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Executive summary
One of the main objectives of the AALIANCE2 project is the development of the Roadmap and
the Strategic Research Agenda of AAL technologies for the next years. This work is related to
the Work Package 2 of AALIANCE2 project.
The Deliverable D2.3 represents the first version of the AALIANCE2 Roadmap.
This document is the result of an intensive work carried out by the AALIANCE2 Consortium that
started analysing the previous AALIANCE Roadmap. Then two workshops were organized with
experts coming from different scientific and social fields and stakeholders external to the
AALIANCE2 Consortium in order to:


discuss outcomes obtained till now in AAL projects and experiences;



revise the previous AALIANCE Roadmap to identify aspects still valid and others to be
changed and improved.

In particular the first workshop titled “Technologies for AAL solutions: AAL application
domains” was more focused on the association of elderly persons’ needs with AAL services and
of their classification. From this event emerged mainly the necessity to revise the use of the
previous application domains (AAL-for-persons, AAL-in-the-community and AAL-at-work) to
classify AAL service scenarios because them consider them controversial and not satisfying
(see deliverable D2.1). Elaborating these considerations the AALIANCE2 Consortium identified
a new approach based on the adoption of three pillars: Prevention, Compensation and Support,
and Independent and Active Ageing, that are more in-line with the approaches adopted by the
European Innovation Partnership on Active and Healthy Ageing (EIP-AHA) and also suggested
by other important European projects, such as BRAID project. These pillars are in-depth
described in the Chapter 3 of this documents and also some possible scenarios of AAL services
are reported in order to provide examples of potential impact of these new generation of AAL
services and technologies.
The second workshop on “Enabling Technologies for AAL solutions” involved technological
experts that tried to: 1) map needed technologies and their potential for AAL applications in
relation to timeline (2013-2025); and 2) explore the possible implications of these
technological scenarios, and prioritise them on urgency, desirability, feasibility, etc. The results
of these discussions, reported in the deliverable D2.2, where considered for the development
of the Chapter 4 of this document about the enabling technologies. This part of the document
was enriched by the AALIANCE2 Consortium with an in-depth research about the state of art of
these technologies and how the scientific and industrial communities foreseen that they will
evolve in the next years.
Some preliminary conclusions and recommendations were also reported.
In the next months this document will be analysed and refined in order to develop the final
version of AAL Roadmap (D2.7).
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1 Introduction
Worldwide, the population is getting older; the number of persons aged over 60 years is
growing faster than any other group and is going to be almost to billions by 2050 (WHO 2007,
WHO global report on falls prevention in older age), which means that for the first time in
human history there will be more older persons than children under 14 years (WHO 2007). In
2050 persons aged 80 and over will represent the 20% of the elderly population (WHO 2007),
so that the triangular population pyramid of 2005 will be replaced with a more cylinder-like
structure in 2025 (Errore. L'origine riferimento non è stata trovata.).

Fig. 1 Global population pyramid in 2005 and 2025: graph of worldwide population showing the foreseen
changes from 2005 to 2025 in the various range of age (WHO 2007).

In EU life expectancy has increased by eight years; this, together with low birth rates, is
bringing to a quite fast ageing of the Europe’s population (Special Eurobarometer 378, 2012).
Because of such an increase in older people, also the number of “retirees” will increase coming
to the point in 2060 where there will be almost one person over 65 every two person in
working age in Europe (Special Eurobarometer 378, 2012).
OECD (Organisation for Economic Co-operation and Development) countries have been
grouped in three categories, basing on the participation rate of 50-64 years old people in 2004
and the projected old-age dependency ratio1 as in Fig. 2.

1

According to Eurostat old-age dependency ratio can be defined as: “The indicator is defined
as the ratio between the (projected) total number of elderly persons (aged 65 and over) and
the (projected) number of persons of working age (from 15 to 64).”
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Fig. 2 Projected change in the old-age dependency ratio from 2000 to 2050 (OECD, 2006).

This growth in the number of retirees will affect the public finances. As a matter of fact more
older people means more public pensions and more public health costs that will be covered by
increasing taxes or by cutting benefits (OECD, 2006).
For facing these economic challenges it is necessary putting elderly people in a position to
work longer, delaying the retirement time, and to be active in order to contribute to the
economic growth, to improve the public finances and consequently offsetting the economic
costs related to ageing. These assertions are plausibly also thinking that today the retirement
is not always a voluntary choice and it could cause a social exclusion and a reduced
opportunities to ensure an adequate income in retirement (OECD, 2006).As a matter of fact, in
order to work senior persons have to be in a good physical and psychological status.
Increasing the year of healthy life, people will be able to work longer and also to enjoy their
life after retirement, giving them the opportunity to be more participating in community life,
and also in the family context, enjoying grandchildren and helping in their management, while
parents are at work.
The European Union decided to promote two main actions, that we will call
‘prerequisites’ to the concepts applied to AAL: a positive vision of ageing, and a
holistic, interdisciplinary, cross-sectoral and multi-stakeholder approach.
As very well explained in the publication ‘Ageing and Invisibility’ (2010) (Mordiniet al., 2010),
a positive vision of ageing (and by consequence the notion of ‘active ageing’) is based on
fighting the general idea that what is ‘old’ is necessarily negative or bad. Ageing is often seen
as a negative process that needs to be decelerated as much as possible (the ‘anti-ageing’
approach). This vision actually appears as a non-sense especially because older people are
now a growing part, soon a majority, of our European populations. So an ‘anti-old’ approach
would exclude a growing part of the EU population and because we all want to age in the best
conditions possible. A positive vision of ageing is therefore based on the idea that older people
are a resource, not a burden, and that they should not be left apart from society. This is also
based on the economic argument that, by their participation to society, they actually
contribute to the economic vitality by working longer, by volunteering, by taking care of their
grandchildren, etc.
However, the expression ‘positive ageing’ should not be interpreted in one way, the ‘super
active ageing’, i.e. where only busy older people with wide social networks, with a sense of
entrepreneurship and who travel all around the world can be considered as ‘active’. At first the
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positive ageing approach should be based on reality and on what older people need and
expect, what is according to them to have a good life, and to consider them just like anyone
else, i.e. as part of a very diverse and heterogeneous society and with the same rights as
anyone else.
About the second action, a cross-sectorial and multi-stakeholder approach, the European
Commission sets up a partnership called European Innovation Partnership on Active and
Healthy Ageing (EIP AHA) that gathers stakeholders from different sectors, across different
policy areas, and makes them work together to share their interests, activities and projects on
the topics of ‘active and healthy ageing’ and new technologies. During its study and analysis,
the EIP-AHA identified three main pillars and the cross-sectorial and multi-stakeholder
approach is one of them.
The current approach in supporting senior citizens is ‘silos’-like, that means that services are
provided incoherently, without a general and integrated plan. Different sectors and
stakeholders do not work together because they feel they do not have an added value in doing
so but the ageing induces problems and needs that include a very wide number of sectors
(health, social, transport, housing, etc.) and stakeholders (public authorities, service providers,
research institutes, NGOs, etc.). It therefore appeared necessary, especially these last ten
years, that all these sectors and stakeholders should work together in order to deliver
integrated service solutions that answer the wide variety of needs and expectations of our
society in daily life and answer especially the growing need for both mainstream and
personalized technologies. The smart integration of services and technologies for elderly
people will allow to win the challenge of an innovative and inclusive society.
The AALIANCE2 project is working on innovation in Ambient Assisted Living technologies
starting from these two prerequisites. This roadmap, based on the assumption that ageing is a
positive process to be supported so people can enjoy autonomy in life as long as possible, was
developed by the AALIANCE2 partners who come from different backgrounds (care service
providers, care products providers, universities, older people organisations, developers, etc.),
and by the inputs from different organisations working directly and indirectly in the AAL field.
This work was also based on the first AALIANCE Project (2008-2010) and on previous EU
projects, such as BRAID, CAPSIL, etc.
Stakeholders involved in the field of AAL follow some general concepts used across the
European Union. These concepts are explained in the following part.
The concepts of the EIP-AHA
Since 2006EU member states have agreed on common values to be applied to all EU health
systems in the “Council Conclusions on Common values and principles in European Union
Health Systems”. These common values are: universality, access to good quality care, equity
and solidarity”(Official Journal of the European Union, 2006) . They are explained as follow:
“Universality means that no-one is barred access to health care; solidarity is closely
linked to the financial arrangement of our national health systems and the need to
ensure accessibility to all; equity relates to equal access according to need, regardless
of ethnicity, gender, age, social status or ability to pay. EU health systems also aim to
reduce the gap in health inequalities, which is a concern of EU Member States; closely
linked to this is the work in the Member States' systems on the prevention of illness and
disease by inter alia the promotion of healthy lifestyles.”
With a view to the next future and to the programme Horizon 2020, in 2011-2012 the EU
promoted the creation of the EIP-AHA aiming at increasing the average healthy lifespan in
Europe. In its work the EIP AHA mentions these concepts, trying to adapt them to the current
challenges, and especially to the current ‘crisis period’. But a general concept included
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systematically in the EIP AHA is Innovation. Innovation is different from Invention; it is
defined by the Lisbon Treaty as ‘the successful production, assimilation and exploitation of
novelty in the economic and social spheres.’ (Innovation and the Lisbon strategy) .The EIP AHA
mentions that:
“Innovation – in all its forms – should play a key role in rethinking and changing the
way we design and organise our society and environment and organise, finance, and
deliver health and social care services, as well as the whole environment older people
are living in.” (EIP-AHA, 2011)
A lack of innovation is considered as a great risk for productivity and growth, but also
presented as a missed opportunity to improve the Quality of Life (QoL) of European citizens.
Innovation is therefore a way to find solutions to tackle the demographic challenge. The EIP
AHA mentions several barriers and bottlenecks to a ‘successful innovation’:
“Among the most important are a lack of user involvement in research, innovation and
in their own care, lack of cooperation and poor communication between different parts
of the health sector and between health, social care and other services, lack of a health
promotion and preventive approach, fragmented health systems, financial barriers to
access the appropriate health and social services, lack of interoperability and standards,
and inflexible or inadequate legislation. “(EIP-AHA, 2011)
Taking a leaf from these reflections the AALIANCE2 roadmap seeks especially to address these
challenges, and tries to identify how AAL Technologies can help to involve senior end users in
community life and to improve cooperation between services and prevention interventions,
reduce financial barriers and improve standards in that field.
Inclusion in the EU jargon, refers to the individual or to specific identified target groups who
are considered as being more at risk to be left apart from the general process of social,
economic and technological progress; the objective being to narrow as much as possible the
gap. It is important for elderly also to be included in the society and to be part of it, not being
left apart.
In the EU publications, we can find two main wordings using ‘Inclusion’: active inclusion and
social inclusion. The BRAID project glossary (BRAID Project Glossary) offers us the possibility
to access their official EU definitions:
Active inclusion: A strategy aimed at facilitating the integration into sustainable, quality
employment for those who can work, providing resources which are sufficient to live in
dignity, together with support for social participation, for those who cannot work
Social inclusion: The process which ensures that those at risk of poverty and social
exclusion have the opportunities and resources necessary to participate in economic
and social life, securing a standard of living that is considered acceptable in the society
in which they live.
Older people are considered as a vulnerable group, exposed to a higher risk of poverty
(decrease of financial income) and social exclusion (reduction of social networks). This is
particularly true for older women and very older people.
Cost-efficiency and (financial) sustainability
As shown in the report of the Organization for Economic Co-operation and Development
(OECD) titled ‘Help Wanted? Providing and Paying for Long-Term Care’ (2011) (OECD,2011),
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financial sustainability is the most important policy priority for long term care (LTC) systems in
OECD countries. Recent decisions on EU member states budgets and austerity measures
increase the need to make sure the health and social care systems are sustainable. Policy
makers are urgently looking for both innovative and cost efficient measures that would enable
both to sustain our welfare systems while reducing the pressure on public budgets.
Indeed, the ageing of the population has always been presented first and foremost as a great
challenge for Europe’s financial sustainability, especially for social protection (more pensioners
fewer workforce) and healthcare systems (increase in health expenditure).
One of the innovations proposed for financial sustainability is the increasing use of ICT as a
mean to support community-based and integrated care. Telecare and telemedicine, and more
generally the use of ICT-based solutions supporting older people in their daily life, is seen as a
way to save money by facilitating ageing at home independently and safely, better monitoring
health status, and offering opportunities for social participation (social networks).
However, there is a lack of large scale studies on if telehealth or telecare in homecare is in
general a cost effectiveness intervention. Some countries however could prove positive results,
while others show bad experiences.
A recent study in the UK (Whole System Demonstrator Program) shows that telehealth
contributes to reduced costs in healthcare (Department of Healthcare, 2011). In Finland, the
use of ICT (pilot voice system linking the older person to the caregiver) enabled a reduction of
60% of alarm calls and therefore increased the time available for caregivers to provide other
kind of support (OECD, 2011 from Valkila and Saari, 2010). The use of technology in some
cases proved to be a good way to increase the carer’s job satisfaction by a related increased
empowerment. Well-made ICT tools could prove to be very helpful for carers to get more
information on the older person, as well as reducing pressure on informal carers (OECD,
2011).On the contrary, other experiences proved that using ICT was time-consuming, and that
it could not be used for all target groups. Therefore the scientific, social and economic
communities are waiting for results of large scale studies and tests for verifying the impact ICT
in improving the effectiveness of services and having financial sustainability.
Nevertheless the use of new technologies will not itself be sufficient to address the challenge of
the sustainability of our economies and social security systems. News ways to organize and
optimize the provision of services are needed to improve cost-efficiency. Technologies will play
a crucial role to facilitate service delivery, better integrate systems while reducing costs and
improve quality and continuum of care – but respecting the condition they are fully integrated
in the Member states welfare and economic system.
Community-based care in general is also increasingly considered as less expensive than
institutional and hospital-based care. In that idea, it is interesting to see that in the OECD
report mentioned before, several policy initiatives are identified as ‘helping’ the financial
sustainability:


Encouraging home care



Ensuring care coordination and continuity of care



Discouraging use of acute care for LTC



Changing payment incentives for providers



Encouraging independent living and active ageing



Improving institutional/administrative efficiency
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However, the report mentions that ‘It is unclear to what extent and under which conditions
home care is less expensive than institutional care’, especially as the demand for care is
increasing making the change measurement from institutional to community-based care over
time more difficult. While in most cases, home care seems to be more adequate, persons with
significant impairments may need to live in ‘a nursing environment or in adapted-living,
service housing arrangements’, as ‘in some cases, inappropriate or inadequate home care may
lead to higher and more costly institutionalization in the future’.
To conclude, apart from where the care is provided and by which tools, prevention and
adequate, affordable and accessible care are essential to guarantee care provision efficiency
and sustainability as this is the only way to move from a cure-based approach to a disease and
dependency prevention-based approach.

1.1 Scope of AAL
After the conducted researches it has become clear that there is no common view about the
precise definition of Ambient Assisted Living (AAL). In this introduction, we will sketch a view
on AAL as it has developed within the project during its first year.
The scope of AAL Joint Program is defined as “cultivating the development of innovative ICTbased products, services and systems for the process of ageing well at home, in the
community and at work, therefore improving the QoL, autonomy, the participation in social
life, skills and the employability of elder people and reducing the costs of health and social
care”. This may be based e.g. on innovative applications of ICT, new methods of customer
interaction or new types of value chains for independent living services. The resulting
technologies could also be used by other groups of people, e.g. people with disabilities.
From our view of AAL, we wish to present a more detailed and holistic view, which is inspired
by the NeAT project in the UK (especially by the presentation on NeAT by Charles Lowe)
(Lowe, 2008). The essence of this holistic approach is presented in Table 1, which describes
the top-level needs, the electronic support that can accommodate these needs and the
challenges that need to be tackled.
Table 1.AAL Needs – Support - Challenges (Lowe 2008)

To
independently
need:

live
I

a secure environment,
peace of mind
food and drink I like

Electronic support can help
a lot in the form of:
proactive
environmental
sensors
and
assistive
technology
monitoring of meals, dietary
help, Internet shopping

But there are challenges:
currently
too
reimbursement issues

expensive,

need for standards for
labelling and packaging

smart

contacts with friends
and family, including
giving reassurance

user-friendly communications

physical, social and
mental stimulation

local media, local activities,
employment/occupation,
voluntary work

little local and personalised content
available

healthcare in my home,
comfort, peace of mind

tele-health sensors, medication
reminders,
medication
management

presently tele-care and
systems incompatible

certainty
that
carers will come

electronic carer monitoring and
communication

my
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appropriate
response
when things go wrong,
peace of mind

appropriate response
proactive calling

team,

“how?”, “can one team deliver?”,
cross-organisational issues with
respect to business models and
responsibilities

To allow for this possibility the following issues should be taken into account:
 always-on broadband communication facilities;


unobtrusive easy recording, with access to the relevant data by all key agencies
involved (electronic records; problems: deficient standards, no single integral
approach);



supportive inter-disciplinary care teams (problems: technical interoperability,
organizational incompatibility, spread of responsibilities, accountability for actions);



case-management software (problem: cross-organisational approach);



stable knowledge base and clear decision support for all caregivers (professional and
informal) as well as the client (reliable information, algorithms and rules);



functions (e.g. coping with cognitive limitations, safety, disease management or
medication management), implemented by intelligent applications and services that rely
on specific types of sensors and actuators (in a generic view interaction devices can be
considered as sensors and actuators);



important issues
management;



decisions on issues such as level of control by users, security and privacy management;



AAL should concentrate on applications and services and their integration in order to
present them in a user-centred way (to all users), using enabling technologies that will
be delivered by other programs.

such

as

configuration

(static

or

dynamic),

installation

and

These should be adapted to individual needs, which will change over time due to specific
episodes like rehabilitation after hospital treatment or degeneration, and made available to
clients in an easy-to-use way.
The users of the systems can be divided into different target groups. The primary target group
is of course elder or disabled people but it should also be remembered that the people who
care for them (e.g. family, neighbours, home-care nurses, staff from community centres and in
special situations also emergency personnel) are also important users, who might even use
services from their own location. The systems should also support interaction between the
prime users and carers as well as the scheduling and if necessary re-scheduling of care events.
We should also be aware that the location of assistance will vary. Examples are:
 different type living locations, like the family home, home for seniors, supported or
sheltered housing or apartment, nursing home etc., depending on the needs of the
primary user;


people on the move, e.g. walking, cycling, driving your car, being a passenger in a car
or taxi or public transport;



visiting locations such as homes of families, workplaces, or public spaces e.g. shops or
museums;



location of people (family, neighbours, professional carers) who are involved in caring
for people who belong to the primary target group.

Such factors lead to the consideration of the need to support clients in a person-centred way
(geared towards the primary user, at the different locations and taking the situation into
account, e.g. with respect to environmental sensors at various locations) and to support care
givers in a more task-oriented way.
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This AAL support can be classified considering the environments in which AAL services are
provided. This categorization was initially conceived for the previous AAL roadmap. In
particular the following application domains were identified:
 Ageing well at home: enjoying a healthier and higher quality of daily life for a longer
time, assisted by technology, while maintaining a high degree of independence,
autonomy and dignity.


Ageing well in the community: staying socially active and creative through ICT solutions
that are geared toward social networking as well as good access to public and
commercial services, so improving the QoL and reducing social isolation, which is one of
the main problems of elder people in rural areas with a low population as well as in
urban areas with little family support.



Ageing well at work or “active ageing at work”: remaining active and productive for a
longer time, with an improved quality of work and a better work-life balance via easyto-access ICT, innovative practices for adaptable workplaces, ICT skills and
competences and ICT-enhanced learning (e.g. e-skills and e-learning).

Nevertheless, based on the observation that a person (with in-body or on-body sensors)
traverses many physical locations (room, home, car, workplace, shops, outdoors), each one
with a collection of environmental sensors, either physically placed in the physical space or
built into the furniture or appliances, and virtual spaces (e-shopping, gaming, chatting,
searching or planning activity), depending on the current activity or focus, the AALIANCE
researchers retracted this classification approach replacing these areas with the following
ones: AAL4persons (consisting of AAL@home and AALon-the-move), AAL@community and
AAL@work.
Starting from the previous AAL roadmap and on outcomes obtained in EIP-AHA and in several
European projects, such as BRAID project and Goldenworkers project, the AALIANCE2
consortium decided to structure this new AAL roadmap conceiving the AAL services associable
to three pillars: Prevention, Compensation and Support, and independent and active
ageing. Differently from the application domains of the first AAL roadmap, these pillars
concern the effects that the AAL cares can have on the elderly persons. More details about
these pillars are reported in the following sections of this document.
Furthermore to develop new AAL services, the following enabling technologies are identified:


Sensing: anything and anywhere, in-body or on-body, in-appliance or on-appliance or
in the environment (home, outdoor, vehicles, public spaces, etc.).



Reasoning: collecting, aggregating, processing and analysing data, transforming them
into knowledge in different and often across, connected spaces (e.g. body, home,
vehicle, public spaces). Reasoning engines could be implemented on a dedicated device
together with one or more sensors, on an on-body device for mobile situations, on a
home device, or on a server connected to a network.



Acting: automatic control through actuators and feedback (e.g. information,
suggestions or guidance), which can be local or remote (e.g. to a call centre),
instantaneous (e.g. in the case of alarms) or delayed (e.g. in the case of trend
information and lifestyle recommendations), to relevant participants using personalized
multi-modal interfaces, with respect to role and active task, possibly across multiple
spaces.



Communication: sensors and actuators are connected to one or more reasoning
systems which in turn might be connected to other reasoning systems with optional
additional actuators. These could include dynamic communication systems, e.g. a
person moving from home to a vehicle and to some public space.
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Interaction: intelligent interaction of people with systems and services, which is a very
important aspect of the applications and will have specific requirements to adapt to the
people’s abilities.

This roadmap deals with these technological aspects trying to outline how these technologies
should evolve and develop in the future in order to be suited to the new generation of AAL
services expected in the next years.
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2 General concept for Pillars
Elderly are a group of people that risks to be left apart from the community life and to become
a burden for the society because of healthcare costs. Aims of AAL is to find new technologies
and new services that could improve old people life allowing them to be active members og the
community.
To reach this objective old people need more assistance and care. Care can be defined as:
“all activity that is focused to guarantee the physical and psychological autonomy which is
necessary to function in a personal, social and environmental acceptable level.” (Poiesz et al.,
2010)
According with this definition , the care should be seen related to three dimensions: severity of
the problem, the care management, and the level of functioning.
The traditional view of care varies from the severity of the health status: severe problem with
high urgency till slight one with less urgency.
This second dimension is called ‘self supporting’ of ‘independence’. It says something about the
easiness or simplicity towards the difficulty or impossibility to solve a healthcare problem
independently. When this is difficult there is a demand of care and professionalism, but with
less difficulty professionalism is not an issue. Care givers (family) can assist or even ‘self
support’ is an option.
Finally there is a third dimension of care. This varies from the level of functioning from low
fundamental functioning up till higher personal social functioning.
These three dimensions can be visualized in a cube, the care cube, shown in the Fig. 1.
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Fig. 1The care cube (Poiesz, 2010).

Till now the society is organized to provide elderly citizens cares that reflect the following
context: severe problem, low self-management and low level of functioning. But every part of
the cube represents a form of care. The challenge of AAL is where AAL-services can be brought
in to bring support and assistance in this care cube.
Due to complexity in daily life the possibilities in care and taking care increase. Because there
are so many meanings of the construct ‘care’ and so many applications of care it is not to be
expected the verb care itself will be distinctive. Care increases because there is more to take
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care of. The more complex and dynamic society is, the more dominant the construct care will
be. The construct care is extending. That has impact on the care cube (Poiesz et al., 2010).
The increasing wealth in Europe has made care solutions more complex and expensive. At the
same time today citizens expect personalized and high quality care as they have at home.
Healthcare has to meet regulations and high quality standards. People also want to improve
their QoL more and more and they realize care is part of that! It is known that problems in
health have an impact in QoL. It is clear the request of care is gaining and gaining. All together
this context puts a huge pressure in financing healthcare, in making it economically
sustainable. Considering the demographic change in aging, this a big issue.
Care is then central in the development of services necessary to elderly in order to be active
and independent, meanwhile decreasing the burden of costs due to health and assistance. Aim
of the AAL is to give elderly more years of healthy life allowing them to keep active in the
society, enjoying their life and their family.
Considering this necessity of care, results of the EIP AHA and the outcomes of the different
workshops organized during the AALIANCE2 project, three pillars have been proposed:
Prevention, care and support, and independent and active ageing. These pillars are based on
general concepts developed over the last twenty years in the field of information and
communication technologies and ageing. These concepts reflect the general paradigms having
a particular impact on European society on the last years: demographic change and
technological improvements already described in the previous chapter.
The choice of these pillars was made also taking in account the idea promoted by the European
Union of a positive vision of ageing. As a matter of fact the pillars and the technologies applied
to them are focused on improving the elderly people’s life basing on what older people need
and expect, what is according to them to have a good life, and to consider them just like
anyone else, i.e. as part of a very diverse and heterogeneous society and with the same rights
as anyone else.
These pillars came also from two important aspects discussed during AALIANCE2 workshop
such as the prevention of the onset of disease (age-related and not) and the management of
the decline of elderly people during their life. Indeed in order to allow elderly persons to enjoy
their life, it is important to provide them more years of healthy life. This can be reached thanks
to the application of these three important concepts or pillars: Prevention, Compensation
and Support and Independent and Active Aging (Fig. 2). Each of these concepts, if applied
in the correct way in a senior’s life, could contribute to help him/ her remaining healthy and
participating in the community life.
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Fig. 2 The three AALIANCE2 pillars: Prevention, Compensation and Support, and Independent and Active
Ageing

The three pillars include situations that can happen during one person’s life and in particular in
elderly. They are at the same time complementary and overlapping. As a matter of fact often
the line between them is really thin. Technologies can be applied to all the three of them,
increasing the capacity of the person to adopt these concepts and therefore take advantage of
technology to increase the years of healthy life and activity.
Prevention provides important benefits to all persons, particularly to older adults; (Takahashi
et al., 2004) prevention has in effect the potential to be part of an enduring solution for
improved health and health care (Prevention Institute et al., 2007).
Prevention can be applied through the whole life of a person, but it is particularly important
for old people, since it allows them to have more years of healthy life and better manage
already existing disease. It can be defined as “action to reduce or eliminate the onset, causes,
complications or recurrence of disease” (National Public Health Partnership, 2006). Prevention
can be distinguished in primary, secondary, tertiary and quaternary prevention, according to
which step of the disease it is applied at (Fig. 3).

File name: aa2_wp2_d2.3_roadmap_rev4.9_20130422.docx
Leader contractor: SSSA
Participant contractors: ALL

Page 17 of
117

D2.3–AALIANCE2 Roadmap

Fig. 3 The different typologies of prevention (Kuehlein T. et al., 2010).



Primary prevention consists of activities that can help avoiding a specific disease or health
condition. It is based on changes made to reduce risk in the whole population or particular
interventions addressed to a higher risk groups or individuals. These interventions aim at
eliminating or reducing the factors considered as a cause of the onset of the disease
(National Public Health Partnership, 2006).
 Secondary prevention consists of all the actions made to delay the onset of significant
morbidity when disease or serious risks factor have been already diagnosed. This kind of
prevention prevents progression of disease through early diagnosis and intervention. In
this way it is possible to delay the progression of the disease before the morbidity comes
out, that is between the departure from good health and onset of symptoms. This kind of
prevention pointed to asymptomatic individuals with early disease or established high risk
factors (Prevention for a Healthier America, 2009).
 Tertiary prevention aims for improving the QoL and well-being of the patient through the
management of the disease and the reducing of further progression of it (National Public
Health Partnership, 2006). It aims for limiting complications and disabilities, reducing the
impact of such disease on the patient life, allowing him to keep on living his own life and
preventing additional morbidity (IOM, 2010).
 Finally there is quaternary prevention where the person can’t be considered properly as a
patient, as a matter of fact he/she doesn’t have a disease, but feel like having it. In this
case prevention aims at avoiding an excess use of medical procedures and unnecessary
medicine that could do them more harm than good (Kuehlein T. et al., 2009).
All these actions, made at the right time could help the elderly to live more years of healthy
life, allowing them to enjoy their life and being part of the society.
Both the “Compensation and Support” and “Independent and Active Ageing” pillars have to do
with person with disabilities. As a matter of fact disability is defined by WHO as:
“an umbrella term, covering impairments, activity limitations, and participation restrictions. An
impairment is a problem in body function or structure; an activity limitation is a difficulty
encountered by an individual in executing a task or action; while a participation restriction is a
problem experienced by an individual in involvement in life situations.”(WHO, 2012).
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Disabilities is therefore “a complex phenomenon, reflecting the interaction between features of
a person’s body and features of the society in which he or she lives.” (WHO, 2012).
Old persons often find difficulties in doing different things due to functional problems related to
age and not. Indeed elderly are more subjected to disease than younger people and develop
problems due to age-related decline. The main cause of nearly 40% of the difficulties was
found in motor limitation, in particular gross movements together with difficulty balancing are
included in such difficulties (Smarr et al., 2011).
The difference made between these two pillars stays in the condition of the persons
considered.
Compensation and Support concern elderly people with physical or cognitive impairment that
need help with the daily activities.
Often for old people it is more difficult to start their life again after severe injuries or disease
because the recovery takes much more time and all the functions do not come back like before
the injuries. Often the impairments derived from disease and injuries make the person doing
always less in his daily routine and this makes the person lose other capacities. For example
after an injury like a hip fracture, the old patients need more time to start walking again. This
stop in moving doesn’t cause only the reduction, and in some case the loss, of the muscular
strength and the balance. It makes them less active meaning that also the brain and all the
body can be affected by this absence of mobility causing other injuries and other disease.
Furthermore all the injury-related disability makes the person dependent to other people and
not able to make all the daily activities. Old persons can lose their capacity to live their own life
and keep on living in their own place.
Within the Compensation and Support pillar is then include all the service and device that
could help old person in doing their daily activities by supporting them in doing or
compensating a physical or cognitive loss.
Furthermore technologies could help old people in doing exercises and movements necessary
for the rehabilitation post injuries. This would allow senior people to make more exercises,
feeling confident sooner and avoiding long period of recovery.
ICT developed for person with cognitive and physical impairment could help them even in
feeling more confident with themselves and also with other people. As a matter of fact often
persons feel embarrassed in asking for help in doing simple thing like walking or moving
objects and similar. In this way they could keep on doing all the things by themselves, keeping
on working and manage their life by their own.
Technologies could help old people by supporting them in doing daily activities and managing
this multi-disease situation. Support and compensation could be linked to tertiary prevention.
As already said, tertiary prevention aims to improve QoL by reducing disability, limiting or
delaying complications, and restoring function. This is done by treating the disease and
providing rehabilitation. Goal of tertiary prevention are indeed:
 Preventing additional morbidity;


Improving QoL;



Reducing disabilities.

