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1. Document Synopsis

SOPRANO’s aim to design an ICT-based system which assists older people to cope with
everyday life in greater comfort, safety and independence and to play afull rolein society is
very ambitious. SOPRANO will not only support the assisted person (AP) living in the well-
known environment, but also care professionas and relatives through different interfaces.
However, SOPRANO shdl not only be a repetition of existing solutions like a passively
reacting “smart home” or a standard “remote care” system that monitors the AP and sends
out an alarm to aremote central system in case of a problem. Rather, SOPRANQO’svisionisa
great leap beyond al that as it will act as an informed and friendly agent that takes orders,
advices the AP, reminds, helps and gets help if needed.

Such a system will only be possible if technologies and solutions from diverse areas are
extended and combined. In spite of its complexity, such a system is increasingly needed as
examination of the market reveal. This Ddiverable is therefore twofold: In a first step
(Chapter 2), the current state-of-the-art of important technologies that will be used in
SOPRANO are analysed in depth." In a second step, in Chapter 3, the current situation of the
market for such products is presented. Literature references are provided at the end of each
section.

STATE OF THE ART

In Chapter 2, each technology and approach is presented in its own section: A generd
introduction is given and the current research efforts in the field are presented. Then the
relevance of this technology for SOPRANO is analysed as along with presentations of
systems based on the presented technology. Technologies from three areas are inspected:
Smart Environments for the Elderly (Sections 2.1 to 2.4), Basic Technologies (Sections 2.5
to 2.7) and Sensors & Networks (Sections 2.8 t0 2.11). In detail, the sections are structured in
the following manner:

Smart Environments for the Elderly

Section 2.1 presents the notion of Independent Living as one of the most central and
oldest concepts in Health and Social care. Traditionaly, the concept is understood as
“absence or avoidance of dependencies’. This understanding is challenged in this
section, along with a discussion on different definitions of the concept. As the concept is
also central for SOPRANO, the section can also be seen as a methodol ogical introduction
and basis for the subsequent sections.

Section 2.2 presents the concept of Ambient Assisted Living (AAL). AAL’s godl is to
improve the quality of life of elderly people at their own homes by assisting them in a
smart and non-intrusive manner. Many publicly funded projects have been completed or
are currently ongoing in this area, especially due to the strong interest of European
research in this topic (Treaty 169, strategic objective in FP6 and FP7). As severa of the
currently running projects (like eg. PERSONA) have similar scenarios, goa or
approaches as SOPRANO, an active exchange between the projects should be promoted.

Section 2.3 deals with Assistive Technologies (AT). The term describes technologies that
aim at providing a greater independence for people with disabilities by enabling them to
perform tasks that they were formerly unable to accomplish, or had great difficulty
accomplishing. This is achieved by providing enhancements to interacting with the

! Further technologies concerning Human Computer Interaction (HCI) and Experience & Application
Research (E&AR) are presented in depth in Deliverable D1.1.1
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technology needed to accomplish such tasks. The section will mainly cover AT in form
of speech technology and associated modalities.

Section 2.4 presents the current state-of-the-art in the area of Smart Homes, i.e. houses
that are able to respond and modify themselves continuously according to the situation
and the needs of their inhabitants using various technologies. Especidly for elderly
people, such homes can be a great step towards a more self-determined living. It is
important to notice that the primary purpose of a smart home is not to automate as many
tasks as possible in the house, but to empower the residents to address their socid,
rational and emotiona needs. Moreover, the main challenge of such ahouseis not to add
additional technological equipment into it, but to interconnect the various sensors and
devices and provide suitable administration and configuration interfaces. A very
important part of practica smart house research is the use of demo houses that will aso
be used within SOPRANO.

Basic Technologies

As an introduction to basic technologies, Section 2.5 presents the paradigm of Service
Oriented Architectures (SOA) and its high relevance for the SOPRANO system. As
SOPRANO will be highly context-aware, a dynamic service binding will be necessary.
Dynamic service binding creates the need of a semantic service description language or
similar approach. Also a proposed architectural extension to SOA, the Service Oriented
Device Architecture (SODA), could be an interesting option for the redisation of
SOPRANO and is presented in the section.

Section 2.6 introduces the large area of Semantic Metamodels. A semantic data
representation model is usualy behind a system’s ‘apparent’ ability to ‘understand’ its
task. Typically, such a representation is central and used in nearly any module of a
system, e.g. for describing the services, for defining the exchanged messages, for
annotating the interfaces and so on. Today, ontologies and logic languages are used for
these tasks. The main chalenge is the trade-off between expressivity and efficient
computability. The section gives an overview over the existing ontology languages in
general aswell as specialized applications of them to describe services semantically.

In Section 2.7, Context Models and Context Management Systems are introduced. In
recent years, the importance of systems reacting in a context-aware manner has
increased. The context can be seen as the user’s and the environment’s state a a given
point in time. Very important for a computer system is the representation of the context
as it has to understand the meaning and the impact of a situation in order to react
accordingly. Thus the context information has to be captured in a computer-
understandable format and ontol ogies have proven their suitability for this representation
task. Severa different ontologies are presented in the section.

Sensors & Networks

Section 2.8 presents the current state-of-the-art in the area of Sensors. Sensors can be
used for awide range of applications such as identification, positioning, sensing lifesigns
and parameters of home as well as data communication. They can work in isolation or by
forming small body area networks (BANS) or personal area networks (PANs). The mgor
success factor for sensors in intelligent telecare applications like SOPRANO is an
ongoing increase of miniaturization and a large independence time from externa power
supplies.

In Section 2.9, the Radio Frequency ldentification (RFID) is introduced. RFID is a
technology of small, low-cost tags that can be attached to products, devices or even
people. Their content (typically a small piece of information such as an ID) can be read
by a special reader and used for identification or locaisation purposes. RFID is available
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in different types (active/passive, different frequency bands etc.) — each one of them
suitable for a certain environment. For SOPRANO the possibilities offered by RFID for
tracking and identification are of large interest.

Section 2.10 presents the latest innovations on in-house Radar technology. Radar can be
used for positioning purposes in situations where other sensors fail (e.g. because of
darkness, smoke, obstacles etc.). As Radar presents a non-obtrusive way to monitor a
person, it is of high interest for the SOPRANO project.

