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Sommario

L’informazione assume un ruolo chiave per lo sviluppo e il benessere della so-
cietà. L’importanza di avere informazioni sempre più dettagliate sull’ambiente
che ci circonda, sia esso industriale, abitativo o naturale, e monitorare costan-
temente alcuni valori del corpo umano quali temperatura, pressione o battito
cardiaco, rappresenta una nuova frontiera nel mondo delle telecomunicazioni.

Il lavoro di tesi propone due tecniche di forwarding da utilizzare nello sce-
nario del progetto europeo e-SENSE per la raccolta di informazioni tramite reti
di sensori wireless, in diversi ambienti, dal corpo umano ad ambienti abitativi,
industriali o naturali.

Le tecniche di forwarding proposte sono ottimizzate per essere utilizzate in
una interazione di tipo Publish/Subscribe, in cui ogni nodo della rete di sensori
può agire come pubblicatore di una determinata informazione o sottoscrittore,
vedi consumatore, di una determinata informazione.

La prima tecnica proposta agisce in un ambiente privo di qualsisi infor-
mazione geografica o deterministica, per l’inoltro dei pacchetti senza la conoscenza
dell’indirizzo della destinazione. Sfruttando le informazioni cross-layer in ogni
nodo, la tecnica si propone di raggiungere il massimo numero di nodi minimiz-
zando i costi per la rete.

La seconda tecnica agisce invece in un ambiente dove sono già presenti
in ogni nodo informazioni deterministiche sulla destinazione del pacchetto. Le
informazioni non sono di tipo geografico, ma tengono conto semplicemente della
distanza dalla destinazione in termini di numero di hop. La tecnica permette
di ottimizzare il numero di trasmissioni con un protocollo molto semplice che
non richiede grosse capacità computazionali.

Le prestazioni delle due tecniche vengono studiate tramite analisi matema-
tica e confrontate con alcune delle più comuni tecniche di forwarding nello stesso
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scenario. I risultati analitici vengono poi confrontati con i risultati simulativi
nelle medesime ipotesi.

Infine tramite simulazione vengono analizzate le prestazioni delle tecniche
di forwarding in diversi casi specifici e realistici.



Abstract

The information plays a key role in the development and well-beings of this so-
ciety. There is a need to have detailed information about the present conditions
of a location, be it an industrial or private building, or even a natural place.
There is also a need to have direct values of the human body, like temperature,
blood pressure or pulse beat. Gaining access to this information is a new goal
for the telecommunication world.

This thesis work proposes two forwarding techniques which are suitable for
the scenario of the e-SENSE project. The purpose of e-SENSE is to collect in-
formation through a wireless sensor network for many applications from sensing
the human body to monitoring an industrial environment.

The forwarding techniques proposed are optimized to be used in a Pub-
lish/Subscribe interaction, in which every node of the sensor network can ei-
ther be a publisher for a certain information or a subscriber, which acts as a
consumer of information.

The first technique works in absence of any geographical or deterministic
information, without even knowing the address of the destination of the packet.
Using the cross-layer information, which is available in every node, the task of
the technique is to reach the maximum number of nodes minimizing the energy
cost.

The second technique works in a scenario in which there is deterministic
information in every node about the destination of the packet. The informa-
tion is not geographical, it simply represents the distance in hop count to the
destination. This technique optimizes the number of transmissions using a very
simple protocol with low computational complexity.

The performances of the two techniques are evaluated through mathematical
analysis and are compared to some of the most common forwarding techniques
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in the same scenario. Then the analytical results are compared with simulation
results in the same hypothesis.

Finally, the performances of the forwarding techniques in some specific and
realistic cases are evaluated through simulation.
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Chapter 1

Introduction

The growing of wireless technology in everyday life is joined to an increasing
of research in this field, since the middle of the 1990s. The advances in the
hardware of embedded microprocessor have made possible the production of
very small nodes in a cost-effective way.

An interesting and very promising field is the one of Low Rate Wireless Per-
sonal Area Network (LR-WPANs), that has been recently standardized with
the standard IEEE 802.15.4 [1] [2] [3]. This MAC protocol is made to work
with Wireless Sensor Networks (WSNs), a particular kind of network with key
issues like: low cost, low energy requirement, scalability, dynamic self manage-
ment and reliability. They are an evolution of the well known Ad-Hoc wireless
networks, in order to answer to an ongoing request by the industrial field of
new cheap devices suitable for many growing up applications.

In the next sections it describes the e-Sense scenario of research for sen-
sor networks, it presents a brief literature overview about routing techniques
suitable for sensor networks, it is described the Publish/Subscribe interaction,
which is the basis of this work, and finally it introduces the contribution of this
thesis to the research on this field.

1.1 WSN in the scenario of the e-Sense project

In recent years, with the advent of ubiquitous computing and ambient intel-
ligence, a new concept of information dissemination has arisen. The e-Sense
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project1 is an Integrated Project of the Information Society Technologies (IST)
supported by the European 6th Framework Programme (FP6), with 24 partners
from 11 countries, including the Centre for Wireless Communication (CWC) at
the University of Oulu, in which the research for this work was performed.