‘Compensation and Support’ pillar includes therefore all the services that support individuals
with impaired functions due to ill health (physical or mental), congenital abnormalities or
frailty.
In this way the opportunity is giving to old people to continue to live in their own place with
services that help them in doing daily activities and to be able to keep in touch with their
family and friends and manage their own disease and disability.
‘Independent and Active Ageing’ pillar includes all the activities made to give old people the
possibility to keep on living on their own, participating to the social activities and when wanted
working.
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According to the definition of the WHO, disabilities can be considered also for persons with
activity limitation and participation restriction. Often old people find problems in participating
to social activities or to the community, due to different causes, i.e. lack of mobility, difficulty
in staying updated with the events or in keeping up with the transport.
Independent living and active ageing are two complementary concepts aiming to highlight the
necessity to support the autonomy of the person at home and outdoors. The majority of older
people wishes to remain at home. But sometimes staying at home is not possible because of
several reasons: lack of an accessible home environment, geographical and social isolation,
lack of services including transport. They are transversal as they complement the two first
pillars, Prevention and compensation.
In independent living there are also all the technologies and device that can contribute to
make elderly feel safer in their own place and feel more part of the community helping them to
be socially included.
Aim of this roadmap and in particular of the Independent and Active Ageing pillar is the
inclusion of elderly in the society.
The technologies developed looking at the Independent and Active Ageing Pillar should be
designed taking in account of the importance of the inclusion in the society of the old people,
but also of the ‘e-Inclusion’.
E-Inclusion is explained on the European Commission as follows:
e-Inclusion aims to achieve that "no one is left behind" in enjoying the benefits of ICT.
e-Inclusion means both inclusive ICT and the use of ICT to achieve wider inclusion
objectives. It focuses on participation of all individuals and communities in all aspects of
the information society. e-Inclusion policy, therefore, aims at reducing gaps in ICT
usage and promoting the use of ICT to overcome exclusion, and improve economic
performance, employment opportunities, QoL, social participation and cohesion.(eInclusion)
One challenge for e-Inclusion lies on the necessity to upscale the existing assistive
technologies, answering to specific and well-defined needs, to move from developing individual
solutions to developing technologies and planning indoor and outdoor living spaces which suit
everyone’s needs and expectations through the design-for-all approach.
e-Inclusion has therefore two objectives: first develop ‘inclusive’ ICT, i.e. that ICT solutions
actually are not by themselves a source of exclusion, that they don’t increase the gap between
social groups (reducing the ‘digital divide’); second reducing this gap between social groups
and integrating them, so the capacities of all EU citizens can be used.
In the e-Inclusion concept, two main approaches are included: the ‘design for all’ approach and
the acceptance of ICT by the ‘excluded’ groups.
This concept is key in the AALIANCE2 roadmap, especially as a transversal approach that all
AAL Technologies should seek to include in the future. It covers the three pillars of the
roadmap.
All the pillars contribute to help elderly to fully enjoy more years of healthy life, increasing also
their QoL.
The perception of QoL is influenced by many aspects. It means that everything that affects
their life and their experience is an influencing factor. Often there is a difference made
between the physical and mental. The World Health Organization (WHO) defines QoL as:
“…individuals perception of their position in life in the context of the culture and value
systems in which they live and in relation to their goals, expectations, standards and
concerns. It is a broad ranging concept affected in a complex way by the person's
physical health, psychological state, level of independence, social relationships, personal
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beliefs and their relationship to salient features of their environment.”.QoL is a
subjective understanding. (WHO, 1998; Social Cultural Plan Office, 2011).
There are five themes that are important for the perceived QoL, namely: (physical) health,
(psychosocial) welfare, social contacts, activities and living environment. Frailty elderly
persons consider social contacts important for their QoL, while non-frailty elderly say health is.
So health and social contacts are important for QoL. Poor health contributes to a reduced QoL
(Bowling et al., 2003; Puts et al., 2007). Currently the society expects that smart technologies
can contribute to a better health and welfare but unfortunately there is not much evidence
about this, however there is evidence that telehealth or telecare contributes to improve the
QoL of people at home (Currell et al., 2010; Barnes et al., 2006; Melander et al., 2007).

Fig. 4 Possible effects of the three AALIANCE2 pillars (Prevention, Compensation and Support, and
Independent and Active Ageing) on QoL.

Fig. 4 shows the effects that the three pillars could have in improving the QoL. As a matter of
fact considering the standard QoL of a person without the support of any pillar (light blue line)
the QoL would decrease after a certain age, due to disabilities and morbidity related to age. If
a series of prevention activities would be made by all people, this line would decrease later in
time, because of the delaying or management of disease, so that the morbidity could be
reduced or eliminate. The line of the QoL start decreasing even later when action for support
or compensation are done. As a matter of fact, even in case of disease ICT could help the
patient doing the activities he/she wants to, making him/her perceiving an higher QoL.
Through these pillars the AALIANCE2 project aims to make old people becoming a resource
and not a burden for the society, improving their QoL and making them involved and included
in the society. This could be done by identifying how AAL Technologies can help, for example in
involving end users, in improving cooperation between services, to improve prevention
interventions, reduce financial barriers and improve standards in that field.
The three pillars chosen in AALIANCE2 Project applied and followed together can also
contribute to the Continuum of Care (CoC).
Continuum of Care is defined as:
“a client-oriented system composed of both services and integrating mechanism that guides
and tracks clients over time through a comprehensive array of health, mental health and
social services spanning all levels of intensity of care.”(Evashwick, 1989).
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As a matter of fact, continuum of care is designed to meet the needs of people with complex
and/or ongoing problems efficiently and effectively, including mechanism for organizing those
services and operating them as an integrated system. (Evashwick, 2005)
Following the three AALIANCE pillars and thanks to the use of ICT, it could be possible to
create a CoC, allowing old people to be followed by the practioners, while being independent
and at their own place. Furthermore it would be possible to integrate all the service necessary
to elderly to let them feel safe.
Designing technologies following the pillars would make possible in effect to develop an
integrated care system.
Integrated care is defined as:
“defined in terms of collaboration, alignment, training and connectivity among social,
health, community care providers and carers.”
Integrated care - based on a collaboration within health care services and among social,
health, community carers/care providers – is the way forward to benefit all Europeans
(and in particular older people) whilst helping to address resource efficiency and
sustainability. This means building health systems on integrated care models, including
remote patient monitoring and management of chronic conditions.(EIP-AHA, 2011).
An integrated care system is particularly interesting as it potentially encourages a more
efficient and preventive approach by a comprehensive knowledge of users (social/health
backgrounds). It also represents a great potential to improve quality of care by a more person
or user-centred care, thus helping to ensure continuum of care, i.e. reducing or erasing
gaps between different services provision.
The Interlinks project developed a model (Fig. 5) showing how ‘long-term care services’ can be
integrated:

Fig. 5 Scheme of the model of long-term care services as developed by the Interlinks project (Interlinks)

By essence, AAL technologies both need and support an integrated and community-based
care approach, by providing a technological support for cooperation between services and for
support to a holistic personal management.
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Community-based care is a wide concept usually opposed to hospital or institutional-based
care. In the EIP AHA communication, the European Commission asks Member States to
develop measures aiming at:
“fostering investments to modernise national and regional health systems, and giving
priority to a shift from institutional care to community-based care, while enhancing
independent living.”
Community-based care appears to stand in the middle of two ‘extremes’: hospital care and self
care. It therefore corresponds to a wide range of ‘intermediate care services’ where the person
lives in its own home and can benefit from a range of services such as day care centres,
support to informal carers, mobile care units acting at home, etc.
Community-based care services focus mainly on prevention and rehabilitation, therefore
aiming to reduce time spent in a hospital. It also can aim to bridge the gaps between different
services provision while supporting autonomy of the person in its own home.
Aiming especially at integrating devices and services in support to interoperability between
heterogeneous equipment and devices, AAL technologies can widely support community-based
care by improving the cooperation between the different services, support autonomy at home
and support both prevention and rehabilitation services. These services can also help at
increasing users’ control over its care and lifestyle, i.e. ‘personal management’, by providing
monitoring tools and direct follow up of its own care. While community based care may lead to
a more ‘individualized approach’ to care, AAL technologies can also help to support increasing
social contacts and incentives.
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3 The AALIANCE2 Pillars
Because of the rapid increasing of the elderly population both in Europe and worldwide, it is
important to make people aging in the best way possible in order to allow senior citizens to be
active both at work and in the community life and so to promote and preserve their social
inclusion. This goal could be reached by preventing and delaying the onset of disease and
disabilities, in order to let persons have more healthy years allowing them to spend longer in
paid work, live independently, enjoy the community being part of it.

3.1 Prevention

According to the definition of prevention given in the previous chapter (Chapter 2), the primary
and secondary prevention are here treated in details to highlight those application fields where
diseases or illness are not present (primary) or without any symptoms (secondary). In both
cases, AAL technologies and services have the potentiality to delay and reduce the impact of
the diseases on elderly users, avoiding and/or postponing the decrease of QoL.
The primary prevention foresees risk reduction and aims to eliminate or at least reduce causes
of disease through the promotion of healthy best practise (National Public Health Partnership,
2006) and lifestyles (Forda E.S. et al., 2012). Examples of primary prevention are:


immunisation to communicable disease: the immune system's function diminishes with age
(Mc Elhaney JE, 2003), leading to a decline in the response to infection by both the innate
and adaptive immune systems; as the immune response in the elderly declines and the
outcome of infection is often poor, prevention of infections becomes critically important;



hypertension monitoring: hypertension is common in the elderly population and poses
considerable risks; detection and adequate treatment of hypertension in the older
population provide substantial benefit (Takahashi P. Y. et al., 2004);



tobacco assumption management: smoking favours many chronic diseases such as
emphysema and chronic bronchitis (COPD), lung cancer and many other chronic diseases
such as coronary artery disease, atherosclerosis, stroke, heart disease, diabetes,
hypertension and cancer(Smoking Cessation Education in the Elderly); thus self
management of smoking activity could be a challenge;



brain training program for preventing decline of cognitive functions and dementia:
cognitive training programs could have long-lasting positive effects in healthy elderly
persons, improving cognitive functions such as memory, processing speed, executive
function and attention; thus, one of major goal of aging research is to develop methods for
maintaining and improvement of cognitive functions of senior people (Nouchi R. et al.);



physical activity stimulation: fall prevention in older adults could be achieved with balance
enhancing activity and lower limb resistance training during daily activities(Clemson L. et
al.); physical activity and aerobic exercise training can also serve to moderate undesirable
age-related changes in cognition, brain function and brain structure (Kramer A.F. et al.,
2006);



social participation in the community: epidemiological evidence shows that in healthy
elderly subjects the engagement in leisure activities of intellectual and social nature can
slow cognitive decline and reduce the risk of dementia onset (Polidori M.C. et al., 2010);
thus avoiding isolation of old people is a challenge to favour their participation in the
community;
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education programs to invite people to have a healthy life, doing physical activity and
following a healthy diet, so to reduce the burden of chronic diseases;



legislation for the use of the belt and the helmet in order to avoid death or disability
associated with road trauma (National Public Health Partnership, 2006).

In case the diseases or serious risk factors have been diagnosed, it is possible to slow the
progress of the illness. All the actions made to delay the onset of significant morbidity are
defined secondary prevention. Therefore it is important to understand the symptoms and
high risk factors that help identify the disease before it comes out.
As a matter of fact secondary prevention prevents progression of disease through early
diagnosis and intervention. In this way it is possible to delay the progression of the disease
before the morbidity comes out, that is between the departure from good health and onset of
symptoms. This kind of prevention pointed to asymptomatic individuals with early disease or
established high risk factors (Prevention for a Healthier America, 2009).
Examples of secondary prevention are:


cancer screening (Cervical, Breast, Endometrial, Colorectal, Skin, Prostate, Thyroid);



blood pressure measurements and treatment of hypertension in middle-aged and
elderly people;



pre-diabetes program;



blood screening;



pharmacological methods;



diet and physical activities in case of people that had already a CVD;



earlier detection;



healthy diet: a higher-quality diet is associated with a lower risk of recurrent chronic
diseases, such as cardiovascular, diabetes, etc. (Dehghan M. et al., 2012);



Neurodegenerative disorders (i.e. Parkinson’s disease, Alzheimer’s disease, etc.).

3.1.1 Application Fields
3.1.1.1 Prevention at work
Work represents one of the most important activity in the daily life of a person. Every person
should be able to work independently from age or disability and this is not only linked to the
money earned but also to the feeling of being part of the society. As a matter of fact it is also
important to consider the voluntary job that every person could do in order to help and feel
part of the community.
Moreover working people need to use both physical and cognitive capacities in their jobs and in
most of cases this helps them to stay healthy and delays the decline that often could happen
after retirement (Grossmann, 1972). It is thus important to let people work as much as they
can and like regardless of age and disabilities.
In order to have people working longer and being healthy it is necessary for them to have a
healthy work place with all the support they need. This means that it is necessary to facilitate
the access to the working space, assure the right work conditions related to the environment,
personal situation and capabilities, support work activities, prevent and reduce the prevalence
of work-related diseases and guarantee safety and health regulation for employees.
Smart environment could help workers to maintain certain environment conditions necessary
for health. Moreover it is possible to help workers in doing their work avoiding disease to them.
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Technologies and solutions should be developed to carry out preventive action, in order to
monitor the health of workers. Preventing work related disease could help letting people stay
longer at work, making them being part of the community longer allowing them also to feel
more involved in the community even through voluntary work (AALIANCE Roadmap, 2010).
Scenario 1: Prevention @ work
Bob is 62 years old. He works in company as specialized workers. He has to supervision the
job made by other workers following the production of mechanical part of the motorbike
the company produce. He suffers from diabetes mellitus and he had a hernia when he was
younger, so it is better if he doesn’t spend too many times standing.
The company which Bob is working for has adopted an innovative solution for monitoring
the health status of its workers, based on several environmental sensors. This monitoring
system measures parameters such as temperature, humidity, level of foul air, excessive
presence of chemical agents in the air and acoustic noise level. On the other hand through
smart watches worn by employees is possible to measure temperature, blood pressure,
pulse and blood oxygenation of the specific employee knowing also where he or she is.
In the case of Bob the company has provided a special watch that can also measure the
glucose present in the blood. Furthermore he has a special band to be put around his back
that is able to measure the load acting on his back. In this way Bob glycaemia is taken
under control and whenever Bob back is supporting a too high load, the band gives an alert
to him so that he can go and have a rest at his desk keeping on working from there.
Thanks to all of these sensors, also the environment where Bob works is kept safe. Indeed
when there is a high level of chemical agents in the air it is given an alert so that
everybody can stop working for a while, allowing the conditioner to change air.
Thanks to this smart monitoring system, preventive actions to support workers like Bob are
done so to preserve worker state of health. In this way, the onset of diseases among
employees of the company is greatly reduced and the quality and productivity of workers
are guaranteed with consequent increase in the company’s efficiency and profitability.

3.1.1.2 Falls
Falls are commonly defined as:
“inadvertently coming to rest on the ground, floor or other lower level, excluding
intentional change in position to rest in furniture, wall or other objects”
(WHO, 2007a)
The frequency of falls increases with age and frailty level. Around 28-35% of people aged 65
and over fall each year and this percentage increases to 32-42% for those over 70 years of
age (WHO, 2007a). Persons who fall suffer moderate to severe injuries that make it hard for
them to get around or live independently, and increase their risk of early death.
Falls are the result of a complex interaction of risk factors that can be classified into biological,
behavioural, environmental and socio economic factors (Fig. 6).
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Fig. 6 Risk factor model for falls in older age (WHO, 2007a)

Biological risk factors include also physical, cognitive and affective capacities, and the comorbidity associated with chronic illnesses. Functional capacity (such as muscular strength and
cardiovascular output) has a peak in early adulthood and then starts declining(WHO 2007,
WHO global report on falls prevention in older age). The decline is not the same for everybody
but largely depends on lifestyle behaviours, as well as external social, environmental and
economic factors (Fig. 7).

Fig. 7 Maintaining functional capacity over the life course (WHO, 2007a)

Functional capacity is really important for avoiding falls. It is therefore important to try to
improve it through exercise but at the same time it is important that the physical activity is
appropriate to the person who is going to do. Moderate physical activity could reduce the risks
of falls and fall-related injuries through controlling weight and contributing to healthy bones,
muscle and joint. Moreover it could improve balance, mobility and reaction time. Promoting
physical activity is one of the most feasible and cost-effective strategies to prevent falls as it
improve strength, balance and flexibility. Furthermore acting on diet can decrease the risk of
falls by avoiding diet deficiencies that could lead to weakness, poor fall recovery and increase
risk of injuries. As a matter of fact an adequate intake of protein, calcium and essential
vitamins is essential for good health, improving bone density and reducing risk of falling (WHO,
2007a).
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Behavioural risks factors, such as the intake of multiple medications, excess alcohol use, and
sedentary behaviour, can be modified through strategic interventions in order to reduce the
risk of fall.
Furthermore environmental and socioeconomic risk factors, such as home hazards and
hazardous features in public environment for the former and lack of social interaction and
community resources for the latter, can contribute to the fall risk. It is therefore important to
control the environment where elderly live and to make it as safe as possible. It is also
necessary that people don’t take risks, like standing on unsteady chairs or bending while
performing activities of daily living, in order to avoid falls. Moreover risk of falls is inversely
related to social interaction. Depression and isolation triggered by the lack of socialisation
increase the fear of falling that in turn increase the risk of falling. It is then important for old
people to be part of the community, be involved in social activities and feel part of the
community (WHO, 2007a).
Trying to prevent such risks could avoid falls among older persons and also all their
consequences.
From an economical point of view, falls are critical to family, community, and society.
Healthcare impacts and costs of falls in older age are significantly increasing all over the world.
Fall-incurred costs are categorized into two aspects: direct costs and indirect costs.
The former includes health care costs such as medications and adequate services. Examples of
direct costs are hospital care, doctors, rehabilitation and use of medical equipment. Direct
costs do not consider long-term effects of these injuries such as disability, dependence on
other persons, lost time from work and reduced QoL (Costs of Falls). In 2000, the total direct
medical costs of all fall injuries for people 65 and older exceeded $19 billion: $0.2 billion for
fatal falls, and $19 billion for nonfatal falls (Costs of Falls).
Within indirect costs are included all the costs consequent to the fall, but not medically related
to it, such as time spent by family care givers involved in helping the patient with fall-related
injuries instead of being involved in societal productivity activities (WHO, 2007a). By 2020, the
annual direct and indirect cost of fall injuries is expected to reach $54.9 billion (Costs of Falls).
Scenario 2: Fall prevention
Helena is 80 years old. She lives alone in her flat. She really likes to do all the housework
by herself, but she is scared about falling down in her own place. In her apartment is
installed a monitoring system that follows her during her daily activity to make sure that
nothing happen or in case the system can make sure that Helena is ok and eventually call
for help.
Today she wants to clean the apartment and in particular she would like to wipe the shelf
on which she keeps all the books. In order to clean she decides to use DOMO, her assistant
robot. By wearing a special dress she can tele-operate DOMO while it is doing the entire job
and thanks to special glasses she can see what DOMO see even in the highest shelf. By
simulating the movements she controls the arm of DOMO so that it cleans the entire shelf
by first removing the things there. In this way she can do all the things that she need
without being scared of falling.
After mopping up she would like to take a little snack from the kitchen, but before going
she asks the smart system if the floor is dry in order not to slip. The system recognizes a
wet place and immediately sends roomba to dry it.
Helena can go in the kitchen and have a snack without the danger of slipping on the floor.

File name: aa2_wp2_d2.3_roadmap_rev4.9_20130422.docx
Leader contractor: SSSA
Participant contractors: ALL

Page 28 of
117

D2.3–AALIANCE2 Roadmap

3.1.1.3 Neurodegenerative disease
Parkinson’s Disease
It was estimated that worldwide from 7 to 10 millions of people are living with Parkinson’s
Disease (PD) (PD website, 2012). This number is forecast to double by 2030 (EPDA, 2012) and
anyway it does not reflect the thousands of cases that often are undetected. The cardinal
clinical symptoms are: tremor, postural instability, bradykinesia- hypokinesia, muscular rigidity
(Fig. 8). These symptoms lead to walk with difficulties or complications as festination (rapid
small steps taken in an attempt to keep the Centre Of Gravity (COG) above the feet while the
trunk leans forward involuntarily and shifts the COG forward) and freezing of gait (motor
blocks in gait especially at the starting, changing direction or moving in thin places). Thus
these motor symptoms are very disabling for patients with PD and undermine the subjects’
autonomy and independence.
In PD latency between the beginning of the neurodegenerative process and the appearance of
the typical motor symptoms of the disease that lead the clinician to the diagnosis is about 5
years (Fearnley J.M. et al., 1991; Morrish P.K. et al., 1998; Marek K. et al., 2001), so the
diagnosis is actually expressed when various cerebral areas are already involved in the
neuropathological process.

Fig. 8 Motor symptoms of Parkinson’s Disease

Although PD is typically diagnosed by means of motor symptoms, it is increasingly recognized
that also non-motor symptoms are very frequent and can worse patients' QoL (Soh S.E. et al.,
2011). Typical non-motor symptoms are depression, anxiety, idiopathic hyposmia, cognitive
impairments, automic dysfunction, thermodysregukation and sleep disturbance. These
symptoms can be very disabling and they have a very negative impact on health related QoL
(HRQOL) of the patients (Soh S.E. et al., 2011; Leentjens A. et al., 2008).
Parkinson’s disease has a great impact on health care cost. In the United States it is estimated
that the direct and indirect costs are nearly $25 billion per year with a high cost also on the
patient (PDF website, 2012).
The early diagnosis would give the opportunity to diagnose Parkinson’s disease in a pre-clinical
phase being a milestone in the treatment of the disease. It could allow to study the pathology
from the beginning and to start the neuroprotective treatments very early with a greater
effectiveness to struggle the biochemical imbalance that determines the disease and its
advancement (Berendse H.W. et al., 2009). In this way it could be possible to delay the onset
of the more disabling symptoms and let persons live for more years independently, allowing
them to work longer, have more healthy years and be active part of the community.
Furthermore it is possible to help patients in managing Parkinson’s disease so to improve their
ability and the possibility for them to keep on being independent as much as possible.
Rehabilitation, for example, represents a very important role in the treatment program for
managing Parkinson's disease. Commonly the possibility for patients to carry out regularly
physiotherapy is influenced by factor as limited receptivity of therapeutic centres, waiting time,
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distance from patient’s house and rehabilitative centres, transfer costs, etc. These problems
lead to develop a solution that improves the quality and the quantity of rehabilitation
treatments.
A wide number of exercises could be conducted also in the domestic environment, assisted and
stimulated by advanced smart and ubiquitous interfaces and a system of video-consulting will
simplify interaction between patients and health operators so as to improve the rehabilitation
therapies.
It would be then important to assist patients in their daily living activities by means of suitable
devices that will allow them to be more independent in their home and in the community. The
assistance will consist of smart devices for walking and posture support, technological
instruments for continuous monitoring of health status at home and outdoor and monitoring
sensors for home environment. These services will be personalized related to the specific
characteristics and needs of the patients and they aim to promote the feelings of autonomy
and security in patients.
Scenario 3: Parkinson’s disease
Sonja has 77 years old. Although some time before she was diagnosed with Parkinson’s
disease and all the care were started, she still lives alone in her house because her house is
“smart”. The house is provided with sensors that follow her in daily activities. It is able to
understand when there are some problem and give an alarm to the caregiver who, first of
all can ask Sonja what is happening and if she needs any help.
She has to take every day the drug necessary for the disease and furthermore she has to
do some daily exercises in order to maintain her physical capacity and her natural
movements. She wears her special tracksuit and starts doing the exercises that the
physiotherapist and her doctor agreed. Thanks to the tracksuit her movement are taken
under control that means that the range of her movements and the tremor are measured
and sent to the physiotherapist that can evaluate possible change in her capacity and
consequently the therapy.
After the exercises Sonja has to prepare herself. In fact she has an appointment with her
friends for an online card game. Playing cards with her friends make her feel good, because
of the chatting during the game and because of the fun.

Alzheimer’s disease
In persons with Alzheimer’s disease (AD) there is an accumulation of amyloid plaques,
neurofibrillary tangles and neuronaldepletion that causes progressive deterioration of cognition
and functional status. AD is a disease that changes deeply life of patients, because at a certain
point of the disease they lose their independency. Symptomatic treatment (e.g. donepezil,
rivastigmine, galantamine, memantine) cannot halt the progression of AD, even if started in
different phases of the dementia, because when patients show symptoms of dementia,
extensive brain damage has already occurred. Prevention in the preclinical stage would be then
the better way to try to decrease the incidence of AD and its burden for society and individuals
(Gauthier S. et al., 2012).
The number of persons affected by AD is increasing with the increase of elderly population and
with the number of patients also the costs of AD are increasing. In addition this disease also
places a great burden on caregivers, both social and economical. Moreover in most of the
cases the family takes care of AD patients, avoiding or delaying the need for expensive care,
but influencing their life, also from the point of view of work productivity.
Preclinical treatments are defined as “interventions that are initiated before apparent cognitive
decline and are intended to reduce the chance of developing AD-related symptoms” (Reiman
EM et al., 2011).
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At the moment there is no evidence that preclinical treatments have the hoped results. Some
lifestyle changes in persons with high risk of developing AD have been proposed, but not yet
tested. Many theories and treatments have been proposed to delay the onset of AD, but many
years, persons and money will be needed to prove the efficacy of these treatments.
In order to prevent the burden of AD on society it is then important to identify the first
features of the disease, because making an early diagnosis of the disease will allow to start as
soon as possible the pharmacological approaches to delay the progression. Through early
diagnosis the patient, the family, the community and the public health system could have
great benefits (Leifer BP, 2003).
Scenario 4: Alzheimer’s disease
Marcus is 78 years old he has got only one son (Peter), he lives alone in his house in the
countryside close to his son’s house. The doctor has diagnosed to Marcus the early stage of
Alzheimer’s diseases, so he is quite worried about this situation because during the night
Marcus could wake up and go outside without any control.
In order to prevent this bad situation Peter has bought a technological gift to his father:
WHERE, a smart sensorised ring, which Marcus could easily remember to wear. WHERE
could communicate the real position of Marcus to the smart system of the house and
consequently to the son. WHERE is completely immerse in the environmental sensor
network and provides information about the status of Marcus, even physiological. Further,
thanks to the active collaboration between different agents, it could autonomously
recognize if there is abnormal situation occur and immediately avert Peter. In this way
Peter could track the position of Marcus even during the night.

Dementia
Dementia is widespread among persons aged over 65; worldwide almost 27 million persons
are affected by dementia (Valenzuela M. et al, 2009)and in the European Union there is a
prevalence rate between 5.9%-9.4% (Berr et al., 2005). These numbers are going to rise
because of the increase in the number of persons aged over 65 worldwide.
Dementia can have different causes such as Alzheimer’s Disease (the commonest cause of
dementia), vascular dementia, Lewy body dementia, Parkinson’s disease, Creutzfeldt-Jakob
disease, frontal lobe dementia, and progressive supranuclear palsy (Leifer BP, 2003).This
disease deeply impacts on daily life and everyday personal activities, being often related to
behavioural symptoms, personality change and numerous clinical complications. Furthermore
in many cases dementia increases also the necessity of nursing care and the risk for urinary
incontinence and falling that could bring to hip fracture and other injuries. Thus, costs of care
with dementia are really high. Therefore there is the need to find prevention strategies to
reduce the impact of dementia on society both from an economical and a social point of view.
As a matter of fact even delaying the onset of dementia of some years could halve the burden
of the disease (Valenzuela M et al., 2009).
Attention as to be focused on primary prevention so to reduce the biological onset or the risk
factor, while secondary prevention should aim at an early detection of the symptoms so to try
to reduce the progression of dementia and its consequences.
In the matter of dementia there are several risk factors to be taken into account (Polidori M.C.
et al., 2010). Some of these are reported in the scheme of the Fig. 9.
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Fig. 9 Network of factors possibly and/or certainly influencing dementia risk (Polidori M.C. et al.,2010)

Prevention has to focus on the factors on which people can work so to reduce the onset of
dementia. In particular prevention should act on vascular and lifestyle factors.
In effect it has been seen that there is a link between hypertension and dementia so as
between dyslipidemia and dementia (Fig. 10). Controlling vascular risk factors could help to
identify people that have a high risk to develop dementia or cognitive impairment so that they
can start to follow a preventive intervention in order to reduce dementia onset.