Section 2.11 introduces the state-of-the-art on wireless Networking. To avoid wiring,
SOPRANO needs wireless communication between tags and nodes as well as between
nodes and the central server. Different standards are available (ZigBee, WLAN,
Bluetooth etc.) which differ in respect to their application area, battery life, bandwidth
and range.

MARKET ANALYSIS

In Chapter 3, the current situation of the market is inspected. The following topics are
analysed in detail:

Section 3.1 reviews in detail the current and future socio-economic impact of the ageing
society in the EC. Because of ever-increasing life expectancy and ever-decreasing birth
rates, the EC popul ation becomes increasingly older. The healthcare area and systems are
greatly affected by this ageing process. The section presents an anaysis of these
consequences on health & care and puts them into relation with the SOPRANO project.

Section 3.2 analyses the market of telecare systems. Typicaly those systems are
subdivided into three generations. the first generation is based on passive devices that
have to be activated by the AP in case of an emergency; the second generation utilises
active devices that monitor the state of the AP automatically; while the third generation
is characterised by an effort to prevent emergencies rather than just detect them and act
upon them, eg. by long-lasting measurements of health signals. Basing on this
categorisation, existing systems as well as systems that are currently in development and
research are presented and compared to the evolving SOPRANO system.
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2.

2.1

2.1.1.

2.1.2.

State-of-the-art

Independent Living

Introduction

The concept of Independent Living (IL) challenges the preconceived media models of
disahility and old age, by emphasizing self-determination and equal opportunities and the
removal of societal barriers to participation. The medica view casts frail older and disabled
people as defective and deviant, a burden for society and as passive recipients of professional
interventions. IL emphasizes active socia participation and the organization of societal
supports within a radical agenda. Recent disability rights legidation and the recasting of
hedlth and socia care policy has begun to move in this direction, but older and disabled
people till find themselves marginalized within society. A review of the IL concept is
provided in the paper by Sarah Gillinson, Hannah Green and Paul Miller (2005). This section
of the SOPRANO state-of-the-art review aims at outlining the concept of IL, at looking at
research within the field, at criticaly evaluating it and at assessing its implications for
SOPRANO. The section should aso be understood as a methodologica introduction to the
next section on telecare.

Concept(s) of Independent Living

Promoting independence and the concept of independent living is a central issue in the
development of Health and Sacial care policy for all patient and client groups. For example,
this centrality is reflected in the importance of maintaining and supporting independence as
an objective within the UK Nationa Service Framework for Older People (Department of
Health 2001), and in subsequent socia care polices and initiatives, such as the preventative
technologies grant (Department of Health 2005a, 2005b). Independence is a concept with
wide support from policy makers, researchers and older people themselves. In severd
studies, a mgjority of older people have expressed the desire to remain independent, most
usudly in their own homes (Sixsmith 1990, Gattuso 1996, Moore 2000, CSCI 2004).
However, within this context little work has actually attempted to understand the concept of
independence, particularly in relation to older people (Sixsmith 1986, Secker et al 2003).
Few have asked what the term means, or what are its constituent parts, despite it being a
complex term, with a number of subtleties and nuances contributing to its meaning.

Rather it is assumed that the definition of independence is known and understood, reflecting
a taken-for-granted approach to its adoption and use within health & socia care policy, a
position supported by its widespread support from older people themselves. However,
despite this, the concept of independence and its wider use within health and socia policy is
open to further investigation. In order to gain an understanding of how independence is
understood and experienced by older people, a more rigorous anaysis of the concept is
required. Such a critique should be rooted within an anaysis reflecting the everyday lived
experiences of older people, and the meaning of independence within the context of these
experiences.

Independence has been most commonly defined and conceptualised within heath and socid
policy based research in terms of the avoidance or absence of dependency. In this sense
independence is commonly conceptualised in the sense of not being reliant on othersin order
to carry out everyday activities of daily living. This approach to the concept of dependency,
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concentrating on functional abilities amongst older people is commonly reflected within the
needs-based policies and practices of heath and socia care service providers, in which the
major task is to meet individuals functiona needs through the provision of ‘care’ (Bland
1999, Tanner 2001). However, such understandings neglect the importance of concepts such
as autonomy and freedom of choice in understanding how people understand and experience
independence.

Other work has taken place attempting to provide a deeper understanding as a concept. In
developing an aternative model for the analysis of independence amongst older people,
Secker et al (2003) consider the use of a two dimensional model which reflects both an
individual’s reliance on the resources of others, and whether their lived experience meets
their desired level of choice, sense of self, autonomy and other core values as reflected
above. Such a model demongtrates that individuals can and do feel ‘independent’ while
receiving avariety of assistance in the form of people and resources, or that individuas while
appearing self reliant, may be severely curtailed in their ability to lead an independent life. In
this regard, independence becomes a far more complex phenomenon, being rooted in a
person’s ability for self-actualisation, and in a person’s ability to define the paths of their
own existence. This model may aso be particularly useful in considering the implications of
older peoples experience of independence in terms of service provision (Secker et al 2003).

Approaches to supporting IL

Using thismodel, Secker et d (2003) highlight how interventions can promote independence
a four levels, by individuals, within ingtitutiona care settings, within the home and
community, and at the societal level. Many of the interventions described at each of these
level s promote the experience of independence using approaches that involve and empower
individuals, rather than simply assisting in their ability to live without assistance from others.
Indeed, in the case of socia care provision, providing forms of care solely focused upon
meeting the physicd, health related and/or functional needs may actively restrict an
individual’s experience of independence and independent living. (Backman & Hentinen
1999, Milligan 2003). In contrast, forms of social care provision which focus upon
individuals socid and emotional needs in relation to independence such as those highlighted
above may enhance an individual’s experience of independence and independent living
(Bland 1999, Tanner 2003).

Policy agendas

This independence agenda is an important part of current health, sociad care and housing
policy literature for older people. Within the UK context, the effective use of telecare and
assigtive technologies is seen as contributing towards key NHS, socia care and housing
priorities, and as a potential solution to the chalenges facing these services as a result of
demographic changes. Its centra basic tenet is to enable older people to live independently
within their own homes for as long as possible, by providing care that meets their functional
needs. Residentia care, or other institutional forms of provision are seen as a last resort; an
essential part of the housing mix for older people, but a part that should be avoided for older
people for as long as possible. An admission to residential care is seen as much afalure to
provide care for a person in their own home (either by relatives or the state), as it is a
reflection of an individuals needs. Within current European health, socia care and housing
policy discourses, and aso within the policy positions of other countries such as the USA,
the objective of promoting independent living is seen as value-free and self-evident and
essential “atheoretical” (Oldman 2003).
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2.1.3.

