless infrastructures and mobile
nodes. These establishments are important to disseminate the collected real-time
traffic information in order to recuperate the efficiency and road safety in

transportation system (Faye and Chaudet, 2016; Sommer and Dressler, 2015).

Different names have been adopted for wireless network according to their
specific application, such as wireless sensor network (WSN), wireless mesh network
(WMN) and mobile ad hoc network (MANET). These wireless networks are used as a
part of the novel approach for ITS technology (Anaya et 4/, 2015; Anisi and Abdullah,
2016; You et al, 2016; Zelikman and Segal, 2015). Among these wireless networks,
vehicular ad hoc network (VANET) has been gaining popularity and attention from
both research and industry communities in recent years due to its inexpensive,
flexibility, fault tolerance and ability to function in high mobility pattern and rapid
changing topology. An ad hoc network can be defined as a representation of a
network with minimal infrastructure or no infrastructure, which is formed by two
nodes or more, with the capabilities to relay information and function as a network
router, data source or data destination. VANET is a subclass of MANET and it uses
vehicles as mobile nodes. It is a crucial fragment of ITS, which uses short-to-medium
range wireless technology such as the Global Positioning System (GPS) and Dedicated
Short-Range Communication (DSRC) or IEEE 802.11p radio for information

interchange.

In VANET applications, vehicles on the road exchange their information with
one another, either through fixed infrastructure units along the roadsides or with the
roadside sensors as shown in Figure 1.1. The infrastructure plays as a coordination
role in VANET by gathering relevant traffic information from the sensors planted on
the roadside before distributing it to all the related nodes or vehicles, but it is

infeasible considering the infrastructure cost involved.



Figure 1.1: Single Hop Vehicular Network with Fixed Infrastructure.

Another architecture that is commonly used in VANET is the car-to-car
communication. This approach allows the moving cars to participate or engage in
communicating with one another, creating a wide range network. The advantage of
this approach is that when any car falls out of the transmission range or drop out of
the network, another car can come in and reform the connection in the network. The
communication and distribution of information can also be either broadcasted or pick-
up by any vehicle within the transmission range. However, a wireless link is required

to provide a sufficient throughput, energy and reliability for each vehicle.

These vehicle-to-vehicle (V2V) communications network allows data transfer
operations without the need of any network infrastructure as illustrated in Figure 1.2,
It is based on the multihop ad hoc paradigm, where it could self-organizing and adapt
dynamically to any atypical features of the vehicular field, without the need of pre-
deployed infrastructure (Han et al, 2008; liang et al, 2015). A hybrid of these
architectures enhances all the vehicles and roadside wireless devices capabilities to
communicate with one another, either through single-hop or multi hop links and

enable them to always remain connected to the world.

Figure 1.2: Baseless Station Vehicular Ad Hoc Network.
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