Fig. 10 Possible mechanisms that may explain the association between vascular risk factors and an
increased risk of developing dementia (Middleton LE, et al., 2009)

Among the different risk factors there are some linked to individual lifestyle, such as social
activity, physical and cognitive activity and nutrition.
In effect it has been seen that people involved in mentally stimulating activities are less likely
to develop dementia compared to the one who doesn’t (Middleton LE, et al., 2009).
Physical activity showed a role in the prevention of dementia. As a matter of fact, physical
active people are often less inclined to develop cognitive decline and dementia. It has been
seen that even short time training can improve cognitive performance. Furthermore physical
activity can reduce vascular risk factor linked to the onset of dementia thus reducing the risk
of developing it (Middleton LE, et al., 2009).
Linking the physical and cognitive activity to a social engagement and activity could improve
the efficacy of all the three of them.
Finally focusing the attention on nutrition, following a healthy diet rich in fruits and vegetables
could decrease the risk of developing dementia, due also to the reduction of vascular risks
linked to a large intake of saturated fat food.
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Even if the efficacy of these lifestyle changes for the prevention of dementia is not scientifically
proved, old persons should start following this kind of lifestyle. In this way dementia could be
delayed or even prevented and in the worst case they would follow a healthy lifestyle that will
improve their health and reduce cardiovascular risk factors allowing them also be majorly
involved in cognitive and social activities (Middleton LE et al., 2009).
Scenario 5: Prevention of Dementia
Niels is 80 years old. He lives alone, but his children are quite worried about what the
physician told them about some sign of a starting mild cognitive impairment. They are
worried about their father health, but they want to let him enjoy his independency as far as
possible. Addy, the smart environment system, follows Niels in his daily activity: it can
understand if there is something wrong or if his habits are changing and keeps track of
every day activity. In this way the doctor can analyse the situation and understand if he is
getting worse or not.
After lunch Niels has a rest on the bed. When he lies down on the bed the system
automatically recognize if there is too much light in the room and consequently close the
window shade. After half an hour Niels wakes up, the room is dark and the Addy
automatically switch on a set of light that enlighten his way to the door. When Addy
“realize” that Niels don’t want to sleep again it opened again the window shade.
After making a tea, Niels is ready for playing his favourite game. He sits on the sofa with
his touchpad and contacts his friends. Today is time for them to solve a crime all together.
Along the game they will find all the proof and they have to put them together and find the
criminal.
They enjoy really much playing together and at the same time they keep their brain active!

3.1.1.4 Chronic disease
The World Health Organization (WHO) defines chronic disease as:
“diseases of long duration and generally slow progression”.
Examples of chronic disease are: heart disease, stroke, cancer, chronic respiratory diseases
and diabetes. These diseases are the main cause of mortality in the world, representing 63%
of all deaths (WHO Chronic Disease, 2013) and also in Europe they are the major cause of
mortality and morbidity.
Chronic diseases have also a deep impact on healthcare costs. As a matter of fact these
diseases decrease wages, earnings, workforce participation and labour productivity. Moreover
they increase early retirement, high job turnover and disability (Busse R. et al., 2010).
It is possible to measure the burden of disease with the disability-adjusted life year (DALY)
(WHO, Daly). This measure developed by WHO combining premature death or disability into a
single measure can quantify their impact on a population. The WHO defines:
“The sum of years of potential life lost due to premature mortality and the years of
productive life lost due to disability “
(WHO, Daly)
The idea of the DALY is based on the assumption that the best way of measuring the impact of
chronic disease is the time spent disabled or lost (Busse R. et al., 2010).
There are several risk factors for chronic disease, such as hypertension, tobacco use, high
cholesterol, low fruit and vegetable intake, overweight and obesity, sedentary lifestyle and
alcohol abuse.
According to this definition there is a considerable part of persons in Europe that can be
defined as overweight and in particular this is widespread between elderly citizens (Busse R.
et al., 2010).
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Chronic diseases are thus prevalent and costly health conditions, but they are also a
preventable class of disease (Fig. 11). As a matter of fact lot of money could be saved by start
following some little advices that could help maintain a healthy life.

Fig. 11 Comprehensive model of chronic disease prevention and control (National Public Health
Partnership, 2006)

Scenario 6: Modular and adaptable point of care
Jessica is waken up from her smart home system. As soon as she wake up the tooth
reservoir implanted some time before releases the right dose of drug necessary for Jessica
to keep her thyroid under control. Her smart home checks the correct release of the drug
and remembers her to drink some water and to wait the time necessary for the drug to be
correctly assimilated. In case the drug is not correctly released or the reservoir is almost
empty, the tooth implant send a message to the point of care that immediately advise her
physician.
This morning before having breakfast Jessica has to do blood analysis and other check up.
She goes to the point of care that has all the things necessary to do all the control. First of
all she put her finger on the biometric scan, so to identify her. Then the oxygen saturation
is evaluated: due to her difficulties in breathing it is necessary to control it. While
controlling the saturation a little sample of blood is taken and all the required analysis are
made. The physician knows the days in which Jessica has to do her analysis and can plan
and set which analysis are necessary that day on the point of care with remote operations.
As soon as the analysis are ready the results will be sent to the physician who can check
the results. Then her heart rate and blood pressure are checked. After finishing the check
up she can reach her husband Amos and have breakfast together.
Amos has diabetes so soon after breakfast he has to check the glycaemia. He goes to the
point of care and, once identified the level of sugar in his blood is checked without taking a
sample of it. After the control of glycaemia he check the blood pressure and heart rate.
Then his eye pressure is measured so to keep it under control because of his high risk of
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developing glaucoma.
Also all these results are sent to the physician that can have a check on the daily health of
his patients. Afterwards Jessica and Amos can start enjoying their day.

Cardiovascular Disease
Cardiovascular diseases are a group of disorders of the heart and blood vessels and include:
 coronary heart disease;


cerebrovascular disease;



peripheral arterial disease;



rheumatic heart disease;



congenital heart disease;



deep vein thrombosis and pulmonary embolism.

Acute events like heart attacks and strokes are mainly caused by a stop in the blood flowing to
the hearth or brain. The most common reason of blockage is the presence of fatty deposits on
the inner walls of blood vessels. In case of stroke they can also be caused by bleeding from a
blood vessel in the brain or by blood clots (WHO Definition of cardiovascular diseases, 2013).
The main risk factors for heart disease and stroke are: high blood pressure, high cholesterol,
smoking or second hand smoke, an unhealthy diet and physical inactivity. By increasing
physical activity and healthy eating and reducing other risks it could be possible to decrease
significantly these two acute events. Increasing the attention and the investment in programs
to increase physical activity, improve nutrition and prevent smoking could help saving a lot of
money spent in health care for treating cardiovascular diseases.
Reducing the onset of these diseases will improve also the individual life. As a matter of fact
working on lifestyle could decrease also the onset of other diseases, like type 2 diabetes,
kidney disease, arthritis and chronic obstructive pulmonary disease. In this way it could be
possible for people to live their life longer in a healthy status, enjoying their life and being part
of the community. Furthermore it could be possible for people also to work longer.
For this reason attention should be focused also on early diagnosis and risks detection in order
to point these prevention programs on risky people. Part of this program could be done also at
work, by providing healthy food and giving the opportunity to do some physical activity (NCSL,
Heart Disease and Stroke - An Overview of Our Nation's Leading Killers, 2012).
Scenario 7: Healthy Living
Seth is 75 years old and is now retired. He used to work in an office, spending all day
sitting at the desk. During his life it didn’t practice any sport and didn’t care about the diet.
Because of his work he has not time and he often eat in a non healthy way.
Some years ago his physician told him that it was better for his health (cardiovascular
disease and diabetes) to start decreasing his weight and practicing some physical activity in
order to decrease the risk of some diseases.
The morning when he wakes up Kitty, his intelligent kitchen, tell him what is going to
expire soon in the fridge and in the cupboard and suggest him some nice and interesting
recipes for cooking healthy. Kitty knows what Seth should eat during the week according
to his diet and has got notes of what Seth eats every day, so it can suggest him the best
things for him to eat also linked to what he has in the fridge. Kitty also knows the expiry
date of all foods that Seth has, so it can suggest what to eat and what to buy. After
breakfast and reading the news, he prepares himself for the training; he doesn’t need
wear anything special, because thanks to the special sensor put under the skin of his wrist
all the physiological parameters are under control during the activity. He just need to take
with him his Smartphone in case he goes outside for a walk in order to know his position,
so to have the possibility to find him in case something goes wrong. Thanks to the
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Smartphone he can also be in touch with Marcus, his personal informatics trainer, that can
in this way follow him during the walk suggesting exercises or rest. Marcus suggests Seth
the exercises he should do today according to his personal training program. Marcus,
because of the long walk made two days before, suggests him to do some exercises to
improve the strength and the balance enjoying the fitness class. But the weather outside is
horrible, it’s raining a lot, so Seth does not feel like going to the gym. So he wears some
special sensors and special glasses that allow him to project himself like an avatar in the
gym where he can follow the trainer and join the class with some friends.

Chronic obstructive pulmonary disease (COPD)
According to the Global Initiative for Obstructing Lung Disease (GOLD), Chronic Obstructive
Pulmonary Disease (COPD) are defined as:
“a common preventable and treatable disease, is characterized by persistent airflow
limitation
that is usually progressive and associated with an enhanced chronic
inflammatory response in the airways and the lung to noxious particles or gases.
Exacerbations and comorbidities contribute to the overall severity in individual
patients.”
(GICOLD, 2013)
COPD presents also extrapulmonary effects like muscle wasting, cardiovascular disease,
depression, reduced fat free mass, ostepenia and chronic infection.
COPD is one of the leading cause of death worldwide. Moreover it generates high healthcare
costs. As a matter of fact in Europe the frequency of clinically relevant COPD from 4-10% of
adults among the countries (European Lung foundation). COPD is furthermore one of the main
causes of lost work days and in Europe the productivity losses due to COPD is €28.5 billion
annually (European Lung foundation).
Furthermore COPD is one of the main cause of disability-adjusted life years, estimated to be
the seventh and tenth leading cause in countries of high income and of low or middle income
respectively (Mannino D. M et al., 2007).
By 2030 COPD is estimated to become the third leading cause of death worldwide(WHO
Chronic respiratory diseases).
The problem is also that when people realize to suffer from COPD, they may have already lost
a considerable percentage of their pulmonary function. That is the reason why making as soon
as possible the diagnosis could prevent disease progression and also relieve symptoms (WHO
Chronic respiratory diseases) while improving the health status.
The severity of the disease can vary highly with respect to people, even if they have the
similar exposure to risk factors, thus meaning that the intervention should be tailored to the
individual.
The main risk factors of COPD are several, both biological and environmental factors. Among
the biological ones there are genetic factors, ageing, and gender. Other risk factors of COPD
onset are:
 Tobacco smocking. It is most important cause of COPD. Smoking progressively destroys
the lungs and causes a loss in lung functionality. Smoking cessation is a cost-effective
way to reduce the risk of developing COPD, having in this way a great on reducing the
burden of this kind of disease.


Occupational dust, vapours and fumes. Exposures to various dusts, chemicals, vapours
and fumes in the workplace can increase the risk of COPD even for person who doesn’t
smoke.



Indoor air pollutants. Exposures to biomass fuel like coal, straw, animal dung, crop
residues and wood used for cooking and heating in poorly ventilated homes. Moreover
exposure to indoor smoke can be a risk factors for COPD.
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Outdoor air pollutants. Even though the risk associated with the outdoor air pollutant is
lower, they still are a risk factor for developing COPD (Mannino D. M et al., 2007).

Scenario 8: Air quality @ work
Thilo is 60 years old. He is a chemist and works in a chemical industry since he was 25
years old. He isn’t afraid of COPD because the owners of the company decided to install a
smart network compose by sensors, actuators and friendly interfaces. The distributed
sensors network are able to measure the level of occupational dust, vapours and fumes
and act consequently, such as open the windows and activate air cleaners autonomously.
Moreover a voice remainder suggest to Thilo to go out of the laboratory when the level of
dust or other are considerate too dangerous.
Scenario 9: Air quality management in Smart City
Peccioli is a smart city. Here, the major has just approved a regulation concerns the
reduction of pollution and bad emission. The whole community has decided to work to
develop a new way to produce, manage and use energy. New solar and wind implants have
been build in the countryside or where there is enough space to install them intelligently,
such as above firm’s and school’s roof. In the city distributed sensors monitor the emission,
inform in real-time the citizen about the level of pollution and provide suggestion to reduce
the emission; in worst case the system could act autonomously to prevent high level of
emission, such as avoid having a bad distribution and use of resources within the
community.
Diabetes
Diabetes mellitus is a metabolic disease consisting of a dysfunction in the control of the
glycaemia, because of a lack in insulin production by pancreas or of an incorrect answer of the
cell to insulin. The number of patients with diabetes were estimated to be 171 million in 2000
and are supposed to rise to 366 million in 2030 (Venables MC et al.,2009). There are different
types of diabetes:
 Type 1 diabetes mellitus (T1DM): in this case there is a shortage in the production of
insulin;


Type 2 diabetes mellitus (T2DM): in this case there cells do not respond to insulin in the
correct way and the blood glucose level does not get low;



Gestational diabetes: here pregnant women show high level blood glucose; it can be a
warning of the development of Type 2 DM.

Type 1 DM is defined as an autoimmune disease that could be caused by genetic,
environmental or other factors. There is no way to prevent T1DM and it can be treated in an
effective way only with the use of insulin (CDC Diabetes at a Glance, 2011).
Type 2 DM is linked to old age, obesity and physical inactivity, family history of T2DM and
gestational diabetes. T2DM patients are estimated the 90% of diabetes cases (Jönsson B.,
2002) and more than 20% of elderly Americans (over 65) have it. This disease can induce long
term health problems such as heart disease, stroke (diabetes is in fact a major risk factor for
atherosclerosis), blindness, kidney failure, neuropathy and lower limb amputations if notdiagnosed or poorly controlled (CATI Technical Reference Group National Public Health
Partnership, 2003). For example people with diabetes have at least twice the risk for stroke
(Hewitt J et al., 2012). Furthermore obesity and physical inactivity are linked to development
of T2DM. As a matter of fact obesity can lead to insulin resistance and beta-cell dysfunction
due to a change in adipokines, ectopic fat deposition and mitochondrial dysfunction (Shin JA.
et al., 2012). So being overweight and making no physical activity are two significant
predictors of insulin resistance and T2DM development.
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Before developing the disease people almost always have prediabetes, that is blood glucose
level higher than normal but not high enough to be considered diabetes (American Diabetes
Association, Prediabetes). For these persons in particular it is important to maintain a healthy
weight and to do regular exercise. So it is also important an early detection of the first
symptoms of diabetes in order to start as soon as possible to treat the patient and delay or
reduce the onset of the disease, decreasing also the morbidity related to it.
Scenario 10: Diabetes prevention
Deborah is 75 years old. She’s suffering from diabetes and needs daily to measure the level
of glucose. She has got an implantable sensor under the skin which measures the
physiological level of glucose and insulin. This sensor transmits the data to Deborah’s
smart watch, SMARTCH, thanks to wireless connectivity. In this way SMARTCH can give to
Deborah the correct insulin dose, information and suggestions to maintain an healthy life
style. Furthermore SMARTCH can access to internet, in this way can communicate to the
doctor in worst case and inform Deborah about Social-Health initiatives within the
community.
3.1.1.5 Domestic risks prevention
Domestic environment can be very dangerous for persons, particularly for elderly subjects
because of the reduced balance and lack of reflex. The most frequent events that happen in
the domestic environment are injuries during domestic activities, then falls and burns.
A possible idea could be to improve the domestic environment in order to reduce some of the
dangerous situation that could present. Furthermore it is possible to monitor the domestic
environment and the person itself so to perceive when something is happened and send an
alarm (RISDOM, 2004-2006).
Scenario 11: Smart home
Arthur has 85 years old. His wife passed away some years ago. Since then he lives alone in
their house. He doesn’t want to leave his house even if it is not near to the city centre. His
children agreed to leave him there, but with the agreement to improve the environment in
order to allow the caregiver and them to check Arthur conditions and call for help each time
is needed.
First of all some sensors were installed so to prevent damage due to gas losses or fire. In
case there is a loss of gas in the house the system can recognize it and alert Arthur. The
windows will be immediately open and the caregiver will be called.
A system of cameras control Arthur while is cooking, the smart system can individuate if
there is a situation that can end up in fire and try to avoid it by indicating it to Arthur or
sending an alarm.
This system is also able to recognize Arthur habits. This morning Arthur didn’t have
breakfast because he was not feeling very good. The system noticed it and sends a first
warning to the caregiver. The caregiver contacted Arthur and suggest him to do some test,
like measuring the blood pressure and heart rate. Nothing was wrong, but Arthur kept on
feeling not so good.
Late in the morning the smart home environment noticed that Arthur was lying on the sofa
instead of preparing his lunch, so asked him if he keeps on feeling wrong. When Arthur
answer positively saying that he had a pain chest, the system immediately send an alarm
to the caregiver and to the hospital. The caregiver contacted Arthur through the system
and monitored him through the monitor present in the house. He asked him what the
problem was telling him that the doctor was on his way. Mean while the system sent an
alarm to Arthur children in order to let them know what was happening. The ambulance
came and the doctor decided to bring Arthur to the hospital. From the blood analysis it was
then sees that he was going to have a heart attack.
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3.2 Compensation and Support
Originally people take care of themselves. This is the usual approach all over the world. When
somebody cannot take care of him/herself, others in him/her neighbourhood will do. It is of all
times: parents take care of their children and later children of their parents when they are
older. The professional and paid care was introduced in the last century, initially only for the
wealthy, and today as social provision for everyone. This social provision is available when
somebody cannot take care of him/herself and there is no one in the neighbourhood to help or
when there is a lack of knowledge, skills, finance or other possibilities.
The professional care knows three conditions:
1. Someone has a problem and asks for professional care(Fig. 12).

Patient
with a
problem

Care
professional

Fig. 12 Demand of care(Poiesz et al, 2010).

2. Having a problem is not necessarily a reason to ask for support and assistance. Not
everybody with a problem asks for professional care. Only when somebody cannot solve
the problem or unable to solve it will do. Even then professional care is not obvious.
Social support is an opportunity (Fig. 13).

Patient
with a
problem

+

Lack of
problem
solving
skills

Care
professional

Fig. 13 Demand of care and lack of solving skills (Poiesz et al, 2010).

3. When nobody is around who can support or social support lacks, then professional care
is necessary (Fig. 14).

Patient
with a
problem

+

Lack of
problem
solving
skills

+

Lack of
social
support

Care
professional

Fig. 14 Demand of care, lack of solving skills and lack of social support (Poiesz et al, 2010)

A demand of care has three components and the care offered has three possible combinations.
The professional care can focus in taking over, in solving the problem (Fig. 15, line 1) or in
reinforcing the solving skills (Fig. 15, line 2) or in reinforcing the social support (Fig. 15, line
3).
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professional

Fig. 15 Professional care support for three individual components (Poiesz et al, 2010)

Even support and assistance in a combination of the components are possible (Fig. 16).

Patient
with a
problem

+

Lack of
problem
solving
skills

+

Lack of
social
support

Care
professional

Fig. 16 Combinations in professional care support (Poiesz et al, 2010)

Compensation and Support can be described as care and services provided by different kind of
caregivers to individuals in different domains, e.g.:
 domestic care;


disability materials;



home adjustments for disabled;



personal care;



assistance with activities daily life (showering, shaving, dressing, food preparing etc.);



nursing care.

Professional care organizations offer these services supply-oriented.
Today elderly persons are changing. People are much more aware about what to know and
what to get. Senior subjects are no longer behaving as “patients” but as “customers”. The
internet opens the world of healthcare. Care professionals have to get used to people who are
(well) informed about diseases and treatments.
For this reason and because technology is getting more used in daily life, it is clear that also
services related to Compensation and Support have to change. This revolutionary approach will
be accepted by users (caretakers and professionals) when they see or experience the added
value of technology in their daily life, work- or care processes (Nijhof, 2007; Van Hoof et al.,
2012).

The potential of ICT in our society has led to an accelerated development of services and
products. The technology does not stand alone, but influenced or supported the various trends
we globally determine.
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The integration of the ICT possibilities for compensation and support in the houses of people is
therefore natural, but it is still less common than in other sectors (leisure, travel, banking,
knowledge, energy, transport, ...).
The last ten years information and communication technology has developed enormously. The
big question is why technology is less used in healthcare. Though technology integration in
hospitals is more common comparing to ICT technology for support and assistance at homes.
It seems to be hard for care professionals to adopt and accept ICT in their daily care
processes. To avoid a technology push it is important that technology is integrated in the care
processes.
Despite all changes of the last decade a customer focus is still very hard for stakeholders in
welfare, care and cure organizations. They are very supply-orientated, primarily they think
from their supplies, their product, their possibilities, all under the guide of customer focus.
Suppliers are product-thinkers and service-thinkers, not customer-thinkers. Customers ask for
solutions and possibilities regardless how the range will be. But they want to choose for
themselves. It is known that customers want to choose between different options, but won’t
choose when the range is to wide. Most of the time they look for someone they trust to take
over decision making (Poiesz et al., 2010). There are many different types of technology
services possible mentioned in the former paragraph (from convenience, welfare, security and
surveillance to telecare and telehealth services). Today and in the future people will be
overwhelmed by information and possibilities obtained from the internet and from all different
care professionals. What to best or what to choose is hard, especially when the need of care is
high. People are looking for someone or something to guide and assist them: a guardian.
Virtual Guardian Angel (VGA) is an intermediary supported by ICT for a larger service. At the
VGA all the information is coming together, will be selected, filtered, coordinated and
integrated, the offer be defined and decisions made for individual customers. The VGA is the
connecting link of above mentioned services (Poiesz et al., 2010).

3.2.1 State of the art and explanation of the choice of the pillar
Support and compensation is needed to satisfy the necessities of elderly people in daily life. In
general people all over the world have the same needs. The theory of Maslow (Maslow, 1999)
shows a hierarchy in needs – the well known pyramid of Maslow – starting with physiological
needs, safety needs, love and belonging, esteem, ending with self-actualization. Today this is
not changed. Researches (Benson et al., 2003; Puts et al., 2007; RIVM, 2011) showed that
there is also a variety in specific needs for people in different ages and for people dealing with
healthcare problems. All these specific needs are supplementary and necessary to complete
the basic needs in the pyramid of Maslow.
It is also known that people who are participating and active in community and society feel
more healthy comparing those who are not (RIVM, 2010; RIVM, 2011). Wellbeing or welfare is
important to feel and stay healthy. Welfare is important for prevention of illnesses, to postpone
the need of (professional) care (Poiesz et al., 2010; Brug et al., 2008). Even for people dealing
with age or health related problems still want to be active and useful to society or community.
AAL services should be able to support and compensate senior users to reach well being, active
aging and independent living although there are health or age related problems (see also
Paragraph 3.3)
There are two developments for support and compensation for people to stay independently
and to have self-management: standardization of integrated care for AAL services.
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The integrated care processes based on technology need to be optimized to leave the pilot
phase towards full implementation. It means that processes must be standardized to offer
qualitatively accounted Compensation and Support with technology. Therefore already existing
norms and standards can be used.
In AAL, technology is an aid for compensation and support. In the last decade ICT-platforms
are developed for welfare and care services. These services related to compensation and
support con be divided in four categories: convenience services, welfare services, security- and
surveillance services, telemedicine and telecare services (Fig. 17) (Nictiz, 2012).
Convenience
Services

Welfare
Services

Community activity
calendar
Local radio &
television

Video
communication

Municipallity
services

Social networks
Chat service

Marketplace for
services


Courier services
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Food catering
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service
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agenda
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(…)

(…)

(…)

Fig. 17 Application services from welfare to care services (Nictiz, 2012)

To integrate technology in interventions
There are several actors performing different requirements and conditions to comply with the
support and assistance to the elderly persons.
Technology is part of the integrated care ‘chain’ where different actors with specific roles and
responsibilities can be identified (Fig. 18) (NEN 8028, 2011):
1) The caretaker is the one using the technology aid for compensation and support.
How it will be used depends on his/her own experience, demands, wishes and
expectations for compensation and support. His/her own role and responsibility is
increasing.
2) The care professional is the one who is directly in contact with the care taker using the
technology aid.
Compensation and support is based on professional standards, responsibility,
involvement, laws and regulations. That makes clear there is also a limitation of freedom
of acting of the professional.
3) The care organizations employ care professionals and facilitate them to provide care,
make it possible to use the technology aid for compensation and support.
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It is important for the organization to know the responsibilities, roles, tasks for
compensation and support. Government officials and financial investors will settle them
if not so.
4) The supplier obtains the means of technology (telemedicine) from a manufacturer and
supplies the care organization.
5) The manufacturer constructs the means of technology and supplies the supplier.
The manufacturer will assemble components into a means for telemedicine. Often a
manufacturer uses several components from various manufacturers (monitor, modem,
software, etc.).

Manufacturer

Supplier

Care
Organization

Care
Professional

Care taker
(patient)

Fig. 18 Actors in integrated care for telemedicine (NEN 8028, 2011)

Where technology as an aid is used to provide compensation and support the supplier and
manufacturer are involved in this process chain.
Critical Conditions
Providing AAL-services for support and compensation, technology is essential. However
technology is not the only category of conditions that will make AAL services work. A few other
critical conditions for this service also have to be arranged. Conditions applicable to people
(communications and competences), procedures, information and finance should be
considered. At the stage of development and operation of these services not only the
technological conditions but also the other categories are important.
The application of this methodology will bring insights on the role of each condition category.
All the critical conditions have to be there, without the service is not possible or of poor
quality. The categories have been derived from the EN ISO 14971: Medical Devices –
Application of Risk management to Medical devices. Off course no urgent advise on the
application of this standard for others than Medical Devices can be given. On the other hand
the application of this division in these categories have been proven very useful in the
development and operation of service provisioning. On the whole risk management is a best
quality practice and will improve both business case and quality requirements of AAL-services.

3.2.2 Potential services
In particular AAL technologies related to Compensation and Support pillar are:
1. AAL to facilitate the self management of care and support;
2. AAL to assist informal care givers;
3. AAL to assist professional home care.
Thinking in scenarios there is a variety in possibilities in potential services for Compensation
and Support:
 Personal management of activities (diet, business, physical activity, ... )
 Day-time management (daily routine, schedule reminding)
 Personal management of chronic diseases (point of care, drugs dispenser and delivery,
blood analysis at home, ...
 Monitoring and assistance for safety and healthcare status
 Personal hygiene assistance
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Support and compensation to physical daily activities (ADL, prepare food/cooking. )
Support and compensation to work activities (tools, heavy activity support,
Support to personal mobility (walking, moving, standing up, ...)
Support in driving (physical impairments, security driving systems, enhanced assisted
driving, ... )
Environmental aids, automation (elevators, automated stairs, ...)
Rehabilitation assistance and management (training of cognitive capabilities)
Housekeeping, house cleaning, laundry

Scenario 12: Monitoring and Assistant
Mr.Smith, 87, is married for 60 years. His wife is 88 years. Together they have three
children and seven grandchildren. In 1983 he retired. His wife needs care (personal
hygiene etc.) Since 2002 she has Alzheimer’s disease. She is waiting for a place in a
nursery home. When his wife is in a nursery home he can do his ‘own things’ again. He
likes to read a lot and restarted his hobby again: Everyday he is going out for a walk or
bike ride. “Just to stay active”, as he says. Twice a week a good acquaintance is cooking
some meals, do some cleaning and having a chat with him. When his wife will move to the
nursery home, once a week a nurse will pass by to assist him while taking a shower and
monitor him. Like she is doing now. Smiling: “Just to see if I’m still behaving, wearing
clean clothes en doing well!”
His wife is in a nursery home since April 2011. It is about half an hour drive from his
house. To be more independently there is a telecare system introduced into their home.
Together with sensor technology for monitoring and alarming, smart technology in fridge
and a medication dispenser. Because he is used to work with modern equipment he is
enthusiastic to start. He also uses telecare several times in case of emergency during the
period his wife was still at home. He alarmed via the touch screen and “It al worked
perfectly. In the middle of the night they came and helped me. It was really great. Once a
general practitioner had to come to see my wife who had severe pain. I asked for help via
the care contact centre.”
Mr. Smith uses ‘planned telecare’ in the morning. Before the call at 08:30 the nurse of the
care contact centre is checking the sensor technology system. It will tell her if everything is
still going conform his own lifestyle schedule. She will ask him about his condition and
reminds him for the medication he has to take. They also have a short chat. He really likes
it. It gives him a save feeling he can make contact any time when it is necessary. His
children think about it the same. Together with his children he is thinking about the near
future. Is it possible to stay here or does he has to move? He likes to move to an
apartment nearby the nursery home where his wife lives. He hopes he can live as long as
possible independently, but he realizes he cannot plan the future.