IL and the home environment

A variant of IL can be described as “ageing in place’ policies. With improved living
conditions, hygiene and health care, more and more people across European Union are living
into very old age (EC, 2003) such that present and future populations will live a great deal
longer than any previous generation. This increase brings with it dilemmas in heath and
socid care for our ageing population in terms of extending healthy ageing and providing very
old people with a good quality of life and opportunities for enjoying a sense of well-being
(Tinker et a, 2001). In this respect, the notion of ‘ageing in place’ has become an important
issue in redefining health and social care policy for older people in recent years, with some
proponents suggesting that ‘ staying put’ at home fundamentally and positively contributes to
an increase in well-being, independence, socia participation and healthy ageing amongst
older people (AARP, 2000; Mynatt et al, 2004; Perez et a, 2001). In terms of technology, a
key driver has been to develop assigtive devices and systems that will support and enable the
person to remain living a home. While policies that emphasize “ageing in place” may bring
benefits to the older person, there can also be a significant ‘down-side’ on an everyday level
(Sixsmith et al, 2005). Home in old age can be a place of intense emotiona experiences,
frustrations and negative experiences, such as londiness. There may aso be significant
deficiencies in the informal support, physical environment of the home and neighbourhood
and socia network, which undermine the person’s ability to live independently. Moreover,
the health and socia care provided may be insufficient or inappropriate to supporting the
needs of the person. In these kinds of sStuations, the person may experience long-term
malaise and stress and/or traumatic breakdown of their ability to remain independent. At a
service level, the emphasis on ageing in place may marginalize residential and nursing home
care, leading to a second-rate service and reduced options for clients. The key message here
is that policy and practice cannot assume that ssimply by supporting the basic needs of a
person at home will inevitably lead to improved well-being.

Critical Assessment of the Independent Living Concept

However, the concept of independent living is open to critique. Oldman (2003) draws upon
post-modern theories adopted within critical gerontology to provide a powerful critique of
the concept of independent living, and its implications for policy, and on the lives of older
people. At its heart this critique highlights the twin position of current independent living
policies, that they provide atotalising discourse that home is always better than ingtitutional
living, and that their policies reflect attitudes that are done to older people on their behalf,
rather than taking place with their participation. Oldman further criticises the overriding
agenda of current policies as allowing governments to reduce spending by transferring
responsibility for the care of older people from the state to families, and to reduce investment
in quality institutional and socia housing:

“Independent living policies provide the perfect justification for savage cutbacks.
Independent living to the government means persuading people to stay at home supported by
relatives and receiving services such as obtrusive and costly adaptations they may not want.”
(Oldman 2003 pp53)

Taking the position that current concepts of independence are indeed open to critique, Secker
et al (2003) argue that the cultura emphasis placed upon independence as the avoidance of
reliance on othersis aresult of the valorisation of autonomy and self-reliance within British
and American ideology. Dependency is constructed as a weakness, to be avoided or reduced
to a minimum, even when the choice of remaining independent may cause harm to the
person: “the most important thing in the world is to remain independent. So old people live
alone, perhaps on the verge of starvation, in time without friends but we are independent”
(Mead 1971 in Secker et al 2003 pp 379). Fear of disability in old age is aso linked to this
experience, with disability being linked the dependence in the perceptions of many older
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people (Stone 2003). Indeed, such an ideology is illustrated in older peopl€e's reluctance to
consider residentia care as a positive aternative to remaining within their own home, even
where a person’s ability to live within their own home is severely restricted (Bland 1999).
Negative experiences of independence such as these examples may be neglected within this
conceptualisation of independence as self-reliance. While this understanding of independence
is of importance both to service providers and to older people themselves, such a definition
ignores a variety of individual and societal factors that affect how older people and people
experience independence and independent living.

IL: A complex phenomenon

When understanding the issue of independence in relation to older people, two problems can
be identified with the definition of independence as a lack of dependency, or being able to
look after onesdlf. Firdly, it ignores the importance of the issues of freedom of choice, and
the maintenance of a meaningful role and identity within a wider society (Sixsmith 1986,
Secker et al 2003). Sixsmith (1986), in one of the few studies examining how the notion of
independence is understood by older people, gives three areas in which the meaning of
independence is negotiated amongst older people, only one of which considers independence
as a lack of dependency. The two further elements are identified as the capacity for self-
direction, or being free to choose what to do, and feelings of obligation, or not being
financially or persondly indebted to others. More recent work research on care provision for
older people has illustrated the importance of providing freedom of choice and control can
enhance a sense of independence for older people generaly (Tanner 2003). A definition of
independence based solely upon a lack of dependence fails to fully account for these further
experiences, or for the lack of them, in a person’s everyday life. Secondly, the notion of
independence is linked to the maintenance and continuity of a sense of self. Within this
maintenance of self, maintaining activities of daily living are not only seen in terms of their
functional aspects, but rather impact upon a person’s subjective ability to evaluate their own
quality of life (Tanner 2001). Bland (1999) further expands the core vaues of a definition of
independence in old age to include ‘privacy, dignity, choice, autonomy and fulfilment’.
While the notion of independence as a lack of dependency is still commonly utilised within
hedlth & socia care policy making, these issues demonstrate the richness of the subjective
experience of independence amongst older people, and the complexities inherent in gaining a
richer understanding of this concept. Thisis underpinned by recommendations recently made
by the ENABLE-AGE project emphasising that much more attention needs to be drawn on
supporting a person’s holistic needs. Another key outcome of the project was for example
that many factors can influence a person® health, well-being and ability to remain living
independently. Independence can be encouraged through a range of forma and informal
sources. family support, home care, transport facilities, adapted housing, accessble
buildings, policy orientation promoting independence and local authority funding to provide
appropriate care services. A further recommendation focused on the need to involve older
adults in consultation and participation in the planning process in order to provide
appropriate housing alternatives.

