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ABSTRACT

Wireless community networks (WCNs) are a solution for people who are living in some
areas facing difficulties for accessing the Internet because no Internet service providers
(ISPs) are providing them with the service due to the long distance, the high cost of
infrastructure, and the less number of people in these areas. The current routing protocols
for WCNss have two performance issues. The first issue is routing stability. Because of the
heterogeneous characteristics of links, link quality should be considered as one of the main
metrics used to control the routing of packets. However, current routing techniques depend
on the shortest path as the main metric to control the routing of packets which results in
non-stable routes. Non-stable routes affect communication speed which is a main
requirement for large scale of real time applications. The second issue is routing scalability.
The scalability is more challenging in the presence of both large number of nodes and
mobility. As current routing protocols are inefficient when faced with the dynamic changes
and poor links that occur in real-life and self-managed deployments. This results in too
much overhead during communications due to flooding as most of the current routing
protocols uses unicast traffic. In this research, the ad hoc routing protocol, optimized link
state routing (OLSR) is selected and enhanced so that it can meet the standards of efficiency
in terms of stability and scalability. OLSR is enhanced through three phases. The first phase
is the multicasting expansion where Multicast traffic is expanded to the OLSR routing
protocol in WCNs in order to decrease the overhead caused by flooding as OLSR uses
unicast traffic. The second phase is the multipoint relay (MPR) selection based on
analytical hierarchical process (AHP). Multiple criteria are taken into account
simultaneously in the Multi-Criteria Decision Making (MCDM) method to create a flexible
decision making process. Multiple metrics can be weighted according to MCDM: AHP.
Each node establishes an MPR set based on a single cost determined with the given metrics.
The third phase is a composite metric for optimal route selection. The composite metric is
proposed using multiple parameters in order to ensure good knowledge of the status of links
that can guarantee picking the most stable links in the network. The aim of the new
proposed metric is to make finding the best routes extremely easier with the dynamic
topology of WCNSs. In addition, it aims to avoid the use of hop count metric which is used
in the OLSR protocol and is not suitable to the dynamic link characteristics of WCNSs. The
new proposed routing protocol is developed using C++ programming language under the
NS-2 simulator. The performance of the proposed routing protocol is measured using four
performance metrics: average end-to-end delay, network control overhead (NCO), packet
delivery ratio (PDR), and energy consumption in terms of network density and traffic load
with varying mobility speeds. The proposed routing protocol outperforms the OLSR
protocol in terms of average end-to-end delay, NCO, and PDR by 5%, 11%, and 12%
respectively. While, the energy consumption for the proposed routing protocol is
approximately similar to the standard OLSR protocol.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Wireless Community Networks (WCNs) are considered as another form for ownership of
Internet Protocol (IP) networks, where community members manage and own every piece
of equipment in a decentralized way, and routing for traffic is done in a cooperative manner.
These networks are determined to beat on the gap between Internet access and the weak
coverage of Internet Service Providers (ISPs) in rural areas. WCNs have been widely
spreading in many countries as time went on; access to the Internet becomes more necessary

for individual and collective participation in society (Neumann et al., 2015).

From technical perspective, WCNs are considered large-scale networks as it
consists of numerous nodes, links, content, and services. In addition, they are distributed
and decentralized systems. There is a mix of wired and wireless connectivity, diverse
routing mechanisms, and a wide range of applications and services in these decentralized
networks. As a consequence of this, they have a very active and diversified nature. These
networks are governed by an open peering agreement that removes any obstacles for joining
the network (Picopeer.net, 2018). The network's governance, ownership, and knowledge
are all open. Therefore, the decentralization, self-management, and self-ownership are
characteristics of WCNs. Furthermore, WCNs are considered as self-growing networks
especially in links, capacity, and services provided (Om, 2021). Due to the Do-It-Y ourself
(DIY) approach in WCNs, there is a need for a robust routing protocol to deal with topology
changes and frequent breakdowns (Braem et al., 2015). Furthermore, the internal structure
of WCNs obligates the routing to be highly scalable and distributed. Moreover, the routing
must allow for continuous connections and reconfiguration for new, broken or congested

links by using self-adaptive algorithms.



1.1.1 Classification of WCNs Design Schemes

There are two approaches to constructing a WCN. The first approach is called Wireless
mesh-based WCN which is based on cautiously constructing a multi-hop network with
nodes in specific locations and directional antennas in order to design high-quality radio
links. This type of network structure results in fine connectivity and high throughput.
However, it requires well-coordinated groups with technical expertise. This scheme is used
often in WCNs that have arisen from private initiatives. Figure 1.1 (a) shows nodes with
multi-interface that build a wireless mesh, where some other nodes work as gateways to the
public Internet. These gateways can be reached through the wireless backbone (Navarro et
al., 2016). The second approach is Hotspot-based WCNs. Figure 1.1 (b) shows that clients
directly connect to individuals operating “hot-spot” Access Points (APs). This type of
network structure doesn’t provide high coverage such as multi-hop networks. However, no
much coordination to deploy and operate is required. This network scheme is usually
intended for roaming users who use wireless hotspots to connect to the Internet. This

structure is often used by Municipality-initiated WCNs (Navarro et al., 2016).
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Figure 1.1 WCN design approaches (Navarro et al., 2016)



1.1.2 Architecture and Technologies

1. Node Types: There are two kinds of nodes that form the WCN (Navarro et al.,
2016). First, the backbone nodes are those who construct the backhaul of the
network. They run routing software and often have more than two network
interfaces. They function as APs. Moreover, they operate omnidirectional
antennas. Second, the client nodes which is the “leaves” of the network. These
client nodes can be connected to those APs and to benefit from the network’s
services.