Scenario 13: Personal Management of Chronic Diseases
Mr. and Mrs. Summerset (87 and 84) are married for 55 years and live in a new apartment
building for senior people. It is a safe and social environment, where they both enjoy to
live. Together they have two daughters and seven grandchildren. “Luckily they live nearby,
they do a lot for us. In times it did not went well with me, one even slept here every
night.” They. are independent, take care of themselves. Every week they go to the nearby
city for shopping or to have a beer. Twice a week they receive an assistance for cleaning.
They are using the service ‘meals-on-wheels’, but Mr. Summerset doesn’t like it, so Mrs.
Summerset often cooks meals for him. Furthermore she has a lot of hobbies: painting,
modelling, making dolls, writing poems. Now Mrs. Summerset is fine, but last year she had
a terrible experience. “I have a mild form of diabetes, but no one ever told me you can
have a ‘hypo’. Two years ago my husband found me unconscious in my bed. Since that
time I started to feel very, very anxious. I didn’t dare neither to go outside my house nor
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even to have guests!”She had to start to use insulin. She injects herself twice a day. A
nurse passes by twice a day to teach her how to inject.
Telecare is introduced to guide and support her while injecting herself, because she is so
uncertain while she is doing it. First she was hesitant for this new technology, but the
nurse convinced her to try it out. Now she is really happy with telecare. “I can call in,
whenever it is necessary, when I feel hypoglycemic and so on. It gives me a safe feeling.
The homecare nurse still comes, but now only for the blood sugar tests once a week. All
the other days of the week, I have telecare. I am happy with it, I can help myself. And I’m
no longer anxious. For my husband it is also a reassurance. Even when he is sick they take
care of him. So nice! I have no longer trouble in going to sleep, anxious not waking up. I
would have no problem in moving to a nursery home, but my husband wants to live here
as long as possible. I think with telecare it is possible.”New technology will be introduced to
assist her and her husband, like sensor technology for fall prevention.
Scenario 14: Daytime management
Mrs. Young (60) had an accident six years ago. A car hit her while she was crossing the
crosswalk. Due to severe brain injuries she had to recover in a nursing home and had to
learn again how to walk and to speak. Her character changed, emotionally she is moody,
her short term memory is most of the time ‘out of order’, like she use to say. She trained
hard to go home and after a 18 months she managed to do.
For support and assistance she is dependent of her family nearby and of homecare. Every
day the homecare nurse comes to assist her in showering and dressing. She can do it
herself but she is very afraid to fall. The nurse also applies the daily tense-meter for the
pain in her head.
She learned how to drive an electric wheelchair to go to her work. She is really happy she
can work for a couple of hours a day. But her job is taken a lot of her energy. She insist to
work to feel a bit useful to society.
She has a little dog. Her pet forces her to go out for at least four times a day. The little dog
gives her a lot of love. He comforts her when she is sad.
Her family assist her in financial matters and in shopping. They also keep an eye on her by
passing by every evening. To learn to get more independent she is coached by a
specialized nurse. She passes by three times a week. They talk about all dealing with daily
life. The nurse also coaches her when she is upset or overwhelmed about what had happen
to her.
Mrs. Young is thinking about quitting her job and to move to a nursery home, because it is
hard to live on her own with al her fears. But to relinquish the dog is not debatable.
With telecare, smart and sensor technology in her whole house the world changed
completely for Mrs. Young. She is now much more capable of being independent. She still
has the nurse every morning passing by to apply the tense-meter, but during the day she
can call in whenever she feels to do. It helps her not to get totally upset. The nurse helps
her – just with a short talk – to put everything into perspective. She quit her job to have
more energy to do her daily life. After more than 4 years she can finally sleep in her
bedroom again instead of the sofa in the living room. No longer afraid to fall and no fear for
the long and anxious night. She is able to do some shopping herself in the neighbourhood
instead of waiting for her family. Her family don’t need to pass by every night because now
she has contact with them every evening. With all the technology she can stay in her own
home, no need to go to a nursery home, no need to relinquish her pet. She is very happy,
despite her disabilities.

Scenario 15: Support in Driving
Anna is 88 years old, she likes to use her own car to go alone to the grocery store and to
the church like she uses to do since she was young. In this way she feels more
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independent and, in certain way, she maintains control over her life. Unfortunately her
physical and cognitive capabilities is not the same as 10 years ago, so her sons are worried
about the security of their mom and other persons. Anna wants to use her own car instead
of public transport because it is more comfortable. For all these reasons they decide to buy
her a present: CARA, a beautiful and innovative smart cart to assist Anna during driving
sessions. CARA has been designed taking into account the elderly needs. CARA monitors
the road condition and warn Anna about any obstacles present (both static and dynamic).
Furthermore while Anna is driving a smart sensors system is able to recognize Anna’s
attention and any abnormal variation of motion in order to alert CARA which provide a sort
of adequate “drive assistant”.
Moreover CARA has got an efficient localization system which is directly connected with the
Anna’s sons’ smartphone, so in case of stop or accident an automatic notification to family
and to the nearest garage is sent.
Scenario 16: Rehabilitation assistance
Giorgio is 75 years old. Some months ago he had a stroke and after some period in the
hospital and some in a care structure now he can come back living at his own place with
her wife Carla. Due to the stroke Giorgio has some difficulties in doing some movements
like walking and also in grasping and he has to do some rehabilitation in order to improve.
When he was in the care structure, every day a physiotherapist helped him in doing some
exercises to improve his mobility. Now that he is at home is difficult for him to go everyday
to the structure in order to keep on doing these exercises, but he would like to keep on
doing physiotherapy as much as possible, because he saw the improvements after the
exercise.
So after breakfast he starts with the rehabilitation exercises. Because it is a sunny day he
decided to do them outside. He tool then his special bike. It is a special bike that allows
Giorgio to sit and cycle also by making some movements he is no more able to do, by
forcing a little the situation, while going around through the streets. As a matter of fact he
cannot do the complete movement of pedaling, so the smart system is passive in the
movements he can do on his own and become active by helping him in completing the
circle. When he arrives in the city centre he found some friend in the square and just stop
for chatting a little. Then he come back home. Once arrived there we wears a special glove
that helps him with the hand rehabilitation. He connects the glove to the television and
starts doing some exercises while playing at the videogame.
In this way Giorgio can do the rehabilitation while going around and playing.
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3.3 Independent and Active Ageing
Independent living and active ageing are two complementary concepts aiming to highlight the
necessity to support the autonomy of the person at home and outdoors. The majority of older
people wish to remain at home. But sometimes staying at home is not possible because of
several reasons: lack of an accessible home environment, geographical and social isolation,
lack of services including transport. They are transversal as they complement the two first
pillars: Prevention, and Compensation and Support.
Applied to the ageing process, independent living could be called ‘‘Ageing in place”, insisting on
accompanying the ageing process so persons have not to change drastically their environment
or move from it because of some loss of functions or mobility abilities, or health problems.
Active ageing is another concept applied to different sectors: work, leisure, volunteering and
insists on fostering older people’s participation to society, just like any other age group.
The World Health organisation defines active ageing as:
”the process of optimizing opportunities for health, participation and security in order to
enhance QoL as people age. It applies to both individuals and population groups. Active
ageing allows people to realize their potential for physical, social, and mental well-being
throughout the life course and to participate in society, while providing them with
adequate protection, security and care when they need.”
(WHO, Active Aging)
In particular,
“Active ageing aims to extend healthy life expectancy and QoL for all people as they
age, including those who are frail, disabled and in need of care”.
(WHO, Active Aging)
Maintaining the functional capacity of older people is considered as key for active ageing.
In the document ‘WHO - Active ageing, a policy framework’ several determinants are identified
for active ageing (Fig. 19): health and social services, behavioural determinants, personal
determinants, physical environment, social determinants, economic determinants, gender and
culture.

Fig. 19 Main factors influencing Active Aging (WHO, 2002)
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Supporting participation of older people to society and their autonomy is a key improvement
for future policies, in order to tackle current challenges. Working, voting, volunteering, taking
care of family members or just going for a walk or chatting with friends are key activities in a
person’s life. However older people, often due to a lack of supporting policies together with a
negative image of ageing, are often excluded from many of these activities or can feel barriers,
obstacles to access it. Removing barriers for individuals is essential for a person to exercise his
or her human rights and duties.
The use of ICT for independent living and active ageing is often considered as a key element to
tackle current challenges of care and ageing. The European Commission supported in recent
calls several projects on ICT for active ageing and independent living, including. “activities that
focus on empowering people with age related dependencies or disabilities to live
independently, delay/avoid institutionalization and stay active as much and as long as possible.
Solutions may combine health, social care and smart living systems and 'age-friendly'
environments.” The EIP-AHA also explains that ‘Older people should be empowered to stay
independent and autonomous for longer in their preferred home and community environment
and to remain socially active.’
AAL technologies can support several activities in this pillar, having an impact on the capacity
to ‘age in place’ and on the different determinants of active ageing. We will try to focus here
on the main ones.
AAL solutions need to be based on the needs of older people and their families.
In the pillar ‘Independent and Active Ageing’ several needs can be identified, listed below:


Safety & Security



Keeping Social Contact



Having Fun



Friendly Environment where to live



Keeping control over life and decisions



Being active, also at work



Appropriate response when things go wrong.

These needs answer the question: “what do you need to live independently?”
3.3.1 Application fields

3.3.1.1 Safety & Security
Feeling secure is one of the key aspects in the willingness to stay at home. With the strengths
and functional capacities decreasing with age, older people feel they are more vulnerable to
potential aggressors. Apart from risks from external environment, sometimes aggressive
behaviour can come from a person known by the older person (the family, a carer, etc.). Elder
abuse is a challenge in all EU member states and mainly occurs behind closed doors. The
following scenarios show how this is important and how technologies could potentially apply to
these two situations.
The first scenario shows how a quicker support and help can be provided in case of a ‘crisis
situation’. It actually could be used as well in case of falls or another ‘crisis’ situation. To know
that a reliable system is in place to face this situation may contribute greatly to increase the
feeling of safety.
The second scenario on an elder abuse shows how ‘softer’ technological products can help to
deal with a more complex but dangerous situation at home.
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Scenario 17: Security @ Home
Liz is an 86-year-old woman. She is living alone in her house. She is not afraid of many
things. But as she is living alone and feels her strengths going down, she is increasingly
afraid to be attacked by a an aggressor who would come during the day or at night. She
was already robbed in her house but fortunately she was not there. She is afraid that it
happens again when she is there, and would have nobody to help her if she is attacked. To
feel more secure, Liz could benefit from a natural voice recognition alarm system she could
call anywhere in the house if an aggressor enters. The alarm system could automatically
contact her neighbours and emergency services and be used if she falls on the floor without
being able to stand up again. Some sensors could also be included in her house to ring a
bell when someone passes the floor of her house. Many years after, Liz could also benefit
from support of emergency services which could activate at a distance a small flying
camera (a small drone) with a microphone available in all houses.
When her son Thomas lost his job and divorced, Liz proposed to host him in her house to
help him. But Thomas, who is 54 years old, has many difficulties to find a job again and 3
years after he still needs to stay at his mothers’ house. He is more and more asking for
financial support from his mother and feels depressed and sometimes angry. When Liz had
a first serious health problem, Thomas took care of her and helped her in her daily
activities. But when he asked again for some money and she refused because she needs it
for her health problem, he started to get angry. He attacks her first verbally. And one day,
after a second refusal, he hit her. Liz was disappointed. She didn’t know how to react to
the situation. She was afraid calling the police would make things getting worse for her
son. She called her friend Anna who proposed her to get connected to the online integrated
platform of health and social services of her municipality, where all information is available
in these cases. The online platform is very easy to use and included even the possibility to
ask avatars some questions on the situation she faces. It reassured Liz and convinced her
to call through the online platform a case management person who would analyse and
follow her situation and coordinate social and health services to offer an adequate
response.
Scenario 18: Safety
Few years ago, Lars chose to retire in a remote area to enjoy nature and provide his grand
children with a nice house for holidays. To ensure his autonomy, he let installed various
devices at home to easily maintain contacts with his relatives, monitor his health and
support his daily activities. Most of all, as he felt his balance was worsening year after year,
he wanted to be sure he will get help in case he falls badly inside or outside the house.
First a bit anxious to feel overwhelmed with all these technologies, he followed a series of
trainings to use the devices and be able to cope with potential basic failures. These
trainings were provided by a customer service which was available on the Internet and on
telephone.
When he moved in about 10 years ago, such devices were very simple. For instance, he
was given a medical alarm necklace to wear all the time. Lars disliked very much this
device, considering it obtrusive and degrading. Moreover, he felt such device would not be
systematically efficient in case of falls. Would he be always able to reach the button? What
to do if the alarm gets broken when he falls? Therefore, Lars is awaiting new kind of
devices which would ensure his safety while being invisible and non-invasive. He believes
detectors embedded in the environment would be more suitable for him but still looks for
solutions for the outdoor environment.
For the moment, he chose to buy a smart scale able to detect any balance-related
problems and to send the information directly to Lars’ GP. Doing so, Lars hope that any risk
will be prevented and he felt secured to know that his GP is continuously kept informed
about his health condition. All data is accessible via his health record on the internet. This
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portal also links the data to give him useful recommendations for his diet, muscle strength,
and drug dosage.
However Lars remains worried about the assistance he would get if he falls. In another 10
years time, he would strongly benefit from avatars or hologrammes which would appear in
case of falls, transmit the right instructions and easily ensure the connection with the alarm
centre and health professionals.
3.3.1.2 Keeping social contacts
Social participation and support is considered as a transversal application field in active ageing
and independent living. In the study ‘Facts and figures on LTC’ (2012) (Rodrigues et al., 2012)
it is shown that the lack of emotional support affects older people more. In general, 1 out of 10
older person reports a lack of emotional support.
Social participation decreases with age, usually because of, as mentioned in the same study,
‘job loss, retirement, the death of friends or spouse, and the growing difficulties of replacing
these relationships’.
Keeping social contacts is key for anybody and the use of technology at work and by younger
generations can sometimes lead to specific challenges when people come to retire. But they
also represent a great opportunity to facilitate social contacts for senior people.
The scenario below explains a situation where a person is alone but wishes to participate to a
specific activity. Technology can help the mobility, and so facilitate social contacts and
participation.
Scenario 19: Keeping Social Contact
James enjoys very much attending the activities his botanical club regularly organises,
which implies many travels around his county. However, he increasingly feels reluctant to
participate to these activities as he feels that driving becomes difficult for him as he ages.
He thinks this it is due to an increasing lack of concentration and some memory problems.
As his friends all live quite far, he started using GPS systems more than 10 years ago but
did not have the opportunity yet to catch up with the latest technical developments to
benefit from a better support.
The smartphone he just bought could be of great help. On demand, its integrated GPS
system can indeed memorise a large numbers of journeys and is provided with a powerful
search engine able to find where activities take place and calculate the directions to drive
to them. Moreover, it makes James already feel safer as the smartphone is able to process
information regarding any accident around, send alarms to inform him and recalculate the
journey to avoid the area concerned. Such applications can be more easily personalised to
better suit James’ needs and expectations and provide different levels of support and
guidance.
But the greatest help for James would come from a system providing self-service automatic
cars on demand. In 10 years, James would be indeed able to benefit a lot from such car as
it would automatically drive him safely to the right place once James indicated the
destination through voice recognition system and GPS technology. It would be of great help
as many activities organised by the botanical club are not accessible by public transport.
Doing so, it would reassure James when using his car and increase his willingness to
participate to the activities, as it would guarantee him a safer ride by overcoming his
concentration difficulties when driving. Moreover, thanks to interoperability of the car and
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the smartphone communication systems, the car would be able to send information
regarding traffic, car’s status and even James’ health condition to the smartphone which
would then trigger the adequate alarms to James and if needed call trustworthy persons
indicating the exact position of the car.
At the same time, in such a car, James would have more time to keep his brain fit and
social networks active by preparing the botanical activities, checking the weather and
getting in contact with the other participants in the car before he arrives. Thanks to his
smartphone’s geolocalisation system, he would also be able to identify the other colleagues
who are in the neighbourhood and could benefit from the car. The smarphone would then
send the information to the car which would then adjust the journey to pick them up.
Once the day finished, the car could connect to James’ smartphone to locate him and drive
to the right place to pick him up. Payment for the journey could be made through each
participant’s smartphone, based on the distance and the number of users the car itself
detected.
James would greatly appreciate such system, as it would be safer, provide him assistance if
needed, let him save money and spare more time for activities he prefers to do.
Informal carers who spend a lot of time caring for their beloved relative also can suffer from
social isolation. Actually, burn out situations are often a cause of elder abuse, and are due to a
lack of adequate support. The following scenario suggests some ideas on how technology can
help to face such situation.
Scenario 20:Avoiding caregivers isolation
Sonia cares for her father Paul who was diagnosed Alzheimer’s disease 3 years ago. The
situation evolved very quickly and they decided the best solution is that Paul comes to live
in Sonia’s home. Sonia retired one year ago and therefore can devote time to her father.
After two years, she feels however exhausted. She feels she has no good tools to help her
cope with the daily challenges of her father’s illness. Furthermore, she’s losing contacts
with her good friends because she has to refuse many activities she was doing before. She
feels isolated and would need some guidance.
Thanks to the online platform she can access on her tablet, she can benefit from
personalised training and support to take care of her father. When needed, she can ask an
avatar to answer some specific questions and issues rising, and can provide her information
on recent activities she and Paul can participate to. The avatar actually informed her she
could have access to some activities like Alzheimer’s café where family carers and their
relative with Alzheimer’s disease can meet. The online platform helps her to meet easily
with other people in her area who are in the same situation as hers. Therefore both her and
Paul can share their experience with others and also speak of many other subjects. She can
also benefit from the online platform of respite care for night or day thanks to volunteer
families in her neighbourhood so she can also go to external activities and make sure Paul
is not left alone. In that case she makes sure Paul has taken a GPS sensor with him, so
even if he goes out the home and get lost, she can find him easily.
Having fun is also a very positive component of active ageing. Actually having fun is part of life
and, with social contacts, makes life much better. One scenario explains how technology can
actually support this.
Scenario 21: Having Fun
Alice has always been a good walker and excels in trekking. It is the way she enjoys the
most travelling around the world since she is retired. But since she had a bad hip fracture,
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she experiences many difficulties when walking long distances as her strength has
decreased and as it has become challenging to make some movements. After her
rehabilitation, she was very worried not to be able to travel again.
Luckily, she has been provided with a new version of exoskeleton which supports her legs.
Thanks to recent improvements, she only has to carry a small bag. Few years ago, it would
have been impossible due to the quantity and weigh of material to carry with. She still
regrets that the exoskeleton takes some place and might be a bit obtrusive and
stigmatising but she counts on the provision of thinner and less pervasive models in few
years time.
Maria also extensively uses her Smartphone to get help. Thanks to the 4G, she can easily
connect to the web wherever she is, even when trekking in remote areas, to find
information places around which are easy to access for her. Another great tool for her is
the online database of memories and experiences. For many years now, people have
uploaded their memories and let them accessible to new inhabitants and tourists. Maria
enjoys a lot this app as it gives her unusual, often fascinating, and for more exciting than
the one in visit guides, information about the places she visits. Such apps are now feed into
by a large community of users and thus provide comprehensive data for fun, smart and
accessible tourism around the world.

3.3.1.3 Benefit from age-friendly environments
The concept of “age-friendly environments” was developed by the World Health Organisation
(WHO) in 2005, with the launch of an ‘Age-friendly cities’ network.
The definition of age-friendly environments can be obtained through an adaptation of the WHO
definition of what is an age-friendly city: an inclusive and accessible environment that
promotes active ageing, defined by the WHO as “the process of optimizing opportunities for
health, participation and security in order to enhance QoL as people age” (WHO, 2002).
Age-friendly environments concept therefore appears as a sub concept of inclusion targeting
the ageing process bringing a holistic view (Fig. 20).

Fig. 20 Component of Age-Friendly city (WHO, 2007b).

The definition of age-friendly by the WHO includes a wide range of topics, as shown in the
figure above: housing, transportation, social inclusion, civic participation, health services, etc.
As explained in the Action Plan D4 of the EIP-AHA (EIP-AHA, 2012) on ‘Innovation for Age-
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friendly buildings, cities & environments', age-friendly environments concept “can remove
barriers and empower older people to age in better physical and mental health, promote their
social inclusion and active civic participation, and help them maintain a good QoL”.
The concept of age-friendly environments cannot be separated from a participatory approach,
which includes a wide range of stakeholders, and older people themselves in particular. The
concept itself is linked to the definition of the needs of the target groups by the target group
itself, together with policy makers, service providers, researchers, etc. It also includes a
‘continuous improvement’ cycle approach where the participatory approach is included in
different steps of cycles for improvement.
It is this process that the WHO used in “Age-friendly cities: a Guide” (WHO, 2007b) and in its
age-friendly network, and it is what the EIP AHA aims to develop thanks to the development of
a virtual Age-Friendly Environments (AFE) network and of a covenant on demographic change.
As explained by AGE Platform Europe (www.age-platform.eu) in its commitment for the EIP
AHA,
AFE empower older people to age in better physical and mental health, promote their
social inclusion and active participation and help them maintain their autonomy and a
good QoL in their old age. AFE enable older workers to remain at work for longer, lower
the pressure on traditional care and assistance and boost the economy through demand
for innovative solutions. Given the huge potential of ICT and social innovation in
support to age-friendly environments, mobilizing local and regional actors who can pick
up such solutions and deploy them across the EU will support healthy competition and a
higher competitiveness among “silver economy” industries.
(AGE, 2012)
“Age-friendly environments” appears as a powerful concept to be taken into account in the
upcoming AAL developments, under ‘age-friendly AAL or ICT environments’. It especially could
play a role in tackling some key challenges identified in the EIP-AHA, and especially the lack of
user involvement and of cooperation between social, health and other domains. As shown in
Fig. 21, age-friendly environments are seen in the EIP-AHA as complementary to measures
aiming at improving efficiency and sustainability of health and care systems and those aiming
to improve the QoL of older people in Europe in general, as it brings a holistic and participatory
approach in designing future goods and services that allow everyone to benefit from equal
opportunities and age in good conditions.
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Fig. 21 Relationships between age-friendly environment needs and the EIP-AHA strategic objectives (EIPAHA, 2012)

The following scenario concretely shows how age-friendly environments can
independent living and active ageing.

support

Scenario 22: Aging-Friendly Environment
Despite she feels her functional capacities are decreasing, Teresa is willing to keep as much
autonomy as possible in her daily activities. Hence she counts on supportive environments,
or at least on environments which do not exacerbate her physical limitations. Luckily,
although it is located in mountainous area, the city she is living in has been well planned to
meet everyone’s needs and many technologies bring valuable support.
Teresa has always been very active in her community, providing support in various
charities. As many of her activities she does are now accessible via Internet, her children
tried to persuade her to stay active, but from home, so that she avoids any risk of falling
and getting injured on the street. Although she understands her children’s worries, Teresa
always refused to stay at home as she prefers human contacts and wants to be physically
active as much as possible.
She can count on many services the city provides to ease everyone’s activities. Walking
through the city is not difficult despite the hills thanks to numerous and adequately located
elevators and automated stairs. Indeed, Teresa always finds one suitable for her without
much detour and appreciate that they have been well-designed to fit in the environment
and style of the city. The city council looks also carefully after them to avoid any failure
and provide assistance to users when needed.
Today, Teresa wishes to participate to a conference which takes place just outside of the
city. She has to use public transport, i.e. a bus to reach the train station and then a small
train for two stops. As she is already running a bit late, she sends via her Smartphone an
alert to the bus central system to ask her bus to stop at her station to pick her up. As the
station is really close to her house, pavement accessible and pedestrian crossings well
adapted for people with reduced mobility, she can quickly be there. Once in the bus, she
connects her Smartphone to the public transport platform to buy a single ticket for both the
bus and the train and calls the train station service to book a sit. Then, the city’s public
transport system sends her immediately information on the walking distance to reach her
vehicle, on the accessibility of the way and the train, and on the time she has left to reach
the train. If needed, she can reply to the message either through call or text message to
ask for assistance.
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She has always been very satisfied with the services her city offers, particularly for people
with reduced mobility. This comes from a close and fruitful collaboration between the city
council, the older people assembly and the businesses providing the technologies and
services. This has lead to efficient trainings and awareness raising activities on user needs
which now support the provision of adequate, well-planned activities, services and
infrastructures for all.
3.3.1.4 To keep control over life and decisions
In some situations, people with chronic conditions and cognitive impairments, like Alzheimer’s
disease, have the feeling to loose control over their life. Decisions are taken on their behalf
and they are not always consulted as they should be. It is very important that technologies
support autonomy and self determination of people, even with people with chronic conditions.
This scenario explains how technology can help to contribute to society and support decision
making.
Scenario 23: Keeping control over life and decisions
Miranda is 92 year old and was detected Alzheimer’s disease 5 years ago. Her daughter
Anna, who helps her in her everyday life, feels she cannot continue to come everyday to
her mother’s home, as she feels it is more and more difficult to care and work at the same
time. Unfortunately Miranda cannot live at home alone anymore. Therefore Miranda moves
to a community-based services building, where she can live more independently thanks to
a flat adapted to her needs which is connected to professional carers. The flat is partly
publicly funded, and partly individual funded, which enables to pay a limited price. The flat
is an ‘intelligent’ flat. It helps her a lot in her everyday life, especially as Miranda has
difficulties to structure her day. She forgets to eat. She forgets to drink. She’s not really
good at getting up on time, or going to bed when needed. Her house helps her to face her
difficulties. For example, the meals she selected and that are prepared for her for the
whole week are being cooked everyday by the oven. The smell makes her think about
eating time. A message written on the oven will remind her to take a glass of water and
reminds you of the different steps to do it.
Besides this, the flat has a lot of possibilities to spend good time, alone or with friends, and
to contribute to some activities in the neighbourhood. In the house, a night and day
calendar reminds her at some points in the day which activities she can participate during
the day, in her building or in the local community. If she wants to participate to some
activities the day after she can benefit from a range of local services to help her find her
way to go to these activities, and to come back home. The carers are informed on these
moves so they can organise their day. Miranda can play games that stimulate her by
speaking about the daily news, about some memories she or friends of her recorded, she
can listen to music, see images; she really enjoy to do these activities with other people in
the building where she lives. All these activities held in the smart home can indirectly help
to measure change in Miranda’s health status, and can be a useful and non-invasive
monitoring tool.
3.3.1.5 To be able to work longer
Current trends lead to think that an increasing number of people aged over 60 will need to
work in the future. Two challenges ahead can be identified: to adapt the working place to older
people, but also to adapt the working place so that family carers can continue to work and
manage their care responsibilities.
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The first question was treated by the Goldenworkers project which identified several gaps,
analysed trends and designed a roadmap for AAL at work.
The Golden workers roadmap identified 6 main areas:


learning and exercising



communication



coordination



collaboration and teamwork



psycho and physical capacities, and



knowledge management.

For each area, they identified the main issues, scenarios and related AAL technologies. For a
detailed vision on working and AAL, we would therefore invite our readers to consult the work
done in this project: http://www.goldenworkers.org.
The first scenario explains how potentially technology could help workers to stay at work
longer.
Scenario 24: Senior citizens at work
Maria has been working in the art painting restoration field for many years now. This a
highly-demanding job in terms of art knowledge but also in terms of dexterity,
concentration and visual acuity. Nevertheless, Maria always enjoyed it and is now wellknown for the quality of her work.
Last year, she started to experience some difficulties when performing her tasks. She
indeed felt her movements were a bit less precise than before, her back was more and
more hurting when staying in the same position for many hours in a row and she had to
use extra light to see the paintings’ details. As she was worried to see her work
deteriorating, she convinced her Art Institute to provide her with devices to help her carry
out her tasks. Today, she cannot do without them.
Now she works on a new ergonomic workstation equipped with different features. To
address her visual acuity difficulties, she now uses a high quality camera which
continuously films the painting and automatically transmits the data to a large tablet
computer, on which Maria can zoom in on the areas to repair. She can adjust the contrast,
the light and the image quality to obtain the best overview possible of the area.
When a precise action is needed on the canvas, Maria now gets support from an early
model of exoskeleton she can put on her arm and hand. It gives her better strength and
most of all allows her greater precision. She feels such devices are of great value for her as
it is becoming difficult to maintain her arm and hand up for long period of time. However,
she hopes to benefit in few years time from a better model, with improved performances
and better design to more adequately fit with her thin body and declining physical strength.
Informal carers being able to balance care and working responsibilities will also be a key issue
in the future. Informal carers represent around 90% of the care provided and for some of them
it is currently a challenge to be able to work and care.
The scenario bellows explains how technology can help this specific challenge.
Scenario 25: Telework for caregivers
John and Pearl live together for more than 40 years. When Pearl had a stroke and lost the
function of her legs, John felt ready to cope with all the difficulties that might arise. Apart
from adapting her home thanks to local public subsidies, Pearl needs to use an automatic
wheelchair which helps her move inside and outside her home independently.
John doesn’t have problem to manage between work and his new care responsibilities.
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First, his employer lets him telework part time so he can manage activities with Pearl. He
still participates to meetings at a distance, and even to coffee breaks thanks to the screen
installed in the coffee machine. But when he is at work, he also feels well. Thanks to
sensors at home and a good monitoring tool, he can be alerted if there is a drastic change
in the attitude of Pearl indicating a problem or an emergency. If needed, Pearl can also use
an exo skeleton to gain mobility and go alone to the garden to take some fresh air or meet
neighbours and friends. John is happy to be able to continue to work. Without this, it would
be difficult financially especially with Pearl’s problem, but also to keep social contacts. His
company actually provided financial support to pay for the exoskeleton and the installation
of sensors.
3.3.1.6 Appropriate response when things go wrong
Reliability of a service is a key issue, and especially dealing with new technologies. Both for
older people using the technology than for the family, a full service should include and cover
possibility of failures.
The scenarios below explain how technology can help.
Scenario 26: Dependability of technology
Sebastian is 72 years old and suffers from a severe form of arthritis. Ten years ago his wife
passed away and from that time he lives alone. To be more independent at home he is helped
by Bat-Bot, his assistant robot, that helps him in taking care of the house and also in other
tasks. Bat-Bot is a good help in daily life because it can transport and manipulate also heavy
objects, actions that Sebastian cannot carry out because of the arthritis.
Because of a lightning during the night storm, one sensor of Bat-Bot arm is damaged and so
Bat-Bot cannot properly grasp objects. Bat-Bot is designed to be dependable and so it is able
to recognize this problem.
The morning after the storm, Bat-Bot informs Sebastian about its malfunctioning that impedes
it to manipulate properly and safely objects and also alerts him to have requested the
technician intervention for the restoration of the sensor. Few hours later the control centre
calls him to agree an appointment with the technician.
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4 Enabling Technologies
AAL systems are typically comprised of sensors (“sensing”), IT components that process the
sensor data and derive conclusions (“reasoning”), human-machine interface components
(“interacting”) and actors that execute actions initiated by the system such as switching the
light, or raising an alarm in case of an emergency (“acting”). Obviously the different system
components need to communicate with each other in order to provide the overall assistive
service for which the system has been designed.