In her critique of commonplace conceptuaisations of independence, Oldman (2003) draws
on three strands in which this critique can be used to influence future debates and policy
relating to independence. Firstly, at an academic level, her critique illustrates that a focus
upon disability and its impacts diverts attention away from the wider socia and economic
processes which seek to exclude many older people from wider society. Secondly, at a policy
level, attitudes towards independence and the home should be focused toward the concept of
help rather than care. This implies a more equal relationship between older people and care
providers, and also considers the importance of the home as being constituted by more than
just its physica attributes. Findly, a critique of independence provides just one focus for the
growth of a socia movement and model for collective action for older people in the 21st
century.
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2.1.4.

2.15.

Relevance for SOPRANO

New technology offers many opportunities to help older people living at home, by providing
additional safety and security, supporting independent living and improving quality of life.
However, research within the area of technology and ageing tends to be atheoretical and a
key concern within this work is to move away from technology-push and problem-focused
approaches to researching technology and ageing to an approach that is driven by
gerontologica theories and concepts. The focus should be how technologies can positively
enhance independence, well-being and quality of life. Most of the research on ageing and
technology has focused on “care technologies’ that aim to support frail or disabled people
living a home. While this is important, it tends to “problematize” old age and deal with
issues around safety and security, rather than self-determination, personally meaningful
activities and enjoyment of life. Everyday technologies may indeed support life at home, but
thismay be more as a“ side effect” rather than a conscious aim.

A theory driven approach

The lack of a solid theoretical foundation for ageing and technology research has led to a
focus on “problems’ of old age, such as safety, security and control of “undesirable’
behaviours. The danger here is that conventional practices within society (often
marginalising older people) become embedded within technologies and technology based
products and services, working against their best interests. For example, many of the benefits
associated with “telecare” (technol ogy-mediated health and socia care) may be accompanied
by potentia disbenefits such as loss of privacy and self-determination. Moreover,
technologica “solutions’ are likely to be driven by the technica contingencies and may not
be fully in tune with the wishes and preferences of potentia users and their everyday
redities. A key component of the project will be to develop atheoretical framework that will
drive subsequent empirical research.

Implications for empirical user research

A second issue focuses on the empirical base on which subsequent technology devel opment
can be based. It isimportant that new developments within Ambient Assisted Living (AAL,
see aso Section 2.2) take seriously the multifaceted nature of everyday human experience.
The driving concepts behind AAL generaly and SOPRANO specifically situate pervasive
computing within the domain of the home and the everyday life, rather than the paternalistic
models of “care”’ that have driven technology development in the past. In this context the
perspectives of the older person and their caregivers become paramount, rather than being
contingent on the organisational structures of the health and social care agendas. The wishes,
preferences, desires, fears, anxieties and enjoyments of older people need to be understood
within broader concepts of IL and quality of life. The definition of “user requirements’ for
SOPRANO will therefore need to move beyond incremental user research into “telecare” (i.e.
the second generation) and empirically explore these emerging domains using appropriate
methodologies.
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2.2.

2.2.1.

Ambient Assisted Living (AAL)

Introduction

What does Ambient Assisted Living stand for?

Ambient Assisted Living (AAL) aims to extend the time people can live independently in
their home environment by increasing their autonomy and self-confidence, the discharge of
monotonoudly everyday activities, to monitor and care for the elderly or ill person, to
enhance the security and to save resources.

Ambient Assisted Living (AAL) is a European Initiative based on the Article 169 of the
European Treaty that was born in order to address the needs of the ageing population, to
reduce innovation barriers of forthcoming promising markets and aso to lower future socid
security costs. This initiative is planned to be implemented during the 7" EU Framework
Programme.

The overall goals of AAL would be the following:

Improve the quality of life of elderly people at their homes asit is known that they prefer
to live a their own home instead of living at an old people' s home.

Reduce the costs associated with el derly care.

Is it only aimed at elderly people?

AAL addressesin particular the issues affecting an ageing population and targets the needs of
the individual person and their caretakers, but two groups of persons are considered:

Elderly people who can be disabled or actively aged. Actively aged are those elderly
people whose limitations because of age are not perceived as adisability.

Disabled people.

Is it a European initiative?

AAL is a European initiative but Europe is not the only one facing the problem of an aging
society because the problem is a worldwide one. The philosophy behind AAL, this is,
assisting elderly people to live independently in their own home environment as long as
possible, is extended worldwide. In the following paragraphs we will describe projects and
initiatives that have been devel oped or are being devel oped not only in Europe but in the rest
of the world too.

What is the relationship between AAL and technology? Is AAL atechnology?

AAL isnot atechnology but a philosophy. Typically, severa technologies will be needed to
develop AAL solutions. Those technologies include products and services that enable
persons to perform tasks or functions at a level similar to an earlier experience, and/or
contribute to alifestyle of independence. Some of these AAL-related technologies would be
the following:

Software and network technologies
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Sensors and actuators

Human machine interfaces

New materials

Embedded systems

Severa technologiesinvolved in smart homes
Other ambient intelligence technologies

Are AAL technologies related to assistive technologies or healthcare
technologies?

Assigtive technol ogies are those products and services that enable persons (regardless of age)
to perform a function that due to some disability would otherwise be difficult to perform.
While some disabilities are associated with aging, aging itself is not a disability and even if
some limitations exist many elderly people do not perceive themselves as being disabled. On
the one hand this means that assistive technologies would be a part of AAL technologies.

On the other hand, healthcare technologies are not AAL technologies but are closely related
to them because aging population isthe most concerned with healthcare.

AAL technologies cover a wider range of aging-related concerns. They represent a new
category of technology with the following functionalities:

Enable elderly and disabled people to live in their own environment.

Assigt aging people to function in society, facilitating social contacts, in addition to
context-based infotainment and entertainment.

Provide communication services to aging persons so that they can communicate with
family, caregivers and medical resources.

Telehedlth, this means allowing a medical source to remotely monitor, diagnose and treat
apatient.

Each functionality describes functions that may apply less to persons of a certain age than to
“quality of life” and independence regardless of age.

What is the AAL169 initiative?

AAL169 stands for Ambient Assisted Living. The number 169 refers to the article 169 of the
European Community Treaty. This article states that the European Commission may support
a member state driven initiative on Research and Technology Development. This article
enables the European Commission to participate in research programs undertaken jointly by
several Member States.

AAL169 aims to reinforce a consolidated European market for AAL products, environments
and services, through funding of research and innovation projects, with emphasis on
integration of required technologiesinto relevant products and services (see Figure 1).
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electronics . ?
social care, insurances, ...