2. Links: The network backbone is relying on directional point-to-point links.
Links for long distances that assisted by directional antennas are being set up by
using IEEE802.11, while it is designed for local communication as a broadcast
protocol. Initially, IEEE802.11b is the decided protocol for the backbone;
however, it is replaced with [IEEE802.11a in order to minimize interference and
contention from APs and clients. APs still use IEEE802.11b.

3. Services and applications: WCNs can provide many services in addition to the
Internet access. The most common services are community-wide Voice over

Internet protocol (VoIP) and file sharing.

1.1.3 Representative WCN Examples

In recent years, WCNs have sparked a great deal of excitement due to the promise that they
hold of providing low-cost and participatory connectivity solutions for citizens. Such
solutions can be especially helpful in developing nations or in secluded areas that have been
neglected by public institutions or private network providers. Concurrently, there has been
a rise in both the use of wireless devices as well as interest in them as a result of the
development of low-cost laptops and mobile devices that come pre-equipped with wireless
fidelity (WiF1) access. As a logical progression, a multitude of non-profit projects have

emerged in recent years to construct WCNSs in order to provide internet access (Neumann,



2017). These WCNSs are intended to serve as an alternative to traditional internet service
providers (ISPs).

e Freifunk in Germany (freifunk).

e Athens wireless metropolitan network (AWMN) in Greece (AWMN).

e FunkFeuer in Austria (Funkfeuer).

e QGuifi.net in Spain (guifi.net).

e Ninux org in Italy (Ninux).

e Nepal wireless networking project (NWNP) in Nepal (NWNP).

e Broadband for the rural north (B4RN) in England (B4RN).

e Federation French data network (FFDN) in France (FFDN).

1.1.4 Routing Protocols

Since routing decides the route that each packet has to follow to reach its destination, it is
a crucial function in WCN:s. It is insistent that a routing protocol for a community network
must be capable of adapting to network changes continuously (Neumann, 2017). Where,
any WCN organically grows, with several hops and community members are doing the

network administration in a decentralized manner.

As mentioned earlier, the fact that WCNs are made up of a number of layer 2
devices means that they form a network of nodes. The connectivity between the various
nodes is not guaranteed and the stability of links may change over time. Therefore, some
WCNs use mesh routing protocols for Mobile Ad hoc NETworks (MANETS), while others
use the traditional routing protocols. In certain networks, numerous routing protocols are
used at the same time. It is possible, for example, that they employ a mesh network within

each island and use traditional routing protocols to link them altogether.



1.2 PROBLEM STATEMENT

Since routing decides the route that each packet has to follow to reach its destination, it is
a crucial function in WCN:s. It is insistent that a routing protocol for a community network
must be capable of adapting to network changes continuously (Neumann, 2017). Where,
any WCN organically grows, with several hops and community members are doing the
network administration in a decentralized manner. Routing in WCNs have investigated to

propose a more stable and scalable routing technique.

Links of WCNSs always have heterogeneous characteristics. Therefore, link quality
is one of the main factors that affect routing stability. Current routing protocols such as
optimized link state routing (OLSR) depend on the shortest path as the main metric to
control the routing of packets (Barz et al., 2015). Shortest paths are not always the optimal
paths as it can suffer from high packet loss and instability (Abdel-Nasser, Mahmoud, Omer,
Lehtonen, & Puig, 2020). Therefore, beside the shortest path metric, routing techniques
should also consider the quality of the paths (links) during the communication lifetime

(Saldana et al., 2016).

In addition, the scalability is more challenging in the presence of both large number
of nodes and mobility. As current routing protocols are inefficient when faced with the
dynamic changes and poor links that occur in real-life and self-managed deployments. This
results in too much overhead during communications due to flooding as most of the current

routing protocols uses unicast traffic.

Many researches and extensions for OLSR routing protocol have been proposed to
solve the problems of stability and scalability. However, to my knowledge, none of the
current researches presents a complete, integrated, and coherent prototype to solve all the
problems of WCNSs. According to all previously mentioned reasons, an enhanced routing
protocol is proposed to achieve optimal routing performance. This protocol is designed to
consider the heterogeneous characteristics of WCNs to produce more efficient routing

technique in terms of stability and scalability.



1.3 RESEARCH QUESTIONS

This section describes the research questions to be answered in this research work. The
research questions are as follows:
1.  What are the main factors which affect the performance of common routing
protocols in WCNs?
2. How to enhance the current routing protocols in terms of stability and
scalability?

3.  How to evaluate the performance of the enhanced routing protocol?

1.4 RESEARCH OBJECTIVES

The main aim of this research work is to propose an enhanced routing protocol for WCNs
that considers the heterogeneous characteristics of WCNSs in order to produce more stable
and scalable networks. Therefore, to achieve this aim, the following objectives are set
1. To investigate the various routing protocols that used for WCN:Ss to identify the
main factors that affect the performance of these protocols.
2.  To design an enhanced routing protocol for WCNs in terms of stability and
scalability.
3. To implement and test the proposed routing protocol using NS-2 simulator.
4. To evaluate and analyze the proposed routing protocol with the OLSR routing

protocol.

1.5 RESEARCH SIGNIFICANCE

The Internet has made the world a little community in recent years, linking millions of

people, organizations, and equipment for different purposes. Sometimes WCNs become a

popular solution for people who can’t access the Internet services directly from ISPs (M



