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Abstract

The work presented in this thesis shows that shared spectrum wireless networks can be
enhanced through the use of additional nodes and power control. Network improvement
is demonstrated in three key areas: connectivity, capacity and power efficiency. It is also
shown that the techniques developed to increase network capacity and power efficiency have
a positive effect on the security of the network. Mobile ad hoc networks are the specific
focus of the work, but the results are applicable to both wireless sensor networks and shared
spectrum wireless infrastructure based networks.

This thesis demonstrates how additional nodes may be used in mobile wireless networks to
maintain connectivity by specifically targeting bridges and articulation points. It then takes
a graph theoretical approach to networking, with the assumption that lowering interference
increases network capacity, to show that additional nodes combined with power control can
be used to simultaneously increase the capacity and power efficiency of wireless networks. An
implementation of a novel method to generate all possible transmission states under a Request
To Send (RTS) / Clear To Send (CTS) scheme is used in the creation of a repeatable metric,
Uniform Average Network Capacity (UANC). This metric describes the capacity that can be
held within a network, and is suitable for comparing one network to another, enabling its use
in optimisations. UANC is used in a multi objective cross entropy optimisation of capacity
and power efficiency to create Pareto optimal sets of viable network topologies which exhibit
high capacity and low power use. The work presented then derives the conditions under
which n simultaneous transmissions are beneficial to capacity. This leads to the definition
of a separation multiplier, i.e., the ratio of distances between receivers and between senders
and their receivers, which is used to create wireless networks which exhibit high UANC.

The separation multiplier is then utilised in existing networks, where topologies are altered

XV



through the modification of transmission powers and the use of additional nodes, to create
higher capacity networks, showing that additional nodes can benefit network capacity. This
technique has the added benefit of increasing network power efficiency.

A modification to the RT'S/CTS protocol which uses the separation multiplier is then
presented. The new scheme has the effect of allowing only beneficial simultaneous transmis-
sions to occur. It is shown through simulation that this approach increases network capacity.
Networks which implement the capacity and power efficiency enhancing measures presen-
ted are shown to exhibit increased security, in that the lowering of transmission power and
allowance of multiple transmissions within the network reduces the distance at which trans-
missions can be detected and decoded. Finally, an implementation of the overall knowledge
gained through the thesis is presented, augmenting existing networks with additional nodes

and power control to create bi-connected, power efficient and high capacity networks.
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Foreword

This thesis is primarily concerned with examining whether the use of additional nodes com-
bined with transmission power control of all nodes in the network can improve a mobile ad
hoc network’s performance. A well known result in the literature is that of Gupta and Ku-
mar [35] which shows that increasing the number of nodes in a wireless network reduces the
capacity available to each node. This result is derived under certain assumptions. This thesis
shows that if these assumptions are relaxed and the node addition is combined with suitable
power control measures, then additional nodes can, in fact, increase wireless network capacity
whilst simultaneously increasing survivability, power efficiency and, as a result, security.

The layout of this thesis is as follows:

e Chapter 1 introduces the problem and the individual areas of research being addressed.

It then provides a summary of the contributions made by this thesis.

e Chapter 2 provides essential background information on the fields of research relevant
to this body of work.

e Chapter 3 explains how the use of additional nodes can improve the connectivity of

wireless networks by specifically targeting weak points within the networks.

e Chapter 4 defines the capacity and power efficiency problem from a graph theoretical
perspective. It shows that the state space associated with placing an additional node
within a network to reduce the interference is extremely undulating and, as such, hill

climbing optimisation approaches are not appropriate.
e Chapter 5 builds on the knowledge gained from Chapter 4 and uses a population based
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optimisation approach to show that the addition of nodes to a network can improve its

power efficiency and capacity from a graph theoretical perspective.

Chapter 6 moves away from a graph theoretical approach and introduces a new method
for generating the valid transmission states of a network subject to the carrier sense mul-
tiple access / collision avoidance CSMA /CA (RTS/CTS) protocol. It then uses these
states to create a new measure for network capacity, Uniform Average Network Capa-
city (UANC). Networks are optimised for power efficiency, then UANC. A novel use of
a multi-objective cross entropy optimisation is then presented which seeks to simultan-
eously increase power efficiency and UANC. It is shown that a multi-objective approach
produces superior networks, the gains of which can be enhanced further through the

appropriate placement of additional nodes.

Chapter 7 investigates increasing the capacity of a wireless network analytically. The
conditions under which simultaneous transmissions are of benefit to network capacity
are derived and it is shown that relaying is not necessarily a hindrance to capacity. The
work is verified through simulation where high capacity networks are built through im-
plementation of the required conditions, and it is shown that, with the use of additional
nodes, existing networks can be augmented to closely match the conditions required
and have their capacity increased. The graph theoretical, optimisation based and ana-
lytical results are compared to determine the appropriate network conditions for the

suggested algorithms.

Chapter 8 suggests a modification to the RT'S/CTS protocol to help realise the capa-
city increasing conditions derived in Chapter 7. It is verified through simulation that
these modifications can increase wireless network capacity and that these gains can be

enhanced through the use of additional nodes.

Chapter 9 discusses the security benefits gained when networks adhere to the findings

of the previous chapters.

Chapter 10 shows how the knowledge gained from the previous chapters can be amal-

gamated to create robust networks providing high capacity and power efficiency.
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e Chapter 11 presents concluding remarks and highlights potential future work stemming

from the research presented in this thesis.
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