Figure 1: AAL169 Innovation model

2.2.2. Ambient Intelligence

The basis for Abient Assisted Living is Ambient Intelligence (Aml), which is bringing
about a mgor paradigm shift in the interaction between humans and technology. New
devel opments no longer focus on the purely functional Human Computer Interaction (HCI).
Instead, the individual will be embedded in an intelligent environment which guarantees
proactive ass stance and enables totally natural interaction. Therefore, Ambient Intelligence
is the concept of networked devices communicating with each other and following strategies
in order to react intelligently to the user® stuation, interaction and goals (context and
situation awareness). In order to achieve this, it is necessary to have distributed software
infrastructures, which enable the self-organization of devices and their software components.
Technological developments in the field of intelligent components, which are able to
interpret Situations and develop strategies regarding the functions to execute, are aso
necessary [Aarts 2004, Aarts 2005, Ducatel 2001, Shadbolt 2003].

Ambient Intelligence-supported functions have already arrived in numerous application
areas, aso in home automation and the automotive domain. Previous solutions as well as
current ongoing research activities have concentrated on the technologies of the respective
application areas. This has led to various isolated applications and incompatible architectures
from the specific application areas, which hinder any technologica or commercia
conversion on abroad scale.

WEell known projects that built up smart environments are the EMBASSI [Embass 2003,
Herfet 2001] project that realizes smart environment within a living room scenario, within
automobiles and terminal systems, the MAP project [MAP 2003, Weiss 2003] for office
scenarios and the Smartkom project [Wahlster 2000] for mobile and consumer scenarios.
Other well-established examples are the Easy Living project from Microsoft [Brumitt 2000],
the Interactive Workspaces Project [ Johanson 2002] from Stanford University, the Intelligent
Classroom [Flachsbart 2000] from Northwestern University, or the Oxygen project [Oxygen
2005] of the Massachusetts Institute of Technology. Those smart environments from the
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various research labs are usually assembled from devices and components whose
functionality is known to the developers. Furthermore, in systems with distributed devices,
the data flow from device to device is determined for every use case. Consequently the
intelligence of Ambient Intelligence prototypes and demonstratorsis carefully handcrafted.

A middleware for the visons of Ambient Intelligence must provide complete decentralized
communication among its components. Furthermore to provide extensibility and
exchangeability the middleware must be able to execute conflict resolution strategies to
guarantee reasonable dataflow even if there are competing components. Different
technologies and approaches face single aspects of the mentioned requirements. Jini [Jini
2003], HAViI [HAVi 2001], JXTA [IJXTA 2003] and UPnP [Universal 2005] make the
communication between devices from different vendors possible (there are basic
technologies like Corba or RMI we do not want to go into details). Unfortunately no conflict
resolution mechanisms - apart from graphical user interfaces - are provided. Vesper [Vesper
2000] is a service management middleware. Some agent technologies are well known like
SRI’s Open Agent Architecture (OAA) [Martin 1999], the Galaxy Communicator
Architecture [Seneff 1999] or INCA [Truong 2004]. Galaxy uses a centrdized hub-
component that owns routing rules that determine the data-flow whereas the OAA uses
Prolog based mechanisms that are located in special meta-agents. That is alike the Jaspis
framework [Turunen 2005] that uses evaluation agents for the evaluation of the quality of
possible addressee agents. INCA uses a central component for registering components and
for delivering messages. The abstract system architecture of AMIGO [Amigo 2005]
recognizes the needs for service discovery and service composition strategies but each
component is responsible for the application of such strategies. This means these strategies
are not public or transparent to the application developers. The middleware model SodaPop
[Hellenschmitt 2004] that is applied in the project DynAMITE [Dynamite 2005] offers the
possibility to group components and to route the communication between the different
component groups with public conflict resolution strategies. Thereby SodaPop follows the
communication flow metaphor.

2.2.3. Research efforts on the field

In this paragraph we will describe some relevant research projects in the field of AAL. Our
primary focus will be on European projects but will describe some initiatives in USA and
Japan as well.

COGKNOW Project: Helping people with mild dementia navigate their day 2

People with dementia need to be helped to do a lot of things. getting help to remember,
maintaining social contact, performing daily life activities and enhancing their feeling of
safety.

The core technological objective of this project is to research and prototype a successful,
near-to-market, portable, remotely configurable, user-validated cognitive prosthetic device
and associated services for people with mild dementia. It will address this core objective by
focusing on scientific and technological objectives for the device, including:

Remotely configurable reminding functionality

Communication and interaction functionality

Supportive technology for performing activities of daily living (ADLS), e.g., via voice
prompts

2 http://www.cogknow.tid.es/
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Anomaly detection and emergency contact.

The solution helps this group of people to navigate through their day, unobtrusively offering
information and reassurance and allowing them to retain control over their daly life
activities.

This project is a STREP project, has launched on 2006 September the 1st and has an
estimated duration of 36 months.

ELDERGAMES Project: Development of high therapeutic value I1ST-based
games for monitoring and improving the quality of life of Elderly People.®

The ElderGames project is based on the verified importance of leisure for senior citizens
quality of life and those scientific results that show how play activity not only contributes to
an enrichment of leisure time, but can aso prove to be a powerful application when used for
rehabilitation and prevention of the negative effects linked to aging memory loss,
degradation of cognitive ahility, disintegration of socia networks, etc.

The project will create an interactive play board (ElderGames) that will be the first
opportunity to scientifically explore how emerging advances in ICT can be adapted, applied
and combined with play activities to obtain a new preventive therapeutic tool for improving
cognitive skills and quality of life (affective, physiological and socia) in old age.
ElderGames will aso be the first play platform able to monitor cognitive health and welfare,
allowing an early detection of cognitive disease or social unease and the response to them.
The ElderGames interactive board will aso integrate an aternative communication system
for overcoming the linguistic barriers, which could exist between different native languages,
allowing on-line games between users from different European countries.

To obtain the fina technology the following steps will be taken:

Prototype Design and Development

o Definition of the functional specifications of the prototype
o0 Development of prototype mockups for ergonomic eva uation
o Ergonomic evaluation of mockups

0 Implementation of prototypes

Prototype Validation and Testing

Prototype Installation

Training and selection of experts and users
Questionnaires and templates devel opment

Playing sessions and data collecting

Data analysis and feedback

Refined Pre-commercial Prototype

0 Adaptation of the prototype with the generated feed-back
o0 Find integration in a pre-commercia version

Technology Demonstration

0 Refined Prototype Vdidation

Organization of Demonstration Sessions

O O o o o

® http://www.eldergames.eu
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ELDERGAMES is a STREP project, has launched on 2006 September the 1st and has an
estimated duration of 30 months.