4.1 Sensing
A sensor is a device or system able to measure physical, chemical, electrical, or optical
quantity of a phenomenon and to produce an output related to that quantity. The most
generally accepted definition of sensor in technical and scientific literature says that a sensor is
conceptually composed of a fundamental transduction mechanism (sensing elements), that
converts one form of energy into another, and an output interface, that includes a physical
packaging, conditioning electronics and external connections (e.g. electrical or optical). A
sensor with built-in processing and embedded with a network interface is usually called
“smart” sensor. To operate the processor the smart sensor also has a power source. These
smart sensors will progress, in terms of cost, power consumption and functionality, at rates
similar to those experienced by other integrated circuits, such as microprocessors and
memory, because they use much of the same technology (Frank R., 2000). On the networking
side, a family of standards exists that describes different ways to connect smart transducers to
networks, IEEE 1451. Wooshik et al. (Wooshik K. et al., 2010) in their study described clearly
how applying IEEE 1451 in AAL context.
The IEEE 1451 family of standards deals with data formats, communication protocols of the
transducers and other devices. Transducers are said to be smart if they have three
characteristics.
1. Transducers are described by machine-readable transducer electronic data sheets
(TEDS)
2. The control and data associated with the transducers are digital
3. Triggering, status, and control commands must be used
The merits of using IEEE 1451 based transducers are as follows. The IEEE 1451-based
transducers provide plug-and-play capabilities; this means the transducers can be connected
through physical communication media without changing system software. Attaching or
detaching transducers from a patient does not affect system functions such as configuration.
Also the data that describe the patients and sensors that the patients are wearing can be
stored in TEDS so that the information for the identification of a patient is automatically
transmitted to a hospital or an emergency center. IEEE 1451-based transducers can also
reduce human error, which may occur when operators send signals by hand. Considering these
reasons, IEEE 1451 based transducers are useful in medical fields as well as other professional
disciplines.
The structure of the transducers and their networks defined by the IEEE 1451 standards. The
architecture in Fig. 22 shows smart transducers, which are composed of sensors, actuators,
A/D converters, and simple signal processing units. The data measured from sensors are
transmitted to an NCAP (Network capable application processor), which resides at the other
side of the figure. These data are again transmitted to other places via other networks
including LANs and cellular networks.
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Fig. 22 Example IEEE 1451 network (Elmenreich, W. et al.)

4.1.1 Field Application of sensors
Before delving into technology solutions, it is worth a discussion on what type of information
needs to be sensed. For this it is worth considering the situation at the beginning of 2013 in
the three market areas that define AAL – telehealth, smart homes and telecare.
Telehealth focuses on gathering biometric information through specialised peripherals.
Typically these are medically approved under directive 93/42/EEC and/or FDA approval and
will work in a system to capture a reading, send the results, store the results and represent
the results over time. Sensors are customised based on the health condition being monitored,
but can include a blood pressure cuff, a glucometer, thermometer, weight scale, spirometer,
pluseoximeter, peakflow monitor/spirometer, ECG and coagulation meter. Other solutions are
not medically approved and are considered at this point to be “wellness” or “lifestyle”
management and not meet the definition for telehealth. Beyond the quantitative measures of
health parameters, telehealth hubs typically include a screen with the ability to ask questions
to the user to capture qualitative feedback about their state of mind and general feelings. The
newest telehealth hubs allow dynamic customisation of the questionnaires to allow more
detailed questions to be added or deleted based on the user’s condition.
While wellness and lifestyle products are not clinically approved, they do suggest the direction
that sensing will develop. Non-clinical sensors for pulse rate, pedometers and respiration are
increasingly common in use with smart phone applications where data is captured and
represented similar to telehealth solutions, but with the end user as the target user of the data
instead of a medical practitioner. The United States Department of Defence has used their
DefenceAdvanced Research Project Agency (DARPA) to investigate patches to monitor vital
signs as well as higher-level functions like stress or energy use (Lumelsky V.J. et al., 2001). In
the future sensors are likely to be ingested or warn on the skin for extended periods to supply
clinical monitoring of specific conditions like the amount of chemicals in the blood stream.
Information about real time or near real time chemical concentrations in the blood could work
with similarly ingested medication release systems to adjust dosages based on the person’s
chemistry.
Smart Homes are more traditional in sensing the physical state of an enclosed area.
Traditionally monitor for movement (motion detection), gasses (CO, Smoke), entrance/exit
(door entry), heat and water. In addition to monitoring, the solutions also include remote
actuators to preform simple tasks like opening curtains and turning on/off electrical
equipment. More recently innovations have been happening around holistic monitoring of the
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home electrical grid and usage. With the EU push to deploy smart metering for electrical
systems across the EU by 2020, mass deployment of smart electrical meters is underway.
Electrical monitoring solutions in 2013 also go beyond the traditional consumption monitoring
and allow for power generation and power selling back to the grid to be managed as well in
several member states. In the near future electrical sensors working within the home are
expected to manage peak loads in the background to achieve cost savings for the homeowner
and investment savings for the electricity provider.
Electrical systems have garnered much of the focus for the last decade, but managing all the
systems in a building is a growing trend. In addition to electricity, water management is a
growing area of focus driven by increasing populations. Water consumption and reuse –
typically called grey water are also included in home management systems.
Telecare in its simplest form is a home gateway for automated and actuated alerts that are
often life threatening. It is the life threatening aspect that has shaped the industry more than
any other. If a fault reading is found in a telehealth report the typical result is to wait 24
hours, take a new measurement and if the result is back in the normative range the error has
no further action. If the result is still out of the expected range, an operator can call and
troubleshoot the error. On smart homes if a sensor or actuator fails it is typically left to the
homeowner to evaluate the failure with support from web resources. Telecare is different
because at it’s core is a service contract, typically twenty four hours a day seven days a week
including holidays. If an alert is raised a response happens. This requires systems to typically
have redundancy in place to ensure operations in adverse conditions. It is the service contract
that requires higher reliability than other home hubs like a broadband modem or digital TV
box. Typical broadband modems do not include battery backup, so when the mains power fails
the broadband connection is lost. On a social alarm a battery backup is required to include
service in the event of a power failure. In 2013 IP social alarms are becoming more common,
but most do not address the systemic problem that if they use a broadband connection for
communication and the power fails so will the communication if the broadband connection is
not also on a battery backup.
The life critical nature of social alarms also effects the reliability requirements for sensors. The
performance requirements typically exceed those found in smart homes because the sensors
need to communicate more information such as battery status to allow for battery replacement
before failure. Many suppliers supply both the smart home and the social alarm industries by
offering modular architecture. A standard unit can be used for smart home applications and
can support additional feature like specialised radio transmitters (optimised for long battery life
and supporting optional status indications), longer life batteries and configuration in status
indication.
As AAL evolves it is likely that the clinical/non-clinical and life critical/non-critical will be
managed together in an accountable manor that will result in a “user support cloud”.
Information will be collected by a number of disparate sensors, aggregated by different hubs
and shared to create holistic views of the individual, his or her surroundings and the
interactions between people and things. The degree of complexity is conceivable today but the
scale implementation of this type of solution is difficult to achieve.
The majority of sensors used today are binary in function (either on or off) and change state
based on an electrical or optical change. As a class of sensor they are generally low power and
low complexity increasing the likelihood that they will be reliable and low cost. The opportunity
for improvement on this class of sensors is limited because they have already reached
commodity production levels. The roadmap will focus on higher complexity sensors that sense
at a higher functionality level than the mentioned simple sensors.
These smart sensors will use their processors to not just change state, but to provide either
additional condition data or data that has been through a process. Additional conditional data
is expected to provide contextual information on how the primary reading was measured. This
additional data could be time, location, temperature, gas concentration, radiation exposure or
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environmental data to enable a richer post capture process based on secondary environmental
conditions. One example is to have a sensor monitoring the level of a fever-reducing drug in a
patient’s bloodstream and capturing the local temperature changes over a set period of time. A
second field for smart sensors is to enable post capture processing. These sensors would be
programmed to capture data, apply a process and deliver not just the measured value, but
also the resultant value after the process. In the example of monitoring a fever-reducing drug
the process enabled sensor would report the rate of temperature reduction based on the inputs
of temperature over a pre-programmed period of time.
Smart sensors working autonomously or as part of a sensor network can expand from the
relatively simple tasks of monitoring the consumption (and generation) of buildings (electricity,
natural gas, water and the like) and monitoring for gross signs of life (motion detection, door
movement, sounds) into finer areas like consumption, energy use and elimination of individual
people.
4.1.1.1 Sensors for monitoring persons
In the field of human activity (Logan B. et al., 2007) and status recognition, we can distinguish
systems that use wearable sensors with sensors mounted in the environment, like cameras or
motion sensors. AAL has mainly focused on monitoring people living alone in their residence
for two reasons: they are the most vulnerable to sudden changes in their condition where
external help may be called upon and AAL solutions typically have difficulty with several
residences or in monitoring many physical locations. Monitoring several people living in the
residence can be a problem as most commercial cannot identify an action with an individual.
The sensors simple record that a door was opened or a person has triggered a motion sensor.
A combination of better optical tracking along with the development of wearable sensors will
help address these issues in the future. In 2013 with the wide spread use of smart phones and
tables it is obvious that wearable sensors are spreading due to the technological improvements
in miniaturization and energy consumption and will help expand the physical space that can be
monitored. These sensors are useful in an AAL context, because they enable continuous
monitoring of various physiological and biomechanical parameters while balancing invasiveness
and comfort.
4.1.1.2 Implantable sensors:
Research and development of sensors are a very wide and complex themes and reserve many
technologies for various applications. A relevant application for tele-monitoring of congestive
heart-failure patients is the monitoring and processing of heart vibrations with a 1D or 3D
accelerometer implanted under the skin which allows detection of atria and ventricle
contractions, aortic and mitral flows which gives an hemodynamic status of the patient. In
2013 a new sensor was announced that looks like a small coil. The device, that measures only
4 millimeters in diameter and 500 microns thick, can be attached to commonly used
orthopedic musculoskeletal implants. Once implanted, the sensor can monitor and transmit
data about the load, strain, pressure, or temperature of the healing surgery site. The device is
passive, that is that it is not actively powered; and works with an external coil that inductively
energizes a coil in the implant allowing it to transmit data, much in the same way that an RFID
reader energizes a passive tag (RPI News, 2013).
4.1.1.3 Ingestible sensors:
Obesity is a contributing factor in several chronic health problems like COPD, cardiac disease
and diabetes. Issues regarding weight control are being addressed more and more as a matter
of public health. Accurately measuring calories consumed, used and eliminated as well as
nutritional value would be a very valuable tool. Ingestible sensors are a reality that will
develop further. A company, Proteus, has created an sensor that:
can be integrated into an inert pill or other ingested products, such as pharmaceuticals.
Once the ingestible sensor reaches the stomach, it is powered by contact with stomach
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fluid and communicates a unique signal that determines identity and timing of
ingestion. This information is transferred through the user’s body tissue to a patch worn
on the skin that detects the signal and marks the precise time an ingestible sensor has
been taken. Additional physiologic and behavioural metrics collected by the patch
include heart rate, body position and activity. The patch relays information to a mobile
phone application. With the patient’s consent, the information is accessible by
caregivers and clinicians, helping individuals to develop and sustain healthy habits,
families to make better health choices, and clinicians to provide more effective, datadriven care. (Proteus Digital Health, 2012).
4.1.1.4 Wearable sensors:
Wearable sensors are common today with most coming from the mobile phone and the
wellness industries. These sensors are focused on location and movement and have several
different uses. In 2013 the consumer electronics industry is buzzing about smart watches with
rumors that Apple, Microsoft and others are actively developing wrist warn (Windows Smart
Watches, 2013). Not to be left out, Google has launched a public beta development for smart
glassed with the Google Glass project (Google Glasses). These are all products that help
people monitor themselves and their activities and generally do not take into account need
related to age. Most “smart” watches that include location services either have to be activated
to start tracking or only provide a day of tracking before needing to be recharged. Ideally
devices for AAL would be unobtrusive, have a functional life of at least weeks and be difficult or
impossible to forget to wear.
Moving in this direction is epidermal electronics – sensors that attach to the skin. This
technology was described as similar to a child’s temporary tattoo, where a flexible circuit board
was attached to an elastomer backing and transferred to the skin. In 2011 a paper published
from the University of Illinois explained methodology for creating an electronic system that has
properties matched o the epidermis for bending stiffness, effective elastic moduli and areal
mass density (Kim D.H., et al., 2011). In 2012 the same research team presented further
developments that enabled the circuit to be printed directly onto the skin, removing the
elastomer to increase comfort (Kim D.H. et al., 2012).

4.1.1.5 Environmental sensors:
Another challenge is represented from MEMS-based sensors (accelerometers, gyroscopes,
magnetometers, and physiological or biometric sensors), worn on different parts of the body,
used for recognition of such activities as walking, running and climbing up stairs, or
physiological parameters. Also textile sensors are becoming an interesting promise for daily
monitoring of vital signal: they could be integrated in smart shirt with both physiological ECG
and physical activity detectible sensors to improve the accuracy of the patient diagnosis (Lee
Y.D. et al., 2009).
R&D trends in this important class of enabling technologies include the development of new
families of contactless sensors, such as 3D CMOS image sensors. In surveillance and
reconnaissance applications, CMOS image sensors are able to extract visual information from
the geometry of visible surfaces, interpret the 3D coordinate data, and capture both colour and
depth images simultaneously (Suntharalingam V. et al., 2009). One example is the Microsoft
Kinect motion sensor that was released at the end of 2010 for use as a game controller for
Microsoft’s 360 game terminal. The infrared projector and camera of the sensor make it
possible to sense the observed scene and track the movement of individuals in three
dimensions. Kinect-based, real-time, three dimensional tracking is a new approach in AAL
(Ambient Assisted Living) applications. Many solutions have been presented that are built
using the Kinect motion capture system. One example is Pálfalvi József’s (Pálfalvi J., 2011)
exploration of how the Kinect camera can be applied to AAL systems and to design an
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application which can solve basic AAL tasks, such as fall detection, gesture recognition and
ADL activity recognition. This is just one example as many projects have use the Kinect motion
capture for AAL proof of concept.

4.1.2 Sensor technology development
Micro-Electro-Mechanical Systems, or MEMS, is a technology that is defined as miniaturized
mechanical and electro-mechanical elements (i.e., devices and structures), made using the
techniques of microfabrication. The critical physical dimensions of MEMS devices can vary from
well below one micron on the lower end of the dimensional spectrum, all the way to several
millimeters. The types of MEMS devices can vary from relatively simple structures having no
moving elements, to extremely complex electromechanical systems with multiple moving
elements under the control of integrated microelectronics. The main criterion of MEMS is that
they have at least some elements with some type of mechanical functionality whether or not
the elements can move. The term used to define MEMS varies in different parts of the world, in
some parts of the world they are called “Microsystems Technology” or “micromachined
devices” (MNX).
While the functional elements of MEMS are miniaturized structures, sensors, actuators,
and microelectronics, the most notable (and perhaps most interesting) elements are the
microsensors and microactuators. Microsensors and microactuators are appropriately
categorized as “transducers”, which are defined as devices that convert energy from
one form to another. In the case of microsensors, the device typically converts a
measured mechanical signal into an electrical signal (MNX).
In 2011 the International Electronics Manufacturing Initiative (iNEMI) (iNemi, 2011) and the
Interational Technology Roadmap for Semiconductors (ITRS, 2011) created a Technology
Working Group to focus on MEMS devices integrated into today's smart phones, including
accelerometers, gyroscopes and microphones, as well as emerging MEMS that will enable new
uses of mobile information technologies. While AAL application is not a target use, the sensors
targeted in the ITRS are applicable to AAL use. One strength of ITRS’ document is that it
points out MEMS are devices that are fabricated using techniques similar to those used for
integrated circuits (ICs) but are different to ICs because they are able to combine digital and
non-digital activities. In this way they have the potential to leverage “Moore’s law” in
production and delivering more-than-Moore’s functionality. Fig. 23 illustrates how MEMS
deliver more than digital functionality by including analogue function in a System In Package
(SIP). One easily understood example is the concept of a “lab on a chip”. This example would
be one package that can take a fluid sample, blood for instance; physically put a specific
amount into different pockets where it can be processed for quality like oxygen level,
coagulation rate and white blood cells. The results of each test can be captured and sent out as
an electronic message. The structures of MEMS enable this type of function even if the actual
methods are not developed yet.
The vision of MEMS where microsensors, microactuators and microelectronics and other
technologies, can be integrated onto a single microchip is expected to be one of the
most important technological breakthroughs of the future. This will enable the
development of smart products by augmenting the computational ability of
microelectronics with the perception and control capabilities of microsensors and
microactuators. Microelectronic integrated circuits can be thought of as the "brains" of a
system and MEMS augments this decision-making capability with "eyes" and "arms", to
allow microsystems to sense and control the environment. Sensors gather information
from the environment through measuring mechanical, thermal, biological, chemical,
optical, and magnetic phenomena. The electronics then process the information derived
from the sensors and through some decision making capability direct the actuators to
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respond by moving, positioning, regulating, pumping, and filtering, thereby controlling
the environment for some desired outcome or purpose. Furthermore, because MEMS
devices are manufactured using batch fabrication techniques, similar to ICs,
unprecedented levels of functionality, reliability, and sophistication can be placed on a
small silicon chip at a relatively low cost. MEMS technology is extremely diverse and
fertile, both in its expected application areas, as well as in how the devices are designed
and manufactured. Already, MEMS is revolutionizing many product categories by
enabling complete systems-on-a-chip to be realized (MNX).

Fig. 23 Moore’s Law and more (ITRS, 2011)
Table 2 Timeline for MEMS Materials.

Fundamental
research

Short term (2015)
Carbon Nanotubes on SI
Shape Memory Alloys /
Magnetic Shape Memory
materials on SI
Graphene on SI

Applied
research

Piezoelectric materials on SI
Ceramic materials in MEMS
Polymers materials on SI
carbon nanotubes on SI /
CNTs utilised in MEMS

Commercial

Ceramic materials in MEMS

Mid term (2020)

SMA/MSM on SI /
SMA/MSM utilized in
MEMS
Graphene on SI /
Graphene utilized in
MEMS
Piezoelectric
materials
Ceramic materials
Polymer materials
carbon nanotube
material

Long term (2025)

SMA/MSM materials
Graphene materials

(Paulasto-Kröckel M. et al., 2011)
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4.1.2.1 Low power and sustainable sensors
Sensing applications, above all for wireless sensor network, are often limited by the reliance on
battery power. Since sensors are often very small and require little power, it is expected that
in future they might include embedded functionalities to efficiently manage, save, harvest and
transmit energy. In the last decade many efforts have been done to design low power
technologies (e.g. very low power devices) and algorithms (e.g. sleep mode) to minimize
energy consumption and make free-maintenance sensor units. In future sensing technologies
might include the possibility to capture energy derived from external sources, such as vibration
harvesting, solar cells, electromagnetic, inductive power and piezoelectric insole, and store it in
micro batteries or capacitors.
Other future R&D challenges are the development of smart systems for the management of
energy storage systems (charge and discharge algorithms, power electronics for monitoring
and switching individual cells), and intelligent power electronic devices (thermal management,
i.e. sensing, cooling, the use of thermally stable materials like SiC and/or GaN, packaging
technology, passive components, semiconductor devices.
The Energy Harvesting Network (EH, 2011) is an EPSRC funded network of UK academic and
industrial researchers who’s primary objective is to define new challenges in energy harvesting
research, facilitate the interaction of researchers and to ensure wide dissemination of the
advances in the science and development of energy harvesting technology. In their 2011
roadmap they describe harvesting as:
“Power may be recovered passively from body heat, breathing, blood pressure, arm
motion, typing, and walking or actively through user actions such as winding or
pedalling. In cases where the devices are not actively driven, only limited power can
generally be harvested without inconveniencing or annoying the user. A summary of the
potential power sources and the total power from various body-centred actions is
provided in (Fig. 24).
Note, however, that energy harvested from the user may require considerable
conditioning (storage, voltage/current or impedance conversion, etc.) before it can be
used for an application. In fact, conversion efficiency remains a key challenge for
scientists and technologies at present.”
(EH, 2011)

Fig. 24 Possible power recovery from body-centred sources with total power for each action listed (EH,
2011)

Fig. 25 and Fig. 26 are graphical representations of the roadmap for energy harvesting outside
and inside the body.
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Fig. 25 Energy Harvesting outside the body – Technology Roadmap 2011-2021 (EH, 2011)
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Fig. 26 Energy Harvesting inside the body – Technology Roadmap 2011-2021 (EH, 2011)

4.1.2.2 Smart environments
Smart environments identify embedded sensor and actuator systems networked by wireless
Internet, with the capabilities to sense, elaborate, and communicate. They are conceived to be
installed in many different environments, such as homes, cars, factories, buildings, offices,
shops, hospitals, open spaces, etc. In the future, networks and end-systems will be merged
together (Cloud) and will integrate passive and intelligent sensing devices, to provide
information about their environment and their user, sensory-motor devices, to act based on
their perception of the environment, and pure actuators, to perform actions based on
information gathered by some other devices and/or background knowledge. In this sense,
smart environments are really suitable to integrate pervasive computing with pervasive
robotics, thus allowing the Internet to exchange not only information but also action. It is
expected that smart environments will be characterized by many research challenges in the
fields of embedded systems, Internet of things, mobile communications, intelligent user
interfaces, intelligent sensor networks, augmented cognition, and ambient intelligence.
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Table 3 Sensing Timeline

Short term (2015)

Telemonitoring
of patient
status

Wearable
multisensor
platforms
Implantable
multisensor
platform
Sensors

Mid term (2020)

Long term
(2025)

ECG, EEG, acceleration,
movements, weight, pressure,
temperature, heart sounds,
respiration body worn and
subcutaneous
Ingestible capsule for pH,
temperature, pressure, heart
sounds, blood flows, respiration
Cellular phone wireless connected
to sensors body worn or ingestible
or subcutaneous
Sensor tags capable of storing a
series of measurements

External biomarkers

Sensors power supplied by
rechargeable batteries
Leadless ECG and respiration

Sensors power supplied
by energy scavengers
Sensors wireless
powered

Sensors power supplied by
batteries or rechargeable batteries

Wireless powered
sensors

Sensors power
supplied by
energy
scavengers

Heartbeat Detection – ultrasensitive accelerometers
Non-invasive peripheral neural
interfaces
Internet-connected sensors and
actuators – SODA, Mulle3 etc
Universal Positioning – Galileo /
GPS / MPS / WLAN / UWB / signal
space trilateration
Location technologies for in-door
navigation
Sensors for indoor localization
Adaptive sensors and actuators
Item identification – RFID
(standalone, bracelet-worn), NFC,
BT, ShotCode
Super low power sensors
Sensors for human state detection

Invasive peripheral
neural interfaces
Non-invasive cortical
interfaces
Camera with object
detection, classification
and recognition
End-to-end, close-loop
systems from sensors,
actuators and data
analysis

Biologically
human inspired
sensors
Biologically
inspired sensoractuator
integration

