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Abstract

The next generation of vehicles will be equipped with automated Accident Warning Systems
(AWSs) capable of warning neighbouring vehicles about hazards that might lead to accidents.
The key enabling technology for these systems is the Vehicular Ad-hoc Networks (VANET)
but the dynamics of such networks make the crucial timely delivery of warning messages
challenging. While most previously attempted implementations have used broadcast-based
data dissemination schemes, these do not cope well as data traffic load or network density

increases.

This problem of sending warning messages in a timely manner is addressed by employing
a network coding technique in this thesis. The proposed NETwork COded DissEmination
(NETCODE) is a VANET-based AWS responsible for generating and sending warnings to
the vehicles on the road. NETCODE offers an XOR-based data dissemination scheme that
sends multiple warning in a single transmission and therefore, reduces the total number of
transmissions required to send the same number of warnings that broadcast schemes send.
Hence, it reduces contention and collisions in the network improving the delivery time of the

warnings.

The first part of this research (Chapters 3 and 4) asserts that in order to build a warning
system, it is needful to ascertain the system requirements, information to be exchanged, and
protocols best suited for communication between vehicles. Therefore, a study of these factors
along with a review of existing proposals identifying their strength and weakness is carried
out. Then an analysis of existing broadcast-based warning is conducted which concludes that
although this is the most straightforward scheme, loading can result an effective collapse,

resulting in unacceptably long transmission delays.

The second part of this research (Chapter 5) proposes the NETCODE design, including the
main contribution of this thesis, a pair of encoding and decoding algorithms that makes the
use of an XOR-based technique to reduce transmission overheads and thus allows warnings

to get delivered in time.



The final part of this research (Chapters 6-8) evaluates the performance of the proposed
scheme as to how it reduces the number of transmissions in the network in response to
growing data traffic load and network density and investigates its capacity to detect potential
accidents. The evaluations use a custom-built simulator to model real-world scenarios such
as city areas, junctions, roundabouts, motorways and so on. The study shows that the re-
duction in the number of transmissions helps reduce competition in the network significantly
and this allows vehicles to deliver warning messages more rapidly to their neighbours. It also
examines the relative performance of NETCODE when handling both sudden event-driven
and longer-term periodic messages in diverse scenarios under stress caused by increasing
numbers of vehicles and transmissions per vehicle. This work confirms the thesis’ primary
contention that XOR-based network coding provides a potential solution on which a more

efficient AWS data dissemination scheme can be built.
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1.2. Research Objectives 4

of its neighbours, it can easily identify those who are not connected directly, a finding
that potentially helps the vehicle portioning the network into two subsets, one in front
and another at the rear. Members of those subsets are aware of the transmissions made
within their subset but unaware of any transmission in the other subset. Being the link-
ing node of those two subsets, when a vehicle encodes packets taking one from each,

receiver vehicles easily decode it using the packet available at their disposal.

T3 The performance of the warning delivery can be improved further in regard to event-
driven messages if a priority queue is maintained at the network layer of each vehicle.
This queue would authorise any event-driven message to bypass the periodic messages

in the packet queue for expedited delivery.

1.2 Research Objectives

The central goal of this thesis is to design a data dissemination scheme capable of making
timely delivery of warning messages to detect potential accidents. In order to achieving this

goal, the following six core research objectives are systematically formulated.

RO1-Requirements Survey: The objective is to identify and gather the requirements of
an empirical warning system. An in-depth survey on the requirements along with a review
of the existing proposals identifying their strength and weakness should be helpful for the

future studies.

RO2-Anatomising Existing Systems: The objective is to anatomise the existing warning
systems operate with broadcast-based data dissemination schemes with a view to explore
their ability to comply with the two-second rule. Three warning systems from three broad

categories of broadcasts will be picked to scrutinise their performances.

RO3-XOR-based Warning Dissemination: Having identified the shortcomings of the broad-
cast based data dissemination schemes in course of achieving the RO2, the objective at this
phase is to derive with a proposal that seeks to improve the performance of the accident
warning systems in VANET.

RO4-Analysis of Warning Transmissions: Having accomplished the RO3, the objective
here is to evaluate the performance of this new scheme concerning transmissions related

metrics.

RO5-Analysis of Periodic Warning Message Dissemination: The objective at this phase
is to analyse the performance of the proposed scheme concerning periodic warning message
as to how effectively they keep neighbouring vehicles informed about the presence of the

host vehicle and how this information is later materialised to detect potential accidents.
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RO6-Analysis of Event Driven Message Dissemination: The objective is to analyse the
performance of event driven message dissemination by the proposed scheme. It also aims
to establish the claim made in the thesis statement that priority-based warning dissemination

can be effective, particularly in regard to event driven message.

1.3 Contributions

This thesis aims to solve the problem of delivering warning messages to neighbouring vehi-

cles in a timely manner. The potential contributions of this thesis are in three folds:

e A comprehensive survey, first of its kind in the context of warning system, is presented
that identifies the requirements of a practical and realistic system. In addition to the
comparative study concerning existing systems, it also identifies supplementary de-
vices, different scenarios, possible collisions and required messages to deal with those

collisions.

e An in-depth longitudinal study of the performance of various existing warning systems
operating with three broad categories of broadcast schemes is carried out with a view

to observe the effects of network density and data traffic load on the network.

e A pair of encoding and decoding algorithm designed based on an original idea devel-
oped in course of this research that if two-hop neighbourhood information is used to
create a partition amongst commuting vehicles and subsequently encode two warnings
amongst the respective sides, the decoding process can be performed without having

to wait for further warning arrival.

e NETCODE, a network coding based data dissemination scheme is proposed that makes
timely delivery of warnings to the neighbouring vehicles by employing XOR-based

network coding technique at network layer.

1.4 Thesis Outline

Chapter 2: It provides a comprehensive literature review on background and explains im-
portant topics such as vehicular ad hoc networks, medium access control algorithms, network

coding and so on.

Chapter 3: It presents a requirements survey based on an in-depth study on the existing

systems.
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Chapter 4: It provides an analysis on the broadcast schemes and investigates their perfor-

mance in relation to growing traffic load and network density.

Chapter 5: It presents the proposed warning dissemination scheme, encoding and decoding

algorithms and its operation.

Chapter 6: It evaluates the performance of the newly proposed scheme concerning trans-

mission related metrics.

Chapter 7: It evaluates the proposed scheme with a view to scrutinise its performance based

on the periodic warning message.

Chapter 8: It evaluates the proposed scheme with a view to scrutinise its performance based

on the event-driven message.

Chapter 9: It concludes the thesis showing that how the thesis statement is proven in course
of the studies conducted throughout this thesis. It also discusses possible future directions

could have been established based on the work accomplished in this thesis.










































































































































































































































































































































































































































































































