The main task of the project is capturing Ambient Intelligent for mobile
communication through WSNs, by integrating WSNs in Beyond 3 Generation
Systems (B3G). Wireless sensors are expected to operate in a harsh environ-
ment, over a long period of time, coexisting with other wireless networks. They
request bandwidth efficiency and robustness to interference, and they have to
be of a very small size. On the other hand, due to the ubiquitous nature and
to the quantity of sensors within such a system, key requirements are ultra
low power operation and multidimensional scalability. Another key issue is self
management, in order to react to the changing of the topology of the network,
due to mobility or sleeping periods of the nodes.

The e-Sense architecture, addressed by the Work Package 2 [4], supports
heterogeneous networking, provides connectivity for a wide range or sensor
nodes, while managing mobility, limited bandwidth and power resources.

Another key task, depending on the importance of the information in the
network, is the security [5] [6], at the different layers of the communication.
The security at the MAC and PHY layers has already been studied [7], while
there is still the need of some security solution for the upper layer, for example
a security system thought for the Publish/Subscribe interaction.

In WP1 [8] three kinds of applications have been defined, to capture ambient
intelligence in three very different scenarios:

Personal application space: devices which sense the identity, presence, lo-
cation, mood of private users;

Community application space: in a health care field, devices which sense
identity, physiology, location, activity of patients and caretakers;

Industrial application space: devices which sense the profile, location, func-
tionality of the product.

In these three use-cases scenarios, there are three types of logical sensor
networks considered:

1http://www.ist-e-sense.org
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Body Sensor Network (BSN): provides connectivity between body sensor
devices; they have low mobility, linked with body movement, the number
of nodes is limited and they have a small coverage area;

Object Sensor Network (OSN): provides connectivity between sensors be-
longing to the same object (e.g. a ship, a container, a car); the size of
the network, as well as the mobility, are different from a BSN, and the
number can be up to 100 sensors;

Environmental Sensor Network (ESN): provides connectivity between sen-
sors spread in a private or public area; the environment (e.g. an open field
or a thick forest) and the number of nodes (from a dozen up to hundreds
of nodes) are key points to define this kind of network.

In this thesis the attention is focused in an indoor scenario (e.g. some offices
in the same building), but the work is general and can be applied to all kinds
of scenarios, depending on the requirements of the applications.

The IEEE has provided a standard for the MAC layer, flexible enough
to be suitable for all these new applications, that is the IEEE 802.15.4: a
survey is found in [9]. It has the characteristic requested by the applications of
low complexity, low cost and ultra-low power, in order to provide connectivity
among inexpensive, portable and moving devices. It is suitable for applications,
like the ones in the e-Sense project, that require cheap WPAN solutions with
low energy consumptions, but they don’t need the performance of a technology
such as Bluetooth.

A comparison with other existing WPAN standards, in terms of range and
data rate, is presented in Fig. 1.1.

The standard provides two kinds of nodes, the Full Function Device (FFD)
and the Reduced Function Device (RFD). A FFD can act as a producer or a
consumer of information, as well as a relaying node. A RFD is very simple
and it has very modest resource and communication requirements, so it can
communicate only with a FFD. In this work, a sensor node is a FFD: the RFD
are not taken into account, because they can not take part on the forwarding
of a packet, that is the main topic of this work.

A more detailed scenario, with an in depth presentation about the e-Sense
project, an overview about the MAC and PHY layer and a more details about
the Pub/Sub interaction can be found in [10], a thesis work that defines the
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Figure 1.1: WPAN standards, [10]

basis of the current work.

1.2 Routing and forwarding techniques for WSN

If suitable MAC and PHY layers have been found with 802.15.4, appropriate
for many applications, there is not a standard for the upper layers, the network
layer and the middleware layer (between network and application layer). Many
solutions have been proposed, a good survey about can be found in [11], but
there is still not a standard that can satisfy all the kinds of needs of the different
applications.

A more detailed survey about the existing routing technique is in [10], here
it is proposed a fast overview, to present the state of the art.

The routing protocols in WSNs can be divided according to the network
structure in:

• flat-based routing, like SPIN, Direct Diffusion [12] and Rumor Routing
[13];
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• hierarchical-based routing, like LEACH [14] and PEGASIS [15];

• location-based routing, like GAF [16], GEAR [17];

or according to their protocol operation in:

• multipath-based;

• negotiation-based;

• Quality of Service (QoS)-based;

• query based;

• event based

In order to understand which is the suitable routing technique for the spe-
cific application analyzed in this thesis, it is necessary to have a firm under-
standing of the application and middleware layer, described in next section.

1.3 Publish/Subscribe interaction

The Publish/Subscribe (Pub/Sub) interaction is a key technology for the dis-
semination of information in a low power network, in one of the scenarios of the
e-Sense project. It was introduced by Costa in [18], where he still supposes a
link based wired scenario. The Pub/Sub interaction is a middleware technique
to allow the exchange of information between the producer of information and
the consumer of information, also if the two nodes are not in direct communi-
cation and there is not a predefined route between the two nodes. The path
is defined at the beginning of the interaction and it easily changes due to the
changing topology of the network. The general architecture of the Pub/Sub
interaction is the one explained in Fig. 1.2.

The logic of the Pub/Sub in [18] is the same logic used in the successive
wireless approaches. A generic Pub/Sub communication system is composed of
a set of nodes distributed over a communication network. Clients to the system
are divided according to their role into publishers, which act as producers of
information, and subscribers, which act as consumers of information. This
division is not absolute and static within the network since some nodes can
be at the same time, depending on the data and application, a publisher and
subscriber.
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