Wireless
implanted
biomarkers

4.2 Reasoning
If an AAL system was compared to a human body with its sensing organs (e.g. eyes and ears),
communication abilities and acting by movements caused by controlled muscle activity, the
brain would be the reasoning and control structure. This section describes the expected
evolution of artificial “brains” inside AAL systems for the forthcoming years. However, some
tasks that a human brain performs and that are modelled for the application in AAL systems,
are described in other sections of this Roadmap, e.g. dialog systems and gesture and voice
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recognition are part of interacting, the control procedures of actuators are mentioned in the
section about acting and the fusion of sensor data is part of the section about sensing.
“In information technology a reasoning system is any software application, hardware device or
combination of software and hardware whose computational function is to generate
conclusions from available knowledge using logical techniques of deduction, induction or other
forms of reasoning. Reasoning systems are a subset of a broader category of intelligent
systems” (Wikipedia, 2013).
However, in this section, reasoning is used in the context of AAL in a broad sense as defined in
the roadmap of AALIANCE of (AALIANCE Roadmap, 2010).
4.2.1 Applications and Problem Classes of Reasoning Applied to AAL
In the context of AAL, reasoning was defined as aggregating, processing and analyzing data
and transforming it into knowledge within different and often cross-connected spaces (body,
home, vehicle, public spaces) (AALIANCE Roadmap, 2010).
Reasoning engines could be implemented on a dedicated device together with one or more
sensors, on an on-body device for mobile situations, on a home device, or on a server
connected to a network(AALIANCE Roadmap, 2010). They apply a wide variety of approaches
with complexities ranging from simple if-then-else rules (using the values measured with the
sensing modules of a system)over statistical methods, artificial neural networks and methods
of the semantic web, to those attempts to create a human-like artificial mind that could be
embodied in a social service robot of the future.
Reasoning systems that support end-users of AAL solutions must have an always updated
awareness of the context of the users, their current and future needs, and their environment.
Some of today’s Telehealth systems for example measure vital parameters of their users such
as their glucose levels, body weights, respiration rates or heart rates. Reasoning modules in
these systems often map expert knowledge by means of rule sets—these might be classically
“hard” or fuzzy—in order to detect or to predict emergency situations like falls and near-falls,
acute heart problems, or extreme changes in the blood pressure. The inputs of these systems
are often arrays of continuous variables, while their output is binary, e.g. yes/no, 0/1, fall/no
fall. Besides expert systems that represent knowledge of human experts, there are models and
methods that learn from given data and generalize from it in order to classify, detect, predict
or cluster new data sets, even if they are incomplete or uncertain. These machine learning
approaches have many applications in AAL addressing different underlying abstract problem
classes. One important application field of k-nearest neighbour classifiers, case-based
reasoning, decision trees, Bayesian networks, Support Vector Machines and Artificial Neural
Networks such as Multi-layer perceptrons, Radial-basis function networks, and many other
supervised learning approaches, is the classification of data obtained by sensors that might be
worn by the user or installed in the environment as accelerometers, sensors in home
appliances like refrigerator doors, infrared presence detectors, pressure sensors in bed and on
chairs, light switches and the use of electrical devices, TV sets, doors of wardrobes and
drawers of cupboards. In some previous and on-going AAL research projects, activity
recognition methods were developed to classify activities of daily living (ADL), which consist of
personal hygiene, eating, drinking and preparation of meals, usage of the toilet and patterns of
sleep.
Other variables that describe the status of first order end-users and that are analysed by
reasoning systems concern their motion habits by analysing data about the occupancy of
rooms in a flat, locomotion data (e.g. walking, standing, sitting, lying, falling) and quality and
quantity of motion (walking speed, walking distance, duration of physical activity, motion
patterns etc.). In some of these latter cases in which the applied systems might have
continuous output variables instead of class labels, the reasoning systems approximate
regression functions and learn by supervised training in the case of machine learning
approaches.
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Some stochastic processes and time-series data in the context of AAL can be modelled by
Hidden Markov Models, Kalman filters and Partially Observable Markov Decision Processes
(POMDP). Another machine learning model, which is inspired by structural and algorithmic
properties of the part of the human brain that is called neocortex, is the Hierarchical temporal
memory (HTM), as well as some other “Deep Learning” models. Typical applications are for
instance video processing, and voice and gesture recognition in the context of interaction
through a Human Machine Interface (HMI). Some of these methods are also applied to image
processing.
Principal components in data, among other methods, are applied in biometrics to verify or to
identify a user on the basis of features of her body (fingerprints, hand shape, face) or voice.
Biometrics is useful especially in environments, in which there are more people than the enduser of the AAL system, and were other methods of verification and identification, such as
RFID cards and NFC, to offer personalized services or for security issues are unpractical.
Furthermore, trend analysis can give insights into the changes over a longer time period of a
person’s psychosocial behaviour and social contacts, and mental and psychical constitution
including stress and emotional states. This information can be extrapolated and analysed by
professional care givers, psychologists or medical doctors.
In addition to that, techniques for modelling“normal” behaviour of individuals or in combination
with information on the standards of behaviour in certain groups of people inside a population
are applied in order to detect anomalies(sometimes called novelty detection) in the activity
pattern of AAL users that might require to draw the attention of caregivers or family members
onto a potential problem.
Automatic clustering algorithms and models that are trained by unsupervised machine learning
(e.g. in self-organizing maps) can help caregivers and medical professionals to analyse
multidimensional data of the people they care.
In some fields of AAL, e.g. in navigation of service robots or routing for the use of public
transport by older people, there are optimization problems that are tackled by evolutionary
computation and genetic algorithms.
Assistive technologies can assist older people with cognitive impairment by providing
assurance that the elder is safe and is performing necessary daily activities, and, if not,
alerting a caregiver; by helping the elder compensate for her impairment, assisting in the
performance of daily activities; and by assessing the elder’s cognitive status (Pollak,
2005).Associative memories help people with increasing cognitive impairments to remember
facts they knew in their past. A similar approach is applied by reminders for medicine intake.
First coaching applications (so far mostly designed in research projects and to a lesser extent
available on the market), for instance for health related topics or diet issues, help users
through personalized instructions, tips and tricks, do’s and don’t’s to treat and to prevent
diseases and to obtain a better QoL.
AAL Decision Support Systems (AALDSS) should provide to the different groups of end-users,
i.e. older people, formal and informal caregivers, medical professionals, knowledge-based
support in different situations from emergencies to prevention of diseases through a healthy
lifestyle.
Most of the software implementations of the above mentioned models can be executed on
hardware that is inside a home or another AAL environment without being necessarily
connected to other systems. However, the exponentially growing cloud offers a gigantic
potential for new applications of reasoning for AAL. One of these relatively new and
increasingly huge areas of technologies comprises those related to the Semantic Web, “a web
of data that can be processed directly and indirectly by machines” (Berners-Lee et al., 2001).
This common framework aims at making computers understand concepts and contexts
applying so-called reasoners in a stricter sense that use ontologies defined by humans.
Furthermore, recommendation systems and methods of collaborative filtering, which are likely
to be known by many readers from popular online shops, learn from the things that other
people connected to the cloud that have similar profiles like, appreciate (or dislike or hate),
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need, use, buy etc. in order to predict the preferences and needs of the different end-users.
4.2.2 Challenges and Gaps in Reasoning Systems
It is difficult to define milestones for the roadmap of reasoning technologies for the upcoming
decades, because, albeit significant progress can be expected, many trends are of a gradual
nature.
One of these evident trends concerns the hardware that “embodies” reasoning software. The
ever on-going process of miniaturization of microchips with an exponentially increasing
processing capacity (compare “Moore’s law”)allows processing bigger volumina of data in
smaller devices.
Less expensive and smaller processing hardware will lead—at least in a long term—to the
moment when awareness and intelligence will be present in most devices at home.
Furthermore, following concepts of Ambient Intelligence (AmI), there will be more sensors in
the environment whose data requires (and allows) additional processing. Many sensor devices
will perform pre-processing on their boards and provide higher level reasoning levels in a
distributed reasoning system data of a higher quality.
Mobile devices (e.g. smartphones and tablets) will perform reasoning tasks that nowadays only
PCs are able to perform. Their connectedness (see the section about “Communicating”) and
their processing power allows reasoning systems to process data almost everywhere on mobile
(i.e. wearable) devices. A challenge here is to design and to implement efficient software
algorithms that can run on mobile devices with their limited energy.
Another trend is the increasing distribution of reasoning through the storage and processing of
data in the cloud. It is a challenging to design smart Internet (software) agents that find
information related to the context of end-users in the (semantic) web, which is machine
interpretable, and their interfaces to human readable Internet as most of the readers know it
today.
In summary of the last paragraphs, reasoning in AAL is expected to happen not for much
longer on relatively powerful computers that were installed in the flats of users in some
research projects in the past, in the future, but distributed on the sensors, in the environment,
on mobile devices (smartphones and tablets) and in the cloud.
A realistic goal for the mid and long term is to offer the end-users of different kind (older
people, caregivers and nurses, service providers)better, user-friendly and reliable AAL Decision
Support Systems (AALDSS) that are designed to coach the users while addressing also
motivational and emotional aspects (instead of just prompting “you have to practice more
sports”), with personalized output after an automatic adaptation to the user. Techniques of
collaborative filtering might propose the user, who is connected to the cloud, not only products
and services, but moreover advice under different circumstances from the knowledge about
the decisions of many other peers with similar profiles.
For medical issues, these AALDSS will provide decision support—they will not take decisions for
the user2—and coaching services based on expert knowledge that is provided by medical and
nursing human experts and from automatic semantic text processing of the scientific and
nursing literature. That implies that the human readable, fast growing contents of the Internet
(traditional web and Web 2.0) that is relevant for AAL, which was created by humans for being
read by humans, will be interpretable for machines that integrate this knowledge into the
semantic web and make it therefore available for reasoning systems.

2

An important issue with all reasoners, e.g. artificial, intelligent coaching and decision support
systems, especially if their inherent structure is that of a black box like it is the case in many
machine learning approaches, is that ethical and legal issues of false positive outputs or fatal
recommendations are not clear and might be a barrier for investors and manufacturers to
bring them onto the market as well as for end-users to buy and use them.
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A remarkable goal will be reached when new sensors that have to be integrated into an
existing sensor network in an AAL environment will have their corresponding ontologies that
might be provided directly from the manufacturer or distributor like it happens with today’s
driver software for computer peripheral devices. Then the reasoner would know and
understand after plugging in the particular sensor which quantities in which scale it is able to
measure and what the obtained values mean.
Moreover, there is a challenge in that if one sensor fails, which leads to missing data or errors
in the measured values, the reasoned should be able to fusion redundant part of the data from
other sensors to obtain the required information until the defect sensor is replaced, even
though this might lead to a lower quality.
It is expected that there will be more and more ontologies for areas related to AAL ranging
from medical topics to activities of daily living and well-being. A goal for the next years
consists in reaching a better interoperability between knowledge bases, e.g. in the context of
ontologies. Standards are urgently required here.
A challenge that has to be considered is the provision of data security and data protection of
the knowledge about people, especially if the data is interpretable by humans.
General intelligence (or “strong AI”) is still among the field’s long term goals. If it is achieved
one day on a sufficient level and combined with acceptable interaction capabilities, it could
allow social robots to be better companions (where all social and ethical implications have to
be considered), at least at the level of pets (compare social robots as Paro, Pleo and others
that are already available on the market and many more prototypes as the outcomes of
research projects), not only for older people.
Table 4 Reasoning Timeline

Technologies
and
Applications
for Reasoning
in AAL

Short term (2015)

Mid term (2020)

Long term (2025)

Description of activities
by rules and patterns
for activity recognition,
AmI and emergency
detection

Advanced AALDSS and
preventive guidance

Artificial “minds” with
pet-like
or
even
human-like
pattern
recognition
and
advanced
social
abilities for mature AmI
and nursing

Service composition

Service decomposition

Semantic web and its
ontologies describe the
context of information
available
for
many
fields in AAL

Ontology
(combination
ontologies)

Awareness
intelligence in
devices at home

Automatic recognition
of speech, noises and
images/videos
connected to ontologies
in a distributed and
reactive environment

Artificial intelligence in
a reactive environment
for
behaviour
that
changes over time

mapping
of

and
most

Autonomous intelligent
agents
and
service
robots

Neuroscience-based
models of limb motor
control
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4.3 Acting
4.3.1 Future AAL Challenges in Acting
The application of robotics in AAL system aims to meet the physical and psychological needs of
the elderly persons and people with disabilities. Systems and services, which proactively act
for preventing, compensate, support, providing well-being and increase the independent living
of senior persons or disable people in an assisted environment, revolve around some
technological aspects, that could be identified as acting enabling technologies. More
appropriately, these are sensor-motors, actuators and other agents that could perform
concrete actions basing on their perception of the environment, on behalf and emotion of their
users and on information gathered by some other device and/or background knowledge.
Close interaction between human and robotic devices show some limitations of acting current
application for AAL. While electronics, mechanics, sensors and other units don’t represent a
limitation to AAL, actuation is a obstacle. In this sense researches try to develop new smaller
actuators with performance comparable to traditional electronic motor. This innovative
actuator should be safe, compliant, adaptable and follow dependability rules.
Furthermore multiplatform services and multi-settings robots could deal with all the needs of
elderly people, but this solution couldn’t response to all requirements (Kamei K. et al., 2012).
The action of standalone robots or multi-robots systems in not sufficient for continuously
supporting daily activities. What is required in the near future is a network system that
consistently manages various type of robot and other agents, suitable for each part of an
activities in different location. As regarding the creation of a pervasive and sustainable
network, build around citizen necessities, smart city and cloud robotics could represent the
future trend in this sense. Cloud robotics is the fusion of cloud computing and Robot. Cloud
Robots will really help humans and provide them with daily activities replacing them on those
tasks more dangerous, delicate, precise, tedious, intelligent, objective or more sustainable
human civilization.
In this sense technological solution could be more pervasive and useful even for elderly
people. In the near future technological effort aim to develop and manage the following point:


Construction of Wireless City



Construction of Smart Home



Construction of Smart Transportation



Smart robotic appliances and tools



Smart public service and construction of social management



Construction of Smart Urban Management



Construction of smart Medical Treatment



Construction of Green City



Construction of Smart Tourism

Fig. 27 reports the applications of acting and the main technological challenges which have to
be explored in order to reach the next level of AAL services to citizen.
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Fig. 27 Acting scheme

4.3.2 Application
4.3.2.1 Smart Actuators
Actuation is definite by EUROP – Technology Roadmap as:
“Techniques to generate force and torques. Hardware to manage the motion of the
robot, e.g. move the robot tool into a desiderate pose, change the kinematic
configuration or shape of the robot. Important part of a robotic drive train are
(electrical) drives, motors, gears, media distribution and brakes.”
According to AALIANCE– Roadmap (AALIANCE Roadmap, 2010), actually most of the research
regards these issues has been focused on to develop smart actuator inspired by mechanical
characteristic of human actuator: muscles. For this reason this actuator are commonly called
artificial muscle. As concern this kind of smart actuator many solution have been investigated:
pneumatic artificial muscle, electroactive polymers (EAPs), mechatronic joint, MEMS, SMA. So
far artificial muscle can replicate temporal, spatial and force regimes typical of biological
muscle, but they cannot replicate all these characteristic at the same time.
Moreover scientist try to render robot physical body much more similar to human body. Over a
lifetime, bodies grow and change. If something breaks, it heals. If one muscle is used more, it
expands. Over a developmental timescale, a baby develops and matures. Over evolutionary
timescales, the body plans of a species change to match new environments and adapt to new
tasks. The future approach should be synthesize in this sentence:
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Future Robotic devices should have regenerating structures, inside they could have
fiber capable of reassembling and grow when some internal errors occurs.
Roberto Cingolani IIT, Genova
As report Lo et al. (Lo H.S. et al., 2012) there has been increased interest in the use of
pneumatic muscle actuators (PMA). PMA actuators can only generate a tension force through
contraction, therefore a pair of PMA are often used for each DOF to generate bidirectional
movement. PMA has several advantages over electromagnetic motors among most significant
being its high power-to-weight ratio. The soft nature of PMA makes the exoskeleton compliant
and inherently safer to wear. However, PMA exhibit non-linear actuation characteristics making
them more difficult to control.
As explain Heo et al. (Heo P. et al., 2012) in their survey, EAPs are attractive polymers
because of their muscle like. This type of EAP has the advantages of low drive voltage, large
bending displacement and natural bi-directional actuation, along with the disadvantages of
slow response and a relatively low actuation force.
4.3.2.2 Green Technologies
The problem of depleting fossil fuels already seams close. We considered three possible
response to this sort of issues. The first is use all means available to reduce consumption of
fossil fuel energy. The second is to develop alternative and “clean” technologies such as solar
or wind energy or other renewable source that can replace fossil fuel. The third issue is to
optimize the managing of power resource. These issues regards not only aging population, but
whole world community, in fact the researches of new and alternative sources of energy could
improve the QoL of worldwide population. The new power source could be low-cost,
rennovable, safe and “clean”. Furthermore new agents could be designed to combine actuation
and movement with recharge of supply. For instance a mobile robot with solar panel when
needs battery recharge, could move autonomously in order to orient its panels to reach the
power source, accumulate energy and recharge battery. Furthermore these new agents could
have a biomimetic power supply.
4.3.2.3 Service Robotics
In the future, a new class of machines and linked technologies that will fulfil a variety of
assistive roles is required in order to maintain the current QoL of the population. According to
Dario et al. (Dario P. et al., 2011) these new generation of robot will call Robot Companions for
Citizens. The Robot Companions (RCs) will be machines that will primarily help and assist
elderly people in daily activities at home, in their workplace and in other environments. RCs
will be able to perform a multitude of roles thanks to their capabilities to act and interact
physically, emotionally, socially and safely with humans, providing for an improved QoL. RCs
should be strong, graceful, and sentient machines.
Eventually, RCs should be more than mechatronics: in order to develop them we need to
develop a new generation of components, both bodyware and mindware. Today’s robots are
mechatronic or bio-mechatronic systems: robots are the result of the integration of many
components each having a peculiar and well-specified function. Hence, if we want robots with a
more adaptive and complex behaviour, we usually need to increase the number of degrees of
freedom, the number of sensors, the computational load, the energy consumption and the
baud rate of the human machine interface. In this sense starting from well-established as well
as innovative mechatronic design solutions and components, RCs will gradually move towards
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a close integration of micro-/nano-fabricated smart materials, each having multiple functions
such as sensing, actuation, information processing and communication, energy supplying and
mechanical support.
Nowadays, new actuators are mostly a smart integration of traditional components such as
motors, spring, cables. In the future Robot Companions will be based on nano-fabricated smart
materials and bio-artificial components.
4.3.2.4 Wearable Robotics
Wearable Robotics are an interesting application where concept of sensing and actuation are
fused is in. Wearable robotics could replace or assist human during ADL tasks. For instance,
robotics solution could be used by elderly subjects with limited residual limb movement, in
order to improve the quality of movement. In these application robotic devices have to work
closely to human body: human body and mechatronic devices are directly connected. In
general, they can be classified as offering services to the upper limbs, the lower limbs or the
full-body limbs. According to Mohammed et al. (Mohammed S. et al., 2012) another viewpoint
can be related to the nature of the service offered to the wearer:
1. Orthosis – Restoring human function An orthosis is an external mechanical device
used to stabilize human limbs, to restore or to reinforce lost or weak human functions.
This class of wearable robot assists weak muscles, reinforces joint stiffness, provides a
mechanical block to prevent undesired movements, etc. A successful orthosis should
restore the normal human function, and should be at the same time miniaturized and
comfortable to the wearer.
2. Prosthesis or hybrid bionic system- Substituting human part. A prosthesis is an
artificial device used to substitute a missing body part, often the knee and the hip
joints. Prostheses behaviours are controlled by electromechanical actuators through
the wearer’s intention, and through electrical and mechanical information provided by
different kinds of sensors.
3. Enhancing human capabilities. This class of wearable robots is designed to allow
the wearer to bear heavy loads, to increase their speed, their strength and their
endurance while guaranteeing minimal interaction between the robot and the wearer.
Generally, exoskeleton could be used to:


Augment human capabilities



Assist people with physical limitation during movement



Replace motion function



Motion Rehabilitation

Belong to the first category listed all technological solution which enhance human strength
such as exoskeleton for military purpose. If the user has a spinal injury or other chronic
illnesses the exoskeleton could help to replace the lost function or assist elderly persons with
physical limitation during any kind of movement. Moreover, recent studies (Moreno J.C. et al.,
2011) have shown that to overcome the inefficiency of conventional rehabilitation therapy
robotic solution should be used. In fact robotic repetitive movement training represent a more
efficient treatment. Further, applied strategies manly could be distinguished to promote effort
and self initiatives movement. The aim of assisted-as-need rehabilitation therapy is to either
assist and correct when necessary the motions of the user and provide only as much
assistance as necessary. However robotic rehabilitation has the potentiality to go beyond the
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capabilities of “human” therapist in terms of speed, sensing, strength, repeatability and
quantification of exercise’s results and progress.
As concern prosthesis technology used will involve RFID, sensor with wireless transducer for
the communication with remote controller and neural control. The development of smart
sensor for prosthesis is strict correlated to silicon development. By 2020 sensors will include
programmable digital-signal processing algorithms and filters for the autonomous extraction of
its features. The reduction of wired buses will increase the robustness and the portability of
this device. On the other side low power consumption electronic and transmission component
will be developed. To make smart mechatronic prosthesis’ actuation more physiological and
realistic, new smart actuator will be engineering, in order to fit a high number of actuator whit
high efficiency and low power consumption inside the prosthesis.
4.3.2.5 NeuroRobotics
During the past years researchers and scientist’s community have focused their efforts to
develop solutions in which electrical signals produced by the brain could be connected to a
computers. In this way that signal could be use to direct control the prosthesis and provide a
feedback to the user.
According to Becedas et al. (Becedas J., 2012) the classification of the brain machine
interfaces (BMI) neuroprosthetic devices is given by the technique used to access to the
signals generated by the brain. There are two groups:


non-invasive techniques



invasive techniques

Non-invasive techniques do not make use of surgery to access to the brain signals. These are
the most common solution used to control artificial device because of low level of invasiveness.
They are able to record two different type of signal: evoked response and induced response.
However, non-invasive signals have a very short bandwidth and low spatial resolution, on the
contrary they have a good temporal resolution. In general the signal extract with these
techniques are attenuated because they are reordered trough skin and scalps (such as EEG
case) so the electrical conductivity being reduced.
On the other hand invasive techniques require surgery to access inside the skull and directly
extract the neural signals. This methodology can be used to obtain good signals from isolated
and small areas inside the brain with a low signal-to noise ratio because electrode are very
close to neurons. In some case electrode remain on the surface and don’t penetrate the
cortex, otherwise some electrode penetrate deeply into the brain. The main cons of this
technique is that it required surgery to correctly position the electrode or to expose the brain’s
surface. Actually researches are tried to decode monkey’s neural signal in order to correctly
control manipulation of hand prosthesis.
All these signal recorder both with invasive and non-invasive technique could be used to
control a robotic agents such as: wheelchairs, control of spelling devices, control of prosthetic
devices, interaction with computers and other electronic devices, interaction with robots and
other medical and engineering applications.
Actually these neural solution are completely in experimental phase and have not appeared
realistic application for daily life.
In order to develop a durable applications which can be implemented in daily life, on the one
hand, non invasive techniques must improve in spatial resolution and reduce the costs of the
systems, which are the main disadvantages of these methodologies; on the other hand,
invasive techniques should reduce the associated risks to the surgery, develop biocompatible
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electrodes, and record stable and durable signals in the long term. Furthermore, the size of the
equipments should be reduced and the communications be improved to make the systems
wireless and portable. In addition, it is still unknown which parts of the brain can provide more
useful signals to control an artificial device: scientists are studying motor cortex and posterior
parietal cortex. Probably multiple areas of the brain should be recorded at the same time to
obtain more information that links related cognitive processes, such as, for example, the
planning and execution of a movement.
4.3.2.6 Smart Environment & Smart City
Smart Environments are more properly identify like merging system composed by
embedded sensor and actuator systems, networked by wireless internet, with the
capabilities to sense, elaborate and communicate
(AALIANCE – The European Ambient Assisted Living Innovation Platform, 2010).
The evolution of smart environments has been possible by recent advances in micro-electro
mechanical systems (MEMS), in global diffusion and portability of wireless devices and low-cost
sensors to communicate wirelessly. These network systems are conceived to be installed
different type of environment: house, school, hospital, clinic, office, car, etc.. in the next
future, all these network could be merged together and create a bigger network commonly
called “Smart City”. Smart city could represent the future trend of urban development; in short
smart city is the actual approach of “smart earth” (Lu S., 2011) concept, introduced by IBM in
2008, applying to a restrict region. Hao et. al (Hao L. et al., 2012), in their article gave the
definition of smart city starting from different definition of smart city concept and existing
research:
“Utilizing next generation of ICT, such as internet of things, cloud computing, smart
city integrate urban information system, and fulfil high intelligent urban management,
operation and people’s life. In order to this target, smart city must utilize information,
knowledge, experience and other resources and intelligent technologies, integrate and
collaborate with urban information systems, construct next new generation of ICT
infrastructure, achieve the goals of high efficiency of city management, timely and
convenient service, reliable urban operation, green economy and comfortable living.”
In this way the integration of all agents allow the possibility to share data and information
among all actors connected. The agents involved could include: passive and intelligent sensing
devices which provide data and information about the environment and the users, but also
sensors to measure physiological and behavioural parameters. In this context wearable,
portable and also implantable multi-sensors system should be developed in order to facilitate
continue monitoring of elderly peple daily life. In addition to sensors even sensory-motor
devices are included in this network. They should be able to act based on the information
perceived by environment and pure actuator, able to perform action based on information
gathered through network by other devices and background knowledge.
It’s clear how smart city could represent a great opportunity for the citizen which could have a
complete overview of services and information. For instance a sensor network could be
integrated into a city, manage and inform citizen about different issues. Smart City’s paradigm
is founded on four main pillars (Hao L. et al., 2012):
1. Interconnection between Urban parts. Smart city will enhance communication
networks, sensors and recognition procedures to expand communication potentiality
between people and people, people and things, things and things.
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2. Integration of urban Information Systems. Cloud Computing is a pervasive
technology which reach a very high distribution in during last years. In a short time it
becomes a core elements to support urban operation and management.
3. Urban management and service cooperation. Support to urban management and
services, and their coordination is made possible by interconnection of urban
components and integrated application systems.
4. Application of the new next ICT.

4.3.2.7 Mobility
One of the principal problem of ageing people is loneliness. One of the principal aim of
technology solution is the improvement of social inclusion. By its side, social inclusion is
related to different aspects, both physical and physiological. The capacity of person to move in
order to reach different places for meeting persons, benefiting of services or being present at
events represent one big aspects of social inclusion. Senior citizen often present different level
of mobility impairment because of deficit relates to ageing, disease or accident. All these
limitation could be overcome and compensated thanks to technologies coming from AAL,
Smart Environment and Cloud Robotics Application. In this way. Elderly people can use
different kind of transport, related to physical, cognitive, environmental and other situation.
These could be divided into:
 Public Transport
 Private Transport
 Pedestrians
Public Transport
The public transport should be reorganized both from technological and organizational point of
view in order to become more alluring and usable by end users, especially elderly persons and
disable person.
Smart city could offer a great opportunity to manage and improve mobility service. The
environmental sensor network should be able to identify each buses or tram, monitor traffic
and so on. They will be wireless connected communicating their actual status to a web server
in order to share information within the network. As a consequence new and stable algorithm
have to be develop in order to manage the great amount of data.
In this way, elderly people could have access to this status data and obtain real-time
information about the bus/tram they want to catch. This platform should be user-friendly and
favourite an easily access; older subjects could connect also using smart phone and tablet. For
instance in the future aging people can reserve autonomous “transport” on demand. To
provide this service the system should have a process to reservation data and plan journey to
the bus. Furthermore the bus and tram should be design with a special attention to usability
rules for disable people and elderly persons in order to achieve a more comfortable and
ergonomic services.
Private Car
Private Car represents a key factor for independent living. Usually aging people prefer to use
their own car because they consider it more comfortable, safer, and faster than public
transport, but it can be dangerous because of cognitive and physical natural decline.
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Technological improvement have to be focus on improve passengers’ safety reducing possible
damage to passengers and other people. Furthermore another important technology for further
reduction of fatalities is to create a network to allow the exchange of information between cars
and between cars and infrastructure. According to AALIANCE –SRA (AALIANCE – The European
Ambient Assisted Living Innovation Platform, 2010), communication between car should be:
 Cheap – accessible to the majority part of citizens


Efficient – in terms of: self organization, speed of network, transmission capacity



Safe – against manumission and abuse



Acceptable – in terms of data security and privacy

Pedestrian
The third aspect of senior persons transportation is walking: one of the more natural action of
daily living. Ageing and disease can invalidate the naturalness of this task and person in this
condition have some problem to walk into pedestrian environment. In this paragraph are
describes tools which could support people during this daily activity. Wearable Robotics which
enhance elderly people capabilities with a mechatronic approach are describes in another
paragraph.
Problems stems from components and structure of the streets that often are not designed
thinking to person with motor and sensory deficits, from the presence of vehicles and from
users’ deficit that have not a clear knowledge about their own location, the area to go through
the services and shops in it.
4.3.2.8 Cloud Robotics
Several research group are exploring the idea of robots that rely on cloud computing
infrastructure to access vast amounts of processing power and data. This approach, which
some are calling Cloud Robotics, would allow robots to improve their skills in order to help
them to accomplish tasks. James Kuffner, professor at Carnegie Mellon University, described
the possibility of cloud Robotics at the IEEE International conference on humanoids robot, in
Nashville, Tennesee, on November 2010. In particular he embracing the idea that the cloud
could make robot “lighter, cheaper and smarter” because of the possibility to store information
and knowledge in the cloud. In this way robots can share the base knowledge, thus enhancing
their ability of autonomic learning and decreasing the time a robot needs to develop or in
human terms to grow.
Cloud Robots will help humans taking care of us and help us with our ADL tasks.
“The next generation of Robots needs to understand not only the environment they
are but also what objects exist and how operate them. Cloud Robotics could make that
possible by expanding a robots knowledge beyond its physical body”
Kazuito Yokoi, head of Humanoid Research Group at Japan’s National Institute of
advanced industrial Science and Technology (AIST).
Speaking of ambient assisted living applications, cloud robotics could be defined as the
integration of different agents that allow an efficient and improved cooperation between
robots, smart environments and humans to provide useful and high quality services to citizens
(Fig. 28).
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Fig. 28 Cloud Robotics Architecture

4.3.3 Main Basic Technological Gap
4.3.3.1 Smart Actuators
Microelectromechanical systems (MEMS)
Microelectromechanical systems (MEMS) (also written as micro-electro-mechanical,
MicroElectroMechanical or microelectronic and microelectromechanical systems) is a technique
to create electromechanical devices with micro- and nanometer features, developed exploiting
and adapting microfabbrication processes: the processes usually use to create transistor and
integrated circuites.
By fabricating bio MEMS and NEMS biosensors, the implants will undergo miniaturization with
the help of nanotechnology. In this way, in the future, there are positive emergence of
applications in bioactuators and smart biosensors with potentials in the fabrication of artificial
muscles with bioactuators, miniaturized biosensor for the measurement of physiological
parameters, bone implants to stimulated cells growth, pointed drug delivery system and other
micro and nano applications (Ponmozhi J. et al., 2012). Further information are reported in the
Paragraph 4.1.2.
Shape Memory Alloys (SMA)
According to Nespoli et al. (Nespoli A. et al., 2010) Shape Memory Alloys (SMA) are
intermetallic compounds able to recover, in a continuous and reversible way, a predetermined
shape during a heating/cooling cycle. Actually researches groups are trying to develop
miniaturized actuator which have high mechanical performance, comparable to traditional
electric motors, in a limited space. To achieve this purpose the main requirement is lightness
and compactness of actuator. SMA actuators have the highest power-to-weight ratio within
light-weight technologies (Fig. 29.a). That means that they have a great potential for

File name: aa2_wp2_d2.3_roadmap_rev4.9_20130422.docx
Leader contractor: SSSA
Participant contractors: ALL

Page 81 of
117

D2.3–AALIANCE2 Roadmap

miniaturization. There are other further advantages to explore SMA mini-actuators: they are
simple, cleanliness, silent actuator, low driving voltage and so on. Nespoli et al. (Nespoli A. et
al., 2010) have written a complete review on commercial and researches devices and
application of SMAs. They highlight the ideal characteristic of SMA mini-actuator and underline
the future perspective of the research in this field to achieve the ideal SMA (Fig. 29.b).

Fig. 29 (a)Power/weight ratio vs weight of different actuators. Schematic representation of power density
as a function of weight for the most common actuator technologies (b)Future perspective on SMA miniactuators. Comparison between the current technological limit and the ideal characteristic of SMA miniactuators (Nespoli A. et al., 2010).