I2HOME Project: Intuitive interaction for everyone with home appliances based
on industry standards.*

I2HOME will address the problem of living an independent life and realizing full potential
with an approach based on existing and evolving industry standards. They will focus on the
use of home appliances by persons with cognitive disabilities and older persons. At the same
time the project will take care that the developed and standardized access strategies will be
applicable to domains beyond the home.

In I2HOME, participants will build upon a new series of industry standards (ANSI/INCITS
389ff) for interfacing networked appliances by means of a Universal Remote Console
(URC). They will use architecture with a Universal Control Hub (UCH) as core component
that communicates to networked (off-the-shelf) home appliances and consumer electronics
devices through industry networking protocols (cv. Figure 2).

Personal Devices

E DEf mm

User Interface Adaptation Multi Modal Intberaction

b L5
e
T

1

Figure 2: Architecture of the I2HOME platform

The UCH will provide inteligent and adaptable interfaces that are particularly targeted to
persons with cognitive disabilities and older persons. The user interfaces will be designed
according to the results of a broad requirements analysis and will include multi-modal
communication and activity management. In an incremental process, the project will conduct
large evaluations of the project intermediate results in controlled laboratory environments as
wdll asin day-care centers.

I2HOME is a STREP project launched on 01/09/2006 and has an estimated duration of 36
months.

MONAMI Project: Mainstreaming on ambient intelligence.’
The MONAMI project focuses on:

* http://www.i2home.org
® http://www.monami.info
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capitalizing on Ambient Intelligence technologies to ensure that the services can be used
without behavioura change

building on top of mainstream devices and services such as TV based internet, nomadic
devices, etc.

doing initial experimentation in Feasibility and Usability centres and subsequent large-
scale validation in Vaidation centresin five countries

addressing economic viability and long term sustainability of such services in large
communitiesin different Member States

MONAMI will sdlect bouquets of services in the areas of comfort applications,
communication/information, health, safety and security. It will build, test and deploy these
services and demonstrate that they can be economically brought through the future
mainstream ambient intelligence technol ogies.

MONAMI will focus on services, platforms and usability: The technology platform will be
derived from mainstream technology. Usability requirements will be identified, an evaluation
methodology will be selected and usability anayses will be carried out.

The platforms to deliver the services will be derived from standard technology. They will
integrate elements such as reliable self-organizing networks, wearable devices, user
interaction technology, monitoring capability and service infrastructures that ensure quality
of service, reliability and privacy.

The services will be delivered on mainstream devices and services such as digital TV, third-
generation mobile telephones and broadband Internet. To facilitate use and user interaction,
MONAMI will develop an innovative interface, involving an embodied conversational agent.

MONAMI isalP project launched on 2006 september the 1-st and has an estimated duration
of 48 months.

MPOWER Project: Middleware platform for eMPOWERIng cognitive disabled
and elderly.®

MPOWER will define and implement an open platform to simplify and speed up the task of
devel oping and deploying services for persons with cognitive disabilities and elderly.

This platform will in particular support:

Integration of Smart House and sensor technology;
Interoperability between profession and institution specific systems (e.g. Hospita
Information System);

Secure and safe information management, including both socia and medical
information;

Mobile users that often change context and tools.

The project will research and develop the platform as a suite of independent building blocks.
It will demongtrate its feasibility through the deployment of two end-user applications that
will be deployed over alonger period.

The end-user applicationswill be the following:

Individua plan management: the goa isto demonstrate the feasibility of the platformin
relation to a dynamic sharing of plans and information

® http://www.sintef.no/content/page12 13218.aspx
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Smart home and sensor connectivity: this application will demonstrate the feasibility of
the platform in relation to interconnectivity and integration of Smart Home and sensor
technologies.

MPOWER is a STREP project launched on 2006 october the 1-st and has an estimated
duration of 30 months.

ALADIN Project: Ambient lighting assistance for an ageing population.’

The ALADIN prototype will comprise the following components:

An intelligent open-loop control and biofeedback system which can adapt various light
parameters such as intensity, light directions or colour in response to the psycho-
physiological data, which are continuously registered by the system.

A control system that can be manualy adjusted via graphical interfaces and alows the
resetting of al light parameters to their default values. To achieve truly ageing friendly
interfaces design-for-all principles will be applied which take into account changing
levels of capability dueto age.

An advice and support application that can intervene and assist older people in
accomplishing their daily activities. The interventions can be defined by a therapeutic
plan to regulate a person®circadian rhythms.

By devel oping an assessment system that captures and analyses the individua and situational
differences of the cognitive and emotional effects of lighting, ALADIN will go well beyond
the current state of the art of compensation systemsfor older adults.

Both hardware and software applications will be developed to alow easy integration with
other ICT building blocks, thus becoming part of a general assistive environment. Due to its
open architecture, the system can easily be extended to include other environmental factors
such as temperature, acoustics, colour or information displays and other application domains
and target groups.

ALADIN is a STREP project launched on 2007 january the 1-st and has an estimated
duration of 24 months.

CAALYX Project: Complete ambient assisting living experiment.®

This project’s main objective is to develop a wearable light device able to measure specific
vita signs of the elder or ill person, to detect fals and to communicate autonomoudly in real
time with hislher caregiver in case of an emergency, wherever they are. The emergency
information can be directed either to the personal caretaker or to the 112 Emergency Service.

The emergency information will provide the geographic position and health information of
the elder in a sensible way for the caretaker or emergency service. The incorporation of
largely non-intrusive new sensors for fall detection and highly senstive positioning is
expected to address many of the elderly concerns about adopting technology.

The monitoring device for the caretaker can range from a maobile phone and/or a more
complex system so that an integrated care-taking service can be created to look after groups
of elders. In this case, when monitoring the elder at home, the system will be complemented
with other devices such as camerasin away that personal services can be established for the

" http://cordis.europa.eu/
8 http://caalyx.eu
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elder. The system will be tested in a real usability site arranged through a social programme
for the elderly, and will obtain reliable assessment by gathering real end user®feedback.

CAALYX is a STREP project launched on 2007 January the 1st and has an estimated
duration of 24 months.

