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other measures available from the literature. We present
two studies on epileptic patients that suggest that we can
extract relevant information for the epilepsy diagnosis
from the background activity of these patients.

On another hand, we early realized that a deep research
action in this direction would have to be performed on a
large population. This fact implies that a large set of
multimedia information (clinical and demographic
information, biological signals, multimodal medical
images, etc.) would have to be gathered to enable correct
follow-up and diagnosis procedures over such a
population. This problem was also shared by the research
team connected to the neurophysiology department of the
central hospital where we developed our work and by the
staff that executes the daily routine work. Thus, we
developed a Multimedia Information System to answer to
these problems.

“Over” this system we then developed our search for
information in surface EEG of epileptics that could help
us in the localizing foci based on paroxysmal and
background activity. The approach to the complex
clinical environment where the system was implemented
was based on an object-oriented modeling methodology.
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Resumo

Esta tese investiga as redes de comunicagdes de 4rea
local  ndo-cabladas por raios infravermelhos,
considerando de forma integrada os aspectos da ligacdo
fisica e do acesso ao meio.

Procede-se inicialmente a uma descricdo da ligagdo
fisica de infravermelhos em espaco livre, tendo como
objectivo principal caracterizar e comparar as células
quasi-difusas e difusas (nas células quasi-difusas a
ligagdo entre estagbes € feita através de um tnico
reflector; nas células difusas é feita através de miltiplas
reflexdes no ambiente de propagacdo). Sdo revistos os
modelos de propagagio do canal de transmissio e &
Proposto um novo modelo para o célculo das perdas de
propagacdo admitindo uma (nica reflexdo. Sio
apresentadas medi¢Oes que demonstram a existéncia de
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uma forte dependéncia espacial e temporal do ruido
provocado pela iluminag@o ambiente. Para combater este
problema é proposta a utilizacdo de diversidade angular
no receptor optico. A diversidade angular é analisada
através de um modelo global do canal de transmissdo,
composto por emissor Gptico, meio de propagacio, fontes
de ruido e receptor dptico, e onde a distribui¢do espacial
do ruido provocado pela iluminagdo ambiente ¢é
decomposta numa componente isotrGpica e noutra
direccional. O modelo € utilizado para estudar a
influéncia da directividade do emissor, da posicdo relativa
e directividade das fontes de ruido e da configuragdo
optica do receptor nos ganhos Opticos . associados a
utilizacdo de diversidade concluindo-se a existéncia de
ganhos muito significativos.

Nas células quasi-difusas as perdas de propagacgio sido
mais reduzidas e a imunidade ao ruido provocado pela
iluminacdo ambiente € maior. Existe também um maior
isolamento espacial entre células. Estas caracteristicas
permitem considerar a integrac@o de células quasi-difusas
nas redes cabladas j4 existentes. Em particular, é proposta
uma extensdo ndo-cablada da rede Etherner cujas
principais caracteristicas sfo a reutilizacfo da subcamada
de controle do acesso ao meio da Ethernet (e do
respectivo protocolo CSMA/CD) e a interligagdo de
multiplas células através da infraestrutura fisica da
Ethernet. Na extensdo nio-cablada da rede Ethernet nao é
possivel garantir detecgdo de colisdes perfeitas devido a
elevada gama Optica das células. Para estudar este
problema, sdo desenvolvidos modelos para a anilise do
protocolo  CSMA/CD com deteccdo imperfeita de
colisdes, em termos de utilizacdo e atraso médio. Estes
modelos sdo explorados com o objectivo de comparar
diferentes topologias para a extensdo nfo-cablada da rede
Ethernet e diferentes métodos de deteccio de colisGes.

As células difusas podem variar drasticamente de
tamanho ao longo do dia e podem apresentar -
descontinuidades de cobertura. Estas caracteristicas
impedem a reutilizacdo dos mecanismos de acesso ao
meio das redes cabladas. O grupo de trabalho IEEE
802.11 desenvolveu uma especificacdo de uma rede de
comunicacdes de drea local ndo-cablada, que inclui vérias
camadas fisicas (entre as quais uma camada fisica de
infravermelhos para sistemas difusos) e uma subcamada
de controle do acesso ao meio comum. Nesta tese é feita
uma descricdo geral da especificacio IEEE 802.11. O
acesso ao meio € baseado num protocolo de tipo CSMA,
enriquecido com mecanismos de confirmagdo positiva
imediata e reserva do canal. A camada fisica de
infravermelhos suporta duas velocidades de transmissdo
pelo que sdo propostos mecanismos que permitem
integrar multiplas velocidades de transmissdo ao nivel da
subcamada de controle do acesso ao meio.