Soft Robot
Traditionally robot is a machine composed of hard metal, noisy hydraulic cylinders and motors,
and look even vaguely human. But robotic, is able to replicate different forms found in nature,
including shellfish. These robots are usually called “Soft Robotics”, Iida et al. Defined (Iida F.
et al., 2011):
“Soft robotics is a research field that investigates unconventional materials and
morphologies of autonomous systems; it explains the relation between morphologies
and functionalities; it tackles the challenging problems on self-organization, selfstability, and self-assembly with concrete engineering terms; and it also envisions the
real-world developmental and evolutionary robotics.”
The aim of soft robotics is to explore unconventional material and their implementation on
robotic agents. The study of soft robotic materials provide novel scientific concept and
contribute to understand embodied intelligent. Furthermore soft robotics will provide a
significant impact in robotic devices, in particular in medical and service robotics, such a
prosthetic and rehabilitation devices (Iida F. et al., 2011), and in novel electronics such as soft
circuits and power supplies (Kaplan et al., 2007). The degree of flexibility achieved by this
strategy is impressive: robot can drop up to a total height of 2 cm, and can squeeze into
spaces prohibitive for all traditional robots.
4.3.3.2 Green Technologies
Tools for optimal house and city power management
Power management is definite in EUROP – Technology roadmap (EUROP SRA, 2009) as:
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“Set of technology generating, storing, providing and conditioning power to the
system and to ensure that the system makes the most efficient use of the power
available to it at any given time while performing its task and minimizing emission”
A method to decrease power consuming and dangerous emission is to optimal management of
house and city power resources. As explained before, smart city and smart environment could
provide an efficient sensing and action system as a solution to this issue. For instance a smart
thermostat which learn from human habits, a smart electric system which could turn off the
light when no one is in the room, motorized window and so on are all possible improvement to
develop and explore. Furthermore innovative wireless power supply could be designed and
develop, in order to make the recharge procedure more user friendly, even for aging people.
In this way the system could autonomously go closed to charge point and start the procedure.
Moreover smart tools to help aging people to correctly separate garbage through a real-time
analysis should also represent an open challenge to develop in the next few years.
Improve the use of new clean energy and sustainable development technologies
During last few years, electric cars have reached the market and have begun to achieve a
great diffusion. It is just the beginning, if the use of fossil fuel energy has to be decreased, on
the other side new clean and sustainable technologies has to be developed in order to
substitute efficiently traditional power source. For instance autonomous hydrogen car should
be developed, or an agent with a solar supply able to autonomously follow the sun when it has
to recharge battery. Fit within this topic alternative and non electrical power supply the
following examples: Bio-digestion (Sludge Cells), Compressed Air, Hydraulic (Digital
hydraulics, water and other fluids), combustion (Diesel, Automotive Industry) Solar energy and
other renewable source (EUROP SRA, 2009). Furthermore also biomimetics Power and other
Intelligent system that exploits Chemical Reaction to recharge battery should be taken into
account.
At National Centre for Biotechnology Education (National Centre for Biotechnology Education,
2012), University of Reading, a microbial fuel Cell as been developed. This results have been
founded on original research by Peter Bennetto, formerly at King’s college of London. The fuel
cell is able to generate current starting from readily-available chemicals such as methylene
blue. Actually this microbial fuel cell is used by brewery industry to test efficient activity of the
yeast used for their ales. Furthermore this fuel cell is ideal for the investigation of physiological
respiration and taking inspiration for new generation of power supply.
All these kind of researches could be used to supply robotics agents. In fact at Bristol Robotics
Laboratory (Bristol Robotics Laboratory, EcoBot III, 2012), researchers are studying a new
generation of robots, known as Eco-Robot III, which draws its energy from the combustion of
various kind of organic materials.
Improve Battery package
The main challenge is represent by facilitating the coexistence of small dimension and long
battery lifetime. A great trade off of this two important characteristic is a important
requirements for lighter, smaller, and longer lifetime agents. The aim of this topic is to achieve
a higher portability, complex computational capacities and high battery lifetime in a small
package.
Use of Natural and Recyclable Material
Another important aspect to improve green technology and reduce power emission is to
promote the use of natural and recyclable material.
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4.3.3.3 Service Robots
Navigation & Mobility Outdoor and Indoor
Service Robots should work with person in every context, they should be designed to move on
different kinds of ground, go uphill, recognize obstacle (both static and dynamic) present along
the path and change their way in order to avoid them. They should move in unstructured
environment, both indoor and outdoor. In case on humanoid robots with bi-pedal locomotion,
by 2050, they should be at the same level of mobility as humans (EUROP SRA, 2009), (Kajita
S. et al., 2009).
In this sense the technology relating to sensors, actuators, reduction gears and batteries have
to improve in order to reach these goals. The same robot should be able to move both in
indoor and outdoor environment, for this reason GPS components or other localization services
for indoor and outdoor should be installed on the robots. In this sense the information
exchange between robot and smart environment will be fundamental for navigation and
mobility in every kind of environment, in order to give to robot the awareness of its position
respect to the obstacle and other elements. If the system reaches the necessary information
the navigation and planning processes could be successful.
Moreover the smart environment should be able to perceived and recognize static and dynamic
objects, in order to provide an efficient planning and navigation status. For instance a robot
should be able to restore planning function and navigation when it is in a room full of people.
To do that, a robot could use also perception and other additional environmental information.
Further the system should have a learning based navigation in unstructured environment in
order to correctly reacting in case of improvise and unpredictable situation.
Moreover the implementation of motion-control strategies based on neuroscience models will
enable robotic systems to behave like humans.
Sentient Machines
According to Europ – Technology Roadmap (EUROP SRA, 2009) the definition of robot’s
Sensing & Perception is:
“A Robot system uses sensing and perception to gather information about its own
state and the surrounding environment. Sensing is the ability of a robot system to
obtain information about the environment through sensors. Perception in the ability of
a robot to built representation of the physical world from sensor data. Perception may
therefore involve cognitive and learning aspects while sensing is not”
As a consequence of that sensors and actuators could based their action on to perception of
the environment. The number of sensors should be increased too, in order to achieve
information as much as possible. It’s evidence how, in these terms, new challenges are
introduced. For instance there are a large amount of data and information which have to be
managed and merge in order to provide additional information. Another consequence is that
robot’s perception algorithm to formalize sensor data to internal representation have to be
improved. This is a difficult process since in general the sensors are noisy and the environment
is partially observable, unpredictable, and often dynamic (Mohanty S. et al., 2010).
A possible approach to these new open issues is to study the complexity physiology of human
and animals in order to achieve a “new” paradigm to apply to robot to reach a new level of
perception and efficient re-organisable sensor network in case of malfunction.
Moreover to achieve a complete and “sentient” analysis of environment and improve
interaction with human beings, system should be able to take into account social, affective
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aspects and emotions. Because they play an important role in decision making, learning
process and interaction with agents.
In the near future perception and sensor system, should be able to be miniaturized in order to
be used in different kind of application.
According to roadmap “Robot Companion for Citizen”, at the core of this revolutionary vision
there is the belief that the development of future robot must be grounded in our understanding
and knowing of animals’ physiology. The approach proposed will range from highly effective
and specialized solutions to specific tasks found in insects to the general purpose adaptive and
predictive capabilities of perception, cognition, communication and action found in humans.
Technology development will partly be driven by robotics but also from other fields. These
include current technologies which will undergo development outside of robotics. For instance
human and animal perception has been largely studied by psychologist and ethologists.
Possible enabling technology regards: material, sensors, actuators, control, reasoning and so
on. (US ROADMAP 2013)
Safety & Security
One of the main challenges is to improve Safety and Security of actual robotic devices and
agents. This issue could be achieved by leading two different approach:
 Improve safety and security in sense of reliability and easy to use


Improve safety and security in sense of capability of safeguarding the privacy of end
user

Europ technology Roadmap (EUROP SRA, 2009) define Safety as:
Aspects of a system designed, or measures taken, to handle unexpected and
hazardous situations in a safe way..
As concern the first issue according to Uchiyama et al. robot safety should be improved for
coexistence with human beings. This is, by the way, a transversal issue concerning all the
enabling technologies addressed in this roadmap. Future robots and agents could be made by
soft robot, so in case of crush with a end user there will be more safe. Furthermore algorithms
can be considered able to recognize intention and emotion in order to prevent abnormal user’s
behaviours.
As regards the second issue there are new challenges introduced by the recent advanced in
robotic and connection between devices. According to AALIANCE 1 Strategic Research Agenda
(AALIANCE – The European Ambient Assisted Living Innovation Platform, 2010) and BRAID
Strategic Agenda (BRAID SRA, 2010), there are different improvement which should be
developed in order to promote the safeguarding of the privacy of end users. Furthermore new
safety authentication protocols have to be defined; multimodal biomimetry approach could be
used to allow identification and authentication. New biomaterials and biosensors able to
recognize molecules and proteins will develop too. Moreover algorithms which manage reject
ratio and false acceptation should be optimized and improved.
Manipulation
Manipulation makes service robots able to interact with and change environment for instance
by grasping, manipulating and move object. Robots perform should be able to do autonomous
grasping of all objects, even unknown. To make that possible, the robotic devices could be
equipped with an efficient network of sensors that could help the system with grasping of
unknown objects. Furthermore, in the next future, service robot should be able to lift and
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transport heavy object and assemble artifact. How we can read into Robot for Citizen Vision
(Dario P. et al., 2011), the future generation of robot should be:
“strong machines: they will be able to lift objects and assemble artefacts. We should
imagine the robot companions being able to help an old bricklayer who is still
productive and willing to work, to build a stone wall or fabricate a concrete block,
perform house work, such as cleaning and cooking, or retrieve and transport objects.”
Interfaces
It’s clear how an important role is playing by robotics interfaces. They are the thread thought
which users use the agents, so these platforms have to be an easy access to elderly persons, it
should be more user friendly. They will be implemented on to robotic agents according to
users’ characteristic, context and functions which the systems much carry out. Maybe some
new interfaces and communication ways have to be developed. These interfaces should be able
to involve senior subjects under different point of view: it could be customizable, adaptable
and interactive.


Emotional interfaces– Robots and agent should be aware of social and emotional
behaviour. These communication way are strongly bioinspired because of human beings
uses emotional languages to communicate intentions. In a future vision where humans
and robots are closely co-workers robots should be able to deeply interact.



Advanced Visual message – use of 3D augmented reality, tele-presence, immersive
system, holograms and avatar to provide a video feedback and biunivocal
communication with user.



Advanced speech – comprehension of speech expressed not in fixed commands, but
in common language. This interface should have a wide vocabulary and recognize the
phrase sense and answer coherently. Furthermore the interface should be able to
recognize different voices.



Touch – use appropriate and safe haptic interface to give to user appropriate interface.
Moreover touch interface should be used in order to emphasize bidirectional
communication between user and robot. Actually compared to human touch
capabilities, current sensor are still rudimentary. Shear sensors should have the
capabilities to sense slip between an object and the gripper. The contact sensor should
be able to recognize the object and the position. The force sensor will use to measure
force object’s elasticity (Mohanty S. et al., 2010).



Other Sensorial and cognitive interfaces – Communication between machine and
end user should be as natural as possible. For this reason it’s worth to develop new
natural and non traditional interfaces, which are able to adapt to the peculiarity
capabilities of human. For instance this new interfaces could involve the sense of
hearing, sense of smell, but also involve a combination between different sense.
Furthermore novel interfaces should be included also cognitive approach, in other word
the system should easily adapt to the older persons mood.

4.3.3.4 Wearable Robotics Challenges
Wearable robotic has to interact with human both physically and cognitively in order to realize
a more intuitive relationship. For this reason research efforts are focused to realize optimal
mechanical human machine interfaces and cognitive human robot Interfaces.
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The open challenges that this new intuitive interfaces bring are: mHMI have to be comfortable
and safe, on the other side cHRI should be multimodal and as intuitive as possible.
According to AALIANCE Roadmap (AALIANCE Roadmap, 2010) and BRAID Strategic Research
Agenda (BRAID SRA, 2010) exoskeleton must have an high level of distributed sensor in order
to understand user intentions. Furthermore exoskeleton (both lower and upper limb
exoskeleton) will be able to continuous adapts itself to the evolving abilities of the user.
Principal issues regard how integrate this robot into overall architecture and how to exploit and
model the context. Exoskeleton should be safe with respect to unpredicted/unpredictable
events because of the work closely to human beings.
However, the development of assistive hand exoskeletons present more challenges to be
overcome for practical and daily usage, respect to lower limb exoskeleton because of the
complexity of hand architecture and movement. Actually, most of the technical components
are well developed enough or packaged for use in daily life and in outdoors applications. At the
same time a considerable amount of cooperative work and use of resources from medical
technology, biomechanics, engineering, and product development are required. For outdoor
use in particular, power source technologies and reliable wireless technologies must be
resolved. Open challenges regard also the control’s strategies of the entire system, now the
available strategies which need to be improved are: Brain Control, Neural Control and
Movement Control. Eventually, a number of challenges still need to be solved and future
studies will address issues like (Mohammed S. et al., 2012):


Safety. Up to now, there is no standard available dealing with the safety of users
interacting with wearable assistive devices. It is important to have standardized safety
recommendations appropriate for elderly subjects and disabled human users using
assistive devices. To meet rigorous standards in terms of safety and reliability, a
wearable robot should integrate redundant mechanisms for its electro-mechanical
system. Additional safety constraints should also be taken into account, like limiting
power output and operational velocities and using backdrivable actuators.



Acceptability and usability. Many training cycles have to be performed before the
wearer feels the difference, and this will differ for every person and their adaptability to
the device. The electro-mechanical interface should be simple and intuitive for
controlling the orthotic device. Furthermore, to enhance acceptability, the device must
be comfortable, silent and acceptable.



Interaction between the wearer and the device is of great importance. A wearer
feeling safe and comfortable would perform better. To maintain the natural movements
of the wearer, the orthosis device should be controlled based on physiological signals.



Interaction between the device and a high-level network architecture for
continuous monitoring and health management control. Using wearable robots in
ambient intelligence spaces is one of the major challenges for ubiquitous environments.



Energy storage systems are vital technologies for successful portable wearable
devices. Due to their relatively high performance and efficiency, batteries, fuel cells
and hybrid sources are the most commonly used power sources in wearable robots.
Other types of actuators are used as well, such as ultrasonic motors or pneumatic
artificial muscles

4.3.3.5 Smart Environment & Smart City Challenges
From the technological point of view, the research community should be carry out several
advances, the challenges and technical requirements include the fields of security,
communication, integration, artificial intelligence, usability and dependability.
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The system’s intelligence should be able to learn from users habit and lifestyle in order to
prevent possible action, assistance in house management, support the cure, improve social
inclusion and so on.
The main aim of smart environment is to preserve independent living and self-sufficiency
either by keeping people more physically and socially active or by providing automation
aids that will permit independent living and safe living
(Nugent C.D. et al., 2008).
Summarize this system should be:
 Easily reconfigurable and adaptable to different and changing user needs and where
possible support the needs of more than one persons.


Improved the level of recognizing unusual behaviour pattern and act based on the
information gained



Improve the safety of the elderly people and the security of data and information



Connection of all devices to webservers or web of objects



Smart environments with active autonomous actuators (automation), such as doors,
furniture, etc.) integrated in the AmI.

These large wireless sensor networks give the possibility to develop health monitoring systems
in order to provide continuum of care, also outside hospital, and improve wellness and QoL.
The major challenges are the integration of different sensors allowing the possibility to merge
multimodal data and include intelligent monitoring “reason”, able to recognize abnormal
behaviour, parameters and emergency situations. Furthermore taking advantages from the
progress on intelligent clothes and wireless body area network, all these new devices should be
integrate with tablet and smart phone functionality, in order to enhance the portability and the
usability of this systems.
An ulterior crucial point is the involvement of caregivers into use this smart environment as a
possible and concrete solution to improve quality of cure and support provided to elderly
persons and disable people. Caregivers are often alone with the client and sometimes they
needs a support. A system which allows consultation with expert and access to complete
patient data could reduce the stress for the care givers and increase the quality of care. In this
context we begin to understand the importance of a global interconnection and the rise of
smart city concept.
As a consequence of the realization of a complex smart city systems there are technological
challenges which have to be taken into account (Su K. et al., 2011).


Management, Integration and Release of Massive Urban Spatial-Temporal
Data. New analysis algorithm have to be developed. Actually the data structure, and
organization of multi-temporal data system existing in the database is a quasi static
solution, and it cannot meet the practical needs of real-time update, historical
reconstruction and future prediction. Moreover at the moment existing data sources and
information system are too simple to manage the large amount of data.



Large-scale space-time information and efficient service. Smart urban
information system has to be studied at all levels; furthermore effective and efficient
method to should be proposed allowing the integration of internet devices mass data
and large numbers of users.



Model of Heterogeneous Sensor Data and Expression of the internet of things.
A difficult technical problem is also represent by models of data sensor. The demands,
observation mechanism process, local information and so on are different and required
different technical approach. Model describing sensor information have to be design and
developed including location attribute, observation object, time and status.
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Technology of intelligent Analysis and Decision Support. A unified understanding
of data semantic should be created. Moreover develop a valid decision support
infrastructure is a technical requirement which have to be taken into account.



Information Service and Shared policy mechanism and legal protection. Smart
City involves many actors and different sector of public and private life. There is the
necessity to break trade barriers so as to achieve information sharing and information
exchange between traffic, public security and other departments, establishing coalition
mechanism of national spatial information sharing and services. At the same time these
data and information must be covered by an efficient privacy and security programme.

4.3.3.6 Smart Mobility
In the near future, new system should be developed in order to provide to senior population an
easily access to information, in order to overcome the generational gap. As concern public car,
technological improvement have to be focus on improve passengers’ safety reducing possible
damage to passengers and other people. For this reason smart drive assistant could help
elderly subjects at different level:


Prevention of car crash of frontal collision or other type on car crash; monitor the
status of the road condition and warn car driver about obstacle; sensors system which
recognize old user attention and abnormal variation of motion; novel technique and
system to reduce possible damage to driver, passengers and other people.



Assistant during normal drive: automated parking; trip plan; advanced interface to
facilitate elderly people car control and monitoring; advanced algorithms and protocols
able to merge and elaborate information coming from car sensors, external network in
order to provide ad-hoc feedback.



Support and help: Efficient and precise localization system; automatic notification to
garage in case of internal malfunction; automatic notification of effective position in
case of stop or accident; automatic notification to family in worst case, possibility to
drive autonomously when occur.

As regard pedestrian mobility, a efficient tool to support elderly subjects mobility includes
positioning and navigation support. In terms of enabling technology, these issues are usually
achieve with satellite technology (outdoor) and localization network (indoor). The focal and
important point is to enhance the transition between indoor and outdoor localization. Enabling
technology have to efficient switch between this two different localization mode, in order to
have a great level of elderly persons localization indoor and outdoor in the same devices. All
these improvement could be used by aging people to plan trip, localize their self etc.
Furthermore pedestrian systems requires different properties from public and private transport
system. There is also psychological element that needs to be taken into account. Pedestrians
usually observe environment in details and creating cognitive maps with landmark or point of
interest. These are specific for each person and depend on interest, gender, cultural and social
background and so on. As a consequence these service could include a great level of
personalization mode.
Moreover the level of detail and maintenance of up-to date digitals maps for pedestrian is a
major challenges. Wearable sensor network and smart city could provide major detail for
localization and navigation analysis. These tools could be insert in different agents: from
Smartphone to smart wheelchair.
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4.3.3.7 Cloud Robotics Challenges

Cloud Robotics will introduce some important benefit to robotic applications over the traditional
robotics (Ren F., 2011, Hu G. et al., 2012):
 Offloading computation-intensive tasks to the cloud.


Accessing and sharing of a vast amount of data



Accessing and sharing of knowledge



Sharing of capabilities and information acquired



Increasing of storage



Exploiting the capabilities of mobile robot to have a greater exchange of information
with the environment



Reducing of the cost of a single robot

It allows the deployment of inexpensive robots with low computation power and memory
requirements by leveraging on the communications network and the computing resources
offered by the cloud infrastructure. Applications that can benefit from the cloud robotics
approach are myriad and includes SLAM, grasping, navigation, monitoring, intrusion detection,
surveillance and formation control (Hu G. et al., 2012).
Cloud robotics has some technical challenges. One of the key benefit of the use of cloud is the
capability of offload the computation task to the cloud. However the decision to offload a task
requires a specific framework which can treat a list of complex issue: the amount of data
exchange; the delay deadline to complete the task; the allocation of the correct virtual
machine in order to optimize the execution of the offloaded tasks; finally the decision to
consider whether it is more advantageous: execute the task within the network or with a
standalone robot.
Hu at al. (Hu G. et al., 2012) have developed a numerical analysis and have identified a
consumption rate, depending on this value they can say if it’s better to operate with a network
or standalone robot.
The communication challenges are also a key point of clouds robotics. It’s clear how the
communication delay introduced in sending the computation request to the cloud has to be
taken into account. Packet delivery failures and communication outages are inherent in any
wireless communications systems. For all these reasons, in the next future is important solve
this problem. Communication is one of the key concept of clouds robotics. Strategies and
researches have to focus their resources to develop faster and safe communication modality in
order to prevent the loss of important data and support the exchange of a large amount of
data.
It’s clear how the use of standard protocols in this context became a key point. If robot’s
developer uses and respects standard protocols or de facto standard is more easy to realize
the cloud. Each robot can easily puts into communication with the cloud.
Trust and security issues are major consideration in cloud robotics. A robot needs trust to
launch task delegation on a public cloud, especially when the computation and network traffic
incur monetary costs. The computing environments in the cloud should be verifiable by a user
or a trusted party, e.g., to ensure there is no hidden or malicious code running besides the
delegated tasks. Moreover, confidential data may be stored in the public cloud storage, while
logically private to clone devices. Therefore, strong integrity and confidentiality protection are
needed to secure application data.
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Table 5 Description of Robot-Era project

European Project: Robot-Era (www.robot-era.eu)
The objective of Robot-Era project is to develop, implement and demonstrate the general
feasibility, scientific/technical effectiveness and social/legal plausibility and acceptability by
end-user of a plurality of complete advanced robotics services, integrated in intelligent
environments, which will actively work in real conditions and cooperate with real people
and between them to favour independent living, improve the QoL and the efficiency of care
for elderly people.
This project will also offer the opportunity to increase the competitiveness of EU industry,
producing innovative systems for an emerging market with an enormous potential and
strengthening the European leadership in the field of ICT and “Ageing Well”.
Firstly the Robot-Era project will provide preliminary specifications by analyzing end-users
needs and by involving end-users in an exhaustive interview-based assessment of robotic
services. After that 3 robotic platform will be developed starting from available prototype,
in order to help and assist elderly to perform some ADL tasks such as: shopping, cleaning,
walking, surveillance and so on. This robotic platforms are able to exchange information
with smart environment (house, condominium and town) through a web server.
Table 6 Acting Timeline

Now (2012)

Soon (2014)

Mid-term (2017)

Smart environments with
AmI
and
context
awareness capabilities for
monitoring,
surveillance
and
alerting
(i.e.
Alzheimer patients).

Smart environments with
active
autonomous
actuators
(automation),
such as doors, furniture,
etc.) integrated in the
AmI.

Advanced
intelligent artificial
skin-based
interfaces
for
safety
and
security.

Human
embedded
sensors.

Alternative communication
interface for navigation in
different environments.

Cloud robotics and
human-robot
cooperation
(Cloud humans).

Humanoid
robots
for
guiding elderly
in
daily
activities.

Design of service robotics
with
appropriate
acceptability
and
dependability criteria.

Individual
automatic
adaptation
products.

Wearable robots
and
invisible
wearable
robots.

Ethical, psychological and
social research in robotics.

Holograms
as
acting agents to
show actions.

of

Long-term
(beyond 2020)

Implantable
robots.

Community empowerment
by ambient systems
Navigation
in
outdoor
environments
with
different approaches.
Adaptable,
customable
hardware interfaces.
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4.4 Interacting
“Interaction design can help shift the focus of innovation from pure technology to the
contexts of daily life.”
(Thackara J., 2001)
Successful and joyful human-machine-interaction is one of the most important aspects for
design, development and market acceptance of AAL technologies and products. The term
interacting is used in this document as the interaction process between a user and the machine
(i.e. the AAL system or device). In order to enable successful human-machine-interactions,
appropriate interface technologies are necessary to bridge the capabilities of the user (i.e.
sensor, motor) and the capabilities of the AAL system.
In order to clarify the terms action and interaction, the reader might imagine a situation where
a robot takes a glass of water and moves it from a repository to a table in front of the user.
The robot might complete its action when it puts the glass of water on the table and removes
the arm. If, however, the robot stops the movement, offers the glass to the user– perhaps
accompanied with an acoustical or visual indication – and waits that the glass will be taken
from the user, we call this human-machine interaction.
Within this chapter, challenges of interacting and interaction technologies will be outlined first.
Here, the most important aspects is the design of interaction (Fig. 30) in order to elaborate the
best way to accomplish the capabilities (or restrictions) of the individual human being and the
opportunities of a certain technology to fulfil a specific task.
Furthermore, current solutions and applications are outlined to illustrate the progress of
interacting and interaction technologies gained recently. Finally, technology gaps and
appropriate topics for a strategic research agenda are described.

Fig. 30 Scheme of the interaction design paradigm

4.4.1 Challenges of Interacting and Interface Technologies for AAL Initiative
The challenge of a good human-machine-interactions is primarily not a technological issue. The
challenges consist of the multi-dimensional relationship and interworking of factors of usability
and user experience (Fig. 31). In particular for Ambient Assisted Living technologies,
interacting seems to play a dominant success factor in order to address the usefulness of
devices and components to the users – which are the private customer at the end of the value
chain as well as professional users, e.g. care provider, medical experts, relatives, friends or
others.
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Because AAL technologies are by definition mainly focused on applications for supporting older
people through the use of ICT, the interactions between humans and computers are dominant
and are designed by using specific types of user interfaces, mostly named as command line
interface (CLI), graphical user interface (GUI) or natural user interface (NUI’s). CLIs and GUIs
are well-known and are commonly used when interacting with the computer using a keyboard
to type commands or a mouse to manipulate virtual objects. NUI’s have been researched and
development for many years, using speech for input (speech recognition) and output (natural
or synthetic speech), handling and movement of control devices (e.g. joystick, mouse) or
touching on a certain point on a 2D surface (touch screen) or making specific signs or
movements in a 3D space (gestures). With both, GUI’s and NUI’s, combinations of input
and/or outputs can be used (e.g. simultaneous output of voice, sounds and graphical output,
simultaneous pressing of keys, moving a mouse and/or speaking commands and/or move
parts of the body like hands, head or regions of the face when producing facial mimicry).

Fig. 31 Correspondence of disciplines for interaction design (Precisely E., 2009)

When looking on the characteristics of end users of AAL technologies, products and services
should be designed to support people throughout the day, e.g. by keeping today’s complex life
organised, assisting in their daily activities, dynamically creating social networks, stimulating
healthy behaviour, or monitoring for health and security hazards. From this broad spectrum of
applications for various purposes, a number of major challenges can be derived:
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1. Interacting with AAL technologies should be as much “natural” as possible, i.e. with as
low effort for the user and direct, requiring interacting strategies that are appropriate
with respect to tasks, technology and human capabilities and preferences. Good
examples are touch screens that have been successfully enabled for everyone’s use for
gesture input on Smartphones, tablet PCs or stationary displays. Touch screens allowed
to design interfaces with flexible appearance, variable keyboard designs and avoids any
mechanical components, such as keys, with a reduction of production costs. However,
sometimes the absence of tactile feedback from pressing keys appears as a
disadvantage when the user needs tactile feedback or tactile orientation because of
limited or no visual capabilities.
2. Natural input using voice input or voice dialogue gained disappointingly low acceptance
of the users, except from a few specific business applications where voice input
provides sufficient advantages for handling or process efficiency (e.g. at parcel services,
logistics or for specific medical applications). Obviously, there are bigger challenges to
design the interaction and human-machine-dialogues in an appropriate way. One typical
example is the surprisingly low use of voice dialling by car drivers, although a number
of widespread smartphones provides this input mode.
3. Another big challenge is that the system is able to recognize a sequence of words or
actions of the user and to interpret the meaning of the situation or the intention of the
user in the present situation or context. For example, the capability of today’s sensorbased systems in home environments is very low with respect to detect abnormal,
critical or dangerous situations when a person is living lonely at home.
4. Furthermore, these sensor-based systems should be able to recognize and handle
situations in which two or more persons are living in the same house, or when a pet is
present in the environment.
5. Finally, we need interfaces for AAL systems that can be used at any place: at home, on
the move, in the car or at public buses or trains.
4.4.2 Applications of Interacting and Interface Technologies
Spatial interfaces present 3D or 2D (or 1D) models of entities, so that the user can
understand and manipulate the states of the entities via the presented spatial models.
Important categories of spatial interfaces are:
 Tactile screen (or touch screen) - a system able to recognise the contact with the finger
of the user (or a pointer), and specify in which point of the area, the screen has been
contacted. It simplifies the user interface, making it more intuitive, compact and robust.


Multi-touch screens, and tables, smart boards - an emerging technology used in touch
screens and touch pads, in order to recognize several contact points simultaneously. It
makes easier the direct handling of some systems by means of recognizing intuitive
gestures performed with some fingers.



3D movement tracker - a device that informs about its three-dimensional location and
orientation with respect to a reference point.



Eye-tracker - a technique able to register in real time the eye movement, for example
to control of the pointer in a screen by tracking the users’ sight. However, the higher
prevalence of visual impairments in elderly may make this technique unsuitable.



Gesture-based interaction - to control services with the hands without touching the
device. For example hand waving, finger movement, proxy objects, For certain physical
impairments, gesture control is much easier than using a mouse or touchpad.