EMERGE Project: Emergency monitoring and prevention.’

This project’s approach is to use ambient and unobtrusive sensors to monitor activity,
location, and vital data. Daily routine is tracked in order to detect abnormalities and to create
early indicatorsfor potentialy arising emergencies.

EMERGE engineers a prototypica solution that treats emergencies with a stepwise
assistance.

Fird, it provides early proactive assistance to the elderly himself.
Next, it integrates friends, family, or caregivers.

In case of an emergency that cannot be handled in the first two steps, an integrated
emergency medical service (EMS) is called and informed about the case and the personal
situation of the affected person. The integrated EMS can resolve the situation through
medica care, telemedicine counselling, activation of socia services, or sending a rescue
team.

The impact of the developed prototypical solution on quality of life will be measured in an
Assisted Living Laboratory and in a multinationa site evaluation. It is expected that
EMERGE will help elderly people to live a safer, self-determined life and to stay longer in
their preferred environment.

EMERGE is a STREP project launched later than SOPRANO, on 2007 february the 1¥ and
will have an estimated duration of 33 months.

INHOME Project: An intelligent interactive services environment for assisted
living at home'°

The god of the INHOME project is to provide the means for improving the quality of life of
elderly people a home, by developing generic technologies for managing their domestic
ambient environment, comprised of white goods, entertainment equipment and home
automation systems with the aim to increase their autonomy and safety. Rather than
discriminating between enabled or disabled users INHOME project focuses on the problem
of appliances flexible use by discriminating between experienced and inexperienced users.

The project is based on the technology provided by the ESTIA project, which focuses on the
design and development of technologies for efficient personalised management of
audiovisual content and white goods functions, localy within the home. INHOME will use
ESTIA architecture in order to design and develop a set of services for aged people, which
will be delivered in the form of the following showcases with the aim to enhance their
autonomy and safety at home:

Activity Monitoring
Home Environment Simple Management

Tasks scheduling
Flexible AV streams handling Household appliances flexible access

® http://cordis.europa.eu/
19 http://cordis.europa.eu/
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The consortium includes four Europe-wide leaders in telecommunications, IT and household
appliances systems manufacturing (ALCATEL, THALES, SIEMENS, GORENJE), three
SME systems development companies (TELETEL, THOSS, VMWS) with significant know-
how in communication protocols and services in the telecommunications and heathcare
sectors, a University (University of Aegean) and a User Group (Health Centre of Vyronas)
specialised in the provision of medica servicesto elderly people at home.

INHOME is a STREP project launched on 2007 January the 1% and will have an estimated
duration of 24 months.

NETCARITY Project: A networked multi-sensor system for elderly people:
health care, safety and security in home environment*!

The project will seek to advance ambient intelligence technologies in the integration of micro
and nano systems in a networked wireless’'wired multi-sensing environment with plug and
play capabilities and intelligent decison making for an effective detection of critica
situations and support of task completion. Efforts will be concentrated in developing low-
cost solutions and could rapidly reach the market and facilitate easy adaptation in a wide
number of existing homes.

NETCARITY is a large EU project that aims to develop technologies and services for an
ageing European society. The project will experiment with existing and new technologiesin
real homes (20 in Trento, Italy, and 20 in Eindhoven, Holland). In particular, the project
targets health and inclusion topics typica for elderly people living alone. NETCARITY isan
IP project with partners from five different EU countries (Italy, Germany, Spain, Holland and
Poland).

NETCARITY is a P project launched on 2007 february the 1% and will have an estimated
duration of 48 months.

OLDES Project: Older people's e-services at home'?

OLDES project aims at developing a very low cost and easy to use entertainment and health
care platform designed to ease the life of older people and diabetics in their homes. In order
to achieve this, new concepts developed in Information Technologies will be integrated and
adapted. OLDES intends to put patients at the centre and makes their needs the main priority
in al developments.

The prototype will be based on a PC corresponding to Negroponte® paradigm of a 100
device, giving the guarantee of an affordable system. OLDES will provide: user
entertainment services, through easy-to-access thematic channels and special interest forums
supported by animators; and health care facilities based on established Internet and telecare
communication standards.

The system will include wireless ambient and medical sensors linked via a contact centre to
sociad services and hedth care providers. OLDES will also cover the definition,
implementation and evauation of a Knowledge Management (KM) program, an advanced
user profiling system that will enhance the communication between all the stakeholders of
the system. The system will be tested at two different locations: Italy over a group of 100
elderly (including 10 suffering with cardio disease) and Czech Republic over a group of 10
diabetic patients. OLDES puts older people at the centre and makes their needs the main
priority in al developments.

™ http://cordis.europa.eu/
2 http://cordis.europa.eu/
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This will be achieved through the use of modelling and animation tools to create scenarios
designed to elicit responses from older people, their carers, and service providers. Animation
and simulation will help to ensure that developments are, at al stages, grounded in the
realties of social and health care, the cultures and economies of the specific pilot contexts,
and as wide arange as possible of other European public service contexts.

OLDES is a STREP project launched on 2007 January the 1% and will have an estimated
duration of 36 months.

EASY-LINE+ Project: Low cost advanced white goods for a longer
independent life of elderly people®™

The project foresees using the integrated RFID, Neuronal Networks and HMI technologiesto
build a system that can capture data of the home environment, and can control any white
goad in the home via two mechanisms. wireless communications (Zigbee) or the mains
electricity (EMS PLC).

The users, ederly persons, may actuate by themselves any white good in the home, or may
leave a control system named "e-servant” to do the actuation. The e-servant will be a white
good control system, based on the sensor information and the habits of the user that can
program any application with or without user cooperation. The e-servant will also be a
learning system that detects the loss of abilities of the user and will triy to compensate them.

The consortium of this project will be led BSH-E as European level and third at world level
in White Goods manufacturing, jointly with R&D experts in new technologies suitable for
increasing the functionalities of white goods like I3A (Neurond Networks, Zigbee, RFID
sensors), NEWI (Human Machine Interfaces), accessibility expert as SBS C-LAB, important
industriesin RFID applications (IDENT), software/HM (ADSS) and demotic implementation
(G2v).

EASY-LINE+ is a STREP project launched on 2007 January the 1% and will have an
estimated duration of 30 months.