A utilizagdo de miltiplos canais nos sistemas de
infravermelhos ¢é dificil de realizar pelo que, em
ambientes multicelulares, as células difusas estéo sujeitas
a elevados niveis de interferéncia provocada por
transmisses simultdneas em células adjacentes. Nesta



596

tese é proposto um modelo para o estudo da interferéncia
e da captura em redes ndo-cabladas por raios
infravermelhos, baseado na camada fisica de
infravermelhos da especificagio IEEE 802.11. Este
modelo foi integrado num simulador de protocolos de
acesso a0 meio previamente desenvolvido, que inclui os
protocolos da especificagdo IEEE 802.11. Utilizando o
simulador sdo efectuados vdrios estudos que permitem
concluir: da importincia do mecanismo de reserva do
canal no combate & interferéncia; da existéncia de um
raio de detecgdo de actividade 6ptimo, que maximiza a
utilizacdo do canal, em ambientes multicelulares com um
tnico canal.

Abstract

This thesis studies infrared wireless local area networks,
considering simultaneously the physical link and medium
access aspects.

A general description of free-space infrared physical
links is carried out, with the main purpose of
characterising and comparing quasi-diffuse and diffuse
cells (in quasi-diffuse cells the optical connection
between stations is through a single reflector while in the
diffuse cells the optical comnection is through the
different reflecting surfaces of the propagation
environment). The main propagation models of the
channel are review and a new model for the calculation
of the propagation losses, assuming a single reflection, is
proposed. Several measurements that demonstrate the
strong spatial and temporal variations of the noise
provoked by ambient light are reported. The use angle
diversity in the optical receiver is proposed in order to
overcome this problem. The diversity receiver is analysed
through a global model of the channel, which includes
optical emitter, propagation medium, noise sources and
diversity receiver and where the spatial distribution of
the ambient noise is decomposed into isotropic and
directional components. The model is used to study the
effects of the directivity of the emitter, of the directivity
and relative position of the noise sources and of the
optical configuration of the receiver on the optical gains
associated to the use of angle diversity. It is shown that
significant gains can be achieved.

Quasi-diffuse cells have lower propagation losses and
higher immunity to ambient noise. Also, in multicell
environments, there is a better spatial isolation between
cells. These characteristics allow the integration of
quasi-diffuse cells in traditional cabled LANs. This thesis
proposes an infrared wireless extension of Ethernet. The
wireless extension reuses the medium access control
sublayer of Ethernet (and its CSMA/CD protocol) and the
interconnection between different cells is via the Ethernet
backbone. In the Ethernet wireless extension it is not
possible to assure perfect collision detection due to the
high optical range of the cell. Different topologies and
collision detection methods are discussed and proposed
in order to overcome this problem. In order to evaluate
these solutions, models for the performance analysis
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(throughput and average delay) of the CSMA/CD ‘
protocol  with  imperfect collision detection are
developed.

Due to the dynamic nature of the ambient noise, the
range of diffuse cells can vary significantly during one
day. Also diffuse cells can have discontinuous coverage.
These characteristics do not advise the reuse of the
medium access mechanisms of cabled LANs. The IEEE
802.11 working group developed a specification for
WILANS that includes several physical lavers, one of them
being an infrared physical layer for diffuse systems. A
description of the IEEE 802.11 specification, with
emphasis on infrared systems, Is carried out in this
thesis. The basic medium access mechanism of IEEE
802.11 is based on a CSMA protocol enhanced with
immediate acknowledgement and reservation
mechanisms. The infrared physical layer supports two bit
rates and, therefore, several mechanisms to allow the use
of multiple bit rates at the medium access level are
proposed.

In infrared systems channelisation is difficult to
achieve. Therefore, in multicell environments, diffuse
cells can be impaired by high levels of interference
provoked by simultaneous transmissions in adjacent
cells. In this thesis we propose and develop a model to |
study the interference and capture effects in infrared
WLANs. The model follows the specification of the IEEE
802.1 infrared physical layer and was integrated in a |
discrete event simulator, previously developed to study |
the IEEE 802.11 medium access protocols. Several |
studies are carried out with the help of the simulator and |
it is concluded that (i) the reservation mechanism can be |
very useful in combating the interference problem and |
that (ii) there is an optimum carrier sense sensitivity in f
environments with many hidden stations.
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Resumo

O trabalho apresentado teve como motivagio a
contribuicdo para o projecto de um receptor Optico
destinado a um sistema de distribuicdo de televisdo por
cabo, e desenvolve-se na drea da linearizagdo de
amplificadores baseados em dispositivos GaAs MESFET.
S4o investigadas estruturas simples, com um dispositivo, |
e estruturas cascata, com dois. Nos dois casos, procura-se
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