Sensorial interfaces are digital augmentations of physical objects through sensory
perception. Important components of sensorial interfaces are:
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Augmented reality - an emerging interaction paradigm that allows visualising an
environment that combines elements of virtual reality with real elements.



Stereoscopic Vision - also called 3D vision - a system that allows perceiving the
deepness levels of some objects in an image.



Binaural sound - a sound-reproducing technique that allows finding the source of a
sound in a 3-dimensional space, which especially useful for people with visual
impairments.



Tactile feedback - implements haptic (active touch-sense) displays, related with the
skin perception of temperature, pressure. They complement or stand in for the visual
and auditive channels of the user, and can add information without diverting their
attention out from the task that he is performing.



Force feedback - allows implementing haptic interfaces related with the strength,
weight, outlines, etc. It is the key technology for touching and handling 3-dimensional
virtual objects. The current investigation trends focus on handling more complex virtual
models, with more contact points and/or more freedom of movement for the user.



Positional feedback - returns forces and torsions to the user depending on the position
and the tactile properties of the virtual objects he is touching.



Scent-based interfaces - an emerging technology able to generate scent from a bank of
available substances. It can enhance multimodal systems by increasing the sensorial
perception and by adding information channels that reduce the cognitive load of the
user.

Natural language interfaces use linguistic entities such as words and phrases for controlling
services. Important components of natural language interfaces are:
 Voice recognition - the process of converting digitalized voice, captured with a
microphone, in a set of phonemes, that are then mapped to words from a vocabulary. It
can solve some interaction problems for people who are not used to deal with
computers, or who have some motor disabilities. Typically voice recognition can be
speaker-independent or have wide vocabularies, but not both at the same time.
Training the system to a specific user and filtering out ambient noise improves the
performance of voice-recognition systems, and recognition rates well over 99% are
achievable under ideal conditions.


Handwriting recognition, - a technology used for recognizing intelligible manual writing
with a special kind of pen or pointer - or possibly captured by a camera. The written
letters would normally be mapped to a vocabulary of words.



Natural Language Understanding - to make sense of a text, mapping it to
representations that relate to a model of pre-programmed concepts in a system. It
typically involves analysis of syntax (grammar), semantics and discourse. Voice
recognition and handwriting recognition becomes more precise if several probable
outcomes are analyzed as they relate to the model of pre-programmed concepts, and
their possible meaning evaluated based on statistical models of user behaviour. This is
one step further from the emerging natural language translation systems that are
based on statistical patterns of just word and phrase sequences.



Voice synthesis - a system that generates voice by concatenating some phonetic
symbols. It solves some problems of interaction with the machine, for people with
visual disabilities. The natural interaction adds an important affective component to this
interface component.

Multi-modal interfaces seemed to be an important field to enhance the design of humanmachine interfaces (HMI). A multi-modal interface employs multiple sensory channels or
modalities for information transmission as well as for system control and provides the
possibility to merge information that can be created or received by the human actor(s). While
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simultaneous information are presented often by both, the visual and audio channel, as in
videos or presentations including audio, multimodal input (e.g. simultaneously touch and
speak) is only used on occasional cases.
Fig. 32 shows the expected availability of various interacting technologies and service
integration.

Fig. 32 Expected availability of interacting technologies and service integration
(Source: Eindhoven workshop)

4.4.3 Technology Gap and R&D Guidelines

4.4.3.1 Standardisation and unification for usability
Nowadays, most devices at home are standalone. Each product has its own unique user
interface, and end users need to learn how to use each new product. Device connectivity is
significantly improving due to the rise of low cost wireless networks at home including WiFi
and Bluetooth, and Mobile Internet expansion towards 3G and 4G and becoming available in a
wider range of devices.
It is expected that devices will be increasingly multi-services, and interconnected in such a way
that users can choose any available interface based on the context and can then access most if
not all of his/her AAL services, and the system can choose any combination of nearby devices
to act as a single multi-modal device. For example, a user might use the mobile phone for
dietary advice, and the television screen to order groceries, or the system can provide
simultaneous access to a service on a stationary touch screen, a handheld device and also
using auxiliary speakers and gesture detecting camera devices.
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Table 7 Case study of user-centred design and development of comprehensive AAL service framework

SmartSenior project (www1.smart-senior.de)
In the SmartSenior, the German biggest research initiative in 2009 - 2012, 28 Partners
collaborated to answer three central questions:
1.How can senior citizens remain safe when on the move and maintain their mobility?
2.How can senior citizens stay healthy, or regain their health quickly?
3.How can senior citizens remain independent and in their home environment for longer?
Differing qualities of life can be attributed to the scenarios "safe mobility", "health services"
and "longer independence". In essence, this means that in the event of an emergency, life
preserving medical procedures are carried out as soon as possible. Long-term, however,
medical prevention and treatment should also be organized in an optimized way. In
addition, SmartSenior also strives to maintain extensive autonomy for senior citizens. The
aim here is to make life easier in a familiar environment and interacting with other people
and service providers. Not least, the level of comfort and QoL of senior citizens should be
raised significantly through new communications media, innovative aids to mobility and
assistance systems.
Smart Senior developed, based on a comprehensive distributed service platform, a modular
framework of services and applications for use at home via a standard TV-set, on the move
using a smartphone, or in the medical area. End users as well as usability experts have
been involved from the beginning in order to ensure appropriate consideration of users’
requirements and special needs, resulting in a similar and easy look and feel on all devices
that end users use.

Development, architecture as well as usability engineering and testing was performed in
work packages and ad hoc working groups organized across application scenarios and
service domains to ensure modularity as well as overall uniquely user interfaces and
interaction. Various field trials carried out in 2012 showed that expectations for modularity,
simplicity and flexibility were fulfilled: There was good acceptability of the services and no
significant preference using a touch screen control panel or a normal TV remote control, as
well as no dependency due to age or gender.
Devices can be oriented towards interaction using virtual interfaces that mirror the concepts
and real-world artefacts to be manipulated by the user. Devices can also be oriented towards
tangible interfaces where the user uses physical artefacts to control concepts in computer
models.
Novel mobile and tangible interfaces are important to support intelligent interaction. An
example of this is using positioning (GPS and digital compass sensors), accelerometers and
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near-field communication (NFC) to use a mobile device as a tangible interface, for instance by
invoking a communication link by placing the phone on an image of a family member. In
effect, communication can be simplified by using tangible interaction techniques and
mobile/pervasive computing. The expected introduction of the breakthrough Near Field
Communication (NFC) technology will enable mobile phones to activate on-site AAL services by
simply touching a service tag, or to easily peer with nearby devices by just moving them within
a distance of a few centimetres.
Over time, devices will evolve from standalone devices with virtual interaction towards devices
with more tangible interfaces (with Brain-Computer Interfaces somewhere in between) that
are networked with all other local devices, exploiting the expected tremendous increases in
connectivity performance at extremely low costs. Eventually, virtual avatars or avatar robots
could serve as common interaction devices for accessing services in the home and in public
spaces.
4.4.3.2 Enhancement of interoperability of e-health systems
Currently the use of e-Health systems is obstructed by severe interoperability and interworking
barriers between different organisations, regions and countries. Although for some
applications, good examples for pragmatic solutions as well as support from (private) health
insurances can be identified, it will need long term effort to overcome such barriers for
interoperability and interworking.
4.4.3.3 Personalisation of technologies
Users should have the possibility to adapt the devices to their own preferences and capabilities
in order to fully benefit from them. This would allow to enhance liveliness of the technologies,
and improve the acceptance and use of them. Because determining users’ preferences needs
high efforts, and preferences and capabilities may change over time (notably when one’s
aging), cost effects have to be considered in the business models.
Furthermore, flexible settings of technologies imply processing personal data, which could
become accessible to third persons. Hence, privacy protection must be addressed here.
4.4.3.4 Automatic identification of emotions
Detection of emotions is a long-term objective to improve interacting technologies. In order to
ensure that the devices provide adequate support, they should be able to understand
contextual meanings. To that purpose, a combination with facial recognition through audio
(videos) and body motion might be adequate in order to improve the accuracy of speech
recognition.
However, it is necessary to differentiate between emotional systems and functional systems,
which should not always react in the same way. Predictability should be avoided for emotional
systems because users expect interaction similar to humans and thus variation answers,
according to the context, would avoid boredom. However, concerning functional systems
(completion of administrative tasks for instance), users rather need predictable and stable
reactions. Learning systems must be put in place to ensure that users are able to adequately
set up the systems to let them react according to the time, context and mood.
4.4.3.5 Final remarks


Technologies should correspond to users’ needs to be accepted and used. Thus,
adequate dialogue strategies between stakeholders are necessary, i.e. between technology
providers and service providers. A “Plug & play” approach is also needed to guarantee that
the technologies can easily be integrated in the service provision, without major additional
efforts from the users. User-friendliness of the technologies and interfaces is essential to
ensure that users would be able to adapt the technologies to their needs. However, too
much flexibility could be detrimental. Indeed, if too many options are made available to
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adjust interfaces, users could have the feeling to lose control over the technology and
become reluctant to use it. Simple and clear interfaces have been then considered as more
inclusive.


Speech recognition is still a key technology for interacting. However, acceptability is
currently too low, probably due to cultural barriers and is provoking stigmatism (“a ‘normal’
person does to talk to a machine – it appears to be a somewhat stupid behaviour”).Existing
systems for speech recognition are not still robust for real life and need to be completed
with other interfaces to ensure their reliability. Improvements are thus necessary,
concerning also their capability to understand dialects, identify and filter out voices
(directional and wearable microphones have been identified here) and take into account the
context.

4.5 Communicating
In this section, the topic of “communicating” as one of the five enabling technologies for AAL is
discussed. As defined here, “communicating” does not relate to communication between
humans, or human-machine-interfaces (both of which are covered under “interacting”), but
the communication between systems and system components, i. e. “machine-to-machine”
communication. Communication networks (both wired and wireless) and communication
protocols are the key issue of communicating, which also brings in the topics of communication
standards, and the interoperability between systems and system components (i.e., the ability
to correctly understand and process the information exchanged over the system interfaces and
thus the ability of the components to collaborate in performing the service desired by the
user.)
In the context of AAL, three overlapping “spheres” of communication can be distinguished, as
shown in Fig. 33 The spheres of communication. The body area or personal area network
(BAN/PAN), the local area or home network (LAN), and the wide area network (WAN).

Fig. 33 The spheres of communication.

Sensors that are worn directly on the human body or, in the case of implants, within the
human body, are typically integrated into a BAN/PAN where the individual sensors send their
measurements over short distance to a central gateway (often a smartphone) that is also
carried by the patient and, if needed, forwards data to the home network or the wide area
network. Central issues here are battery consumption of the body-worn components and a
very low RF radiation exposure of the human body.
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Within the home, two classes of networks make up the LAN or home network: On one hand
classical networks such as cabled Ethernet or WLAN, on the other hand the (wired or wireless)
field buses used for home automation, which often need to be integrated because many
“ambient” sensors and actors (i. e., components that are integrated into the home
infrastructure) come from the home automation domain and use the interfaces established in
this market.
Finally, where the AAL system needs to transmit information to the outside world, a WAN
comes into play. Today in most cases this is an Internet connection (wired or wireless),
although plain old telephony systems (POTS) and direct dial-in connections e. g. via ISDN are
also in use. Such communication may be needed for raising alarms, enabling human
communication, or simply for integrating with system components that are located on central
servers (e. g. in the Cloud).
The spheres of communication are overlapping, and not always constant: Depending on the
location of the user, the BAN/PAN components might be “visible” within the home
environment, and “disappear” when the user leaves. Inside the home environment, the
BAN/PAN components might wish to communicate directly with the home network, e.g. using
WLAN, while outside the home the same communication needs to be provided over a WAN
connection. This raises questions like the localization of the user, establishment of ad-hoc
networks, the dynamic discovery and binding of devices, and processes for devices to join a
network, e.g. pairing. Finally, system maintenance aspects need to be considered: System
components might fail and need to be replaced, battery powered components need to be
monitored concerning battery lifetime, and in general, since the needs of the user are highly
likely to change over time, the system might be extended with additional components, both
software and hardware, which need to be integrated into the existing infrastructure. In the
following sections the most important topics, technologies and challenges related to
“communicating” are discussed.
4.5.1 Application
4.5.1.1 Body and Personal Area Network (BAN/PAN)
A body area or personal area network (BAN/PAN) integrates the system components (sensors,
actors, IT components) that are worn by the user on the body, in the body, or integrated into
the clothing. A gateway (often a smartphone) that is also carried by the patient forwards data
to the home network or the wide area network if needed. Possible technologies for BAN/PAN
networks are presented in the categories “Personal Area Networks”, “Wireless Protocols for
Mobile Applications”, and “Human Body Communication” of the AALIANCE2 repository of
standard (Rölker-Denker L. et al., 2012).
A BAN/PAN network should be able to handle dynamic configuration, i. e. the discovery and
“pairing” with components as they become “visible” in the network, and also the dynamic
removal of sensors that have been “disappeared” from the network, e.g. because they have
been removed or switched off by the user or are simply beyond reach of the network. Some
protocols designed for mobile applications have such functions built-in, other, more general
solutions based on TCP/IP are discussed in the category “communication protocols – control” of
the repository of standards.
One of the most important applications of a BAN/PAN is the monitoring of vital parameters
(e.g. pulse, body temperature or ECG). For this purpose, the guidelines of the Continua Health
Alliance should be considered, which define a complete, interoperable and vendor-independent
set of interfaces based on existing standards. Further details and references are also available
in the repository of standards (article “Continua Health Alliance”)(Rölker-Denker L. et al.,
2012).
Since BAN/PAN communication often contains medical data, which must be considered
sensitive in nature, security and safety of BAN/PAN networks are an important issue. This
affects unauthorized access to devices and unauthorized listening to the transfer of sensitive
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data, both of which are a potential problem particularly for wireless networks. In designing
BAN/PAN networks, there are always conflicting goals of a secure network on one hand (which
requires the use of encryption techniques, thus increasing power consumption and requiring
more computing power) and inexpensive components with long battery lifetime on the other
hand, between which a compromise must be reached. Nevertheless, secure pairing
procedures, bi-directional authentication and secure transmission of data must be addressed.
4.5.1.2 Local Area Network (LAN) and Home Network
Two classes of networks make up the home network: On one hand classical networks such as
cabled LAN, Powerline communications (i.e. the use of the electrical installation for LAN
communication) or Wireless LAN (WLAN), and on the other hand the wired or wireless field
buses used for home automation.
An important issue both for the LAN and for the home automation field bus is the ease of
installation: The large majority of homes that will be in use in the next 25 years already exist
today, with no appropriate cabling infrastructure for LAN or home automation. This calls for the
use of either Powerline communications, or for wireless solutions. Correspondingly, many
recent developments in the home automation field focus on low-power wireless solutions either
optimized for battery driven components, or for components that acquire their energy from the
environment (e.g. solar energy, or the energy generated when a user presses a switch).
Unfortunately, the home automation market is dominated by a multitude of incompatible
systems, most of them standardised and promoted by different “vendor camps” that can offer
interoperability between components using the same field bus, but not with competing field
bus systems. This situation is unlikely to change in the near future, although on the long term
a migration of home automation protocols towards the “next generation” Internet Protocol
IPv6 can be expected. Relevant standards for the field of home automation are described in
the repository of standards in the category “home automation field buses”. Powerline
communications (PLC), which is preferred by many producers of home appliances (fridges,
cookers, ovens etc.), is described in more detail in the category “power line communications”.
Similar to the requirements of BAN/PAN described above, solutions for the dynamic discovery
and management of devices and applications (software components) are also needed in the
LAN. Potential technologies are discussed in the category “communication protocols – control”
of the repository of standards. Finally, similar security considerations as discussed for the
BAN/PAN also apply for the LAN and home network. Protection from unauthorized access and
use is of prime importance in particular where actors can be initiated over the network, e.g. to
switch on or off certain devices in the home, or lock/unlock doors or windows, since malicious
use could create significant financial (e.g. burglary) or physical (e.g. fire) damage. Not all
wireless home automation protocols provide appropriate protection from such attacks, and for
other protocols such protection must be explicitly enabled at installation time since
components come with “security deactivated” by default.
4.5.1.3 Wide Area Network (WAN)
Wide Area Networks (WAN) are used whenever an AAL system needs to transmit information
to the “outside world”, e.g. for enabling human communication, for raising/forwarding alarms,
and for interacting with system components located in the “Cloud”. For connections from the
home environment this is most often an Internet connection today, where a number of
different access technologies are offered by providers, based on the telephony cable
infrastructure, TV cables, mobile phones or satellites. In addition to the price, the speed and
reliability (availability) of the connection are the most important selection criteria. In general,
available connection speeds are increasing (both for cabled and wireless connections) and
prices are dropping, but broadband internet access is still not available everywhere (in
particular not in many rural areas in Europe), so solutions that can operate over classical
telephony lines, which are available more or less everywhere, also have merit. It should be
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noted, though, that the general transition of the telecom providers from analogue telephony
services to “voice over IP” can render systems designed to communicate over analogue
telephone lines (such as classical telecare products) unusable or unreliable. Finally, mobile
phone based messaging services such as SMS should be mentioned, since they also have a
merit e.g. for reminder services.
Issues concerning wide area networks include the question of availability of the network: If the
WAN is used to transmit messages of great importance, such as a medical emergency
detected, the transmission should not fail due to a downtime of the internet connection.
Similarly, the use of mobile devices with outdoor networks (mobile telephony networks as well
as wireless broadband networks) raises issues like availability of service, roaming and handover solutions, and prioritisation in case of emergency. In the home environment, the
decreasing prices for communication may make redundant networks, with a landline primary
internet connection and a mobile phone based connection as backup, viable. Another issue is
the need for remote maintenance of complex AAL systems, which requires the ability of a
system operator to dial “into” the home and check the status of devices behind the residential
gateway, which at the same time increases the need for appropriate security of the system.

4.5.2 Main Basic Technological Gaps
Below, the most important gaps and foreseeable developments in the field of communications
are discussed.
4.5.2.1 General Developments Applicable to All Spheres of Communication


Standardisation and certification: As the AALIANCE2 repository of standards
(Deliverable D4.1) (Rölker-Denker L. et al., 2012) rather dramatically shows, a large
number of communication standards that are applicable to the domain of AAL are
available today. Arguably there is no lack of standards as “building blocks” for
interoperable systems and services, but a lack of “blueprints” that demonstrate how
standards can be combined to establish an interoperable “eco system” of devices and
components that cover specific applications and use cases. The “Continua Health
Alliance” is an organisation that develops implementation guidelines that offer such
standards-based “plug and play” interoperability between system components from
different vendors in the field of telemonitoring, and a certification process for compliant
products. However, Continua at this time covers only a very limited part of the AAL
domain, for example no scenarios involving cable-based home automation components
are supported. The establishment of a “Continua Alliance for AAL”, either as a scope
extension of the existing organisation or as a new organisation built after the same
model and operating procedure, would certainly provide a big step forward in the
support of interoperability and provide for modular, extensible and thus “future-proof”
AAL systems.



Transition to the “next generation” internet protocol (IPv6):Wide area networks will see
a transition from the current internet protocol (IPv4) to IPv6 relatively soon (short to
mid-term) due to the exhaustion of the IPv4 address space. A migration or convergence
of the proprietary wired and wireless home automation protocols towards IPv6 will take
place in the long term, however, traditional home automation field buses and IPv6
networks will coexist for many years. Finally, IPv6 will increasingly be used also in the
BAN/PAN domain (Bluetooth with IPv6 addressing, 6LoWPAN – see the corresponding
articles in the repository of standards.)



Availability of mature middleware for AAL systems: The availability of mature
middleware will simplify the integration of sensors, actors and services (application
logic). Examples of such developments include the universAAL project (Norgall et al.,
2012) (driven by the AAL community) and the oneM2M initiative(European
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Telecommunications Standards Institute, 2012) driven by the Internet of Things
community. Further details on these projects are presented in the categories “Runtime
Environments” and “Software Infrastructure for AAL” of the repository of standards.
Furthermore, Device abstraction services will become available as part of these
middleware solutions, simplifying the integration of an AAL system with home
automation components using different field buses. Examples for such developments
include the OSGi device abstraction layer currently under development, or the German
EEBus project (Dorst et al., 2011).


Use of semantic technologies: Communication between AAL system components will
increasingly make use of semantic technology to describe sensor data, system
components and context information (such as user preferences) in a machineprocessable manner, thus enabling applications to better cope with the dynamic
properties of the system.



Self-X:In the long term, advanced network protocols will enable dynamic networks with
Self-X properties: self-configuration (auto-configuration), self-optimization, self-healing
and self-protection.



Data protection regulations: The data protection laws in EU member states, based on
Directive 95/46/EC, basically reflect 1970s technology, when governments were seen
as the primary risk to citizens’ privacy, and “processing of personal data” meant
mainframe computers. Risks as those arising from applications like Facebook were not
anticipated then, and also opportunities, e.g. for improving medical care based on
secondary use of clinical data did not exist then. Furthermore, data protection law in
the EU is very fragmented, not only nationally, but in certain member states even
regionally (on state or province level), making an application or system that is legal in
one place not necessarily acceptable in another place. What is needed essentially is a
renewed data protection law that reflects the risks and opportunities of the “digital
society” and is unified across the EU. This would clearly require a long-term process on
European level, initiated by the EC, with a broad involvement of “new” stakeholders
(compared to the 1970s) such as industry and end-user organisations.

4.5.2.2 BAN/PAN


Ultra-low energy protocols will simplify the deployment of sensors and, more general,
home automation technology in existing houses and apartments by eliminating or
reducing the need for regular battery replacements for sensors and actors with low
intrinsic energy consumption. However, it will not be possible to supply all kinds of
sensors and actors through energy harvesting technology in the foreseeable future
(Ruuska P. et al., 2010).



Roaming: Systems will permit a dynamic handover (roaming) of personal area devices
between different home networks, i.e. BAN/PAN components can be dynamically and
automatically added or removed from a home network depending on their “visibility”;
for example, a sensor noticing an emergency such as a cardiac event will be able to use
the neighbour’s home network to forward an alarm it the emergency happens during a
visit to the neighbour.



Ultra-wideband: Radio applications based on Ultra-wideband (UWB) technology will
permit a simplified indoor location and ambient recording of presence and other vital
parameters.



Human body communications: Implants and body area network components will use
the human body as a communication medium with low energy consumption, verbosely
enabling data transmission through a touch of the finger (to a sensor field).
Standardization of this technology is already progressing as IEEE 802.15.6 “IEEE
Standard for Local and metropolitan area networks - Part 15.6: Wireless Body Area
Networks.”
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4.5.2.3 LAN


Visible light: Use of visible light (e. g. based on LED modulation) for communication
between sensors, actors and reasoning components of an AAL systems in one room,
with zero radiation exposure to the user.

4.5.2.4 WAN


Cloud services will be used for the “reasoning” components of AAL systems instead of
local CPU power, increasing the bandwidth and availability requirements of the network.



Broadband: Bandwidth available to the home will increase with the availability of next
generation mobile networks (up to 3 Gbit/s downstream with LTE Advanced)(Research
and Markets, 2012)and the trend towards “fibre to the home” (i.e. the use of optical
cables) for cable-based connections.



Telecare products: The transition of telephony networks from analogue technology to
voice over IP (VoIP) will force telecare vendors to change the system architecture of
their telecare / social alarm systems, which are currently based on analogue telephony.
It is likely that these products will then directly use TCP/IP networks instead of
telephony services.



Telemaintenance:Future generations of residential gateways will permit the remote
maintenance of devices (such as sensors and actors) in the home (“behind” the
residential gateway), thus enabling telecom operators to offer remote maintenance
services to AAL customers.



Open gateways:Future generations of residential gateways will permit a “partitioning” of
the gateway such that multiple services can be offered over the same gateway without
interference. This will open-up the residential gateway to third-party operators, one
example being services for energy management in the context of smart energy grids,
another one being AAL.



Future Internet: In the long term, new communication protocols developed by the
various Future Internet projects might fundamentally change the way the Internet
works, thus enabling new or better services related for example to quality of service,
roaming of mobile devices, multi-homing, pooling etc.
Table 8 Communication Timeline

Short term
(2013-2015)
Generic Aspects
 Standardisation
and certification

Mid term
(2016-2020)

Identification of an
organisational
structure for a
“Continua Alliance
for AAL”

Design guidelines
covering the most
important AAL use
cases, first
certifications.

 Transition to IPv6

Internet providers
start migration from
IPv4 to IPv6.
Standard for IPv6
addressing on
Bluetooth.

Coexistence IPv4
and IPv6.
Home automation
migrating to IPv6.

 Middleware

Usable AAL
middleware.
Device abstraction

Mature AAL
middleware.
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Long term
(2021-2030)
Comprehensive
design guidelines for
interoperable AAL
systems, and a wellestablished
certification process
IPv6 only Internet.
Home automation
migrating to IPv6

Middleware
functions integrated
into operating
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layer for home
automation buses.
 Semantics

systems.
First standard for
semantic description
of system
components and
services.

 Self-X

Advanced network
protocols with Self-X
capability.
Revised data
protection laws
unified in the EU

 Data protection

Personal / BAN
 Ultra-low energy

Growing choice of
ULE sensors/actors
on the market.

 Roaming

 UWB
 Human body
comms

ULE protocol stacks
supported by mobile
devices and
residential gateways
Roaming of
BAN/PAN devices
between home
networks.
First UWB
applications.
BAN components /
implants use human
body as communications medium.

LAN
/
Home
Network
 Visible light
WAN
 Cloud services

 Broadband

 Telecare products
 Telemaintenance

 Open gateways

Comprehensive AAL
ontology.

UWB sensors on the
mass market.
Human body comms
used for medical
and security
applications.

Use of visible light
for communications
Use of Cloud
services for the
reasoning
components of AAL
systems
Next generation
mobile networks
(LTE) available in
pilot regions

High bandwidth (>>
10 MBit/s) available
in metropolitan
areas
Telecare products
use IP instead of
POTS
Residential
gateways permit
remote maintenance
of sensors / actors
behind gateway
Residential
gateways permit
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High bandwidth (>>
10 MBit/s) available
in rural areas

Internet access, TV,
telephony, smart
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partitioning, multiservice operation
 Future Internet
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grid services and
AAL operate on a
single residential
gateway
New internet
protocols improve
services and service
quality
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5 Conclusions and recommendations
The deliverable D2.3 is the first version of AAL Roadmaps developed in the context of the Work
Package 2 of the project AALIANCE2.
This work represents the results of an in-depth study about the new trends in AAL services and
ICT technologies carried out by AALIANCE2 Members and also by external experts and
stakeholders of AAL fields involved in the research thanks to two Workshops titled
“Technologies for AAL solutions: AAL application domains” and “Enabling Technologies for AAL
solutions”.
This document starts with the analysis of the actual demographic context related to the
increasing of elderly population. This trend induced, especially in Europe, the necessity to
revise the current policies and approaches to manage the ageing and the related services
requested by senior citizens and their families.
Then it was reported how born the ideas of “Ambient Assisted Living” and “Active and Healthy
Ageing” in Europe and also which results were obtained till now by research projects and other
activities organized in this field.
Afterword the document describes the approaches adopted in this roadmap based on three
pillars for AAL services, Prevention, Compensation and Support, and Independent and
Active Aging, that reflect the needs of elderly persons and also of the Society. Beyond the
description of these pillars also possible scenarios of AAL services are reported.
Starting from these observations, five areas of enabling technologies, Sensing, Acting,
Reasoning, Communicating and Interacting, are described and analysed in order to outline
the current status and outcomes of these technologies and how they should evolve from now
to the 2025 in order to be implemented in the future AAL services.
Beyond the description of all these aspects the document contains several considerations and
recommendations very important of the exploitation and deployment of AAL services and
technologies in real life of the Community, and some of them can be synthesized as follows:
 The prevention should be pursued in AAL policies in order to increase the healthy years
of the persons and to maintain them active, status that could allow elderly persons to
work beyond the 60 years old and be economically productive.
 The social inclusion of senior citizens in the community life is another important aspect
that Europe should promote and so also AAL technologies and services should reflect
and satisfy this requirement.
 Suppliers of AAL services and technologies should think and reason considering elderly
customers’ needs and not only what they can provide.
 AAL technologies should be designed using an approach “designing-for-all”, because
their users are not only older persons but also informal caregivers, family members,
and professionals and experts.
 Acceptability and usability criteria should be considered and adopted in the
development of AAL services and devices in order to guarantee their use in real
contexts by end-users.
 AAL services and stakeholders should be interconnected in order to better reply and
satisfy the user needs and to optimise the efforts and costs.
 Specific and devoted standards for both AAL services and devices should be defined for
guaranteeing their exploitation and deployment in the Society.
 Many elderly persons and also professionals are still sceptical about the use of
technologies in care services so it is necessary: 1) to promote and plan activities
showing the potential benefits related to the use of AAL technologies; 2) to support
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both elderly and professional users in the choice of AAL technologies and services
according to the specific context and needs; 3) to plan training sessions for the users;
4) to design smart and dependable devices able also to inform inexperienced users
about eventual problems and automatically activate the relative solving and repairing
process.
The work reported in this deliverable will be the basis for the definition of the first version of
the Strategic Research Agenda of AA technologies (deliverable D2.5).
Finally this document will be revised and discussed in the next months in order to arrive to the
definition of the final version of the AAL Roadmaps (deliverable D2.7).
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