ENABLE Project: A wearable system supporting services to enable elderly
people to live well, independently and at ease.**

The am of ENABLE project is to develop an open and highly accessible reference
architecture, to which subsystems and services can be seamlessly added according to
particular needs of elderly people and their carers.

The system is built round a dual platform of mobile phone and wrist unit, to which will be
added modul ar capabilities for:

alarm function,

control of appliances and other devices around the home,
identification of objects,

identifying the user®location,

health monitoring and

security. The project addresses mobile phone accessibility by providing a highly
accessible user interface extension, using the wrist unit and speech guidance.

13 http://cordis.europa.eu
4 http://cordis.europa.eu
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ENABLE is a STREP project launched on 2007 january the 1% and will have an estimated
duration of 36 months.

PERSONA Project: Perceptive spaces promoting independent aging.™
The main challenges of PERSONA project are;

To find solutions and develop AAL Services for social inclusion, for support in daily life
activities, for early risk detection, for personal protection from health and environmental
risks, for support in mobility and displacements.

To develop atechnological platform that allows the seamless and natura access to those
servicesindicated above.

To create psychologically pleasant and easy to use integrated solutions.

To demonstrate that the solutions found are affordable and sustainable for all the actors
and stakeholders involved: elderly citizens living, welfare systems and service providers
inthe AAL market.

The PERSONA technical platform will exploit and incorporate a broad range of relevant
technologies which are developed and integrated in the project: AAL system reference
architecture, micro and nano-electronics, embedded systems, Human Machine Interfaces,
Communication, software, web and network technologies, biosensors, embedded and
distributed sensors, energy generation and control technologies and intelligent software to
toolsfor decision support.

PERSONA is an IP project launched on 2007 January the 1% and will have an estimated
duration of 42 months.

SHARE-IT Project: Supported human autonomy for recovery and enhancement
of cognitive and motor abilities using information technologies.*

SHARE-IT will address important issues in sensor networks, assisted mobility, knowledge
engineering and Ambient Intelligence.

In this context SHARE-IT will make significant contributions to fundamental, long-term
research in the following two areas.

Verifying system adaptation to persons with special needs. both a design and run-time -
as operating conditions and governing norms change - to establish e.g. safety, regulatory
and security regquirements

Incorporating shared autonomy: ensuring individual components can be designed to
operate in agiven intelligent ambiance and adapt to possible changes both in the needs of
the user or in the environment

Objectives of SHARE-IT are:

To explore the benefits of the concept of situated intelligence to build elements (add-ons)
that will enhance the autonomy of the target user group in their daly life in their
preferred environment

To investigate and implement innovative forms of shared autonomy

To build appropriate add-ons to standardised technologies to provide ubiquitous sensing,
computation and assi stance

!5 http://cordis.europa.eu
'8 http://cordis.europa.eu
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To build adaptive interfaces for the target group

SHARE-IT is a STREP project launched on 2007 January the 1% and will have an estimated
duration of 36 months.

SENSACTION-AAL Project: SENsing and ACTION to support mobility in
Ambient Assisted Living."’

SENSACTION-AAL offers the opportunity to pursue a meaningful advance of the state of
the art in the field of the portable help oriented to increase either the security and stability of
both balance and movement.

The project ams at helping elderly people to maintain their independence, as far as it is
related to their mobility, during the daily life activities, and to avoid fals. The system will
use a wearable intelligent sensor system that will alow the medical staff to take part in the
home environment.

In order to reach these goals, SENSACTION-AAL will design, test and provide a new
generation intelligent, wireless and wearable system that will alow:

To monitor daily activities.
To control in red time the user’s motor ability taking advantage of principles such as
biofeedback and sensory increase.

The system will be equipped with biosensors and bioactuators connected in a network. The
system architecture will render a solution with the following characterigtics:

Easy to wear and easy to use.
Ubiquitous and aways on.
Economically competitive.

SENSACTION-AAL aimsto develop atechnological solution highly accessible that can help
elderly people in their own environment. The key chalenge of the project will be the
development of a system that successfully integrates the different components involved:
network nodes, communication protocols, rea-time algorithms for the control of actuators,
signal conditioning algorithms, data storing, and data access through the network.

The project will also prepare a procedure to continuously validate the results with the
participation of end users. The vaidation will verify that the user requirements have been
adequately addressed before launching industria production.

SENSACTION-AAL is a STREP project that has launched on 2007 january the 1¥ and has a
duration of 30 months.

Modular Versatile Mobility Enhancement Technology (MOVEMENT)

MOVEMENT aims at developing a new solution for supporting personal mobility which
meets the users@expectations for an inconspicuous, non-stigmatising, tailorable, ready to use
and affordable mobility aid. As aconsequence, the objectives of the project are:

Addressing al three aspects of mobility (moving people, objects and information) by afully
modular set of assistive devices that can be freely assembled depending on the user®needs.

' http://cordis.europa.eu
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Providing a concrete solution which can be placed on the assistive technology market soon
after completion of the project.

Pursuing an active dissemination and demonstration strategy by which users, care-givers and
the health system is informed about the product under development, leading to awareness
creation on an European level.

Technical Aims

MOVEMENT sets out to realise the necessary modules by closing the existing technol ogical
gaps.

Developing the individua system modules with a generic maobile (robotic) platform in
the centre and severad application modules for moving people, for transportation and
manipulation of everyday objects.

Developing adequate sensor systems to enable navigation of the mobile platform in a
known indoor environment.

Developing an intuitive and self-adapting high-level command user interface for
controlling the entire system readily usable for old and disabled people.

Integration of the system into intelligent housing environments.
Developing of amobile ICT-Terminal to be freely moved by the mobile platform.

Evauate and refine the modules and the interface with the "Human-in-the-loop" paradigm,
where the users not only specify the performance requirements but where they also test and
evaluate the system.

Disseminating and demonstrating the modular system and its benefits to experts in
gerontology, gerontechnology, socia care provision, the community of old / disabled people
and to the public at large.

To achieve these goals the consortium integrates research and commercia know how from
recent developments in the required fields of industrial automation, transport and wheel chair
technology, manipulation and robotics devices, perception and control engineering, human
computer interface technology, assistive technology and gerontechnol ogy.

I-Living: An Open System Architecture for Assisted Living*®

Researchers at the University of Illinois have been designing, implementing, and evaluating
with testable hypothesis an assisted-living supportive software architecture that allows
disparate technologies, software components, and wireless devices to work together in alow
cost, dependable, and secure fash